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In the present world, energy is indispensable for maintaining the comfort level and living standard of
the human. On the other hand, the energy crisis is a major problem in most of the developing countries
like Bangladesh. A possible reason is that, the decreasing level of conventional energy sources and the
lack of initiatives for introducing the alternative sources of energy. Moreover, the inefficient and illegal
way of using energy contributes to the energy crisis. In this study, the present scenario of the electricity
generation and its usage in Bangladesh has been investigated. It appears that the increasing amount of
battery operated vehicles and their demand for electricity is one of the main reason for energy deficit in
the country. The biogas technology as a potential renewable source of energy could be proved as an
efficient solution to the energy crisis. For the further studies, a feasibility study is carried out showing
that the biogas technology is economically feasible for producing electricity. Moreover, environmental

Auto-rickshaw

effects, social benefits, and challenges for setting up a biogas plant have been evaluated.

doi: 10.5829/ije.2018.31.05b.20

1. INTRODUCTION

In present world one of the most brain storming
concepts is energy. The demand for energy has been
increasing at a great speed all over the globe along with
the increasing rate of the population [1]. At present, the
energy consumption rate is doubled from 1980 and
expected to be five times in 2100 [2]. Moreover, the
world is gradually reaching the end of its reserve of
conventional energy [3, 4]. Apart from that, the way of
using the conventional energy sources and its
contribution to the environment pollution make the
present power producing systems unsustainable [5].
Figure 1 shows the Green House Gas (GHG) emissions
from different sectors globally running on the
conventional sources of energy. Among the different
sources, the maximum GHG emitted from the electricity
and heat sectors. As a result, the need for introducing
alternative sources or the renewable energy sources has
been promoted [6]. In recent times, almost all of the
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developing countries like Bangladesh are suffering from
energy crisis [7]. Realizing the importance, developing
countries are investing huge budget for the renewable
energy technologies.

Bangladesh is one of the most densely populated
countries in the world. Its 35.6% population lives in the
urban and the rest population which is 64.4% lives in
the rural area [6]. Its population growth rate is 1.18%
[8]. Bangladesh has a very promising GDP growth rate
of 6.8% slightly less than the previous year growth rate
which was 7.1% [9].

Power generation in Bangladesh is almost fuel
dependent i.e. existing power plants are mostly operated
on natural gas (about 62%) followed by fossil fuel, coal,
and diesel [6]. Figure 2 illustrates the production of
electricity both in public and private sectors,
respectively. The government has undertaken so many
initiatives  for increasing the yearly electricity
production. Although the electricity generation rate is
increasing in every year from 2013 to 2017 but not
enough to cope with the demand.

Bangladesh uses and consumes proportionately more
fossil fuel than neighboring countries [10].
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Figure 1. GHG emissions globally in different sectors [11]
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Figure 2. Electricity generation by public sectors and private
sectors in Bangladesh in 2017 [12]

Transportation sector and Power generation sector
are the largest consumer of fossil fuel [13]. In the
transport sector, the battery operated vehicle is
increasing rapidly such as auto-rickshaw. But the
process of charging the battery causes a huge amount of
electricity consumption which leads the country towards
the severe load shedding problem [14].

As Bangladesh is mainly an agricultural country and
its GDP's 20% contribution comes from agricultural and
forestry sector [15]. Biogas has the potential to produce
heat, gas, and electricity. Figure 3 ensures that about
20% of global electricity is generated using biogas.
Bangladesh government has also taken a vision of
producing electricity 10% by 2020 and 100% by 2050
using renewable sources [16]. Biogas technology has an
important role to play to update life standard by solving
this problem [17].

Several research works have been done in the field
of biogas and its application throughout the world [18,
19]. Igbal et al. [20] investigate the prospect, potential,
and barriers of biogas technology in Bangladesh details.
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Figure 3. Biomass resources in global electricity generation in
2015 [21]

Huda et al. [22] not only focused on the technological
use of biomass but also discussed the project undertaken
by the government and non-government organization
and their achievement to promote the biogas technology
in Bangladesh. Kabir et al. [23] discussed the factors
affecting the biogas plant technologies in Bangladesh.

Cuellar et al. [24] suggested that the GHG emissions
from the manure directly can be reduced significantly
using the biogas technology. More Studies have also
been carried out to establish that the renewable source
of energy is more feasible and appropriate for
Bangladesh in a sustainable way [25]. But no
researchers suggests that biogas could be the solution
for the newly formed problem i.e battery operated
vehicles power supply problem and effects on national
grid electricity supply.

The objective of the study is to carry out the
feasibility study and analyze the environmental impact
of the selected area. In addition, a design calculation for
a biogas plant is proposed along with the pros and cons.
Finally, social perspectives are analyzed by the door to
door visiting of the selected research area which is not
reported on many of the above research works.

2. CURRENT STATUS OF BIOGAS TECHNOLOGY IN
BANGLADESH

2.1. Present Livestock Scenario in Bangladesh
Being an agricultural country, people in Bangladesh
nurture mainly cattle, chicken, buffalo, for satisfying
their agricultural need. Some people use them for their
daily needs and some utilize them for financial income.
An updated statistics of livestock has been shown in
Table 1.

2.2. Environmental Stability The optimum
temperature for setting up a biogas plant in Bangladesh
is 6°C-40°C which falls in the range at which the
anaerobic digestion occurs. Biogas also reduces the
GHG emissions in comparison with conventional fuels
[26].
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TABLE 1. Livestock population in Bangladesh in (2015-
2016) [27].

Livestock species Number (2015-2016) in million

Cow 23.785
Buffalo 1471
Chicken 268.393

From the Figure 4, it is clear that the emission of GHG
is most in the case of coal followed by the electricity
and oil where biogas emits no GHG.

2.3. Production of Biogas with Plant Size The
size of the plant depends on the number of feeding
materials that have to be employed in the digester. Due
to the availability, quality, and quantity, the cow dung is
considered as a feeding material in this study. Different
types of cow produce the various amount of cow dung.
Table 2 shows details information about plant size and
dung amount with the number of cattle required. On
average Bangladeshi cow produces 10-15 kg dung per
day [28].

3. CONVERSION OF ELECTRICITY FROM BIOGAS

3. 1. Battery Operated Vehicles in Bangladesh
The number of battery operated vehicles in Bangladesh
is rapidly increasing because of its environment-friendly
and comfortable nature.
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Figure 4. GHG production by fossil fuel [26]

TABLE 2. Biogas plant design details including size, dung
amount, animal number [28]

Size of plants (gas Amount of Wet Dung

production/day) (m?) Required (kg) O Of animals

2 35-40 2-3
3 45-50 3-4
4 55-60 4-6
6 80-100 6-10
8 120-150 12-15
10 160-200 16-20

Moreover, battery operated vehicles are less speedy
which leads to less accident [29]. But it may cause a
threat to the country because of its huge amount of
energy consumption beyond. The total number of
registered battery operated vehicles in Bangladesh are
232303 (up to June 30, 2016) [29]. The rated power
consumption by the battery operated vehicles is
8.4kwWh. But by direct observation, the actual power
consumption is 10kWh which depends on the age of the
battery. As the battery is used regularly it requires more
power to get charged fully. Since the transmission loss
is 16% of actual power so total power consumed by
auto-rickshaw is 11.6kWh [30]. The total power
consumed by the authorized auto-rickshaw is
2694.71kWh.

3.2. Conversion of Biogas into Electricity A brief
calculation of electricity production from the biogas has
been discussed in this section along with the electricity
required for the charging of the battery-driven vehicles.
The calculation of electricity generation is done by
considering the mostly available feeding material cow
dung as shown in Table 3.

Consider that, each cow produces at least 10 kg of
dung per day and maximum gas production per kg of
cattle dung is 0.037 m3. Biogas generator efficiency is
considered as 40%. The amount of electricity that can
be produced from cow manure is 18578727.78 units.
After charging all the auto-rickshaw with the electricity
produced from cow manure the remaining electricity is
18576033.07 units.

From the above calculation, it is certain that a huge
amount of electricity can be saved even after the
charging of those vehicles. In addition, as a by-product,
organic fertilizer can be obtained called bio-slurry [31].
Figure 5 represents the percentage of nutrients in cow
manure before and after digestion [32].

4. FEASIBILITY STUDY

4. 1. Economic Benefits The people of Bangladesh
uses electricity as a main form of energy for satisfying
their needs. Although biogas is the probable solution to
save the economy; nonetheless installation cost of the
biogas plant is the main parameter to be considered
during the economic analysis.

TABLE 3. Details equations for electricity generation from
biogas

Factors Equation

(Total feeding material in kg x maximum gas

Total gas production per kg of feeding materials)

The available

electric energy (Total gas in kWhx biogas generator efficiency)
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Figure 5. Nutrients and Chemical elements in cow manure

Apart from that, it also depends on the break-even point,
net present value (NPV), and internal rate of return
(IRR). For the risk-free investment and short time
recovered a higher HPV and IRR is required [33].
Following equation are used for calculating those
parameters [33].

Payback Period = - 1 = 1)
_y (B-C)

NPV _21: ay 2

IRR = (1, - NPV,) 2 =0 @)

(NPV, — NPV,)

Here, | represents the investment, Ris the revenue, E
indicates the expense, B is the total benefit,C is the

total cost, I'is the discount rate, npy, and NPy, are for

two different interest rate andNis the biogas plant
lifetime which is normally considered 20 years.

The economic benefits include the benefits of the
biogas and the bio-slurry. In this study, the financial
acceptance is evaluated based on benefits, electricity
production, cost analysis and time required and cost
saved of a proposed biogas plant in a selected area.
Such an area Kumarpara Ghoshpara has been selected
for the proposed biogas plant which is situated in the
Rajshahi district, Bangladesh. The reason for selecting
that area is that the percentage of a cow in this area per
family is more than any other area in Rajshahi city
corporation. Here, most of the male family members
live on by driving battery-driven vehicles. Moreover,
families support themselves by selling milk and other
foods prepared by the milk. So, this area is quite ideal
and suitable for setting up the biogas plant. Table 4
shows the number of cows and family member of the
area that has been selected. This data is collected by a
survey of fifteen families in that selected area. In total
fifteen families have the 53 cows.

TABLE 4. Family members and cows number of the selected
area

Serial no No. of family members No. of cows
1 8 2
2 3 8
3 7 1
4 5 4
5 3 4
6 7 4
7 3 2
8 5 2
9 10 4
10 11 3
11 5 1
12 15 6
13 4 6
14 6 4
15 5 2

4.1.1. Electricity Production Based on Tables 2
and 4 a plant is designed of size 20-22 md
approximately. It is assumed that each cow produces
10kg of dung each day. Here, the maximum gas
production per kg of cow dung is considered as 0.037
m3 and the biogas generator efficiency is taken as 40%.
So, the available electricity obtained from the biogas
plant is approximately 41.39 unit.

4.1.2. Break-Even Point Break-even point is
a point where the total cost and total revenue is same.
The cost mainly includes installation cost, maintenance
or replacement cost. The cost of equipment and all the
accessories such as bricks, cement, labor, technician,
and all other things varies from place to place. For the
calculation, the value of cost is considered by surveying
different local biogas development society or
organization. For the simplicity of the calculation, all
factors have not taken into consideration.

In setting up all the equipment and complete the
total biogas plant setup process, the cost is considered
BDT 200000 including the maintenance cost (based on
field survey data). The unit electricity cost in
Bangladesh is BDT 8.00 and operating time is
considered 24 hours. In local market of Bangladesh, the
price of per 50 kg bio-slurry bag is BDT 300. According
to the survey results, almost 70 - 80% of feeding
materials into the biogas plant is normally collected as
bio-slurry.
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By evaluating the factors from Table 5, the break-even
point is found 6 months or in another word, the
proposed biogas plant will be profitable after 6 months.

4.1.3. Time and Cost Saved by Charging The
Battery As per the local survey data, an auto-
rickshaw battery takes about 11-12 hours to fully charge
and it costs about BDT 150-200 for charging only one
time. The local charging stations have to pay near about
BDT 10-13 per unit [34]. Even sometimes auto-
rickshaw drivers have to wait in queue for charging
which has a negative impact on their working hours,
especially on income rate. In the case of biogas plant, it
is advantageous in every possible way than the normal
grid connection in terms of charging the battery.

4.2. Environmental Aspects Biogas can play the
role of the light bearer in a developing country like
Bangladesh against problems like global warming,
natural calamities. These conventional fuels have a
negative impact on the environment. This can leads the
country towards the deforestation and different types of
natural calamities as well. Figure 6 shows the emission
of pollutants from a natural gas, oil, coal operated
sectors.

Biogas contributes less than the conventional
sources of the environmental pollution as it contains 50
- 70% methane and little amounts ofCO,,H,, N,,0,,

H,0, NH, [35]. Moreover, Bio-slurry could boost the

agricultural system of Bangladesh as an organic
fertilizer instead of traditional fertilizer.

4.3. Social Benefits Electricity consumption is an
important factor in terms of evaluating the life standard
of people [36]. It also helps to develop the quality of
society in an overall way. The people living in the
proposed area live on working on a daily basis.

TABLE 5. Details equations for calculating the break-even
point

Factors Equation

Income from selling
electricity in BDT per
month

(electricity obtained from biogas plant
X operating time X unit electricity cost)

(total number of cows X manure

Total Manure
produce per day per cow)

dAg;allab le bio-slurry per [(70-80)% of total manure produced]
Income from selling bio-  [(Available bio-slurry = 50) <300 <
slurry per month 30]

Total income per month (Income from selling electricity +
in BDT Income of selling bio-slurry)

(Total cost ~ Total income from the

Break-even point
P proposed biogas plant)

100% Gas mOil = Coal
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Figure 6. Emission of pollutants from fossil fuel

Installation of a biogas plant can create the door of
opportunity for the people. For example, they can earn
extra money by opening a charging station or supplying
biogas for cooking in their locality. However, they can
support their home as well as the area with the
electricity produced from the biogas along with grid
electricity connection. From the educational point of
view, it can make a good impact on the society as the
student can get more time to study. In a word, it can be
said that a biogas plant can bring blessings to the society
in a greater sense for Bangladesh.

5. CHALLENGES

The establishment of a biogas plant in a selected area is

a quite challenging task. There are so many factors

which will come in the way of this establishment as a

token of a hindrance.

» The first challenge is to reconstruct a rule and
support the rule for the better implementation and
smooth implementation of this system. The policy
and regulatory only allow the risk-free system that
will satisfy the demand as per the requirement. But
in practice, it is not possible for any system.
Introducing and executing the system by keeping the
expense within the limit is a major challenge.

» Developing countries like Bangladesh does not have
the proper technical facility to provide the technical
support, accessories in every corner of the country
and also upgrade the plant technically. So to import
new technology so rapidly and adapt to them is a
challenging task.

» In urban area due to superstitions and cultural and
religious obstacles, many people are keeping their
distance. The powerful political person in the area
motivated others against this system from the fear of
losing their autorickshaw charging business. To
overcome those difficulties is also a challenging
task.
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6 CONCLUSION

In present days, everything is directly or indirectly
dependent on the electricity. But the difference between
electricity generation and demand for electricity is too
high. As a renewable source of energy biogas can serve
the purpose to solve such energy-related problems in
Bangladesh. Also, biogas has the potential to transform
Bangladesh into self-dependent on energy. In this study,
a biogas plant is proposed on a selected area for
charging the battery of autorickshaw along with the
feasibility and challenges study. Further research and
co-operation can improve the system and popularity
among the major percentage of the population.

7. ACKNOWLEDGEMENT

The support of the Department of Mechanical
Engineering of Rajshahi University of Engineering &
Technology (RUET) is gratefully acknowledged.

8 REFERENCES

10.

Mandal, S., Yasmin, H., Sarker, M. and Beg, M., "Prospect of
solar-pv/biogas/diesel generator hybrid energy system of an off-
grid area in bangladesh”, in AIP Conference Proceedings, AIP
Publishing. Vol. 1919, (2017), 020020.

Marshall, A. and Morris, J., "A watery solution and sustainable
energy parks", CIWM Journal, (2006), 22-23.

Sundari, A.U., Neelamegam, P. and Subramanian, C., "Drying
kinetics of muscat grapes in a solar drier with evacuated tube
collector”, International Journal of Engineering, Transactions
B: Applications, Vol. 27, No. 5, (2014), 811-818.

Ubale, A., Pangavhane, D. and Autic, A., "Experimental and
theoretical study of thompson seedless grapes drying using solar
evacuated tube collector with force convection method",
International Journal of Engineering-Transactions C:
Aspects, Vol. 28, No. 12, (2015), 1796-1802.

Chiari, L. and Zecca, A., "Constraints of fossil fuels depletion on
global warming projections”, Energy Policy, Vol. 39, No. 9,
(2011), 5026-5034.

Das, B.K., Hoque, N., Mandal, S., Pal, T.K. and Raihan, M.A.,
"A techno-economic feasibility of a stand-alone hybrid power
generation for remote area application in bangladesh”, Energy,
(2017).

Morenov, V. and Leusheva, E., "Energy delivery at oil and gas
wells construction in regions with harsh climate”, International
Journal of Engineering-Transactions B: Applications, Vol.
29, No. 2, (2016), 274.

Bangladesh population. [cited 2017 21 August]; Available from:
http://www.worldometers.info/world-population/bangladesh-
population/.

Tribune, D. Imf: Bangladesh to achieve 6.9% gdp growth in
fyl7. 2017 [cited 2017 3 Awugust]; Available from:
http://www.dhakatribune.com/business/economy/2017/04/20/im
f-bangladesh-achieve-6-9-gdp-growth-fy17/.

Fossil fuel energy consumption. 2014 [cited 2017 07/08];
Auvailable from:

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

http://data.worldbank.org/indicator/EG.USE.COMM.FO.ZS?end
=2014&locations=BD-IN-PK-LK&start=1971&view=chart.

Sawin, J.L., Sverrisson, F., Seyboth, K., Adib, R., Murdock,
H.E., Lins, C., Edwards, I., Hullin, M., Nguyen, L.H. and
Prillianto, S.S., "Renewables 2017 Global Status Report",
Energy Planning, Policy and Economy (S29), (201V). 302.

Power development board. [cited 2017 7 August]; Available
from:
http://www.bpdb.gov.bd/bpdb/index.php?option=com_content&
view=article&id=5&Itemid=6.

Mandal, S., Sarker, M., Rahman, M. and Beg, M., "An analysis
of braking energy regeneration in electric vehicles",
International Journal of Renewable Energy Research
(1JRER), Vol. 7, No. 3, (2017), 999-1006.

Bangladesh power development board. 2016 [cited 2017 11/11];
Available from:
http://www.bpdb.gov.bd/bpdb/index.php?option=com_content&
view=article&id=150&Itemid=1.

Bangladesh gdp annual growth rate (1994-2017). [cited 2017 5
August]; Available from:
https://tradingeconomics.com/bangladesh/gdp-growth-annual.

Power system master plan 2016 summary. [cited 2017 24
August]; Available from:
http://powerdivision.portal.gov.bd/sites/default/files/files/power
division.portal.gov.bd/page/4f81bf4d_1180_4c53 b27c 8falebl
1e2¢1/%28E%29 FR_PSMP2016_Summary_revised.pdf.

Bidabadi, M. and Noroozi, M., "Effect of heat recirculation in
biomass flame stability within a cylindrical micro-combustor",
International Journal of Engineering-Transactions C:
Aspects, Vol. 28, No. 3, (2015), 454-459.

Syaichurrozi, 1., Rusdi, R., Hidayat, T. and Bustomi, A.,
"Kinetics studies impact of initial ph and addition of yeast
saccharomyces cerevisiae on biogas production from tofu
wastewater in  indonesia”, International Journal of
EngineeringTRANSACTIONS B: Applications, Vol. 29, No.
8, (2016), 1037-1046.

Syaichurrozi, I. and Sumardiono, S., "Effect of total solid
content to biogas production rate from vinasse", International
Journal of EngineeringTRANSACTIONS B: Applications,
(2016),Vol. 29, No. 8, 1037-1046.

Igbal, S.A., Rahaman, S. and Yousuf, A., "Present scenario of
biogas technology in bangladesh-prospects, potentials and
barriers", Proceedings of the 15th Annual Paper Meet, Vol. 7,
(2014), 08.

Government of bangladesh. ‘Bangladesh’s power sector at a
glance (may 2015), 2016. [cited 2017 7 August]; Available
from:  http://www.powercell.gov.bd/site/page/d730f98d-8912-
47a2-8a35-382c4935eddc/Power-Sector-at-a-Glance.

Huda, A., Mekhilef, S. and Ahsan, A., "Biomass energy in
bangladesh: Current status and prospects”, Renewable and
Sustainable Energy Reviews, Vol. 30, (2014), 504-517.

Kabir, H., Yegbemey, R.N. and Bauer, S., "Factors determinant
of biogas adoption in bangladesh”, Renewable and Sustainable
Energy Reviews, Vol. 28, (2013), 881-889.

Cuéllar, A.D. and Webber, M.E., "Cow power: The energy and

emissions benefits of converting manure to biogas",
Environmental Research Letters, Vol. 3, No. 3, (2008),
034002.

Halder, P., Paul, N., Joardder, M. and Sarker, M., "Energy
scarcity and potential of renewable energy in bangladesh”,
Renewable and Sustainable Energy Reviews, Vol. 51, (2015),
1636-1649.

Surroop, D. and Mohee, R., "Technical and economic
assessment of power generation from biogas"”, in International


http://www.worldometers.info/world-population/bangladesh-population/
http://www.worldometers.info/world-population/bangladesh-population/
http://www.dhakatribune.com/business/economy/2017/04/20/imf-bangladesh-achieve-6-9-gdp-growth-fy17/
http://www.dhakatribune.com/business/economy/2017/04/20/imf-bangladesh-achieve-6-9-gdp-growth-fy17/
http://data.worldbank.org/indicator/EG.USE.COMM.FO.ZS?end=2014&locations=BD-IN-PK-LK&start=1971&view=chart
http://data.worldbank.org/indicator/EG.USE.COMM.FO.ZS?end=2014&locations=BD-IN-PK-LK&start=1971&view=chart
https://inis.iaea.org/search/search.aspx?orig_q=primarysubject:%22ENERGY%20PLANNING,%20POLICY%20AND%20ECONOMY%20(S29)%22
http://www.bpdb.gov.bd/bpdb/index.php?option=com_content&view=article&id=5&Itemid=6
http://www.bpdb.gov.bd/bpdb/index.php?option=com_content&view=article&id=5&Itemid=6
http://www.bpdb.gov.bd/bpdb/index.php?option=com_content&view=article&id=150&Itemid=1
http://www.bpdb.gov.bd/bpdb/index.php?option=com_content&view=article&id=150&Itemid=1
http://powerdivision.portal.gov.bd/sites/default/files/files/powerdivision.portal.gov.bd/page/4f81bf4d_1180_4c53_b27c_8fa0eb11e2c1/%28E%29_FR_PSMP2016_Summary_revised.pdf
http://powerdivision.portal.gov.bd/sites/default/files/files/powerdivision.portal.gov.bd/page/4f81bf4d_1180_4c53_b27c_8fa0eb11e2c1/%28E%29_FR_PSMP2016_Summary_revised.pdf
http://powerdivision.portal.gov.bd/sites/default/files/files/powerdivision.portal.gov.bd/page/4f81bf4d_1180_4c53_b27c_8fa0eb11e2c1/%28E%29_FR_PSMP2016_Summary_revised.pdf
http://www.powercell.gov.bd/site/page/d730f98d-8912-47a2-8a35-382c4935eddc/Power-Sector-at-a-Glance
http://www.powercell.gov.bd/site/page/d730f98d-8912-47a2-8a35-382c4935eddc/Power-Sector-at-a-Glance

27.

28.

29.

30.

3L

S. Kumar Ghosh and S. Mandal / IJE TRANSACTIONS B: Applications Vol. 31, No. 5, (May 2018) 834-840 840

Conference on Environmental Science

IPCBEE. Vol. 30, (2012).

Livestock economy at a glance 2015-16 [cited 2017 7 August];
Available from:
http://dls.portal.gov.bd/sites/default/files/files/dls.portal.gov.bd/
page/5f7daa39_d71f 4546 aeaf 55b72ee868f2/Updated%20Liv
estock%20Economy%620%282015-2016%29.pdf.

Sorathia, H.S., Rathod, P.P. and Sorathiya, A.S., "Biogas
generation and factors affecting the bio-gas generation—a review
study™, International Journal of Advanced Engineering

Technology, Vol. 3, No. 2, (2012).

Number of registered motor vehicles in bangladesh (yearwise).
[cited 2017 10 August]; Available from:
http://www.brta.gov.bd/newsite/wp-
content/uploads/2016/07/statistics-bangladesh-june16.pdf.

Rahim, M.A., Joardder, M.U.H., Houque, S., Rahman, M.M.
and Sumon, N.A., "Socio-economic & environmental impacts of
battery driven auto rickshaw at rajshahi city in bangladesh”, in
International Conference on Mechanical, Industrial and Energy
Engineering 2012. (2013).

Progressive horticulture.
from:
https://www.researchgate.net/profile/N_Singh9/publication/2696

and Technology

[cited 2017 29 August]; Available

32.

33.

34,

35.

36.

29768 Pomegranate Research_in_India_-
Status_and_future_challenges/links/54ed77740cf27fbfd77250c
a/Pomegranate-Research-in-India-Status-and-future-
challenges.pdf.

Al-Rousan, A. and Zyadin, A., "A technical experiment on
biogas production from small-scale dairy farm", Journal of
Sustainable Bioenergy Systems, Vol. 4, No. 1, (2014), 10-18.

Halder, P., Paul, N., Joardder, M., Khan, M. and Sarker, M.,
"Feasibility analysis of implementing anaerobic digestion as a
potential energy source in bangladesh”, Renewable and
Sustainable Energy Reviews, Vol. 65, (2016), 124-134.

Bangladesh power development board. [cited 2017 3
September]; Available from:
http://www.bpdb.gov.bd/bpdb/index.php?option=com_content&
view=article&id=35&Itemid=33.

Wellinger, A., Murphy, J.D. and Baxter, D., "The biogas
handbook: Science, production and applications, Elsevier,
(2013).

Bala, B.K., "Energy and environment:
simulation, Nova Publishers, (1998).

Modelling and

Evaluation of Biogas as an Alternative Driving Force of Electrically Operated
Vehicles: A Case Study

S. Kumar Ghosh, S. Mandal

Department of Mechanical Engineering, Rajshahi University of Engineering & Technology, Rajshahi, Bangladesh

PAPER INFO

Paper history:

Received 22 September 2017
Received in revised form 26 January 2018
Accepted 06 January 2018

Keywords:
Biogas

Electrical Energy
Livestock
Bangladesh
Auto-rickshaw

doi: 10.5829/ije.2018.31.05b.20

Sl 3 sdar S G (5531 O K03 (e 3 ol (555,08 0Ll (S5 5 ol e Bai gl (6350 S0l Ol 5o
Sl LIS 3 5a8 5 S5late ($351 e sl Gl oS Sl l ezl Ll il K e ane s Il 53 slas 53
canlllan cul 53 S o Ko (5331 Ot 4y 83 S esbinel G5Bt 5 ISE G ol el (3 iRl sl e
GLolE 5 g bl i blas Olpe Lhal 33l 4ty o 0 ool o ey 2K 53 0T Sloslitul 5 G 5 55 Gl
Blgn Jedln bl o (655wt OGOl 4 3 5l ol 553 3w S ol WY 5 (S G sl e 6T
WS ams o 0L e plnil o Ol 5 ri Sladllae (5l 8l S350 Ol Sl e 5 LD ol G Dl w

Sl Sl 5 slamt Ll e s Sl el epdle Ll p 0 O (golaml Bl 0 G 5 sl 58 s 655055

el a4 S 518 bl sy 38 s el SO sl el 4 by e



http://dls.portal.gov.bd/sites/default/files/files/dls.portal.gov.bd/page/5f7daa39_d71f_4546_aeaf_55b72ee868f2/Updated%20Livestock%20Economy%20%282015-2016%29.pdf
http://dls.portal.gov.bd/sites/default/files/files/dls.portal.gov.bd/page/5f7daa39_d71f_4546_aeaf_55b72ee868f2/Updated%20Livestock%20Economy%20%282015-2016%29.pdf
http://dls.portal.gov.bd/sites/default/files/files/dls.portal.gov.bd/page/5f7daa39_d71f_4546_aeaf_55b72ee868f2/Updated%20Livestock%20Economy%20%282015-2016%29.pdf
http://www.brta.gov.bd/newsite/wp-content/uploads/2016/07/statistics-bangladesh-june16.pdf
http://www.brta.gov.bd/newsite/wp-content/uploads/2016/07/statistics-bangladesh-june16.pdf
http://www.researchgate.net/profile/N_Singh9/publication/269629768_Pomegranate_Research_in_India_-_Status_and_future_challenges/links/54ed77740cf27fbfd77250ca/Pomegranate-Research-in-India-Status-and-future-challenges.pdf
http://www.researchgate.net/profile/N_Singh9/publication/269629768_Pomegranate_Research_in_India_-_Status_and_future_challenges/links/54ed77740cf27fbfd77250ca/Pomegranate-Research-in-India-Status-and-future-challenges.pdf
http://www.researchgate.net/profile/N_Singh9/publication/269629768_Pomegranate_Research_in_India_-_Status_and_future_challenges/links/54ed77740cf27fbfd77250ca/Pomegranate-Research-in-India-Status-and-future-challenges.pdf
http://www.researchgate.net/profile/N_Singh9/publication/269629768_Pomegranate_Research_in_India_-_Status_and_future_challenges/links/54ed77740cf27fbfd77250ca/Pomegranate-Research-in-India-Status-and-future-challenges.pdf
http://www.researchgate.net/profile/N_Singh9/publication/269629768_Pomegranate_Research_in_India_-_Status_and_future_challenges/links/54ed77740cf27fbfd77250ca/Pomegranate-Research-in-India-Status-and-future-challenges.pdf
http://www.bpdb.gov.bd/bpdb/index.php?option=com_content&view=article&id=35&Itemid=33
http://www.bpdb.gov.bd/bpdb/index.php?option=com_content&view=article&id=35&Itemid=33

