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Holistic approach for biogas technology
implementation to improve sustainability
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The sustainability of a technology can be improved by
using a holistic approach. In this study, one such
approach of implementation is demonstrated using the
example of biogas technology. This case study is pre-
sented based on implementation experience of biogas
technology in an academic campus located in a rural
area in India. Though this is a well-known technology,
it has not yet become sustainable due to various issues.
Components of biogas technology can be categorized
into three subgroups as preprocessing, main digester
and post-processing. In the preprocessing phase, it is
important to consider easily available feeds and their
preprocessing to improve the performance of the
anaerobic process. The improved design of a prepro-
cessor helps in adopting various types of feeds availa-
ble resulting into solid waste management. The
performance of anaerobic process in the main digester
is governed by the design of the digester, standard
operating practices and maintenance processes. The
appropriate consideration and implementation of
these three parameters help in improving the gas pro-
duction rate and fault tolerance. In the post-
processing phase, biogas and biogas manure need to
be processed effectively for economic benefits from
the biogas plant. These three processes of biogas tech-
nology are considered through holistic approach to
improve collective performance and acceptability of
the plant. The approach looks into modifications in
the existing processes to serve other purposes like sol-
id waste management, improvement in usage of biogas
and manure along with inclusion of allied technologies
to improve acceptability. Further, design modifica-
tions in the main digester are carried out through
CFD analysis to improve velocity patterns in the
digester with the objective of minimizing the biologi-
cal faults and maximizing the mixing performance.
This study shows how the holistic approach can bring
together various interdependent components of a
technology for simultaneous modifications.

Keywords: Biogas technology, holistic approach, solid
waste management, sustainability.

SUSTAINABILITY of a technology can be improved by
considering the technology from multi-functioning and
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multi-objectivity point of view. This can be achieved by
introducing various relevant technologies and modifica-
tions connected to the main technology so as to utilize the
various benefits generated from it. Solid waste manage-
ment is becoming a critical issue with growing urban
population. The United Nations Conference on Environ-
ment and Development, held at Rio de Janeiro, Brazil, in
June 1992, focused world attention on municipal solid
waste issue along with other environmental problems'.
The availability of landfill sites is declining due to con-
ventional disposal methods, and opening of new landfill
sites is limited due to financial and legal problems. Solid
waste has heterogeneous characteristics and includes
agricultural waste, municipal waste, domestic waste,
animal waste, food waste, paper waste, plastic waste, etc.
The typical solid waste analysis data” in Figure 1, shows
that food waste is a major component of solid waste.

Food waste management is an equally critical task
under solid waste management. It is a biodegradable
waste and has to be disposed of properly to avoid envi-
ronmental consequences. Anaerobic digestion is a prom-
ising technology for food waste disposal and yields
highest gas production compared to any other waste
inputs®. The experiments performed by El-Mashad and
Zhang® show the highest gas yield with food waste com-
pared to unscreened dairy manure.

The present status, challenges and potential of biogas
technology are highlighted by Surendra et al.”’, who have
provided details about the potential economic, health,
social and environmental merits of the biogas technology.
As a part of CILLAGE project’, biogas technology dep-
loyment was performed using a holistic approach with
various modifications in the existing technology and with
inclusion of allied technologies (Figure 2).

Biogas technology was modified by introducing a pre-
digester to improve the performance of the main digester
for food waste input’. Another important aspect in the
preprocessing phase includes selection of appropriate
feeds. This selection may be from the solid waste man-
agement point of view, or for improving gas yield. The
main biogas technology should be implemented appro-
priately by considering cause—effect analysis for mini-
mizing the failures. Sometimes the plant or process can
be modified for improving plant performance and fault
tolerance. The post-processing phase of a biogas plant is
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an important aspect which will help in improving eco-
nomical viability. Therefore, it is important to not only
focus on biogas, but also utilize various other by-products
of the plant. Biogas can either be directly used for heating
or cooking, or it can be scrubbed to increase the calorific
value. The scrubbing process will throw out about 30—
40% carbon dioxide which can be utilized for improving
soil health as carbonated water. The importance of soil
organic carbon is brought out with another technology of
portable soil organic carbon test kit. This technology
helped in demonstrating improvement in soil organic car-
bon due to the use of biogas manure as organic fertilizer.
Further, laboratory-level experiments and simulations are
also performed to improve the acceptability of biogas
technology.

Holistic approach to biogas technology

Various aspects of biogas technology can be grouped as
preprocessing, main digester and post-processing (Figure 3).
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Figure 2. Holistic approach for biogas technology implementation.
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Preprocessing

As shown in Figure 3, in the preprocessing phase focus is
given on installing the pre-digester and studying the per-
formance of the plant with various local solid waste
inputs along with preprocessing. The purpose of the
pre-digester is to utilize aerobic decomposition through
fermentation and acidification of food waste which
reduces burden on the anaerobic process in the main
digester. The food waste is supplied by crushing it into
fine particles to improve the rate of decomposition. The
influence of particle size on improvement of gas produc-
tion rate has already been demonstrated®. Preprocessing
plays an important role in reducing the time required for
decomposition in the main digester. The flower waste
generated from the famous Vithoba Temple at Pandharpur
was used to demonstrate solid waste management of local
produce. Cow dung from farmer’s farm in the vicinity
was collected as a feed for biogas plant and biogas
manure was returned to the farmers as a organic fertilizer.
The aerobic decomposition rate is faster than the anaero-
bic decomposition rate and hence the air compressor was
arranged in the pre-digester which will provide air in the
pre-digester plant for the period of 1 h daily.

Main processing

The main digester was constructed with an inlet—outlet
arrangement, floating dome with 35 m’ capacity, three
compartments prepared with vertical baffles and the gas
outlet unit. The main digester is an important unit where
anaerobic decomposition of predigested material is per-
formed with the help of methanogenic bacteria. The metha-
nogenic bacteria decompose waste in the main digester and
produce biogas along with manure as a by-product. The
hot water added in the preprocessing step helps maintain
the thermophylic condition in the main digester. The
growth of thermophiles in the digester is assured by mixing
the waste with hot water and maintaining the temperature
in the range 55-60°C. The solar water heating technology
is utilized to minimize the expenses of water heating.
Mixing is an important aspect in the main digester for
increasing gas production rate. The low mixing will not
only reduces the gas production rate but also form a scum
on the surface of the digester. The scum is a hard layer of
non-degraded material accumulated at the surface which
creates a hurdle in the release of biogas in the gas hold-
er’. The biological process failure repairing is a tedious
job where the entire digester has to be opened up and the
process needs to be restarted right from culture forma-
tion. The whole repair process may take 2—3 months.
Therefore, efforts are being made to minimize this fault
using mechanical mixing. However, the impellers used in
the process have several disadvantages such as sudden
breakdown, energy consumption and corrosion, etc. As
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Figure 4.

Feed proportionate study on lab-scale model.

part of holistic improvement of biogas technology, a
computational fluid dynamic (CFD) simulation-based
main digester design modification study was carried out
to improve the mixing performance and fault tolerance.
Three passive flaps were added to the existing digester.
The velocity in the digester was considered as a mixing
parameter. The numerical results show that the mixing
performance increases drastically in the modified diges-
ter. Further, laboratory-level study using the set-up
shown in Figure 4 was carried out to choose feed compo-
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sition for improving gas production rate. From the expe-
rimental results, it has been observed that the gas produc-
tion rate is highly dependent on feed composition. The
variation in feed composition is nothing but variation in
starch composition which is the main component
governing the gas production rate.

Post-processing

Typical biogas is a mixture of 50-70% CHy, 30-40% CO,,
and other types of gases, including ammonia, hydrogen
sulphide and noxious gases. It is also saturated with water
vapour. The gas composition varies based on of feed and
other operating conditions of the plant. Biogas is generally
used directly for cooking purposes in case of small-scale
plants. Scrubbing helps in improving the calorific value
of gas and removes hazardous gases. Recently, this
scrubbing process has been linked with the improvement
of soil organic carbon using carbonated water.

In the traditional method of scrubbing to remove
carbon dioxide, biogas is passed through alkaline solution,
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Table 1.
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Biogas production.

Impact of Nisargruna manure on soil in the form of organic carbon content

Month-wise organic carbon testing results

Name of farmer June August October December
Hirabai Shankar Pawar Low Low Medium Medium
Devidas Phule Low Medium Medium Medium
Dinesh Jadhav Medium Medium Medium Medium
Gajendra Bhagawan Shinde Low Medium Medium Medium
Kiran Pawar-Patil Sufficient Sufficient Sufficient Sufficient
Popat Shankar Pawar Low Medium Medium Medium
Sanjay Phule Low Medium Medium Medium
Tanaji Baba Gurav Medium Medium Sufficient Sufficient
Dada Dattu Sawant Medium Medium Sufficient Sufficient

Low: less than 0.5%; Medium: between 0.5% and 1%; Sufficient: more than 1%.

usually lime water. The improved scrubbing process of
removing CO, by exposing the biogas to water in
vertical water towers helps in utilizing CO, to make car-
bonated water. The present study does not focus on
detailed analysis of the same, but the literature indicates
the advantages of utilizing carbonated water for improv-
ing crop yield'”.

The post-processing phase also involves appropriate
utilization of biogas manure generated from the biogas
plant. It was noticed during implementation of this tech-
nology, that the farmers generally used the cow dung
directly as an organic fertilizer. To promote the utiliza-
tion of biogas manure, another technology of soil organic
carbon testing kit has been introduced. Soil organic car-
bon is essential for improving the process of providing
micronutrients to the crops resulting into improvement in
yield. Another advantage of improved soil organic carbon
is the increase in biological control of plant diseases and
pests. It also helps in providing fertilizers to reach the
plant roots. The combined use of biogas technology with
soil organic carbon testing kit helped in bringing about
awareness among farmers to utilize biogas manure as an
organic fertilizer.
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The utility of biogas manure may be further improved
by using vermicompost technology which will enhance
the properties of biogas technology. A comparative
study between cow dung and vermicompost showed the
advantages of vermicomposting in terms of germination
of seeds, root length, shoot length, number of root hairs,
numbers of leaves, etc.'’.

Implementation results

This section gives a brief description about combined
implementation of various technologies aligned with
biogas technology to improve its sustainability.

Plant feed and biogas production

One of the important aspects about making the plant sus-
tainable is to utilize it for solid waste management in the
region. The present holistic approach is demonstrated in
an academic institute (SVERI) catering to about 5000
population, of which about 50% is residential. The biogas
technology helped in managing food waste of about
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Figure 7. Velocity profile in («) baseline biogas digester and (b) modified biogas digester.

200-300 kg per day. To increase the feed and promote
utilization of biogas manure to encourage organic farm-
ing, few farmers in the vicinity have been involved to
supply about 400-500 kg cow dung per day.

Few experiments were also conducted by flower waste
from the Vithoba Temple as feed. The gas produced was
utilized in the institute canteen which generates the
labour, local transport and other maintenance costs of the
plant. Cow dung was exchanged with biogas manure and
the impact of manure was periodically studied using soil
organic carbon testing kit. These processes and the plant
have been in operation from December 2014. Figure 5
shows the typical biogas production in November 2015.

Biogas manure utilization for soil quality
improvement

Awareness was created among the farmers about the use
and benefits of biogas manure or slurry as a fertilizer.
Table 1 shows the impact results of biogas manure on soil
in the form of organic carbon content. To observe the
impacts of biogas slurry on crops, four plots were
selected. The organic carbon content of soil was tested in
the field for the sample before and after application of
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manure. The organic carbon testing kit designed in the
SVERI campus with technology transferred from BARC,
Mumbai was used for testing of soil to check the impact
of manure on soil organic carbon quantity. Application of
manure was started in May 2015 and changes in soil
quality were continuously monitored for seven months.
The result shows that soil organic carbon content is im-
proved in all the plots. Along with this, impact of manure
on plant growth and yield was also noted (Table 2).

New innovations in the study of feed and design

As shown in Figure 6, the baseline digester was modified
by introducing three horizontal flaps. Numerical analysis
was performed using CFD-based software COMSOL
Multiphysics. Optimization was performed to obtain the
optimal size and location of the three flaps using three
different approaches: maximization of surface velocity
(approach 1), maximization of domain velocity (approach
2) and maximization of combined (surface and domain)
velocity (approach 3). Figure 6 shows the changed velo-
city patterns due to modifications. Figure 7 provides a
summary of maximum surface and domain velocities for
the optimal designs obtained by the three approaches.
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Conclusion

In this study, the use of holistic approach for technology
deployment is demonstrated with the example of biogas
technology. The implementation results of biogas
technology along with various modifications in prepro-
cessing, main digester and post-processing and implica-
tions about improving acceptability are discussed. The
modifications of introducing the pre-digester have
improved the capability of the plant to take various feeds
and in reducing biological faults. The other allied tech-
nologies such as biogas scrubbing-based carbonation, soil
organic carbon testing kit and vermicomposting have
helped in improving the acceptability of the main tech-
nology. The acceptability of usage of biogas manure has
been improved by demonstrating the improvement of soil
organic carbon using the portable soil testing kit techno-
logy. Similarly, the value-addition process of scrubbing
resulted into carbonated water which has become another
value-added by-product to improve soil organic carbon.
Further, experiments and simulations have been carried
out to improve the main digester performance by reduc-
tion in scum formation and increase in mixing perfor-
mance.
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