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ABSTRACT

A comprehensive review of control and maintenance of temperature in<bie digestion process is
presented in this paper. Maintaining a temp level ofiabout 40.tes60I€, the optimum temperature for
thermophilic bacteria’s growth and activity, ishcrucial“for obtaining ‘the best results with respect to
biogas production in bio-digesters. This study inwestigates the utilization of phase change material
(PCM) to control and maintain the optimum temperature of 454 around it. For purposes of this study,
a dome type digester is chosen as experimentalgsét up, which is:then to be incorporated with PCM
around the walls. In this review, the rate of‘gas productioniis found to be increased and the retention
time is decreased with the elimination of insulations. The /main objective of controlling the process
temperature to obtain a hightyield of Biogas is highlightedgdn this paper.
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INTRODUCTION

Digestign\is a biological process that occurs in the absence of oxygen and in the presence of
anaerobic orgamisms at ambientipressires and temperatures of 35-70°C. The container in which this
digestion takes'‘plaee is known as the digester. Anaerobic digestion involves the microbial digestion of
biomass. The processitakes place at low temperature up to 65°C, and requires a moisture content of at
least 80 per cent. It“generdtes gas consisting mostly of CO, and methane (CH4) with minimum
impurities such as hydregen sulphide. The digestion process, however, takes much longer time. The
process can be speeded up by using a thermally insulated, air-tight tank with a stirrer unit and heating
system. At optimum temperature (35°C) complete decomposition of animal or human faces takes
around 10 days. Methane bacteria work best at a temperature of between 35 -38°C. The fall in gas
production starts at 20°C and stops at a temperature of 10°C. At one experiment 2.25cu-m of gas was
produced from 4.25m? of cattle dung every day when the digester temperature was 25°C. When the
temperature raised to 28.3°C, the gas production is increased by 50% to 3.75cu-m/day. There are two
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significant temperature zones in anaerobic digestion. These have been studied in some detail for
digestion of sewage sludges for 90% digestion. The time required for 90% digestion at various
temperatures, and the two temperature zones. It has been established that two types of microorganisms,
mesophilic and thermophilic are responsible for digestion at the two temperature ranges. The optimum
mesophilic temperature lies at about 35°C, while the optimum thermophilic temperature is around 55°C.
The thermophilic range has not been put to use because of the problems associated with heating the
tanks to such high temperatures. Heating of tanks designed mainly for collegtion of biogas may not be
practicable, but it must be understood that temperature is a very important factor since it affects the
bacterial activity directly. Any gross deviation from a normal operating temperature may result in the
unsatisfactory performance of the digester.

The production of biogas is a temperature dependent process, Controlled biggas processes are
required for optimal production and for understanding the mechaniSmsg#involved I such process.
Heating the bioreactor to a temperature of about 40 t060°Chis importanthfor thermophilic bacteria’s
growth and activity [1], in order to obtain optimum‘biogas production. Enekgy is required for this
process, and researchers must find ways to supply the necessary_.energy. requirements at minimum cost.
The other problem encountered for such a bio geaction“is the ability to.control the temperature and to
minimize its range of variation so that the aetivityaof the bacteria will not significantly be affected and
its action will not be inhibited by large témperature variation.oJhis study involves utilization of phase
change material (PCM) in order to achieve this taskebyfin€orporating it around the walls of a bioreactor.
Though there are various possible methods“for heating and\maintaining an optimum temperature in
digesters like solar heaters [2],4€l€Ctrical heaters and insulating materials, PCM will be the cheap and
best in this type of thermaldenergy‘storage systems. Various types of PCMs and their properties are
discussed in this paper. Moreever, the system is studied for economic viability of the materials and for
its technically feasiblg’application.

NEED FOR CONTROL OFTEMPERATURE IN DIGESTION

Temperature profile plays a major role in bacterial growth rate which in turns biogas production.

Controlled biogas processes are required for optimal production and for understanding the mechanisms
involved in suchhprocesses. Maintaining a temperature level of about 40 to 60°c, the optimum
temperature for thetmophilic'bacteria’s growth and activity, is crucial for obtaining the best results with
respect to biogas productien”in bio-digesters. In addition to this, heating requirements of bioreactor are
directly linked to increased production as well as decreased retention time. Anaerobic digestion under
thermophilic condition results in higher metabolic rates and greater destruction of pathogens and weed
seeds.
The temperature has a significant influence on the efficiency of biogas production, energy input to
output ratio, retention time and total cost of the construction investment [3]. Raising the fermentation
temperature can improve the efficiency of biogas production and reduce the volume of digester and
consequently reduce the investment cost for digester construction.
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Chengliu and Haiyin found that the highest Gas Production Rate (GPR) at a temperature of 55°C was
1.6 and 1.3 times higher than that at 35 and 45°C [4]. Temperature had a more remarkable effect on the
richness and diversity of microbial population than the Organic Loading Rate (OLR). Thermophilic
bacteria were more sensitive to the variation of environment than those at 35 and 45°C, which, as a
result, caused a more rapid decline in CH4 yield and the Volatile Solid (VS) removal efficiency. The
authors also presented that best process stability found in mesophilic system with the most richness of
bacteria. Highest productivity and best load bearing capacity were observed ig/thermophilic system.
Garba [5] investigated the effect of temperature and retention perioddéonybiogas production from
lignocellulosic material. He has been observed that optimum yield of biogast@btained at thermophilic
range of 50 to 60°C. In this range, an increase in the metabolic rate i§ observed, resulting in a higher rate
of gas production. This implies that shorter retention times are pessible, Methape produeing bacteria are
very sensitive to sudden thermal changes. Therefore, any, drastic chamnge”in temperaturé should be
carefully avoided. The digestion process must be designedsto operate at constant temperattrre conditions.
James and Stephen [6] studied the effects of storage g&ime and temperature“@mbiogas production from
dairy cow slurry. According to his study, storage of slurky for 26 weeks,at 9°C hadno significant impact
on the subsequent production of biogas. Storage of slurry at20°C for 8 weeks had little effect on
subsequent biogas production. However, after 8“Wweeks of storage at 20°C, there was a steep linear
decrease in subsequent biogas production. After 26 weeks ofsstoragedt 20°C, the subsequent biogas
production was approximately 32% of that from,slurry'stored at 9°C. Storage time and temperature had
no effect on the total nitrogen concentrations™but resulted in small increase in ammonia nitrogen
concentrations.

Upama and Sanjay [7] desigied and ‘constructed a hew type of temperature controlled digester by using
a composite insulation ghd solar energy. In their study, the temperature is controlled by providing an
insulation made up of glass wool, saw dust'andyplaster of Paris. A solar energy device was used in the
biogas digester forf‘control of the temperature in the range of 25 to 37°C. The initial temperature was
constant up to nearly 36 hours with maximum production of gas. Thereafter, the variation in temperature
took place, /A 30°C reading Was observed Up to 9 hours without affecting the gas production. Production
of biogas$ slows down considerably below 18°C and ceases completely at 9°C. The initial temperature
was controlled@ither by use of hat water or by use of calcium oxide, but excess calcium oxide should be
avoided, as it increases the pH of the solvent as well as producing Calcium ions which are toxic against
microbial growth.

Utilization of solar energy as renewable source in this purpose, however, it complicates the design on
digester and increases the cost of construction and maintenance. Electrical and diesel heating can also be
avoided to minimize the cost of bioenergy production. Thus PCM will be the considered as a best
solution for the problem stated above.

INTERNATIONAL JOURNAL OF RESEARCH IN SOCIAL SCIENCES AND HUMANITIES




International Journal of Research in Social Sciences And Humanities http://www.ijrssh.com

(RSSH) 2016, Vol. No. 6, Issue No. I, Jan-Mar e-1SSN: 2249-4642, p-1SSN: 2454-4671

PCM A THERMAL ENERGY STORAGE MEDIUM

It is well known that thermal energy can be stored in PCMs as a heat of vaporisation (liquid-vapour
transition) or heat of fusion (solid-liquid transition). Lower ambient temperatures and higher airflow
rates are advantageous to complete the solidification [8].
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Figure 1 Performance of PCM
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Figure 2 Flow chart for classification of PCM

When used in construgtion materials, phase-variable thermal properties of the materials must be
accurately known. To détermine the properties of the PCM as a function of temperature, the equipment
such as heat meter, electronic sensors and thermocouples can be used [9]. Among all possible thermal
analysis methods to determine PCM thermo physical properties such as fusion enthalpy, specific heat
and thermal conductivity, the t-history method is known to be more suitable[10]. Investigation of
Rezaei and Anisur [11] is also helpful in choosing the best PCM regarding the lowest total life cycle
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cost. They have calculated life cycle cost for different melting temperatures of PCMs and energy
efficiency of the system is also computed.

IMPORTANT PROPERTIES FOR THE SELECTION OF PCM

Thermo physical properties
i.  Melting temperature in the desired operating temperature range.
ii.  High latent heat of fusion per unit volume so that the required volume of the container to
store a given amount of energy is less.
High specific heat to provide additional significant sepsible heat Storage.
High thermal conductivity of both solid and liquid\phases to assist the charging and
discharging energy of the storage system.
Small volume change on phase transformation and small Mapour pressure at operating
temperature to reduce the containment problem.
vi.  Congruent melting of the phase change material for a constant Sterage capacity of the
material with each freezing/melting cycle.
Kinetic properties
i.  High nucleation rate to avoid super cooling of the liquid phase.
ii.  High rate of crystal growth, so that the system Cam,me€t demand of heat recovery from
the storage system.
Chemical properties
i.  Complete revessible‘freeze/melt cycle.
ii.  No degradation after a large number ofifreeze/melt cycle.
iii.  No corroSiveness,to the €onstruction materials.
iv.  Nonstoxic, non-flammable'and non-explosive material for safety.
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Figure 3 Classification based on Melting point and Latent heat of melting
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More than 300 PCM with phase change temperatures between -50 to 150°C considering commercial
and non-commercial PCM were studied by their properties. CES selector software database developed
by Granta [12] is used to select the most appropriate material for the determined application, taking into
account the constraints. Through the PCM database generated by Camila and Elena [13], the most
suitable PCM depending on the TES application is decided. Finally, by considering all these parameters
the most efficient and economical PCM in chosen.

+ Paraffin C23
I.  Density = 900kg/m3
ii.  Thermal conductivity = 0.24W/mK
iii.  Melting point = 47°C
iv.  Latent heat of fusion =230KJ/kg
v.  Specific heat = 2890J/kgK
vi.  Energy density = 170MJ/m3
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Figure 4 Variation of GRR according to different temperatures and OLRs.

CONCLUSION AND'EUTURE WORK

As reported, in literatures, it is observed that the temperature control in biogas production is an
essential as welbas a challenging process. This review paper suggests that Phase Change Materials
(PCMs) can be used,to control the temperature of a digester in an efficient and economical way.
When compared to other thermal energy storage mediums, PCM is considered as the cheap and best
solution for this case. Further work of design and fabrication should be done and also the
experimental analysis and improved output of performance should be evaluated in a good manner.
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