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░ ABSTRACT: Biogas production in psychrophilic digestion is insignificant specifically when the temperature falls below
15℃. The volume of digester become large and unaffordable to the farmers when hydraulic retention time increases. The paper
assesses to requirements of an external heating system for increasing digestion temperature up to 35℃ to produce sufficient
cooking biogas in the cold regions of Bhutan using cow manure. The analysis is evaluated based on the energy economic known
as “Energy Return on Energy Invested” or EROEI. Bumthang district is not unique and it represent the other cold regions of
Bhutan. The designed underground fixed dome digester of 5.73 m3 capacity is analyze by applying the numerical thermal model.
The heat loss obtained is 17.30 kWh/day. The alternative methods are also verified with similar methods and studied accordingly.
The reasonable method found is to decrease the operating temperature to 18℃ for underground insulated digester and 28℃ for
greenhouse canopy. Hence, to escalate the dissemination of biogas plants in cold regions in Bhutan further improvements in the
design and process efficiency and feasibility study of the heating system are necessary.
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░ 1. INTRODUCTION
The household base bioreactor was first started in Bhutan in
the early 1980s. Initially, the biogas technologies have failed
due to poor technical designs and lack of spare parts and
maintenance [1]. In 2011, Bhutan Biogas Project (BBP) under
Department of Renewable Energy (DRE) with funding from
ADB has reintroduced the digester in eight districts, Chhukha,
Samtse, Sarpang, Tsirang, Mongar, Samdrup Jongkhar,
Pemagatshel, and Trashigang.

with a population density of 7 persons per square kilometer.
The districts has more than 66% of land under forest. The
minimum and maximum average temperature ranges from 6℃
to 18℃ respectively. The summer is warm while the winters
are cold with snow at the beginning of the year. This district
conditions are not unique, suggesting that other regions of the
similar nature would benefit from the same biogas plant.
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The project was initially started to promote and market
digesters to farmers living in areas with not too cold climate
and favorable terrain.
According to reference [1], the BBP has built 4,173 plants
covering 16 districts out of 20, benefiting about 15,400 people
except for the area above 2,600 masl. The highest attitude
where biogas is constructed is at Gasa at the elevation of 2,560
masl [2] Currently, there are two biogas in Damji gewog but
the gas production is very low in winter [3].
Bumthang is one of the coldest districts in Bhutan, lies above
2,600 masl with an area of 1,879.5
. As per the National
Statistics Bureau [3] the districts consists of 18,965 inhabitants
Website: www.ijasr.forexjournl.co.in

Figure 1: Variation of Ambient Temperature and Fitted
Sinewave Function (2018)

2. Materials and Methods
Anaerobic Digestion is a comprehensive bioenergy conversion
process. In this thesis, the site location and problem is
identified base on the comprehensive literature survey. The
digestion temperature is set to 35℃ based on the theoretical
background which is proved to be the optimum temperature by
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many researchers and scientists. The objective is to observe
the economic feasibility of the external heating systems on a
designed digester in cold places based on EROEI. Other
alternatives are also discussed. Insulation can help the digester
to increase the temperature but not up to the target (35℃).
Therefore, operating the digester at the temperature slightly
higher than the ambient temperature helps increasing the
biogas production.

the field survey. It is assumed that at least 3 cows is required
to operate biogas plant to utilise effectively. Therefore, total
dung of 36 kg is available. According to Biogas Training
Centre, Chengdu, Sichuan, China, total of 16% TS is reported
to be found in the fresh manure. Therefore, water of 36 kg is
required to make 8% TS. The vooume of the cylindrical
reactor can be derived from the following equation.

Vreactor  HRT  Q
Where, VReactor denotes the volume of the cylindrical reactor
(m3), HRT demotes the hydraulic retention time (days) and Q
denotes daily manure feed (kg/day).

Figure 2: Methodology
The sizing and designing of the digester are formulated base
on the mathematical analysis and design parameters. It is also
important to consider the surface volume ratio to reduce the
heat loss to the surrounding. Accurate sizing improves the
effectiveness of the digester and quantity of biogas production.
The cow manure is selected as a feed stock because it is most
commonly used and freely available feed in developing
countries such as Bhutan, Nepal, and Bangladesh.

3. Designing and Sizing of Biogas Plant
The success or the failure of any digester occur mostly due to
sizing and planning mistakes. The size of the reactor depends
on the quantity, quality and kind of available feed and on the
digestion temperature. However, the daily feed, temperature
and hydraulic retention period are the most important
parameters which will be considered while sizing the digester.
The sizing procedures is adapted from the Local Government
Engineering Department, Bangladesh along with the rules of
thumb. The dimensions assumptions are made using reference
[5] methods.

3.1.1. Sizing of cylindrical reactor
The digestion of manure take places in the cylindrical
tank. The optimum total solids (TS) contents for the cow
maure should be 7% to 9% [6]. The average of 8% TS will be
taken in this paper. a cow escrete an average of 12 kg dung as
per the field survey. It is assumed that at least 3 cows is
required to operate biogas plant to utilise effectively.
Therefore, total dung of 36 kg is available. According to
Biogas Training Centre, Chengdu, Sichuan, China, total of
16% TS is reported to be found in the fresh manure. Therefore,
water of 36 kg is required to make 8% TS. The vooume of the
cylindrical reactor can be derived from the following equation.

Vreactor  HRT  Q
(1)
Where, VReactor denotes the volume of the cylindrical reactor
(m3), HRT demotes the hydraulic retention time (days) and Q
denotes daily manure feed (kg/day).
3.1.2. Sizing of Gasholder/Dome
Cow manure produces 0.04 m3 of biogas per kilogram. The
amount of 36 kg will produce 1.44 m3 of biogas in a day.
According [7] the maximum gas production is taken 60% of
daily gas production. Therefore, a volume of 0.86 m3
gasholder is needed.
3.1.3. Sizing of Sludge Tank
The sludge tank is sized by using reference [5]
dimensioning procedures. A total of 5.73 m3 fixed dome
digester is acquired from the availble manure and hydraulic
retention time.

3.1 Sizing of Digester
Biogas plant mainly consists of four components i.e.
mixing tank, digester, compensation tank and compost pit. The
digester comprises of gasholder/dome, cylindrical reactor and
the sludge tank.
3.1.1
Sizing of cylindrical reactor
The digestion of manure take places in the cylindrical tank.
The optimum total solids (TS) contents for the cow maure
should be 7% to 9% [6]. The average of 8% TS will be taken
in this paper. a cow escrete an average of 12 kg dung as per

Website: www.ijasr.forexjournl.co.in

Assessment of Anaerobic Digester in Bhutan

37

FP- International Journal of
Applied Science Research (IJASR)
Open Access | Rapid and quality publishing

Figure 3: Layout of the Fixed Dome Digestion
Table 1: Volume of Digester Components
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Qcond , gasholder

Conduction heat loss from gasholder,
(W)

Qcond ,reactor

Conduction heat loss from reactor, (W)

Qcond , floor

Conduction heat loss from the floor,
(W)

Q feed

Heat loss due to manure entering and
leaving the digester, (kJ)

T

Digestion temperature, (℃)

t1

Soil temperature at 0.5 m deep, (℃)

t2

Soil temperature at 1.5 m deep, (℃)

t3

Soil temperature at 2 m deep, (℃)

L1

Concrete wall thickness of gasholder
and reactor, (m)

L2

Insulation thickness (rice straw), (m)

k1

Thermal conductivity of concrete wall,
[W/(m·K)]

k2

Thermal conductivity of rice straw,
[W/(m·K)]

Digester Components

Volume (m3)

H

Height of the cylindrical reactor, (m)

Gasholder

0.86

R1

Inner radius of the reactor, (m)

Cylindrical Reactor

4.32

R2

Outer radius of the reactor, (m)

Sludge Chamber

0.55

R3

Outermost radius of reactor, (m)

Total Volume

5.73

m

Daily feed, (kg/day)

Cp

Specific heat
[kJ/(kg·K)]

Thot

Temperature inside the digester

Tcold

Temperature of effluent which is equal
to ambient temperature, (℃)

4. Application of Numerical Thermal
Model
To comprehend the energy economic of the external heating
system, heat loss analysis from the designed digester is
evaluated with application of numerical thermal model. The
following nomenclatures are used for the Equations (2), (3),
(4), (5), and (6).

Table 2: List of Nomenclatures
Qtotal

Total heat loss from digester to soil,
(W)

Qsurrounding

Heat loss to the surrounding, (W)

Q feed

Heat content of the manure, (kJ)

of

water,

4.1 Limitations
Practically examining the performance of the biogas in the
cold region was impossible due to,
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capacity

The time constraint of the thesis that did not allow for
practical implementation although it was anticipated
at the outset.
Research and Development (R&D) of biogas in the
country is very limited.
The dissemination of biogas in Bhutan is not well
understood by the users particularly by rural people,
therefore, lack of monitoring the operating
parameters.
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The organic feed use for the biogas plant is limited to cow
manure because it is easily available and commonly use feed
compare to other types of feedstock. The biological process of
digestion in the cow stomach already consists of methanogens.

feelinf and overflow. Equation (2) represents the total heat loss
from the digester.

The simulation results of the soil temperature may not precise
and reliable but it is sufficient to know the temperature
variation of the ground and it is valuable to understand and
analyze the simulation for the underground digester.
The biogas user are mostly farmers in Bhutan and built in
small scale in rural areas. To make the plant affordable by the
farmers, government provide two-third of subsidy with
additional loan from the DBDL. Heating the biogas plant with
solar PV and solar thermal in the sold regions is an additional
cost for farmers. Therefore, cost consideration limits the study
of solar-biogas plant in the paper insignificant of its payback
period. However, the basic fundamentals of solar energy and
its conversion from solar PV and collector are specified. The
cost economic of integrated system become beneficial in large
industries and institutions.
4.2 Assumptions
The mathematical equations for the heat loss are being
evaluated base on the following general assumptions;













When the digester is initially fed, pretreating the
manure to obtain the optimum temperature of
35ºCinside the biogas is taken as a significant
measure. Subsequently, other factors are maintained
in equilibrium.
The temperature of the slurry inside the digester is
maintained constant and uniform at 35
for the
optimum gas production [8].
The heat dissipation to the surrounding mainly
consists of heat loss from the gasholder, the
cylindrical reactor, and the digester floor.
The internal heat generation from microbes reaction
is negligible [9] [10] [11].
Physical properties of the digester and insulation
materials are uniform.
The temperature of input slurry is equal to ambient
temperature [12] [13].
The flow rate of the slurry doesn’t influence heat loss
from the digester [14].
The wall thickness of the digester is uniform
throughout except for the reactor floor.
The physical properties of the soil are uniform. But
the temperature differs with the depth of the soil.
Heat loss through radiation and convection are
negligible because the manure and the gas are
motionless [15].

4.3 Heat Dissapitation from the Digester
After analyze the digester using laws of thermodynamic,
the total heat loss consist of heat loss to the surrounding (soil)
from the digester’s walls and the heat loss due to manure

Website: www.ijasr.forexjournl.co.in



Qtotal  Qsurrounding  Q feed



4.3.1
Heat Dissipation to the Surrounding
The heat loss from the digester’s walls mainly take place
through conduction mode. This consist of conduction heat loss
from gasholder/dome, cylindrical reactor and digester floor
given in Equation (3), (4), and (5) respectively.

Qcond , gasholder

Qcond ,reactor



 T  t  
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 a1  
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Qcond , floor



 T  t  
3

 a3  
L


 k1 

(5)

4.3.2 The Heat of the Manure
The daily feeding of the manure results in an equal
amount of manure leaving through compensation tank to
compost pit. Due to this process, the heat is lost through the
manure which is described by “Newton’s Law of Cooling”
[15]. This can be calculated by the following equation;

Q feed  m  C p Thot  Tcold 

(6)

Due to high water content of the manure, the density and
specific heat capacity of the slurry is equal to that of water, i.e.
997 kg/m3 and 4.186 kJ/(kg·K) respectively [16]. The
temperture of the effleuent ( Tcold ) is equal to the ambient
temperature. Adding Equations (5) and (6) gives the total heat
loss from the digester which is examine in kWh/day.
4.3.3
Soil temperature
Soil temperature is the functions of the depth and ambient
temperature [27]. Fig. 3 is plotted from the output values of
TRNSYS 17 at the depth of 0.5 m, 1.5 m and 2 m. The
software has the capability of interconnecting system
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components in any desired manner, solving differential
equations and facilitating informative output for analyzing
data.

Figure 6: Daily Average Heat Loss due to Manure Feeding
and Overflow
Figure 4: Soil Temperature at Different Depths and Ambient
Temperature

5. Results
1) This Heat Loss Analysis from the Insulated
Underground Digester
The digester is enclosed with an insulation of 0.4 m thick with
rice straw. It is operated at optimum temperature of 35℃. The
daily based heat energy loss for a duration of one year is
represented in Fig. 5. On average, the digester is losing 38.45
kWh of heat energy every day to the surrounding (soil). The
maximum heat loss occurs during the summer because the
temperature difference between the soil and the digester is
small. The maximum heat loss occurs during winter.
5.1.1

Heat loss from the Digester

5.1.3
Total Heat Loss
The total average of 30.6 kWh/day energy is losing to the
ground. An external heating system of 30.6 kWh should be
installed to compensate the heat loss if the digester is to
operate at 35℃ constant with the temperature control system.
Normally, the energy contents of pure methane is about 11.03
kWh. The designed digester provide about 6.64 kWh/m3
energy every day with 60% of methane content in the biogas.
Considering EROEI in the above scenario, the amount of
energy invested on heating the digester is higher than that of
the output energy from the digester which is 6.64 kWh/day.

Alternatives
 Use of Greenhouse
The temperature increase by the greenhouse was observed
experimentally significant by Sodha, Ram, Bansal and Bansal
(1987) during winter in Delhi. The greenhouse canopy
increases the ambient temperature by 10℃ [4]. While other
researchers focusses on the digestion temperature with the
increase of 15℃ [18-20]. The addition insulation will help to
minimize the heat loss during the night. Figure 4.9 shows the
increase of ambient temperature by 10℃ using greenhouse
and it is use to evaluate the energy loss from the designed
insulated-underground fixed dome digester

Figure 5: Daily Average Heat Loss from Digester to the Soil
5.1.2
Heat Loss from the Manure
Loading of feed everyday removes an average of 1.92 kWh
heat energy from the digester which is equivalent to using 800
W electric water heater for 2 hours. The Fig. 6 shows the daily
average energy loss from entering and leaving the slurry. The
maximum energy is lost during the winter because the heat
demand from the surrounding (soil) due to low temperature is
more than in summer. In total 699.33 kWh heat energy is lost
due to feed loading annually.

Website: www.ijasr.forexjournl.co.in

Figure 7: Temperature Increase by Using Greenhouse Canopy
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Figure 4.1: Ambient temperature and the temperature inside
greenhouse increased by 10℃. Building the greenhouse on top
of 5.73
underground digester with 0.4 m thick rice straw
insulation, the energy loss is 17.30 kWh/day when the digester
operates at 35℃. This means the size of the external heating
systems should be 17.30 kWh/day when the plant only gives
6.64 kWh/day energy. The reduction of heat energy is 56%
which is significant compared to the underground insulated
digester but it is uneconomic when computing EROEI.

To escalate the digestion temperature to 35℃ for the
digester losing 30.6 kWh/day, the flat plate collector should
deliver similar amount of energy. The digester serve as a
thermal storage tank. Insulation will minimize the rate of heat
loss to the surrounding. The temperature control unit should be
install inside digester for all the heating system because the
bacteria is very sensitive to temperature variation.

 Introduction to Solar Assisted Biogas Plant
Solar energy is inexhaustible source of energy and it is freely
available with adequate quantities. To harness this energy,
solar PV and solar collection devices has been developed. As
discussed in Section VI under Sub-section A, the construction
of biogas plant is expensive for the farmers even with
incentives. It becomes an additional cost for a farmer which
further limit the dissemination of anaerobic digestion in cold
regions of Bhutan. Solar PV cost around Nu. 23 to Nu. 35 per
watt in India [21]. The benchmark cost of flat plate collector is
Nu. 11,000 per square meter [22]. Therefore, in this section,
energy output equation from the solar PV and collector will be
introduce.

Solar Photovoltaic
Bumthang receive an average of 173.5 W/m2/day solar
irradiation. The average solar insolation of 4.2 kWh/m2
received as shown in Fig, 8. The energy output form solar PV
can be derived by using Equation (7) which is standard
derivation from National Renewable Energy Laboratory
(NREL);

E pv  Apv  pv  I pv  PRpv

(7)

The performance ratio ( PR pv ) depend on the site location
and type of solar module. The

ranges from 0.5 to 0.86

and the default value is 0.75.

Figure 9: Solar Flat Plate Collector Integrated with Biogas
Plant
The useful energy gain,
(W) for the flat plate
collector is to deliver to digester and is derived by “HottelWhillier-Bliss Equation” [23] as shown in Equation (8);

Qsolar  FR  A   I  U L Ti  Ta  

(8)

 Lowering the Digestion Tmperature below 35℃
Insulating the underground digester can only minimized
the rate of heat loss. To increase the digestion temperature an
external heating systems providing equal to or less than 6.64
kWh/day energy should be connected to the digester. It will be
economically feasible to operate the system below 18℃ when
evaluated under EROEI. If the systems is combined with the
greenhouse gas, it becomes economical energetic for the
biogas plant to operate below 28℃. In Figure 4.14, the
average energy loss is below 6.64 kWh/day when operate at
temperature below 35℃. It is concluded that to heat the
digester at 35℃ by any means of heating elements, it is not
economically feasible when evaluated with EROEI. But for
the technical reasons, the digester can operate at any desired
temperature by using external heating system provided energy
economic is neglected.

Figure 8: Daily Average Solar Insolation in Bumthang


Solar Thermal System

Website: www.ijasr.forexjournl.co.in

Assessment of Anaerobic Digester in Bhutan

41

FP- International Journal of
Applied Science Research (IJASR)
Open Access | Rapid and quality publishing

Research Article | Volume 1, Issue 1 | Pages 36-43 | Dec. 2021

Conflicts of Interest:

The authors declare no conflict of

interest.

*References
[1]
1.
3.
2.

[2]

4.

5.
[ [3]

6.

[ [4]

7.

Figure 10: Daily Average Heat Loss from the Digester

5.

Conclusions and Discussion

9.

8.
One of the simple methods is to build the digester several feet
below the ground. The soil properties helps to decreases the
rate of heat loss from the digester. Another method is to
10.
insulate the underground digester with good insulating
materials. The thesis limits the insulation materials to use rice
straw because it is targeted to the rural people having low
12.
income. Moreover, the use of 0.4 m high-tech insulation loss
27.98 kWh/day of heat when 0.4 m rice straw insulation loss
30.6 kWh/day, which is insignificant. It also pollutes 14.
the
environment after if life cycle the farmers, becoming one of
the main reason of limiting the dissemination of biogas plants
16.
in cold regions.

The paper concluded that the external heating system will
be technically feasible to heat the digester to its desired
temperature. But a heating system violates the subject on
energy economics and finance. These can be overcome by
18.
decreasing the operating temperature from 35℃ to 18℃ and
28℃ for underground insulated and greenhouse covered
digester respectively. But the gas production will decrease
20.
significantly if the digester operated below 20℃ as per
reference [24] yet another reason of limiting digester in cold
22.
regions.

[ [5]
11.
[ [6]
13.
[ [7]
15.
[ [8]
17.
[ [9]

]
19.
[ [11]
21.
[ [12]
23.
[ [13]
25.

From the above result analysis, it is concluded that the 24.
use [ [14]
of external heating systems like solar PV or electrical heating
27.
to increase digester temperature to 35℃ in Bumthang26.is [[15]
uneconomic and nonviable. Similarly, the regions where the
average temperature fall bellows 12℃, operating the digester
29.
at 35℃ will be impractical and uneconomic.
28.

[[16]

30.

31.
[[17]

Funding: This research received no external funding
Acknowledgments:

The Author want to acknowledge College of Science 32.
and [[18]
33.
Technology (CST) for the opportunity and supports throughout my
35.
postgraduate studies. The heartfelt gratitude to Dr. Martin Elborg,
34. [[19]
Lecturer of CST and Dr. Tshewang Lhendup, Dean Academic affairs,
CST for their encouragement and making present whenever required.
36. [[20]
37.

Website: www.ijasr.forexjournl.co.in

T. Palden, "Big Biogas Plans After Project’s Success," Kuensel,
Thimphu, 2017.
MoAF, "Ministry of Agriculture and Forest," Dzongkhag
Livestock Sector, Gasa, 2017. [Online]. Available:
http://www.moaf.gov.bt/highland-biogas-technologyinaugurated-in-gasa/.
P. Lham, Interviewee, Biogas Plant in Damji. [Interview]. 20
June 2019.
M. S. Sodha, S. Ram, N. K. Bansal and P. K. Bansal, "Effect of
PVC Greenhouse in Increasing the Biogas Production in
Temperate Cold Climatic Conditions," Energy Conversion and
Management, vol. 27, no. 1, pp. 83-90, 1987.
M. Edwin and S. J. Sekhar, "Design Considerations of Anaerobic
Digester for Producing Biogas Loaded with Cow Manure,"
International Journal of Applied Engineering Research, vol. 10,
no. 59, pp. 365-372, 2015.
J. Balsom, "Anaerobi Digestion Wastes: Factors to Consider,"
ATTRA-National Sustainable Agriculture Information Service,
2002.
IRENA, "Measuring Small-Scale Biogas Capacity and
Production," 2016.
G. Singh,, V. K. Jain and A. Sing, "Effect of Temperature and
other Factors on Anaerobic Digestion Process, Responsible for
Bio Gas Production," International Journal of Theoretical and
Applied Mechanics, vol. 12, no. 3, pp. 637-657, 2017.
A. G. Hashimoto, Y. R. Chen and R. L. Hruska, "Overall
Economics of Anaerobic Digestion," First International
Symposium on Anaerobic Digestion, pp. p17-21, 1979.
C. R. Prasad and S. R. Sathyanarayan, "Studies in Biogas
Technologies. Part III. Thermal Analysis of Biogas Plants,"
Studies in Biogas Technologies, vol. 2, no. 3, pp. p377-386,
1979.
A. T. Sobel and R. E. Muck, "Energy in Animal Manures,"
Energy in Agriculture, vol. 2, pp. p161-176, 1983.
T. Perrigault, V. Weatherford and J. H. Marti, "Towards Thermal
Design Optimization of Tubular Digester in Cold Climates: A
Heat Transfer Model," vol. 124, pp. p259-268, 2012.
V. V. Kishore, "A Heat-Transfer Analysis of Fixed-Dome Biogas
Plants," Bioligical Wastes, vol. 30, pp. p199-215, 1989.
K. G. Gebremedhin, B. Wu, C. Gooch and P. Wright,
"Simulation of Heat Transfer for Biogas Production," Ontario,
2013.
Y. A. Cengel and A. J. Ghajar, Heat and Mass Transfer:
Fundamentals & Applications, New Delhi: McGraw Hill Higher
Education, 2011.
R. Hreiz, N. Adouani, D. Fünfschilling, P. Micheal and M. N.
Pons, "Rheological Characterization of Raw and Anaerobically
Digested Cow Slurry," Chemical Engineering Research and
Design, pp. 47-57, 2017.
T. Kasuda and P. R. Archenbach, "Earth Temperature and
Thermal Diffusivity at Selected Stations in the United States,"
ASHRAE Transactions, United States, 1965.
S. B. Pradhan, "Biogas News Letter, Nepal," vol. 17, 1983..
P. K. Bansal, S. Ram and N. K. Bansal, "Performance of
greenhouse coupled biogas plants in winter months of Northern
India," in Proceedings of World Bio-Energy Conference and
Exhibition, Gothernbury, Sweden, 1984.
M. Dayal, K. K. Singh, P. K. Bansal and R. S. , "Solar Assisted

Assessment of Anaerobic Digester in Bhutan

42

FP- International Journal of
Applied Science Research (IJASR)
Open Access | Rapid and quality publishing

38.

39.
[21]
41.

40.

[22]

42.

43.
[23]

44.

[24]

45.

Research Article | Volume 1, Issue 1 | Pages 36-43 | Dec. 2021

Biogas Digester I; Thermal Analysis," International Journal
Energy Resources, vol. 9, pp. 455-462, 1985.
S. Experts, "Solar Panels," 2019. [Online]. Available:
https://solarexpertsindia.com/solar-panels-price-100w-150w160w-250w-260w-270w-325w-335w. [Accessed 12 May 2019].
P. K. Sahu, B. Patel and K. P. Kaurase, "Cost Analysis of Solar
water Flat Plate Collector in India," International Journal For
Technological Research In Engineering, vol. 3, no. 5, pp. 23474718, 2016.
J. A. Duffie and W. A. Beckman, Solar Engineering of Thermal
Processes, 4 ed., New Jersey: John Wiley & Sons, 2013.
R. C. Anand and R. Singh, "A Simple, Technique, Charcoal
Coating Around the Digester, Improves Biogas Production in
Winter," Bioresource Technology, vol. 45, no. 2, pp. 151-154,
1993
© 2020 by the authors. Submitted for possible open access
publication under the terms and conditions of the Creative
Commons
Attribution
(CC
BY)
license
(http://creativecommons.org/licenses/by/4.0/).

Website: www.ijasr.forexjournl.co.in

Assessment of Anaerobic Digester in Bhutan

43

