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Abstract
Over the past years, uncontrolled population explosion coupled with an upsurge in the living standard of the people has led 
to a rise in the generation of municipal solid waste and energy consumption per capita. This has also increased the energy 
crisis and carbon footprint on the environment. Anaerobic digestion is a mature and sustainable technology for recovering 
energy from biomass, which can reduce the burden on municipal communities. Hydrolysis and acidogenesis are the rate-
limiting steps in anaerobic digestion (AD), which needs to be improved to facilitate quick digestion of the highly biodegrad-
able organic waste such as and fruit and vegetable waste (FVW) and food waste. Optimization of the operating parameters 
of hydrolysis and acidogensis, particularly for the treatment of FVW, has not been studied in detail so far. Therefore, in our 
present study, an attempt has been made to optimize the influence of environmental parameters such as pH and solid-to-liquid 
(S/L) ratio on VFA and chemical oxygen demand of the leachate through batch test. Influence of adding waste activated 
sludge toward enzymatic hydrolysis was also studied. The optimum pH and S/L ratio were found to be 6 and 7%, respectively, 
for the first phase of AD. Solubilization rate constant (k) for hydrolysis and acidification of FVW was found as 0.1785 d−1. 
Improving the degree of hydrolysis will enhance the VFA production, which is a precursor of the methanogenesis step, thus 
enhancing the overall process efficiency of AD. Hydrolysis rate was found to increase from 44 to 83%.

Keywords  Hydrolysis · Rate constant · Solid-to-liquid ratio · Volatile fatty acids (VFA) · pH · COD

1  Introduction

Energy security and waste management are the two major 
concerns faced globally. In current era, energy security is 
becoming more important due to its crucial role in today’s 
technology-dependent societies. In general, over 87% of 
the world’s population still relies on energy produced from 
fossil fuels like coal and natural gas [1]. According to cur-
rent estimates based on remaining fossil fuel reserves and 
rates of world consumption, it can last for another 30 to 50 
years, which calls for a vigorous push toward the devel-
opment of alternative energy sources [2]. In this regard, 
biofuel generation via anaerobic digestion (AD) in the form 
of the biogas, which mainly consists of methane and carbon 
dioxide, offers a highly attractive substitute to conventional 
energy sources. In current years, much attention is paid 

to utilize organic waste resources for the production of 
the renewable energy through AD of the organic biomass. 
Agrawal et al. [3] reported that the current generation of 
municipal solid waste (MSW) is around two billion tons 
annually, anticipated to increase multifold and by the end 
of 2025, it will reach three billion tons. This huge quan-
tum of the waste holds strong potential to produce up to 
4000 mm3 of biogas annually and an energy potential of 
roughly 86,000 TJ per year. This will help in mitigating 
energy crisis and to provide an eco-friendly solution to 
waste management [4]. Food waste (FW) is an integral part 
of the MSW and almost 40% of the fraction of the MSW is 
FW which ends up at sanitary landfill in most of the devel-
oping and developed countries. In addition, fruit and veg-
etable waste (FVW) is the highest in FW fractions in every 
country and every season [4–6]. Almost 15% of fruit and 
25% of vegetables produced are being lost at the bottom of 
the supply chain [7]. India is the second largest producer 
of the FVW contributing to approximately 1748 million 
tons of FVW annually [8], out of which approximately 
33% ends up in landfill [9]. FVW is characterized by the 
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presence of highly biodegradable organic matter (volatile 
solids 85–95%, moisture content 80–85%) [10]. Further-
more, due to high biodegradability of FVW, its disposal 
to sanitary landfill is highly discouraged as it emits toxic 
gases, and contributes to global warming through methane 
generation [10, 11]. Nevertheless, AD has been emerged as 
environmental friendly and sustainable technology for the 
utilization and valorization of the FVW for the production 
of the biogas. AD is a sequence of biological pathways, 
where complex organic matters are solubilized by differ-
ent microbes to methane and carbon dioxide. Furthermore, 
the digestate produced at the end of the AD can be utilized 
as organic manure or natural soil conditioner after treat-
ment [12]. Three key stages of AD for stabilizing organic 
matter are hydrolysis, acidogenesis, and methanogenesis to 
produce methane and carbon dioxide with a trace amount 
of other gases (viz. H2, NH3, H2S, and N2, etc.) [13]. How-
ever, the methane yield of the substrate will heavily rely 
on the type of the feedstock, digester configuration, and 
various environmental parameters associated with AD. 
Past researchers show that the single-stage digester treat-
ing substrates which are rich in biopolymer content, like 
FVW, often suffers VFA inhibition due to accumulation of 
the organic acids. Hence, to overcome this shortcoming, 
stage separation has been studied by various researchers 
[14–16]. AD can be conveniently performed in two-stage 
anaerobic digestion process in order to optimally satisfy the 
physiology requirements of the distinct microbial popula-
tions and therefore improves the reaction kinetics [17]. In 
the two-stage system, hydrolysis and acidogenesis of the 
substrate take place in the first phase, and the product of 
the first phase, i.e., organic acids, is used as precursor for 
the methanogenesis, which is the energy yielding phase.

FVW contains cellulose and hemicellulose in their skin, 
seed, and thus, requires more time to undergo hydrolysis. 
This prolongs the entire digestion period. Therefore, in 
order to break down the bond between the cellulose, strong 
enzymatic actions are necessary. This enzymes are secreted 
by the fermentive bacteria, and possess unique ability to 
speed up the entire hydrolysis process [18]. The enzy-
matic hydrolysis of the FVW progresses in the subsequent 
phases. During the first step, the enzymes secreted by the 
hydrolytic bacteria are transported from the aqueous phase 
to the surface of the organic matter followed by the adsorp-
tion of the enzyme and formation of the enzyme-substrate 
complex. This carries out the liquefaction of the cellulose, 
hemicellulose, and lignin [19, 18]. The effectiveness of the 
hydrolysis is governed by the physical, chemical, and mor-
phological structure of the substrate. Hydrolysis of the pol-
ysaccharides into fermentable monosaccharides depends 
upon the digestibility of the cellulose and hemicelluloses 
[20]. Numerous researchers have concentrated on enhanc-
ing operational parameters to increase VFA production via 

AD; for example, temperature affects the development of 
bacteria, and also the excretion of enzymes which enhances 
the hydrolysis of organic matter [21]. Furthermore, stage 
separation also offers better process control and digester 
stability by maintaining the required environment for the 
survival of the microbes [16, 22]. The maximum amount of 
the energy recovered by organic fraction of the MSW relies 
on the extent of the solublization of organic mass. The 
degree of solubilization of the organic waste is determined 
through the hydrolysis process, which is a rate-limiting 
step in AD [11] that governs the efficiency of the overall 
AD process. This has a direct correlation with methane 
yield in AD, although the rate of gas generation relies on 
the slowest of the three stages of AD, i.e., methanogenesis 
[23, 24]. In addition, hydrolysis and acidogenesis are influ-
enced by various environmental parameters such as pH, 
hydraulic retention time, solid-to-liquid ratio, and substrate 
characteristics. To maintain a constant system performance 
and maximize the volatile fatty acid (VFA) production, 
the influence of process parameters on the conversion of 
FVW to volatile organic acids must be explored. There-
fore, in this paper, an attempt has been made to evaluate 
the optimum parameters for the maximization of the VFA 
production. Process kinetics of the hydrolysis and acidifi-
cation of the FVW have also been covered in the present 
study. The novelty of the work lies in utilization of waste 
activated sludge (WAS) for facilitating enzymatic hydroly-
sis. Inclusion of the WAS speeds up the hydrolysis process 
and, thus, ultimately maximizes the bioenergy generation.

2 � Material and methods

2.1 � Materials

2.1.1 � Fruit and vegetable waste

FVW was procured from the local wholesale vegetable 
market. The waste comprises of bottle gourd (20%), okra 
(10%), cauliflower (10%), ridge gourd (10%), banana 
(10%), pumpkin (10%), brinjal (10%), cabbage leaves 
(10%), tomato (10%), and papaya (10%). The percentage 
of the individual component indicates the amount of waste 
likely to be generated in the market during that particu-
lar day. After procuring from the market, the inert mate-
rial viz. plastic plates, paper, pebbles, etc. are removed 
and then, FVW was washed to get rid of the impurities 
present. Physical characterization of FVW was done and 
several parameters such as specific gravity, total solids, 
volatile solids, and moisture content were determined as 
per APHA 2005 [8]. All the characterization was done 
in triplicate to avoid the chances of possible errors. The 
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procured FVW was chopped into 5–6-cm-thick pieces 
using a kitchen knife to reduce the size of the FVW.

2.1.2 � Inoculum

Anaerobic sludge used in this study was procured from 
anaerobic digester having capacity 1000 m3 of Vachan dairy 
and Food Products Ltd., Kharora district, Raipur, Chhat-
tisgarh, India. The sludge procured was acclimatized in the 
laboratory using 10-l bucket; the biomass was cultured in 
the laboratory by addition of the synthetic feed. The syn-
thetic feed mainly consists of 10 g of anhydrous dextrose-
D, 0.43 g of potassium di-hydrogen phosphate, and 2.85 
g of ammonium nitrate. Before adding synthetic feed, 1 l 
of the supernatant was removed from the bucket. The cul-
tured biomass was also supplemented with trace solution of 
phosphate buffer, ferric chloride, magnesium sulfate, and 
calcium chloride. The sludge obtained after the inoculation 
was named as waste activated sludge. The inoculum plays a 
crucial role in AD. The absence of the inoculum delays the 
digestion period and reduces biomethane production. It is 
the main source of the microorganism which carries out bio-
degradation. Anaerobic sludge was subjected to degasifica-
tion for 5 days before the experiment to deplete the residual 
biodegradable organic matter present.

2.1.3 � Chemicals

Laboratory-grade sodium bicarbonate was procured from 
Avantor, Rankem, India (97% purity). Dilute solutions of 
different concentrations were prepared by dissolving stoichi-
ometric amounts of NaHCO3 in deionized water to maintain 
the pH. Hydrochloric acid was also obtained from Avantor, 
Rankem, India (35% assay). All other chemicals used were 

of AR grade. Deionized ultrapure water (Merck Millipore, 
Germany) was used throughout all the experiments wherever 
needed.

2.1.4 � Characteristics of the substrate and inoculum

Parameter Units Inoculum FVW

pH – 7.2 5.2
Moisture content % 90 92%
Total solids (TS) % 6.56 4.56
Volatile solids (VS) % of TS 72 92
Alkalinity mg/L of CaCo3 4100 3700
Total VFA mg/L 105 80
VFA/alkalinity – 0.015 0.021
Carbon % 32 44
Nitrogen % 2.1 2.23
C/N ratio – 14.35 19.73

2.2 � Methods

2.2.1 � Experimental setup

The hydrolysis of the FVW was performed in an acrylic cyl-
inder of capacity 5 l with a working volume of 3 l. One liter 
volume was kept idle at the top and bottom for feeding of the 
fresh water and storage of leachate generated, respectively. At 
the height of 20 cm, a circular plate screen having 10 holes 
of average diameter 5 mm size was placed inside the reactor 
to prevent a solid fraction of FVW from sliding down. At the 
bottom of the reactor, plastic tube of diameter 5cm was pro-
vided for the collection of leachate. The schematic diagram 
of the reactor is illustrated in Fig. 1.

Fig. 1   Experimental setup for 
the hydrolysis of the FVW
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2.2.2 � Hydrolysis study

Batch studies were conducted on the raw FVW procured 
from the local market and after physical sorting, the waste 
was chopped into 5- to 6-cm-thick pieces at ambient tem-
perature. Reactor was fed with 150 g of the composite 
waste having total solids (TS) content 6.84% along with the 
predetermined quantity of the inoculum. The inoculum-to-
substrate ratio was fixed as 25:75. The study was undertaken 
to optimize various environmental parameters like pH, and 
solid-to-liquid ratio for maximizing VFA and COD yield. 
The impact of adding WAS on the enzymatic hydrolysis was 
studied. Furthermore, the kinetic study of hydrolysis and aci-
dogenesis was also conducted to evaluate the solubilization 
rate, degree of hydrolysis, and hydrolysis yield.

2.2.3 � Analytical methods

Leachate collected at the bottom of the reactor was with-
drawn periodically and analyzed daily to evaluate the influ-
ence of the environmental parameters such as pH and VFA 
as per the methods suggested in Standard Methods of Water 
and Wastewater Examination, APHA 2005. The VFA was 
measured by the ferric hydroxamate method reported by 
Chatterjee et al. [20], using a single-beam spectrophotom-
eter. The COD of the leachate obtained from different oper-
ating conditions was analyzed as per closed reflux method 
as per APHA 2002 [25].

3 � Result and discussion

3.1 � Characterization of FVW

The suitability of FVW as a potent substrate to undergo 
hydrolysis can be evaluated from the characterization of the 
waste indicated in Table 1. From the table, it is evident that 
the average moisture content of the FVW is 86.14%, whereas 
VS content of the waste is mostly above 90% confirming the 
suitability of the substrate for the AD [26]. An increase in 

the moisture content of the FVW increases the bulk den-
sity of the waste. The bulk density of the FVW was found 
mostly above 1000 kg/m3. Furthermore, bulk density and 
moisture content of the substrate depend on the nature of 
the substrate which changes according to seasonal variation 
in the feedstock.

3.2 � Influence of operational parameters 
on hydrolysis and acidification

VFA is the key product of hydrolysis and acidogenesis, 
which determines the biomethane yield of the waste. The 
production of the VFA is majorly dependent on several envi-
ronmental parameters viz. pH, digestion time, organic load-
ing rate, solid-to-liquid ratio, inoculum, nature of substrate 
and temperature, etc. In this context, it becomes essential 
to evaluate the influence of these environmental parameters 
on hydrolysis and acidogenesis, for effectively designing the 
engineering system.

3.2.1 � Influence of pH on VFA production

The nature of a substrate significantly affects the digester’s 
pH. Anaerobic digestion is pH sensitive process, and the per-
formance of the AD is dictated by the pH of the digester. The 
drastic change in pH is detrimental for the smooth operation 
of AD [3]. pH also influences the extent of solubilization 
and VFA production [27]. Therefore, the present study is 
aimed at determining the effect of pH variation (2, 4, and 
6) on VFA and COD yield. The pH of raw FVW is mostly 
below 5.5 [28]. Due to the acidic nature of the substrate and 
high biodegradability, it results in VFA accumulation in the 
digester. Also owing to the inadequate buffering capacity 
of the digester, it becomes difficult to maintain pH, during 
the initial stage of operation. Therefore, it necessitates the 
addition of a strong alkali for the smooth operation of the 
digester. Hence, the pH of the digester was adjusted with the 
help of strong acid (5N HCL) or alkali (6N NaHCO3). The 
pH of the digesters was monitored regularly at an interval of 
6 h. The influence of the pH on VFA production and COD 

Table 1   Physical 
characterization of the FVW

Run no. Specific gravity Bulk density 
(kg/m3 )

Moisture con-
tent (%)

Fixed solids (%) Volatile 
solids 
(%)

1 0.973 973 82 3.5 96.5
2 0.947 947 87 6.23 93.77
3 1.023 1023 89 3.75 96.25
4 1.114 1114 84 6 94
5 1.152 1152 86 5.5 94.5
6 1.005 1005 88 2.5 97.5
7 1.075 1075 87 11 89
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of the leachate was as depicted in Figs. 2 and 3. It is clear 
from the graph that regardless of how the pH of the leachate 
changes, the VFA production rises along with the increase in 
the digestion time [27]. This is mainly due to the conversion 
of the easily biodegradable organics into volatile organic 
acids during initial stage [29, 27]. Furthermore, VFA pro-
duction reached to its peak value, when the pH of the reactor 
was maintained at 6 which lies in the optimal range of pH 
required for acidogenesis [29]. Highest VFA was found to be 
5750 mg/L at pH 6, followed by pH 4 and then pH 2. This is 
in agreement with the results obtained by other researchers 
[29]. At pH 4, the highest VFA concentration was noticed 
as 3100 mg/L, after which it started to decline. This is due 
to utilization of the organic acid by microbes for conversion 
into gas [18]. In addition, at pH 2, the highest VFA produced 
was only 1200 mg/L. Thus, it can be concluded that at lower 
pH, the VFA production decreases due to the inactivation of 

enzymes secreted by acidogenic microbes and less degrada-
tion of the substrate [30, 27, 31]. As the microbes are pH 
sensitive and requires optimal pH range to function, their 
efficiency to convert the complex organic matter to VFA 
drops down at lower pH. Our study concludes that optimal 
pH for the maximization of VFA as 6, which is in agreement 
with the various studies conducted in the past [27, 32, 33, 
30]. Zhang et al. [27] pointed out that optimal pH for the 
maximization of VFA and solublization is at pH 7.

3.2.2 � Influence of pH on COD

The variation in soluble COD concentration of leachate 
obtained at different pH is indicated in Fig. 3. From the 
graph, it is seen that during the initial stage, the soluble COD 
(sCOD) values go on increasing during the initial period of 
operation (1–4 days), which is due to the solublization of the 

Fig. 2   Effect of pH on VFA 
production of FVW
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easily biodegradable fraction of the organic matter present 
in the substrate [29, 19] regardless of the pH in the system. 
Highest sCOD concentration was noted as 5750 mg/L at pH 
6, followed by 4700 mg/L at pH 4 and 4000 mg/L at pH 2. 
This is in co-relation with the amount of the VFA generated 
in the reactor; the higher the % of solublization, the higher 
will be the amount of the VFA generated. Furthermore, 
fourth day onwards, sharp decrease in the sCOD concen-
tration was noticed which is due to the utilization of the 
organics by the hydrolytic microbes for their growth [18]. 
However, after this, again sharp increase in the COD values 
was noted on day 8; this is mainly because of the breakdown 
of the highly complex organic matter which requires strong 
enzymatic reactions for their breakdown [34, 18]. Therefore, 
it can be concluded that at lower pH, the amount of COD 
produced is less, which confirms the inability of the enzymes 
to degrade the organic matter. Enzymes are secreted by the 
acidogenic bacteria as they flourish well when the optimal 

pH (5.5 to 6.5) is maintained [3]. The results obtained are in 
accordance with the literature [18, 29].

3.2.3 � Influence of solid‑to‑liquid (S/L) ratio on VFA and COD 
production

Batch studies were conducted at varying (S/L) ratios 
of 2%, 5%, 7%, and 9%, respectively, in a mesophilic 
regime. The pH of the reactors was maintained at 6. pH 
was adjusted with the help of strong acid 5N HCL or 
strong alkali 6N NaHCO3. pH was monitored regularly at 
an interval of 6 h. Figures 4 and 5 depict the variation of 
the VFA and sCOD produced at different solid-to-liquid 
ratio respectively. From the graphs, it can be interpreted 
that higher the concentration of the solids will result 
in higher degree of solubilization. Highest COD was 
recorded for 7% (S/L) ratio which was equivalent to5950 
mg/L, whereas lowest COD was recorded for 2% (S/L) 

Fig. 4   Effect of (S/L) ratio on 
COD production
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VFA production
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ratio, which was equivalent to 3000 mg/L. It was also 
noticed that COD production increases with the increase 
in retention time.

The VFA production was increased linearly for 5%, 
7%, and 9% (S/L) ratio and highest VFA was recorded 
as 5100 mg/L for 7% (S/L) ratio. Furthermore, when 
(S/L) ratio was increased to 9%, the VFA production 
was decreased dramatically and reached to 3900 mg/L. 
Lowest VFA production was noticed for 2% (S/L) ratio, 
which was almost constant. The rate of solubilization was 
reported to be higher for 7% (S/L) ratio, beyond which 
it decreases due to a higher concentration of the soluble 
solids present [29]. This is due to the fact that higher con-
centration of the solids will result in quick acidification, 
which in turn lowers the pH of the system, and ultimately 
slows down the solubilization process [3]. Therefore, too 

high concentration of the solids is not desirable and solid-
to-liquid ratio of 7% was optimum in our case.

3.2.4 � Effect of addition of WAS on the rate of hydrolysis

The reactor was loaded with the optimum (S/L) ratio, i.e., 
7% at ambient temperature. The pH of the reactor was 
maintained at 6. To study the impact of the addition of 
waste activated sludge, one reactor was inoculated with 
(25:75) ratio of inoculum to substrate and another reactor 
was kept un-inoculated. WAS contains the special cat-
egory of the fermentive bacteria which helps in the lique-
faction of the complex and hard to degrade lignocellulose 
present in the skin and seeds of the FVW [19]. These 
microbes secrete enzymes and the enzymatic action of 

Fig. 6   a Variation in VFA 
production with and without 
inoculation. b Variation in COD 
production with and without 
inoculation
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the microbes expedite the hydrolysis of the FVW. There-
fore, the addition of the WAS plays a crucial role. The 
impact of addition of WAS on VFA and COD of the lea-
chate is depicted in Fig. 6a and b. From the graphs, it can 
be inferred that addition of the WAS increases the VFA 
and COD production. This is attributed to the enzymatic 
actions of the microbes present in WAS. By the addition 
of the WAS, breakdown of the complex organic C-Chains 
gets accelerated which increases the VFA and COD pro-
duction, thus resulting in the higher degree of hydrolysis 

[18]. The highest yield of VFA and COD accounts to 
5100 mg/L and 5950 mg/L, respectively, for the reac-
tor inoculated with WAS. On the other hand, the reactor 
devoid of the WAS resulted in the lower yield of VFA and 
COD equivalent to 3950 mg/L and 4600 mg/L. This is 
basically due to absence of the microbes carrying out the 
degradation of the cellulose poor waste (FVW). However, 
the degradation of the FVW in the absence of WAS got 
rendered due to the bacteria and microbes present in the 
tap water and FVW itself [35].

Fig. 7   Solubilization rate during 
the hydrolysis of FVW
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3.2.5 � Kinetics of hydrolysis and acidification of FVW

First-order kinetics has been applied by many researchers in 
the past for studying solid reduction in a single-stage anaerobic 
digester [36, 29]. Among all the processes of anaerobic diges-
tion, hydrolysis appears to be the limiting step; the overall 
efficiency of AD depends on the degree of hydrolysis achieved 
[37]. An attempt has been made to apply first-order kinetic to 
understand the rate of solids degradation.

3.3 � Solubilization rate

A batch study was conducted on a laboratory scale to deter-
mine the solubilization rate at different hydraulic retention 
times. The amount of the FVW (Co) remaining to the initial 
weight of FVW was plotted against time and is depicted in 
Fig. 7. From the plot, it is conferred that the rate of solubiliza-
tion is higher in the initial stage, after which it goes on reduc-
ing, which is due to the conversion of the solid mass of FVW 
to organic acids.

The first phase of AD, hydrolysis, and acidification of FVW 
was assumed to follow the first-order rate of kinetics which is 
given by the below equations as

where k is the first-order specific rate constant (day−1), C 
is the COD concentration of FVW (mg/L) at time t, and Co is 
the initial COD concentration of FVW (mg/L) at zero time.

Using the above equations, solubilization rate data has been 
plotted to determine the rate constant for the first-order kinetics 
as presented in Fig. 8. The value of the specific rate constant 

(1)(−dc|dt) = kC

(2)t = −(1|k) lnC∕Co

for the FVW was determined as 0.1785 d−1. Similar results 
were obtained by [29].

3.4 � Hydrolysis yield

The hydrolysis yield of the FVW is calculated as the differ-
ence between the input COD and the remaining COD in the 
digester over the input COD × 100 [29].

The hydrolysis yield for FVW is as shown in the Fig. 9. 
The hydrolysis yield is found to increase with the increase in 
the retention time. Hydrolysis yield varies from 44 to 83% for 
the FVW.

4 � Conclusion

Anaerobic digester treating organic fraction of municipal 
solid waste (OFMSW) like FVW and FW easily undergo 
hydrolysis in the initial stage; the problem comes later 
on the hydrolysis of the complex organic matter which 
is present in the skin and seed. This requires applica-
tion of the WAS to carry out enzymatic hydrolysis which 
enhances the degree of hydrolysis and results in the high 
concentration of the VFA and COD in the leachate. Hence, 
for the practical applicability of the pilot-scale anaerobic 
digester in the field, the entire process yield depends on 
the hydrolysis yield, whereas the absence of the WAS pro-
longs the duration of AD and, thus, results in an economic 
failure. The process parameters also play a crucial role 
for enhancing the hydrolysis and acidogenesis. According 

(3)Hydrolysis Yeild =
input particulate COD

Particulate COD at time t
× 100

Fig. 9   Hydrolysis yield for 
FVW
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to our finding, pH 6 and the solid-to-liquid ratio 7% was 
found to be optimum. Hydrolysis data fits well with the 
first-order kinetics. The first-order rate constant of the 
FVW was found to be 0.1785 d−1. It is envisaged that 
leach bed reactor coupled with upflow anaerobic sludge 
blanket (offers a great opportunity or the treatment of the 
waste such as FVW and FW). This holds a strong potential 
for the application in real-life situation for treatment of 
OFMSW and thus leads to better utilization of the anaero-
bic digestion technology.
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