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ABSTRACT:

A biogas production plant was designed at capacity of
processing 0.1 million tonnes per annum (tpa) of wheat bran.
The production plant involves 2 anaerobic digesters (1 in use
and another as standby). As an alternative to conventional
gaseous fuel, production cost of biogas needs to be competitive
with that of natural gas. Hence, economic feasibility analysis of
biogas production is important in process engineering. In

INTRODUCTION:

Biogas is a mixture of methane and carbon dioxide in the molar
ratio of 2:1. Organic materials with carbon to nitrogen ratio
between 20 and 30 and volatile suspended solids (VSS) to total
suspended solids (TSS) ratio greater than 0.6 are appropriate for
biogas production [1]. Industrial residues have carbon to
nitrogen ratio less than 20. Fresh animal manure has carbon to
nitrogen ratio greater than 30. VSS to TSS ratio is < 0.6 for
industrial residues and fresh animal manure. Hence, feedstock is
prepared by mixing industrial residues and fresh animal in
suitable proportion to obtain carbon to nitrogen ratio between 20
and 30 and VSS/TSS ratio > 0.6 [2]. Biogas is produced through
anaerobic digestion [3].

In anaerobic digestion process, the steps involved are
hydrolysis, acidogenesis, acetogenesis and methanogenesis.
During hydrolysis, polymers present in organic materials are
broken down to monomers in the presence of water.
Acidogenesis converts monomers to short chain volatile organic
acids in the presence of acidogenic microorganisms. During
acetogenesis, organic acids are converted to acetates and acetic
acid with the help of acetogenic organisms. Finally,
methanogenesis converts acetates and acetic acid to methane,
carbon dioxide and other gases. The final product of gaseous
mixture is called biogas [4].

Biogas is an alternative gaseous biofuel to natural gas for use in
power and transportation sectors [5]. The demand for high purity
biogas or methane is high in oil and gas market as it is widely
used in compressed natural gas engines [6]. The economics of
biogas production is mainly influenced by raw materials cost,
utilities cost, production cost and annual product sales [7]. The
economic feasibility analysis of chemical processing plant starts
with the calculation of equipment cost for the present year. The
various indices are available to calculate present equipment cost
[8]. But, chemical engineering plant cost index (CEPCI) is the
widely used method [9]. According to the CEPCI, the cost of
equipment can be calculated only for 1985. Using the CEPCI
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economic feasibility analysis of biogas production plant, annual
product sales, fixed cost, variable cost and annual net profit were
calculated to be 7.380, 2.588, 1.755, and 12.949 million $ per
annum. The breakeven analysis of the biogas production plant
reveals the process to be economically feasible as annual
product sales is greater than total cost.

Keywords: Wheat bran, Biogas, Equipment cost, Process
economics, Breakeven point.

available for 2022, the present cost of index could be calculated.
From the equipment cost, delivered equipment cost is calculated
by assuming 10% of equipment cost for delivery. Total capital
investment, sum of fixed (Total direct + indirect costs) and
working capital investment, is calculated from delivered
equipment cost. Raw materials, utilities, product sales, annual
operating labour, variable, fixed, manufacturing, product costs
are calculated as a part of economic feasibility analysis. Then,
breakeven point analysis is executed to report the economic
feasibility of biogas production plant [10]. Breakeven even point
analysis is performed by comparing annual product sales and
total cost, which includes fixed and variable costs. A business is
said to be economically feasible if annual product sales is greater
than total cost and vice versa.

A detailed economic analysis, starting from equipment cost to
breakeven point, has not been performed by researchers on
biogas production. But, limited economic analysis on biogas
production is available in literature [11-17]. Hence, the present
study aims to perform economic feasibility analysis of 0.1
million tonnes per annum (tpa) of wheat bran with 10-year life
span with 300 working days per annum at 24 h per day through
3 shifts. The objectives of the work are: (i) Calculation of total
equipment cost in 2022; (ii) Estimation of total capital
investment; and (iii) Perform economic feasibility analysis of
biogas production process from 0.1 million tpa of wheat bran.
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METHODS:

Table 1. Estimation of capital investment by delivered
equipment method for solid processing, solid-fluid
processing, and fluid processing plants

Fraction of purchased equipment
. Solid- .
Particulars prigglsgi-ng fluid prolzl:slging
plant processing plant
plant
_ Total = £ £
equipment cost
Delivery 0.10E’ 0.10E’ 0.10E’
equipment cost
Total direct cost
;‘ﬁﬁ:g:g;’g;@? Total eq_uipment cost + Delivery
E ' equipment cost (1.10E”)
Purchased
equipment 0.45E 0.39E 0.47E
installation
Instrumentation
& Controls 0.18E 0.26E 0.36E
(installed)
Piping
(installed) 0.16E 0.31E 0.68E
Electrical
systems 0.10E 0.10E 0.11E
(installed)
Buildings
(including 0.25E 0.29E 0.18E
services)
. Yard 0.15E 0.12E 0.10E
improvements
Service
facilities 0.40E 0.55E 0.70E
(installed)
Total direct
cost (DC) 1.69E 2.02E 2.60E
Total indirect cost
Engineering 0.33E 0.32E 0.33E
and supervision
Construction | 39¢ 0.34E 0.41E
expenses
Legal expenses 0.04E 0.04E 0.04E
Contractor's fee 0.17E 0.19E 0.22E
Contingency 0.35E 0.37E 0.44E
Total indirect
cost (IDC) 1.28E 1.26E 1.44E
Fixed capital
investment Total direct cost + Total indirect cost
(FCI)
Working
_capital 0.70E 0.75E 0.89E
investment
(WCI)
Total capital . S .
investment Fixed capltal_ mv_estment + Working
(TCl) capital investment

In the present study, the economic feasibility analysis was
performed to process 0.1 million tpa of wheat bran to produce

Copyrights @Kalahari Journals

biogas. The equipment cost was calculated for 2022 by using
chemical engineering plant cost index (CEPCI) method. The
total direct and indirect costs, fixed, working and total capital
investments were calculated by percentage of delivered
equipment method [18]. Table 1 shows the estimation of capital
investment by delivered equipment method for solid processing,
solid-fluid processing, and fluid processing plants.

The cost of products, raw materials and utilities are calculated
as the product of quantity required per annum and cost per
quantity. Annual operating labour cost is calculated as the
product of number of operators per shift, number of shifts per
day, number of working days per annum and cost of labour per
operator [19].

Annual total product cost without depreciation is calculated as
follows [20]:

Annual total product cost without depreciation = (Variables cost
— royalties + fixed cost — depreciation + plant overhead cost +
general expenses — sales and distribution expenses — research
and development expenses)/0.9

Variable cost is calculated as follows [21]:

Variable cost = Raw materials cost + Annual operating labour
cost + Operating supervision cost + Utilities cost + Maintenance
and repair cost + Operating supplies cost + Laboratory charges
+ Royalties

Operating supervision cost = 15% of annual operating labour
cost

Maintenance and repair cost = 6% of fixed capital investment
Operating supplies cost = 15% of maintenance and repair cost
Laboratory charges = 15% of annual operating labour cost
Royalties = 1% of total product cost

Fixed cost is calculated as follows [22]:

Fixed cost = Property tax + Insurance + Depreciation
Property tax = 2% of fixed capital investment

Insurance = 1% of fixed capital investment

Depreciation = Fixed capital investment/shelf-life period of
equipment

Plant overhead cost is calculated as follows [23]:

Plant overhead cost = 60% of (operating labour cost + operating
supervision cost + maintenance and repair cost)

Total manufacturing cost is calculated as the sum of variable,
fixed and plant overheat costs [24].

Total manufacturing cost = Variable cost + Fixed cost + Plant
overhead cost

General expense is calculated as the sum of administrative,
sales, distribution, research and development expenses [25].

General expenses = Administrative expenses + Sales and
distribution expenses + Research and development expenses

Administrative expenses = 20% of (operating labour cost +
operating supervision cost + maintenance and repair cost

Sales and distribution expenses = 5% of total product cost

Research and development expenses = 4% of total product cost
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Annual gross and net profit, and percentage breakeven point
were calculated as follows [26]:

Annual gross profit = Annual product sales — Annual total
product cost

Annual net profit = Annual gross profit(1 — Tax%)

Breakeven point = Fixed cost x 100/(Unit selling price of
product — Variable cost per unit)

RESULTS AND DISCUSSION:

In the biogas production process, equipment cost was calculated
by CEPCI method in 1985 [20]. The equipment cost in 1985 was
found to be $ 2274942. The cost indices in 1985 and 2022 are
396 and 736 respectively. Total equipment cost in 2022 was
estimated to be $ 4.228 million. Anaerobic digester is considered
for equipment cost. All the other facilities such as wheat bran,
camel dung, water and digestate will be stored in a single
construction facility.

Table 3 shows the total capital investment estimation for biogas
production from 0.1 million tpa of wheat bran. Delivered
equipment method calculated direct and indirect costs to be $
14.046 million and $ 5.860 million, respectively. Fixed, working
and total capital investments were estimated to be $ 19.905
million, $ 3.488 million and $ 23.394 million, respectively.
Direct cost is 70.56% of fixed capital investment, which in turn
is 85.09% of total capital investment.

Table 2. Estimation of capital investment by delivered
equipment method for biogas production from 0.1 million
tpa wheat bran under the category of solid-fluid processing

plant
Solid-fluid Cost
Particulars processing | (million
plant $)
Total equipment cost E' 4.228
Delivery equipment cost 0.10E’ 0.423
Total delivered equipment cost, R
E 1.10E 4651
Purchased equipment installation 0.39E 1.814
Instrumentation & Controls 1.209
. 0.26E
(installed)

Piping (installed) 0.31E 1.442
Electrical systems (installed) 0.10E 0.465
Buildings (including services) 0.29E 1.349

Yard improvements 0.12E 0.558
Service facilities (installed) 0.55E 2.558
Total direct cost (DC) 2.02E 14.046
Engineering and supervision 0.32E 1.488
Construction expenses 0.34E 1.581
Legal expenses 0.04E 0.186
Contractor's fee 0.19E 0.884
Contingency 0.37E 1.721
Total indirect cost (IDC) 1.26E 5.860
Fixed capital investment (FC) 3.28E 19.906
Working capital investment 3.488
(WC) 0.75E
Total capital investment (TC) 4.03E 23.394
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Table 3 shows the annual total product sales and raw materials
cost for biogas production from 0.1 million tpa of wheat bran.
In the present study, annual product sales cost was calculated by
considering the cost of biogas, CO, and digestate to be 0.039
$/1000 kwh, 4.68 $/m3, and 2.6 $/kg, respectively. Also, the
raw materials cost was estimated by deliberating the minimum
cost. Annual product sales were estimated to be $ 7.38 million.
The fluctuations in biogas and vegetable oil prices were not
considered in the present study and they were taken on an
average.

Table 3. Estimation of annual product sales for biogas
production from 0.1 million tpa of wheat bran

Product
Tvpe Name of Cost Production cost
yp material quantity | (million
$ly)
Annual product sales
. 0.039 0.406
Main . o
roduct Biogas | $/1000 million 0.00002
P kwh KWh/y
0.097
Byproduct- | o, | 488 | illion | 045
1 $/m 3
msly
Byproduct- . 2.6
5 Digestate $/kg 2.664 6.93
Total product sales 7.38

Table 4 shows annual operating labour cost for biogas
production from 0.1 million tpa of wheat bran. As per the Oman
labour law, the minimum wage for Omani operator is $ 855 per
month with working on alternate days. Each operator controls
anaerobic digester and storage places at 3 shifts per day. The
annual operating labour cost was estimated to be $ 0.094
million.

Table 4. Estimation of annual operating labour cost for
biogas production from 0.1 million tpa of wheat bran

Number Number | Salary Annual
of Number |~ 4 vs per operating
operators of shifts or operator labour cost
per shift | Perday anpnum P ) (million
i $1y)
3 3 365 125 0.094

Table 5 shows utilities cost for biogas production from 0.1
million tpa of wheat bran. Utilities cost was calculated by
considering the utilization of water as raw material. The biogas
production plant processes 100 ktpa of water. The utilities cost
was estimated by considering the water quantity for production
plant at $ 1.14 per ton. Also, utilities such as electricity was
considered in the calculation of capital investment. The utility
cost was calculated to be $ 0.114 million per annum.
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Table 5. Estimation of utilities cost for biogas production
from 0.1 million tpa of wheat bran

Required Cost per .
Utility quantity ton (Lr:]ti'lll'itg’ncg/st)
(ktpa) ($/ton) Y
Water 100 114 0.114

Table 6 shows the economic feasibility analysis of biogas
production from 0.1 million tpa of wheat bran. Maintenance &
repair and operating supplies costs significantly contributed to
variable cost. Maintenance & repair and operating supplies
share 68 and 10% of variable cost, respectively. The rest was
shared by annual operating labour, operating supervision,
annual raw material, utilities, laboratory and royalties cost.

Depreciation was calculated as a ratio between fixed capital
investment and life span of plant. Depreciated contributed
mostly to fixed cost. Depreciation shared 77% of fixed cost. The
rest was shared by property tax and insurance. Plant overhead
cost was estimated to be $ 0.781 million per annum.

Total manufacturing cost was shared by 34% of variable cost,
51% fixed cost and 15% of plant overhead cost. Total
manufacturing cost, general expenses and total product cost
without depreciation were estimated to be $ 5.124 million, $
1.569 million and $ 14.535 million, respectively. Then, annual
gross profit was estimated to be $ 19.922 million per annum.
After the tax deduction of 35%, annual net profit was calculated
to be $ 12.949 million.

Table 6. Economic feasibility analysis of biogas production
from 0.1 million tpa of wheat bran

Particulars | Cost (million $fy) | *
Variable cost
Raw materials cost 0.000 ¢
Annual operating labour cost 0.094
Utilities cost 0.114
Operating supervision cost 0.014 ¢
Maintenance and repair cost 1.194 ¢
Operating supplies cost 0.179
Laboratory charges 0.014 ¢
Royalties 0.145
Variable cost 1.755
Fixed cost
Property tax 0.398
Insurance 0.199
Depreciation 1.991
Fixed cost 2.588
Annual total product cost without depreciation
Plant overhead cost 0.781
Total manufacturing cost 5.124
Administrative expenses 0.260
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Sales and distribution expenses 0.727

Research and development 0581
expenses
General expenses 1.569
Ann_ual total prod_uc_t cost 14535
without depreciation
Profitability analysis

Annual gross profit 19.922

Annual net profit 12.949

%ROI 55.351

Pay-out period (y) 1.332
Breakeven point (ktpa) 1.457
Actual production units (ktpa) 7.28

Pay-out period was estimated to be 1.5 y. Finally, breakeven
point was estimated to be 1.457 ktpa against the production rate
of 7.28 tpa. The positive value of breakeven point reveals the
profitability of business. If the value of breakeven point is
negative, it means that the business will incur loss. Negative
breakeven point is possible only if annual product sales is less
than variable cost. Thus, from all the results of equipment cost,
capital investment and breakeven point, it could be concluded
that the biogas production business is feasible in terms of
economics.

CONCLUSION:

The present study aims to perform process economic feasibility
analysis of 0.1 million tpa of wheat bran with 10-year life span
with 300 working days per annum. The following conclusions
were drawn from the results:

Total equipment cost in 2022 was estimated to be $ 4.228
million.

Fixed, working and total capital investments were estimated to
be $ 19.906 million, $ 3.488 million and $ 23.394 million,
respectively.

Annual product sales were estimated to be $ 7.38 million.
Annual operating labour cost and utilities cost were estimated to
be $ 0.094 million and $ 0.114 million, respectively.

Variable, fixed, plant overhead, manufacturing, product, and
annual net profit were estimated to be $ 1.755 million, $ 2.588,
$ 0.781 million, $ 5.124 million, $ 14.535 million and $ 12.949
million per annum, respectively, with breakeven point of 1.457
ktpa against the production rate of 7.28 tpa.
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