Mary et al. Sustainable Energy Research (2024) 11:3 Sustainable Energy Research
https://doi.org/10.1186/540807-023-00093-w

. . ®
Experimental analysis on the effects ey

of trace metals as micronutrients in enhancing
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Abstract

Anaerobic digestion (AD) of microbial biomass has proven to be a significant breakthrough technique in producing
biogas rich in methane. The quantity of biogas obtained by anaerobic digestion processes varies significantly based
on the nature and characteristics of the substrates used. This research work focuses on the use of trace metals such
as Fe, Cu, Zn, Mn, Mg, Ni in proper proportions to enhance the microbial consortium thus aiding in the production
of biogas of desired quality. The substrate used for this study is Food Waste and Cow dung. Food waste from the col-
lege canteen was used as the substrate and cow dung was used as an inoculum for providing a catalytic effect

in the anaerobic reactor. Food waste and cow dung in the ratio 75:25 was fed into the anaerobic digesters with vary-
ing concentrations of micronutrients supplemented to the reactors operating at a pH range maintained between 6.8
and 7.2 under room temperatures (22-27 °C). The effect of these micronutrients on the anaerobic digestion process
was observed by analysing the biogas yield, pH, alkalinity, total solids, and volatile solids of the samples. Sulphates

of Fe, Cu, Mn, Ni and Chlorides of Zn and Mg was used in this study. Fe, Cu, Zn, Mn, Mg, Ni were fed to the anaero-
bic reactor at varying concentrations to arrive at the optimum dosage for the chosen substrates. The optimum
dosage for the chosen substrate concentration was taken as that concentration which yielded maximum biogas
yield with less retention time. Fe at concentrations varying from 1 mg/I-5 mg/I was fed to the anaerobic reactor

and the optimum dosage for the chosen substrate concentration was noted at 1 mg/I. The reactor with an Fe con-
centration of 1 mg/I showed an increase in biogas production rate of about 68% compared to the sample without Fe
supplementation as well as the ones with other dosages greater than 1 mg/l and less than 1 mg/I of Fe dosage. Each
nutrient is subjected to an individual dosage analysis before arriving at the optimum dosage and then a mixture

of the arrived optimum dosages will be analysed for further study. The process set-up will be conducted for a mini-
mum retention period of 20 days and terminated when the results show a deep fall in the biogas production

for consecutive days. Biogas produced for the nutrient supplementation of 1 mg/I of Fe, 0.5 mg/l of Cu, 1 mg/I of Zn,
0.5 mg/I of Mn, 1 mg/l of Mg and 0.5 mg/I of Ni yielded a biogas of 850 ml/g VS in 10 day retention time. Triplicate
samples study were conducted and biogas yield measured daily to arrive at concordant results. The results showed
an increase in the biomethane yields of the substrate by about 60% compared to the reactors which had no micronu-
trient supplementations. Furthermore, the study summarized that not all micronutrients are essential for a successful
microbial metabolism to take place in an anaerobic digester as the micronutrient Manganese at varying dosages

of 0.5 mg/l, 1 mg/l and 1.5 mg/l showed an antagonistic effect on the microbial activity in the reactor. The results
obtained from this study showed a significant improvement in the quantity of biogas produced from the substrates
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supplemented with micronutrients at optimum dosages thus arriving at an efficient and effective method for treating

waste in a sustainable way.
Keywords Anaerobic digestion, Biogas, Micronutrients

Introduction

Due to rapidly increasing costs associated with various
waste management practices and due to the increase
in public awareness relating to waste management,
conversion of food waste (FW) to energy is becom-
ing a more sustainable practice recommended glob-
ally (Hamed et al. 2007). Over-exploitation of fossil
fuels and the increase in energy demand resulted in a
decrease in fuel abundance in earth’s natural reserves
(CasperD’Silva et al. 2021). This is one reason that is
attributed for the major nations targeting to cut off fos-
sil fuels usage and GHG emissions supporting the Kyoto
Protocol (De Filippis et al. 2010). Biogas produced dur-
ing AD depends on a wide range of factors mostly per-
tained to the substrates used, microbial pathways and
the changing environmental conditions (Kadam et al.
2017). Martinez-Sosa et al. (2009) confirmed the high
concentrations of fatty acids as one reason behind the
production of a high amount of biogas in an AD pro-
cess. Biomass is an abundant source of renewable
energy capable of producing energy throughout the
year (Kapoor et al. 2020) which is yet not fully explored
globally in terms of its wide applicability. Moreover, the
applicability of the derived digestate as biofertilizer and
the carbon neutrality establishes the significance of the
process (Adya et al. 2021).

Nutrients play a significant role in the functioning of
microorganisms during anaerobic digestion. Nutrients
are essential requirements for any microbial species
for monitoring their growth, metabolic and enzymatic
functions (Fermoso et al. 2009). Wei et al. (2015) and
Zheng et al. (2014) suggested the impacts of pretreat-
ment methods and effects of co-digestion in biogas
production from AD and reported that less attention
has been made to nutrient supplementation for AD
stimulation. Choong et al. (2016 and Sibiya et al. (2015)
suggested the significance of nutrients in enhancing the
metabolism of microorganisms by promoting effective
digestion process. Bougrier et al. (2018) and Moest-
edt et al. (2016) reported that methanogens are highly
dependent on micronutrients. Pobeheim et al. (2010)
and Takashima et al. (2011) studied the effects of macro
nutrients in the growth of microorganisms and how it
improved the metabolism of anaerobic microorganisms
by acting as buffering agents. Even though the effect
of micronutrient supplementation has been shown to
improve the AD process, it is not always advisable to do

so as there has been reports which shows that all nutri-
ents does not necessarily stimulate the bacterial growth
(Sibiya et al. 2015).

Although various substrates have been studied to pro-
duce biogas rich in biomethane by various methods,
studies using micronutrients for enhancing biomethane
production are less explored. Choong et al. (2016) and
Ortner et al. (2015) suggested that the nutrient require-
ments are not well-understood and varies depending
on feedstock characteristics and the microbial species
involved.

The objective of this study involves the supplementa-
tion of Iron (Fe), Copper (Cu), Nickel (Ni), Zinc (Zn),
Magnesium (Mg), Manganese (Mn), at various dosages
into a sample containing food waste seeded with cow
dung to function as an inoculum to enhance the metha-
nogenic pathways. Angelidaki et al. (2009) reported the
advantage of using fresh active inoculum or digestates
from existing biogas plant as seed for accelerating AD
process. Isha et al. (2021) has kept the reactor set up idle
for about 1-2 months for the methanogenesis to initi-
ate the AD process. This study hypothesizes the role of
micronutrients in improving the performance yield of the
reactor in producing methane that reduces the retention
time of the reaction and hence aiding towards a sustaina-
ble approach in AD process. Parameters such as pH, total
solids, volatile solids, volatile fatty acids (VFA), alkalinity,
nitrate nitrogen, and variation in C/N ratio were studied
for exploring the future opportunities and for scaling up
of the biogas reactor to larger scale to be used by the col-
lege community.

Materials and methods

Substrate collection

Substrates used for the study were collected from the
nearby residential areas and the college canteen. Cow
dung (CD) to be used as inoculum was collected manu-
ally from the dairy farm near the college campus. The
collected samples were cleared off from any type of
inert particles and stored in closed airtight containers
for future use. The waste collected from the college can-
teen and nearby residential houses were deprived of any
acidic substrates fruit extracts and peels for the smooth
functioning of the reactor. Left over brown rice was sepa-
rated from the collected waste and used as the substrate
for this study. The substrates were subjected to an initial
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pretreatment by grinding of the collected waste and cow
dung before initializing the AD process. This method of
pretreatment aids in the initiation of the hydrolysis stage
of the microorganisms in the production of biomethane.
Moreover, it was noteworthy that pretreatment by hand
mixed samples yielded concordant results compared to
grinded/pulverized mixes. Micronutrients used for the
study was prepared from salts of sulphates and chlorides.
As shown in Fig. 1, it was observed that hand mixed sam-
ples produced a remarkably higher biogas compared to
grinded samples.

Experimental analysis by batch test method

Batch tests were run to analyse the amount of biometh-
ane produced from the substrates. The reactor set up
used to run the AD process is shown in Fig. 2. Each set
up was loaded with food waste, cow dung and micronu-
trients in the appropriate proportion and dosage. Vari-
ous proportions of food waste to cow dung in the order
50:50, 60:40, 40:60, 80:20, 20:80, 70:30, 30:70, 75:25,
and 25:75 was analysed to arrive at the most appropri-
ate mix which yielded maximum biogas yield with less
retention time. Food waste to cow dung ratio was pro-
portioned at 75:25 and micronutrients were supplied at
varying dosages starting from 0.25 mg/l to 1.5 mg/1 for
each micronutrient supplied to the reactor. The dosage
which gave the maximum biogas in shortest retention
time was taken as the optimum dosage for the study. The
total volume of the reactor was 500 ml, and the working
volume was 400 ml. All the tests were run in triplicates

CD+FW Hand Mixed

to arrive at concordant results. Biogas production was
studied by water displacement method. Once the reac-
tor was fed with the required volume of substrate in
diluted form initial precautions were noted to maintain
the reactor volume in required temperature and pres-
sure. Care was taken to maintain the system in anaerobic
condition throughout the study. Nitrogen gas was fluxed
before initiating the study to maintain the reactor set
up in anaerobic condition. The initial pH of the system
was maintained at 7.5 to aid in the AD process. Diges-
tate from a running biogas plant was provided as a seed
to accelerate the biomethane production process. Proper
mixing of the reactor manually ensured that the reac-
tor volume was kept in suspended condition to aid the
microbes in bio methanation process.

Once the reactor was loaded with the required sub-
strates and corresponding micronutrients in the required
proportion proximate analysis for the samples were con-
ducted. The sample pH was monitored daily to monitor
the progress of microbial reaction taking place in the
reactor. VFA analysis was done to have a control on the
reactor set up. Further studies were done to analyse the
Total Solids, Volatile Solids, Moisture Content, Alkalin-
ity of the sample chosen for the study. Analysis of nitrate

Fig. 2 Batch test set upin lab
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nitrogen of the sample was conducted to study the C/N
ratio of the substrate composition. The initial parameter
study to identify the characteristics of the blank sample
was performed and was used as the reference to study
the variation in parameters of the sample’s dosage with
Fe, Cu, Zn, Mn, Mg, Ni at varying dosages of 0.25 mg/l,
0.5 mg/l, 0.75 mg/l, 1 mg/l, 1.5 mg/l, respectively. The
entire process study was done in triplicates for a reten-
tion period of a minimum of 20 days until the gas pro-
duction from the reactor terminates.

The biogas produced from the samples were analysed
in the Standard Biogas analyser in the Lab (Gasboard-
3200Plus Handheld Biogas Analyzer). The analyser
displays the composition in percentage of various con-
stituents of the gases present, such as methane (CH,),
carbon dioxide (CO,), hydrogen sulphide (H,S) and
trace amounts of residual gases. The amount of biogas
produced was analysed every 2 days for one cycle of the
process and care was taken to provide the necessary mix-
ing to reduce the number of residual gases in the reactor.
The pH of the reactor was maintained between a range
of 6.2 to 7.5 by adding 0.02 N sodium bicarbonate when
desired to aid the microbes in bringing out the biological
decomposition significantly.

Forms of micronutrients used for the study

The micronutrients used for this study were Iron (FeSO,),
Copper (CuSO,), Zinc (ZnCl,), Manganese (MnSO,),
Magnesium (MgCl,), Nickel (NiSO,).

Analytical methods

The substrates were studied to analyse the initial char-
acteristics before initiating the process and subjected to
final parameters study to analyse the significant biologi-
cal process in the reactor at the end of retention period or
until the gas production in the reactor ceases. Proximate
analysis for the determination of Total Solids (TS), Vola-
tile Solids (VS), Moisture Content (MC), Total Alkalin-
ity (TA) of the samples were conducted by the standard

Table 1 Micronutrients present in the substrates

Page 4 of 10

APHA 1992, method. Ultimate Analysis for the sam-
ples were conducted at the end of the study to analyse
the process stability in the anaerobic digestion process.
Table 1 summarises the results of proximate and ultimate
analysis of the samples used in the study. The micronu-
trients supplemented to the reactors were strictly dosage
specific as any increase or decrease in the dosages of the
trace metals supplemented would alter the reaction pro-
cess. Hence, standard measuring tubes and pipettes were
used to provide the optimum dosage of micronutrients to
the samples.

pH of the sample was maintained between the range of
6.8 to 7.2. Tinku et al. (2022) for the successful function-
ing of the biomass in the reactor throughout the test set
up. If a considerable drop in pH was noted beyond the
required pH range of 6.8—7.2 then 2-3 drops of sodium
bicarbonate with 0.02 normality was used to bring the pH
to desired level. Proper mixing of the reactors at room
temperatures were ensured to avoid settling of the bio-
mass and to aid the microbial biomass in bringing out the
biochemical reactions in a profound manner. The biogas
produced was measured every day in ml of water dis-
placed from the sample by water displacement method.
Volatile fatty acids and total alkalinity were measured by
standard titration methods (Anderson and Yang 1992).
pH was monitored daily with the help of a pH meter (Sys-
tronics Lcd Laboratory Digital pH Meter,1.25 kg, Model
Number 802).

Results and discussion

Substrate characteristics

Chandra et al. (2012) reported that methane formation
in any biogas digester is highly dependent on the nature
of the feedstocks used for the study. The characteristics
of the substrates chosen for the study were analysed
separately before co-digestion to study the nature of the
substrates and the constituents present in them. Both
the proximate analyses study and ultimate analyses
tests conducted in triplicate samples showed high Total

Micronutrients Unit Cow dung alone Food waste alone Sample blank:
food waste: cow
dung

P % 0.64 035 0.10

K % 0.17 0.13 0.01

Ca mg/100 g 183.5 200 153

Mg mg/100 g 143 788 67.5

Zn mg/100 g 572 14 0.70

Cu mg/100 g 7.24 0.2 5.68

Fe mg/100 g 13424 1.1 712
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Solids and Volatile Solids with low moisture content
values. Lee et al. (2014) reported the significance of the
hydrolysis and acetogenesis phases in bringing about an
inhibition on the methanogen’s metabolism due to lack
of nutrients in the anaerobic digester which led to the
failure of many successfully running anaerobic reac-
tors. Kurt Moller et al. (2012) suggested that even the
lowest supplementation of any micronutrient reduced
the accumulation of VFA in the reactor to a significant
level.

Micronutrients

Supplementation of micronutrients in required dosages
is an efficient method for optimizing anaerobic diges-
tion due to the accumulation of necessary enzymes and
for balancing the coenzymes (Moestedt et al. 2016).
Zhang et al. (2015) reported micronutrients supple-
mentation to a biogas digester is dosage dependent.
Micronutrient supplementations at low dosages pro-
duced high gas production with less retention time.
Higher dosages led to the failure of the digester and
alterations of pH values to an alkaline range which
led to the deterioration of the microorganisms in
the anaerobic digester. Marcin Zielinski et al. (2019)
reported that supplementations enabled biogas produc-
tion by eliminating the volatile fatty acids production
and increases the pH of the microbial biomass.

Iron (Fe) as micronutrient

Fe as a micronutrient can bring about significant changes
in the reactor relating to accelerating the biological pro-
cess in the reactor along with other added micronutri-
ents (Kurt Moller et al. 2012). Fe in the form of green
vitriol (FeSo,.7H,0) was taken in required proportions
and diluted to 1000 ml before being fed to the anaero-
bic digester for the microorganisms to easily absorb the
micronutrient in bioavailable form. Fe in varying propor-
tions was fed to the sample of food waste and cow dung

Table 2 Variation of parameters with varying dosages of Fe
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mixture in the proportion of 75:25 and compared with
the blank sample to study the variations in the process
parameters listed in Table 2. Varying dosages of Fe in the
range varying from 1 mg/l-5 mg/l were supplied to the
anaerobic reactor to study the effect of various dosages.

Initial and final parameter studies conducted on sam-
ples taken from the reactor after supplying Fe in required
dosages showed that the reactor with an Fe concentra-
tion of 1 mg/l showed an increase in biogas production
rate of about 68% compared to the sample without Fe
supplementation as well as the ones with other dosages
greater than 1 mg/l and less than 1 mg/l of Fe dosage.
The variation of parameters is shown in Table 2. Initially
study was conducted by supplying Fe at higher dosages
than the optimal dosage and arrived at the most accurate
feedstock with high biogas production, then the same
was used to arrive at the optimum dosage. pH of the sam-
ple was noted as 6.8 at the start of the experiment. It is
noteworthy that the addition of Fe at higher dosages of
2 mg/l-5 mg/l has remarkably decreased biogas produc-
tion due to an increase in the VFA production which
resulted in lowering the pH of the reactors. The pH of
the sample dropped significantly in reactors with Fe dos-
ages greater than 1 mg/l owing to VFA accumulation and
reduction in alkalinity of the sample. Further change was
noted for an Fe dosage of 5 mg/l due to an increase in
VFA concentration and an increase in alkalinity, but the
pH of the sample dropped.

Three conditions were noted in the anaerobic reactor,
first when the pH is stable alkalinity is more than VFA
and the amount of biogas produced was significantly
higher compared to the control reactor without Fe sup-
plementation. Initially, the digester has good buffering
capacity, since the VFA production was less compared
to alkalinity but later as the reaction proceeds with an
Fe concentration of 2 mg/l the gas production started
reducing due to accumulation of VFA. When VFA of the
reactor and alkalinity becomes almost equal the natural
buffer will become insufficient for the reactor which leads

SL No Sample Biogas (ml) VFA (mg HAc/L) Alkalinity Total Volatile % C % N C/N Ratio
(CaCO3/L) Solids Solids (g/L)
(9/L)
Blank CD+FD (Hand Mixed) 1609 3245 3250 445 42 5243 1.57 33
1 CD+FD (Grinded) 1517 3079 3500 49.5 34 38.16 1.54 25
2 CD+FD+1mg/l Fe 2046 3411 3600 48 455 52.66 1.56 34
3 CD+FD+2 mg/l Fe 836 4905 775 69 49 3945 1.13 35
4 CD+FD+3 mg/l Fe 1328 11,545 2500 485 30.5 3494 1.56 22
5 CD+FD+4 mg/I Fe 1923 11,545 7500 29 26 49.81 1.52 33
6 CD+FD+5 mg/l Fe 1007 35,615 10,000 73 62.5 47.56 1.30 37
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to a drop in pH of the reactor. Alkalinity started reducing
but as pH remained stable methanogenic activity was not
hindered, and biogas was produced, but as the dosages of
the nutrients increased beyond the optimum concentra-
tion the methane production will be completely dropped
due to reduction in pH which resulted in CO, increase in
the reactor.

Furthermore, the total solids and volatile solids of
the samples increased to a considerable extent for opti-
mum dosage of 1 mg/l of Fe and then showed a decreas-
ing trend due to a decrease in methanogenic activity. In
this study it was observed that the cumulative biogas
yield increased about 68% by addition of 1 mg/l of Fe
supplementation. Figure 3 shows the variation of vari-
ous Fe concentrations with the retention rate in days.
The increase in biogas production rate was maximum
for a retention period of 20 day incubation duration and
then reduction in biogas production was observed due
to accumulation of intermediate acids in the reactor. Fig-
ure 4 shows the cumulative biogas yield with varying dos-
ages of Fe.

Copper (Cu) as micronutrient

In this study Cu has been used as a micronutrient to
enhance the enzymatic activities in the anaerobic digester
and to maintain a good nutrient balance in the digester.
Moreover, the supplementation of Cu in varying dosages
helped the microbial mass to absorb the Fe more easily
in a consortium consisting of Fe and Cu. Varying dosages
of Cu ranging from 0.5 mg/l, 1 mg/l, 1.5 mg/l and 2 mg/],
respectively, was fed to the reactor containing Food waste
and Cow dung in the ratio 75:25.

It was observed that the biogas produced for 0.5 mg/1 of
Cu supplementation yielded a higher quantity of biogas
compared to all other dosages and hence was taken as the
optimum dosage for further analysis. Dosages less than
0.5 mg/l was supplemented to the reactor but proved to
be inhibitory in very less retention period of 7 days, simi-
larly dosages greater than 0.5 mg/l of Cu supplementa-
tion to the feed stock yielded less amount of biogas than
the blank sample and hence was not advisable for the
study. However, the C/N ratios obtained for all the sam-
ples with Cu supplementations was within the concord-
ant limits of 20:1 to 30:1 (Punal et al. 2000). Accordingly,
the C/N ratio obtained for 0.5 mg/l of Cu dosage was 34
which showed successive anaerobic digestion in the sam-
ple and process stability. Table 3 shows the variation in
parameters with varying dosages of Cu.

Based on the above findings attempt was made to study
the combined effects of Fe and Cu supplementations in
a feedstock containing food waste and cow dung in the
required proportions. Initially one of the digesters was
supplied with an optimum concentration of both 0.5 mg/1
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Fe and 0.5 mg/l Cu, a second digester was supplemented
with 1 mg/l Fe and 1 mg/l Cu and a third digester with
1 mg/1 of Fe and 0.5 mg/I of Cu. It was observed that the
digester with 1 mg/l of Fe and 0.5 mg/l of Cu showed a
higher production rate compared to the other two digest-
ers, since the methanogenic activity must have been
suppressed due to higher rates of hydrolysis and acidi-
fication than methanogenesis (Qiongli Bao et al. 2016)
due to imbalance in nutrient absorption by the microbial
biomass.

Figure 5 shows the synergistic effects of 1 mg/l of Cu
and 1 mg/l of Fe in the biogas yield. It is clearly visible
from the graph that 1 mg/l of Fe promoted the biogas
production with less retention time, whereas the same
dosage of Cu when supplemented to the digester was
inhibitory to the biogas yield. Hence, it was decided to
study the effects of various elements individually and
then make a consortium of the same and provide a sup-
plementation separately to analyse the behavioural pat-
tern of the microbes to nutrient supplementations.

Zinc (Zn) as micronutrient

In this study Zn from Zinc Chloride (ZnCl,) was sup-
plied at various dosages ranging from 0.5 mg/l, 1 mg/l
and 1.5 mg/l of Zn, respectively. The test set up was run
for a 31 days of incubation duration as compared to Fe
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and Cu nutrient supplementation. An increase in incu-
bation duration was observed in all the reactors, where
Zn was added as it accelerated the biomethane produc-
tion to a considerable extent by decreasing the formation
of short chain fatty acids and by decreasing the acetate
concentrations in the reactors (Hojae Shim et al. 2019).
The digester with 0.5 mg/l of Zinc dosage increased
the biogas yield by about 40% with a retention period
of 13 days than the blank sample and other reactors. It
was observed that the VFA production decreased sig-
nificantly at 7 days of incubation duration and the biom-
ethane production was significantly increased due to
sufficient methanogenic activity in the reactor with a pH
of about 7.2. Figure 6 shows the variation in cumulative
biogas yield for varying dosages of Zinc. It is visible from
the graphs that 0.5 mg/1 of Zinc yielded maximum biogas
and hence was chosen as the optimum dosage for the
designed AD.

Another remarkable pattern of behaviour was observed
in the reactor supplemented with 1.5 mg/1 of Zinc (Fig. 7).
The microbial species showed a uniform behavioural
pattern initially and then suddenly showed a decreasing
trend in the biogas production after 16 days of incubation
duration and then without any active inoculum showed
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an increasing trend for a few days and then slowly the
microbial activity ceased very early after 25 days of incu-
bation duration compared with other digesters which
yielded more biogas at 20 days of incubation duration.
This behavioural pattern exhibited an inverse growth
rate pattern owing to Zn supplementation, also the COD
removal efficiency was around 10% which affected the
mass balance of the system and decreased the AD pro-
cess stability.

Magnesium (Mg) as micronutrient

Mg ions from salts of magnesium chloride were used
for analyses in this study. Varying dosages ranging from
0.5 mg/l, 1 mg/l and 1.5 mg/l of Mg were supplied to
the reactor (Fig. 8) with food waste and cow dung in the
required proportion. Kurt Moller et al. (2012) reported
that there are only very few studies addressing the sig-
nificance of Mg in an anaerobic reactor. The reactor
with nutrient supplementation of 1 mg/l of Mg showed
an increase in biogas production by about 30% than the
other reactors and the control. Hence, the optimum
dosage of Mg from this study was taken as 1 mg/l. Ast-
als et al. (2016) reported that the addition of Mg to an
anaerobic reactor can be inhibitory as well as stimulatory
based on the dosage supplemented. The observed result
from this study proves 1 mg/l of Mg to be stimulatory
for methanogenic activity. The COD removal efficiency
was around 60% in the reactor supplied by 1 mg/l of Mg
micronutrient.

Manganese (Mn) as micronutrient

There was no considerable increase in biogas produc-
tion from any of the reactors with Mn supplementa-
tions (Fig. 9) compared to the control reactor. This result
highlighted the fact that addition of Manganese alone as
micronutrient in an anaerobic digester with food waste to
cow dung in the ratio of 75:25 had no stimulatory effect
in the methanogenic activity. Synergistic effects with
other micronutrients were yet to resolve.

Nickel (Ni) as micronutrient

Nickel being a trace metal has significant effects on the
anaerobic digestion process and on the COD removal
rate of an AD process (Sohail Khan et al. 2021). Svensson
et al. (2020) reported the effects of Nickel in enhancing
the acetogenic and methanogenic pathways in an AD
process. Figure 10 shows the effect of varying dosages
of Nickel supplemented to an anaerobic digester com-
pared with a control. It was observed that the reactor
with a dosage of 0.5 mg/l of Ni yielded maximum biogas
with less retention time. The alkalinity of the sample
was observed to be 2000 (CaCO,/L) which prevented
the accumulation of long chain fatty acids in the reactor
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which enhanced the methanogenic activity. The total
solids and volatile solids in the reactor were obtained as
40 g/l and 29 g/l, respectively, which shows an improved
process performance of the reactor. The highlighting fac-
tor of the addition of nickel was the fact that the biogas
production never ceased even at the end of the reten-
tion period of 32 days. This is because the addition of Ni
enhances the production of methyl co-enzyme M reduc-
tase which accelerates the methanogenic phase (Sohail
Khan et al. 2021).

Tian et al. (2017) reported that biogas yields with Ni
supplemented reactors will occur after 20 day incuba-
tion duration, but in this study Ni supplementations at
0.5 mg/1 yielded biogas with high biomethane content at
6 day incubation period.

However, the reactors with other concentrations of Ni
also yielded methane with high quality but the reten-
tion period taken for the yield were comparatively more
than the one with 0.5 mg/l of Ni and hence was chosen
as the optimum yield for this study, which was then com-
pared with lower variant dosages to arrive at the accurate
conclusion.
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Variation of VFA with optimum dosages of micronutrients
Table 4 summarizes the VFA variations for the optimum
dosages arrived at the end of this study. It was observed
that the volatile fatty acids production was remarkably
controlled in reactors supplied with optimum dosages
of the micronutrients. Manganese supplied to the reac-
tor did not have any significant effect in the digester as
the substrates did not require this trace element for the
microbial metabolism, whereas nickel added had a syn-
ergistic effect and aided in the degradation of the organic
matter in the digester.

Conclusions

The study focussed on the use of Iron, Copper, Zinc,
Magnesium, Manganese and Nickel as micronutri-
ent supplements in enhancing biogas production in
an Anaerobic Digestion process. The batch study was
used for determining the effects of micronutrients on
food waste and cow dung in low reactors volumes with
controlled conditions of pH and temperature. The opti-
mum concentrations of these trace metals were arrived
at based on the study. The optimum dosages obtained
for Fe was 1 mg/l, 0.5 mg/l for Cu, 1 mg/l for Zn, 1 mg/1
for Mg and 0.5 mg/I for Ni, respectively. Manganese as
a micronutrient could not contribute much to improving
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Table 3 Variation of parameters with varying dosages of Cu

SL No Sample Biogas (ml) VFA (mg HAc/L) Alkalinity Total Volatile % C % N C/N Ratio

(CaCO3/L) Solids Solids (g/L)
(9/L)

Blank CD+FD 609 4905 325 44.5 42 5243 1.57 33

1 CD+FD+0.5 mg/I Cu 1710 5320 750 48 455 52.66 1.56 34

2 CD+FD+1mg/I Cu 461 4905 775 69 49 3945 113 35

3 CD+FD+1.5mg/I Cu 821 13,205 2750 485 305 34.94 1.56 22

4 CD+FD+2mg/I Cu 167 37,275 10,750 73 62.5 47.56 1.30 37

Table 4 Variation of VFA for optimum dosages of micronutrients

SLNo Micronutrient Optimum Dosage (ml/g) VFA (mg HAc/L)
1 Fe 1 3411

2 Cu 0.5 5320

3 Zn 0.5 2415

4 Mg 1 5320

5 Mn Antagonistic effect -

6 Ni 0.5 1585

the biogas yield in any of the reactors supplemented with
manganese compared to the control reactor. Hence, it
was concluded that Mn as a micronutrient depicted
antagonistic properties in anaerobic digestion with food
waste as substrate. The C/N ratio obtained in all the
digesters are between the prescribed range which shows
that an optimum C/N ratio alone does not contribute to a
successful AD process, but an optimum dosage of micro-
nutrients has significant impact in determining succes-
sive anaerobic digestion and process stability. Higher
dosages yielded biogas with higher retention period due
to the inhibitory action of the micronutrient on the sam-
ple. Hence, higher concentrations must have hindered
the methanogenic metabolism which further resulted in
accumulation of Volatile Fatty Acids in the reactor.

The synergistic effects of the above micronutrients
with varying substrates can be explored to enhance the
research in this area. In addition, a pilot scale plant can
be set and designed for a larger volume which can then
be used to convert large amount of waste to energy if
explored. The study summarizes that more micronu-
trients can be explored in future for arriving at a best
empirical formula for improving the quality of biometh-
ane produced in the reactor and by completely eradicat-
ing CO, from the final reactor phase.

Abbreviations
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