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Spent mushroom compost is one of the main potentials for biogas production. In recent years, several studies employed adding
nanoparticles and alkaline pretreatment for improving biogas production. The present study is one of the pioneer studies that
employ hybrid alkaline pretreatment (0, 5, and 15 mg of NaOH) and zero-valent iron nanoparticles (0, 10, 20, 30, and 40 mg)
for improving the co-digestion of spent mushroom compost and rice straw. According to the results, retention time (RT) and
nanoparticle (NP) concentrations have the most significant impact on biomethane production (significant at 1% probability level),
while the NaOH concentration has the lowest impact on biomethane production (significant at 5% probability level) in comparison
with RT and NP concentration. Also, the maximum biomethane production is related to NP40Na15 (about 200% higher than the
control). The minimum cumulative biomethane production is related to NPONa15 (about 30% lower than the control). The lowest
relative environmental midpoint impact is related to NP40Na15, which was on average about 60% lower than the control. Adding
NPs at high concentrations of NaOH reduces the midpoint impacts. The results of the study could lead to new, ecologically friendly

biomethane production methods that make better use of agricultural and organic wastes.
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Anaerobic digestion (AD) is a popular resource and energy
recovery method (Raheem et al., 2018). Anaerobic digestion
is the most prevalent biowaste stabilization method and
a feasible biomass waste management solution since it
recycles nutrients, generates renewable energy, and reduces
volatile solids (VS) (Athanasoulia et al., 2012).

Anaerobic digestion processes are feasible by
mesospheric bacteria at 30-35 °C and by thermophile
bacteria at 55 °C. Temperatures exceeding 55 °C reduce
industrial process sustainability. Carbon to nitrogen
ratio (C/N) should be in the range of 25 to 30 for biogas
production, according to research (Najafi and Ardabili,
2018). Organic wastes have 13.8% total solid (TS) and 80%
volatile solid (VS), yet only 50% of biodegradable solids may
be converted to methane and carbon dioxide (Mattocks et
al., 2000). Several biowastes are employed to be digested for
biogas production.

In the semi-continuous two-phase AD of sewage
sludge, Sheng et al. (2023) examined nitrite impacts on
hydrolysis acidification, biogas production, volatile solids
destruction, and microbiological composition. Nitrite
boosts sludge organic matter solubilization (+484%), VFAs
generation (+98.9%), and causes an increase in the VS
degradation rate (+8.7%) of sewage sludge. The two-phase

sludge AD procedure biogas output from acidogenic and
methanogenic reactors with or without nitrite shows that
nitrite has no substantial influence (Sheng et al., 2023).
Lee et al. (2022) investigated optimal thermal-alkali
pre-treatment and anaerobic fermentation elutriated
phased treatment settings to improve solubilization
efficiency and methane output. The suggested approach
enhanced soluble chemical oxygen demand (SCOD)
solubilization, volatile suspended solids reduction,
volatile fatty acid concentration, and methane yield.
Richards and Yabar (2023) consider the Yuge Farm’s
fed-batch bio gasification system in Kobe, Japan, a good
example of agricultural waste disposal for resource
recovery, circularity, and environmental health. They
gave an example where two farm digesters produce
2400 m® of biogas from dairy cattle feces, byproducts,
and food waste. Nevertheless, substrate changes can
improve biomethane production to 13,166.01 m® per
year, substituting fossil fuel-based electricity. Dairy cow
dung management emits 7051.35 kg CO,e-year' and
avoids 241.14 kg CO,e-kWh™-year”. The scenario raises it to
1324.36 kg CO,e-kWh™.yr" (Richards and Yabar, 2023).
According to the latest reports, cow manure (Jegede
et al,, 2019; Santoso et al., 2023), sewage sludge (Bonu et
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al., 2023; Orner et al.,, 2022), and municipal solid waste
(Rossi et al., 2022) are considered the popular biowastes
for biogas production. Recently, spent mushroom compost
is also introduced as a proper biogas production source.
This is because, in the absence of a suitable scenario for
the proper management of spent mushroom compost,
it can cause serious environmental problems. Najafi and
Ardabili (2018) employed spent mushroom compost for
sustainable biogas production. The maximum biogas
production rate was obtained by the C/N of 20 at 35 °C
and C/N of 30 at 55 °C. Najafi et al. (2019) also investigated
the potential of biogas production from spent mushroom
compost in Iran using a laboratory-scale open outlet flow
batch type anaerobic digester. According to findings, biogas
production from spent mushroom compost can reduce
0.02% of the total annual CO, production in Iran. Salehi et
al. (2022) also employed a dataset and developed machine
learning-based predictors for biogas yield prediction. Zhang
et al. (2022) examined biomass gasification condensate
from spent mushroom compost, prepared by Fenton
oxidation, with a COD of 16.4 g/I" and a total nitrogen of
2.3 gl’. Fe,, dosages of 10-30 molar ratio were used in
the tests. In respiration inhibition experiments, the optimal
detoxification conditions occurred at pH 5, nanostructure
rebuilding (NSR) H,0, 30%, and H,0, : Fe,, molar ratio of
15:1.

Iron-based nanoparticles (NPs) have been employed
in AD to enhance biomethane formation. These types
of NPs increase substrate degradability. These types of
NPs are superparamagnetic and benefit high coactivity
and non-toxicity (Abdelsalam et al., 2017; Casals et al,,
2014). All of these improvements require environmental
assessments for assessing sustainable biomethane
production. Life cycle assessment (LCA) is a computational
scientific technique to assess different scenarios in terms
of their possible environmental implications for different
processes (Cherubini and Strgmman, 2011). Life cycle
assessment is practical for the management of organic
waste for decision-makers and is the best technique
for evaluating the ecological effects of biomethane
production and utilization. Several studies have been
conducted for analyzing biogas production using LCA. But,
to the best of our knowledge, there are no comprehensive
and comparative studies for analyzing the biomethane
production from co-digestion of rice straw and spent
mushroom compost in the presence of zero-valent iron
NPs from environmental and economic points of view. This
process is the main aim of the study for reaching sustainable
biomethane production using a low amount of NPs.

Table 1 The properties of the raw materials
Parameter Unit Rice straw
TS % 86
Vs % of TS 79
TOC % 45
TKN % 0.92
C/N = 48.9
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The present study has four main phases:
1. topreparethesubstrate combination forbiomethane
production;
2. to produce biogas in different pretreatment scenarios;
to employ LCA and economic analysis;
4. to optimize biomethane production for reaching
sustainable energy production.

w

Material and methods

Biogas production

Spent mushroom compost and rice straw were the key
materials in this investigation. It was collected from
a mushroom cultivation farm in Ardabil, Iran. Rice straw was
prepared from Shirabad village in Guilan, Iran. The bovine
rumen contents (1 kg) was combined with 1 kg of water and
held for 48 h at 37 °C to prepare the inoculum. Each reactor
received 50 ml to start the biological activity (Doagoi et
al.,, 2011). Biogas was produced in a set of one-liter batch-
type reactors. The volume of the produced biogas had
been measured using the water displacement method. To
measure the biomethane volume, the water displacement
method proposed by Jafari-Sejahrood et al. (2019) was used.
In this procedure, the 0.5 M NaOH solution is employed for
absorbing the CO, and H,S of the produced biogas. Total
solid (TS), volatile solid (VS), total organic carbon (TOC), and
total Kjeldahl nitrogen (TKN) were measured using APHA
standards through laboratory procedures. The properties of
the raw materials are demonstrated in Table 1.

The promising mixture of spent mushroom compost
and rice straw was made for a C/N of 30, which is the ideal
C/N level according to a study by Jafari-Sejahrood et al.
(2019). Thereafter, zero-valent iron nanoparticles (20, 40, 60,
and 80, 100 mg-I") were added to the produced substrates.
Sodium hydroxide (NaOH) (0, 5, and 15 mg-I"' concentration)
was added as the alkaline pretreatment. Loading was
conducted in 15 batch-type, one-litre laboratory anaerobic
digesters (Kratky et al., 2012). The TS of the substrates was
set at 10% (Weiland, 2010). Experimental data recording was
performed for 15 days at a mesophilic temperature (37 °C).
Reactors were manually shaken before the necessary data
was recorded to improve the mixing of the microorganisms
and substrate.

Life cycle assessment

Life cycle impact assessment (LCIA) explains industrial
system’s environmental implications. Impact evaluation

Spent mushroom compost Inoculum
18.2 15.4
68.9 735
285 411
2.8 1.8
10.17 22.8
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was done using IMPACT 2002+. IMPACT2002+ assesses
midpoint and endpoint environmental consequences.
IMPACT2002+ ties all life cycle inventory (LCI) effects to four
harm categories — human health, ecological quality, climate
change, and resources - via 15 halfway categories called
Midpoint impacts. SimaPro V8.2.3 was used for all ISO14040
impact evaluations (Fig 1).

Optimization was performed using response surface
methodology (RSM). All the analyses aim to take sustainable
biomethane production, i.e. the maximum energy
production in parallel with the minimum production cost
and minimum environmental impacts (Fig. 2).

Endpoint indicators | Retention time
Biomethane production _f X ZVINPs
E NaOH content
nergy cost | »
1 ’
{- g
" leg =on ‘ Sustainable
. I » biomethane
oy production

Fig.2 The RSM procedure for optimization

Results and discussion

Experimental procedure findings

The first part refers to the analysis of variance. This section
presents the results of the analysis of variance for assessing
the impact of independent variables on biomethane
production. Table 2 presents the ANOVA results for
biomethane production. According to Table 2, RT and
NP concentrations have the most significant impact on
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biomethane production (significant at 1% probability
level), while the NaOH concentration has the lowest impact
on biomethane production (significant at 5% probability
level) in comparison with RT and NP concentration. This
can be because the presence of iron-based nanoparticles
can successfully improve the biomethane generation and
increases the biodegradability of substrates and enhances
the bacteria activity (Bkoor Alrawashdeh et al., 2023).
Zhou et al. (2012) concluded that iron-based NPs promote
nutrient exchange between bacteria and increase their
activity. Ahmadi-Pirlou and Mesri Gundoshmian (2021) also
concluded that the presence of iron-based NPs improves
the biomethane production from sewage sludge.

According to the study by Faisal et al. (2020), iron-based
NPs stimulate the acetogenic bacteria and methanogenic
archaea and lead to biomethane production from corn
straw extract.

In this case, it is clear that in the case of biomethane
production from spent mushroom compost and rice straw,
theiron-based NPs also have promising results forimproving
the biomethane production yield.

Figure 3 presents the cumulative biomethane production
for different samples. According to Fig. 3, the maximum
biomethane production is related to NP40Na15 (about
200% higher than the control). The minimum cumulative
biomethane production is related to NPONa15 (about 30%
lower than the control). According to Fig. 3, the samples
containing NPs reach the maximum value earlier and then
the growth trend decreases, but the samples containing
alkaline pretreatment reach the maximum value with
a milder trend, which can be used to make policy for the
timing of biomethane production from spent mushroom
compost and manage rice straw. Increasing the NPs
concentration along with the NaOH concentration creates
mutual influence and improves the biomethane production
and reduces the production delay. As the degradability of
the substrate increases and the activity of methanogenic
bacteria is enhanced and encouraged, the amount of
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Table 2 The ANOVA results of biomethane production
Sum of squares df Mean square F Significance
between groups 24,409.288 14 1743.521
RT within groups 8263.748 210 39.351 44.307** 0.000
total 32,673.036 224
between groups 4173.382 4 1043.346
NP within groups 28,499.654 220 129.544 8.054%** 0.000
total 32,673.036 224
between groups 323.736 2 161.868
NaOH within groups 32,349.300 222 145.718 4.151* 0.031
total 32,673.036 224
** significant at 1% level; * significant at 5% level
60 biomethane production increases. It
— NPONao seems that the combination of metal
""""""" NPIONa0 NPs and alkaline pretreatment in high
P [ < N R e amounts can increase the degradation
&z RS T rate of the substrate containing edible
- £ A== NP4ONa0 .
o mushroom compost and rice straw.
: — — —NPONas S -
ﬁ I i 8 Based on this, it can increase the
Sl L .. P avall.ablllty of metha.nogenlc bacteria
g - = = NP3O0Na3 and improve productionin the shortest
?é - = NP4ONaS possible time.
2 =+« NPONal5 if |
A - N PINALS Life cycle assessment
= + =NP20Nal5 Thissection presentstheenvironmental
== NP30Nal5 impacts of biomethane production.
== NP40Nal$ Table 3 presents the midpoint impacts

Retention time (day)

Fig.3 The cumulative biomethane production

80

70

60

Damage assessments (%)

30

20

50 -

40 -

Human health

Ecosystem Climate change
quality

Resources

BD15NONa0met
BD15N10Nadmet
BD15N20Na0met
BD15N30Na0met
BD15N40Nadmet
BDI15NONaSmet
BD15N10NaSmet
BD15N20NaSmet
D D15N30NaSmet
ODI15N40NaSmet
BD15NONalSmet
D15N10Nal 5met
OD15N20Nal Smet
OD15N30Nal Smet
ODI15N40Nal Smet

Fig.4 The endpointimpacts

of each treatment. According to our
initial analysis, increasing the RT
reduced the environmental midpoint
and endpoint impacts. Accordingly,
we decided to consider the cumulative
data for the 15" day of biomethane
production. According to Table 3, the
lowest relative environmental midpoint
impact is related to NP40Na15 which is
on average about 60% lower than the
control. According to Table 4, adding
NPs at high concentrations of NaOH
reduces the midpoint impacts. This can
be due to the mutual effect of NPs and
NaOH on improving the biomethane
production vyield. This process can
cause the most biomethane to be
produced with low consumption of
raw materials, increase production
efficiency, and reduce environmental
impacts based on the performance unit
defined as 1 m® of biomethane. As it is
known, the effect of NPs in reducing
environmental impacts is greater than
the effect of alkaline pretreatment.
The analysis of variance (Table 3) also
confirms this finding.

According to Fig. 4, adding
NP without alkaline pretreatment
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Table 3 The midpoint impacts of biomethane production for each treatment
Impact category Unit NPONaO NP10NaO NP20NaO NP30NaO NP40NaO NPONa5 NP10Na5 NP20Na5
Carcinogens kg CH;Cleq | 7.7E-06 | 5.63E-06 | 3.41E-06 @ 4.59E-06 | 4.15E-06 | 7.87E-06 | 5.13E-06 & 3.22E-06
Non-carcinogens kg C,H;Cleq | 2.37E-05 | 1.88E-05 | 1.17E-05 @ 1.59E-05 | 1.5E-05 | 2.89E-05 | 1.98E-05 | 9.93E-06
Respiratory inorganics kgPM2.5eq | 495E-07 | 3.72E-07 | 2.27E-07 A 3.07E-07 | 2.82E-07 | 5.38E-07 | 3.57E-07 | 2.07E-07
lonizing radiation BqC-14eq | 0.001335 0.00102 | 0.000626 | 0.000847 | 0.000787 | 0.001506  0.001012  0.000558
Ozone layer depletion kg CFC-11eq | 1.24E-10 | 8.94E-11 | 539E-11 | 7.23E-11 | 6.49E-11 | 1.23E-10 | 7.94E-11  5.18E-11
Respiratory organics kg C,H, eq 2.59E-07 | 1.89E-07 @ 1.14E-07 | 1.54E-07 | 1.39E-07 | 2.63E-07 | 1.71E-07 | 1.08E-07
Aquatic ecotoxicity kg TEG water | 0.090634 | 0.067772 | 0.041307 | 0.055728 | 0.051093 | 0.09744 | 0.064526 | 0.037902
Terrestrial ecotoxicity kg TEG soil | 0.044216 | 0.03551 | 0.022109 | 0.030135 | 0.028709 | 0.055486 | 0.038302 | 0.018492
Terrestrial acid/nutri kg SO, eq 1.57E-05 | 1.22E-05 | 7.55E-06 | 1.02E-05 @ 9.6E-06 | 1.85E-05 | 1.25E-05 | 6.58E-06
Land occupation m2org.arable | 6.52E-05 | 6E-05 3.87E-05 | 5.36E-05 | 5.41E-05 | 0.000107 | 7.78E-05 | 2.73E-05
Aquatic acidification kg SO, eq 2.81E-06 | 2.16E-06 | 1.33E-06 | 1.8E-06 | 1.68E-06 | 3.22E-06 | 2.17E-06 | 1.18E-06
Aquatic eutrophication kg PO, P-lim 1.79E-07 | 1.43E-07 | 8.88E-08 | 1.21E-07 | 1.15E-07 | 2.22E-07 @ 1.52E-07 | 7.5E-08
Global warming kg CO, eq 0.00223 | 0.001596 | 0.000959 | 0.001284 | 0.001146 | 0.002164 0.001387 | 0.000932
Non-renewable energy MJ primary | 0.043868 | 0.031326 | 0.01881 | 0.025189 | 0.022441 | 0.042375 | 0.02712 | 0.018339
Mineral extraction MJ surplus 5.2E-05 | 3.75E-05 | 2.27E-05 | 3.04E-05 | 2.73E-05 | 5.14E-05 | 3.32E-05 | 2.18E-05
Content table 3

Impact category Unit NP30Na5 NP40Na5 NPONa15 NP10Na15 NP20Na15 NP30Na15 NP40Na15
Carcinogens kg C,H;Cleq 439E-06 | 4.01E-06 | 9.89E-06 | 4.41E-06 | 4.29E-06 & 3.76E-06 & 2.46E-06
Non-carcinogens kg C,H;Cleq 1.46E-05 1.44E-05 | 3.43E-05 1.6E-05 1.61E-05 1.45E-05 | 7.59E-06
Respiratory inorganics kg PM2.5 eq 2.9E-07 2.71E-07 | 6.61E-07 3E-07 2.95E-07 | 2.62E-07 1.58E-07
lonizing radiation BqC-14eq 0.000795 | 0.000756 | 0.001829 | 0.000837 | 0.00083 | 0.000742 | 0.000427
Ozone layer depletion kg CFC-11eq | 6.97E-11 6.29E-11 1.56E-10 | 6.91E-11 6.67E-11 5.82E-11 3.96E-11
Respiratory organics kg C2H4 eq 1.47E-07 1.34E-07 3.32E-07 1.48E-07 1.43E-07 1.26E-07 8.27E-08
Aquatic ecotoxicity kg TEG water | 0.052801 | 0.049223 | 0.120329 | 0.054369 | 0.053385 @ 0.047287 | 0.028964
Terrestrial ecotoxicity kg TEG soil 0.027667 | 0.027403 | 0.065059 @ 0.030547 | 0.030927 | 0.028069 | 0.014133
Terrestrial acid/nutri kg SO, eq 9.54E-06 9.2E-06 2.21E-05 1.02E-05 1.02E-05 9.18E-06 5.03E-06
Land occupation m2org.arable 4.67E-05 5.1E-05 0.000116 | 5.76E-05 6.08E-05 5.7E-05 2.08E-05
Aquatic acidification kg SO, eq 1.69E-06 | 1.61E-06 | 3.89E-06 | 1.79E-06 | 1.78E-06 | 1.59E-06 | 8.99E-07
Aquatic eutrophication kg PO, P-lim 1.11E-07 1.1E-07 2.61E-07 1.22E-07 1.23E-07 1.12E-07 5.73E-08
Global warming kg CO, eq 0.001243 | 0.001111 | 0.002774 | 0.00122 0.00117 | 0.001016 | 0.000712
Non-renewable energy MJ primary 0.024398 | 0.021772 0.05441 0.023889 | 0.022892 | 0.019869 | 0.014009
Mineral extraction MJ surplus 293E-05 | 265E-05 | 6.54E-05 2.9E-05 2.79E-05 | 2.44E-05 1.67E-05
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Table 4 The economicanalysis of biomethane production
Samples Biomethane ($-gVS-ml™) Inputs ($)
D15NONa0 0.00348 0.24909
D15N10Na0 0.00275 0.22652
D15N20Na0 0.00186 0.24752
D15N30Na0 0.00280 0.22031
D15N40Na0 0.00272 0.20346
D15NONa5 0.00293 0.16631
D15N10Na5 0.00213 0.15655
D15N20Na5 0.00192 0.30354
D15N30Na5 0.00277 0.24570
D15N40Na5 0.00265 0.21672
D15NONa15 0.00398 0.20190
D15N10Na15 0.00198 0.21421
D15N20Na15 0.00214 0.19565
D15N30Na15 0.00206 0.18778
D15N40Na15 0.00183 0.33980

increases the endpoint impacts. But adding alkaline
pretreatment for samples including zero-valent iron (ZVI)
NPs reduces the endpoint impacts. The lowest endpoint
impact is related to N40ONa15 (about 60% lower than the

control).
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According to Fig. 4, adding alkaline pretreatment
without adding NPs also increases the endpoint impacts.
It can be concluded that the simultaneous presence of iron
NPs and alkaline pretreatment for the fermentation of the
substrate containing spent mushroom compost and rice
straw behaves in a complementary way and reduces the
environmental effects. This behaviour can be due to the
simultaneous effect of NPs and alkaline pretreatment in
improving the production rate and biodegradability of the
production substrate, which increases production efficiency,
and more access to the destruction of volatile solids, which
increases production stability and reduces environmental
effects.

Figure 5 presents the sensitivity analysis. Sensitivity
analysis decides which independent factor has a higher
impact on endpointimpacts during biomethane production
from spent mushroom compost and rice straw in the
presence of ZVI NPs and alkaline pretreatment. According
to Fig. 5, RT has a higher impact on ecosystem quality, while
inputs have a lower impact on ecosystem quality. The NaOH
concentration has a higher impact on human health and
climate change. On the other hand, the NP concentration
has a lower impact on human health and climate change.
On the other hand, the NP concentration has the highest
impact on resources. Examining this process, in addition
to being able to better manage the issues in this field, can
provide a preview of decisions to reduce environmental
impacts for biomethane production. These findings can
help scientists for optimization of biomethane production
from an environmental point of view.

RT

Inputs

NaOH

nP
0.6

RT
Inputs
NaOH

nP ;E;E?é;?é&%&;;i;&:?"::?:;, e e

1 0.5 0 0.5 1
Title

Fig. 5 Sensitivity analysis on ecosystem quality: a) Ecosystem quality; b) Human health; c) Climate change; d) Resources
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Economic analysis
Table 4 discusses biomethane production from the
economic point of view. This section economically evaluates
biomethane production from spent mushroom compostand
rice straw in the presence of NPs and alkaline pretreatment.
The second column of Table 4 refers to the biomethane
production cost ($-gVS:ml”), and the last column refers to
the substrate input cost ($-kg™). The biomethane production
costs for each sample are different based on production
potential and complementary evaluations to extract
the number of VS degradation during the biomethane
production process. The cost of collecting and transporting
raw materials for substrate compounds was estimated from

Sina Ardabili et al.

0.8 to 1.2 $-kg™”. The cost of NaOH and preparing NPs was
calculated to be about 1 $-kg™ and 10 $-g”, respectively.
The cost of energy used in Iran was about 0.01 $:-kWh™ for
industrial use. Based on Table 5, the lowest biomethane
production cost is related to N4ONa15 (by about 47% lower
than the control), while the input cost is related to N1TONa5
(by about 37% lower than the control).

Optimization
Optimization was conducted to obtain the sustainable
biomethane production condition from co-digestion
of spent mushroom compost and wheat straw in the
presence of NPs and alkaline pretreatment (Fig. 6). Figure
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Table 5 The optimized level of the process

Unit
NP mg
NaOH mg
BY ml-g-vS™
HH DALY
EQ PDF*m**yr
(da kg CO, eq
R MJ primary
EC $-gvS-ml”

6 (a) presents the biomethane graph by the variation
curves of NaOH concentration and NP concentration.
As is clear, the simultaneous increase in NaOH and NP
concentrations increases the biomethane production yield.
The simultaneous increase of NaOH and NP concentration
reduces the biomethane production cost (Fig. 6b) as well
as the impact on human health (Fig. 6¢), ecosystem quality
(Fig. 6d), climate change (Fig. 6e), and resources (Fig. 6f).

Table 5 presents the optimized level of biomethane
production in the presence of NaOH pretreatment and NP
concentration. The presence of 34.51 mg of ZVI NP and 15
mg of NaOH increases the biomethane production yield by
about 168% and reduces human health, ecosystem quality,
climate change, resources, and economic cost by about
61, 56, 62, 15, and 59%. This process provides the use of
optimal production systems which has an efficient role in
accessing sustainable production and can effectively reduce
production costs and environmental impacts.

Conclusion

The present study is one of the pioneer studies that employ
hybrid alkaline pretreatment (0, 5, and 15 mg of NaOH) and
zero-valent iron nanoparticles (0, 10, 20, 30, and 40 mgq) for
improving the co-digestion of spent mushroom compost
and rice straw. The following results can be concluded:

- The RT and NP concentrations had the most significant
impact on biomethane production, while the NaOH
concentration had the lowest impact.

—The maximum and minimum biomethane production
was related to NP40Na15 and NPONa15, respectively.

- The lowest relative environmental midpoint impact was
related to NP40Na15 which was on average about 60%
lower than the control.

- The effect of NPs in reducing environmental impacts was
greater than the effect of alkaline pretreatment.

- The presence of 34.51 mg of ZVI NP and 15 mg of NaOH
increases the biomethane production yield by about
168% and reduces human health, ecosystem quality,
climate change, resources, and economic cost by about
61,56,62, 15, and 59%.

The results of the study could lead to new, ecologically
friendly biomethane manufacturing methods that make
better use of agricultural and organic waste. Future studies
should examine the long-term impact of zero-valent iron
NPs on anaerobic digestion and their potential to boost

Acta Technologica Agriculturae 1/2024

Optimized level Control
34.51 0
15 0
47.57 17.75
1.68E-010 4.35E-10
0.00019 0.00044
0.00079 0.00223
0.00155 0.0182
0.0018 0.00439

biomethane generation from various organic waste
feedstocks. Further research could optimize the co-digestion
process by evaluating rice straw and wasted mushroom
compost ratios and incorporating additional waste
streams to increase biogas generation and environmental
advantages.
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