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ABSTRACT

This study explores the cost analysis and economic feasibility of using battery-powered weeders on small
and medium-sized farms in India. Traditional weeding methods are labour-intensive and costly, consuming
a significant portion of production expenses. While mechanization offers a solution, the high initial costs of
petrol engine-powered weeders often deter small-scale farmers. Battery-powered weeders, however, present
a more accessible and cost-effective alternative, significantly reducing operational expenses. The study
finds that these weeders can save up to 71% in costs compared to manual methods and 40.2% compared to
petrol-powered alternatives, with a favorable payback period of approximately 0.8 years. Once a breakeven
point of 42,883.3 INR is reached, battery-powered weeders become more economical than both petrol-
powered options and manual weeding labour services. This shift towards battery technology not only
eases the financial burden on farmers but also promotes more sustainable farming practices by reducing
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Introduction

India’s agricultural sector is predominantly charac-
terized by small and fragmented landholdings,
whereas traditional farming practices are still
widely prevalent (Bisht et al., 2020). Weeding, which
is an essential but labour-intensive operation, can
account for as much as 25% to 40% of the total crop
production costs (Woyessa et al., 2022). The avail-
ability of human and animal power for farming has
significantly decreased over the years, from 0.221
kW /ha in the 1970s to 0.130 kW /ha by 2016-17,
prompting a critical need for increased mechaniza-
tion to maintain productivity and reduce labor costs
(Mehta et al., 2019; Singh et al., 2014). Despite this

need, the high initial investment required for tradi-
tional mechanized weeders, particularly those pow-
ered by diesel engines, has made them economically
unfeasible for many small and medium-sized farms
(Yadav and Pund, 2007; Kumar et al., 2014). Envi-
ronmental impact of the fossil fuel is another con-
cern particularly for India where is in transition
phase of economy and committed to Nationally De-
termined Contributions to limit global warming to
1.5 °C have failed even to achieve 2 °C target under
the Paris agreement (Meinshausen et al., 2022).
Battery-powered weeder designs present a prom-
ising alternative by offering lower operational costs
and enhanced accessibility for small-scale farmers
(Gorjian et al., 2021). This study conducts a compre-

(*Deputy General Manager)



520

hensive cost analysis of battery-powered weeders
(Singh et al., 2020) evaluating their economic viabil-
ity in comparison to traditional petrol engine-pow-
ered weeders and manual weeding labours. Specifi-
cally, the analysis assesses the break-even point and
payback period of battery-powered weeders to de-
termine their feasibility for adoption by small and
medium-sized farms (Sun et al., 2018).

Materials and Methods

Battery Operated Power Weeder

A battery-operated power weeder (Mukhuty et al.,
2024) was developed at The Neotia University in
West Bengal. This innovative weeder is designed
with four rotary tines and has a total working width
of 30 cm, making it suitable for small to medium-
sized plots (Pandey et al., 2023). The weeder is pow-
ered by a DC motor, which is run by 24 Volt lead-
acid batteries, providing reliable and cost-effective
power for operation. A key feature of this design is
the perpendicular arrangement of the motor shaft
and the tine driving shaft. This setup is crucial as it
allows the rotational energy generated by the motor
to be effectively transferred to the tines using a
worm gear mechanism. The perpendicular align-
ment ensures that the tines rotate in the correct ori-
entation to efficiently cut through and remove
weeds. Additionally, the weeder is equipped with
two height-adjustable handles, allowing the opera-
tor to customize the tool’s height for comfort and
ease of use. For added convenience and

Table 1. Components of battery operated power weeder
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manoeuvrability, the weeder also includes two tow
wheels, which make it easier to transport and posi-
tion the implement in the field.

Economic Evaluation of the Battery Operated
Power Weeder

The operational cost (Wang and Sivazlian., 1992) of
the developed machine was estimated under the
assumption that the battery-operated rotor power
weeder is powered by a DC motor and lead-acid
batteries (Kiran et al., 2024). The weeding operation
is designed to be performed twice during the
growth of vegetable crops such as brinjal (eggplant),
ladies” finger (okra), and tomato, specifically at 30
and 60 days after sowing (DAS) (Das et al., 2024)
(Das et al., 2004). The annual usage of both the
implement was considered to be 300 hours
(Rahaman et al., 2024). Total operating cost of the
machine was calculated on an hourly basis, incorpo-
rating both fixed and variable costs. Fixed costs in-
clude depreciation, interest on capital assets, insur-
ance, taxes, and housing. Variable costs, which en-
compass expenses for electricity (to recharge the
batteries), lubrication, repairs and maintenance, and
operator wages, were also factored into the overall
variable cost. The components and specification is
mentioned in Table 1 and shown in Fig. 1.

To convert the cost of operation into an area ba-
sis, it was multiplied by the effective field capacity
of the machine and expressed in INR per acre. The
production cost of the battery-operated rotor power
weeder included both the cost of materials used and

S. No. Components

Specification

1 Rotor tines (4 nos)

2 Rotor shaft

3 Worm gear and its housing

4 Mud guard

5 Seamless tube frame

6 Seamless tube handle

7 DC motor

8 Coupler between motor and shaft
9 Shaft between motor and worm gear
10 Lead acid batteries

11 Battery and motor cover

12 Wiring harness

13 Electrical connector

14 Electrical switch

15 Ground wheels and its frame

16 Hardware

100 mm dia 4 blades in each

20 mm dia, 260 mm length

29:1 reduction, Aluminum casting
300x300 mm size, 2 mm thickness sheet
20 mm dia tube

20 mm dia tube

350 W, 24V

12 teethed

18 mm diameter 250 mm length

2 nos, 18 Ah, 12 volt

300x250x100 sheet metal box

2000 mm length

4 nos

1 nos

1 nos assembly

Nut and bolts : 26 nos
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Fig. 1. Battery operated power weeder 3D model in left and actual prototype in right side

the labor costs for fabrication. In this study, the pro-
duction cost was considered equivalent to the pur-
chase cost of the machine. Additionally, the break-
even point (BEP) was calculated in terms of both
area and time, and the payback period was deter-
mined using standard cost estimation methods.

The most significant component of the total costs
of the machine is depreciation, which measures the
reduction in the value of the machine over time, re-
gardless of its usage. The cost estimations for both
the DC motor and the rotor power weeder were cal-
culated using the aforementioned formulas.

Following formulas are used for calculating the
fixed cost,

- _ =5

Depreciation (D), INR/h) = TrH (D

Where, C = Capital cost (INR), S = Salvage Value
(INR), L = Useful machine life (years), H = Operat-
ing hours per year, S=10% of capital cost.
L

c+5
Interest per hour I, INR/h) = —— X Toon - 2)

Where, i = Interest rate (12%), Taxes, housing and
insurance per hour, (INR/h), T = 3% of Capital
Cost/ year (Rahaman et al., 2024)

Following formulas are used for calculating the
variable cost

. _ AXVXnxER
Electricity cost, (INR/h) = looowh .. (3)

Where, A= Electric charge (Ah), V= Voltage (V),
n= Number of batteries, R= per unit rate of electric-
ity (INR), h= Number of hour the weeder can run
with a single charge.

Repair and maintenance changes = 5% of Capital
Cost/ year (Rahaman et al., 2024), wages of labour is
350 INR/day for 8 h.

Breakeven Point Analysis

The breakeven point, often referred to as the “point
of no profit and no loss,”( Rath and Sarangi., 2021) is
a critical financial analysis tool used to determine
the duration of use at a given price necessary to
cover all associated costs or expenditures of machin-
ery. This analysis is essential for farmers to evaluate
whether owning machinery is financially viable
compared to alternative options, such as manual
weeding labour or the petrol engine driven weeder.

The breakeven point occurs at the intersection of
the total cost line, which includes both fixed and
variable costs, and the manual weeding labour cost
line. If the breakeven point value, expressed in
hours of operation per year, is lower than the annual
utility time of the machinery, then ownership is con-
sidered financially advantageous for the farmer. On
the other hand, if the breakeven point exceeds the
annual utility time, it may lead to financial losses,
making manual weeding labour a more cost-effec-
tive option.

Calculating the breakeven point involves ac-
counting for several factors, including the fixed costs
(such as depreciation, interest, insurance, and taxes)
and variable costs (including fuel, maintenance, and
operator wages). The formula to calculate the
breakeven point is given by:

FC
CH-C

BEP = 4)

Where, BEP = Breakeven point (hours per year),
FC = Annual fixed cost (INR per year), CH= Manual
weeding labour charges (INR per hour) or the Petrol
engine driven power weeder, C = Operating cost
(INR per hour)

This breakeven analysis is grounded in estab-
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lished methodologies as discussed by Venkat et al.
(2021). Their studies emphasize the importance of
this analysis for small and medium-scale farmers,
particularly in regions where agriculture is charac-
terized by small, fragmented landholdings. These
studies suggest that the breakeven point is a crucial
determinant for farmers when deciding between
purchasing machinery or opting for manual weed-
ing labour, particularly in scenarios involving ex-
pensive and high-maintenance equipment like
power weeders. The same formula can be used for
comparison with the conventional engine operated
power weeder with battery operated weeder.

Payback Period

The payback period is a key financial metric that
refers to the time it takes for an investment to re-
cover its initial cost through the revenues generated
on an annual basis. In the context of farm machin-
ery, this period is typically expressed in years and is
critical for farmers to understand how long it will
take to recoup the investment made in purchasing
the machinery.

The payback period can be calculated using the
following formula, as outlined by Singh et al. (2020):

PBP = —— .5

ANP

Where, PBP = Payback Period (years), IC = Initial
Cost of the machine (INR), ANP = Average Net
Annual Profit (INR/year), which is calculated as:

ANP=(CH-C)xAU . (6)

Where, CH = Manual weeding labour Charges
(INR/hour), C = Operating Cost (INR/hour), AU =
Annually Used Hours (hours/year)

The payback period provides insight into how
quickly a farmer can expect to recover the initial in-
vestment in the machinery. A shorter payback pe-
riod is generally preferable; as it indicates that the
investment will be recovered more quickly, reduc-
ing the financial risk associated with the purchase.

Annual Utility

Annual utility refers to the average number of hours
a piece of farm machinery is used each year, and it
plays a significant role in determining both the
breakeven point and the payback period. It is contin-
gent on the number of working days available for
the specific operations for which the machine is used
throughout the year. In this analysis, the annual util-

Eco. Env. & Cons. 31 (April Suppl. Issue) : 2025

ity of both the battery operated and the engine oper-
ated power weeder is considered to be 300 hours.
This value reflects the typical usage pattern for such
machinery in a farming context, taking into account
the growing seasons and the need for periodic main-
tenance.

Results and Discussion

Cost economics of battery operated power weeder

The cost of a weeder consists of two components:
fixed costs and variable costs. The fixed costs, which
represent the capital investment, are determined by
calculating the costs associated with each compo-
nent of the weeder. This information is also outlined
in Table 2.

Salvage value, S= 2620 INR, Useful Life, L= 10

Table 2. Cost calculation of the weeder considering each

parameters

S.  Components Cost
No. (in INR)
1 Rotor tines 4 nos 1200
2 Rotor shaft and worm gear and its housing3000
3 Mud guard, tube frame and handle 1000
4 Coupler and shaft 1500
5 Battery and motor cover box 3000
6 Battery 5500
7 DC motor 6000
8 Wiring harness 200
9 Electrical connector 200
10  Electrical switch 50
11  Ground wheels and its frame 1000
12 Hardware 50
13 Paining 500
14  Labour 3000

Total (Capital Cost) 26200

years, Operating hours/ year, H= 300 hours. Hence,
Depreciation/h=INR 7.86, Interest/h = 5.76 INR,
Taxes, housing and insurance/h= 2.62 INR. Total
fixed cost/h = 16.24 INR, Total fixed cost/acre = 116
INR.

The machine operates with two batteries, each
having a capacity of 18 Ah, which means the total
current consumption of the system is 36 Ah.

The actual field capacity of the machine is 0.14
acres per hour. Given that the two fully charged bat-
teries provide a total operating time of 1 hour, the
total area coverage achievable per charge can be cal-
culated as follows: the area coverage per hour of
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0.14 acres multiplied by the total operating time of 1
hour results in a total area coverage of 0.14 acres per
full charge.

Each battery, with a capacity of 18 Ah and a
nominal voltage of 12V, consumes 0.216 kWh of
electricity. Therefore, the total electricity consump-
tion for two batteries amounts to 0.432 kWh. This
results in a total cost of INR 4.32 per charge cycle,
based on an electricity rate of INR 10 per kWh.

The cost per acre is calculated by dividing the to-
tal cost per charge cycle by the area coverage per
charge in acres, resulting in approximately 30.86
INR per acre. The electricity cost per hour amounts
to 4.32 INR, while repair and maintenance charges
are 4.36 INR, and labor wages are 43.75 INR. When
broken down per acre, the electricity cost is 30.86
INR, repair and maintenance charges are 31.14 INR,
and labor wages total 312.5 INR. This leads to a to-
tal variable cost per hour of 52.44 INR and a total
variable cost per acre of 374.5 INR.

The lifespan and annual utility of the weeder
were considered to be 10 years and 300 hours per
year, respectively. The fixed and variable costs for
the battery operated weeder was calculated at 16.24
INR/h, 116 INR/acre and 52.44 INR/h, 374 INR/
acre respectively. Consequently, the total operating
cost of the battery operated weeding was deter-
mined to be 68.68 INR/h, 490.5 INR/acre.

Cost economics of petrol engine operated power
weeder

The capital investment is 15,000 INR, with a salvage
value of 1,500 INR and a useful life of 10 years. The
machine operates for 300 hours each year. This re-
sults in a depreciation cost of 4.5 INR per hour,
along with an interest cost of 3.3 INR per hour. Ad-
ditional costs for taxes, housing, and insurance
amount to 1.5 INR per hour. Consequently, the total
fixed cost per hour is 9.3 INR, which translates to a
total fixed cost of 66.43 INR per acre.

The fuel consumption for the engine-operated
weeder is 0.5 liters per hour, with petrol priced at
100 INR per liter, resulting in a fuel cost of 50 INR
per hour. Additionally, repair and maintenance
charges amount to 2.5 INR, and labor wages total
43.75 INR, bringing the total variable cost to 105.55
INR per hour, or 753.93 INR per acre. In contrast, the
fixed and variable costs for the battery-operated
weeder are calculated at 9.3 INR per hour and 66.43
INR per acre, respectively. Therefore, the overall
operating cost for the engine-operated weeder is
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determined to be 114.85 INR per hour and 820.36
INR per acre.

Economic viability

To assess the economic viability of the battery-pow-
ered weeder, the study calculates the break-even
point and payback period. It compares the costs as-
sociated with the battery-operated weeder against
manual weeding labor charges and those of petrol
engine-operated weeders. Manual weeding labor
charges are set at 4187.5 INR per hectare, which
translates to 1694.6 INR per acre (Rahaman et al.,
2024). For the graphical analysis focused on break-
even points per acre, only the manual weeding labor
or custom hiring charges per acre are considered. A
comparison of hourly costs between the battery-op-
erated and engine-operated weeders is also con-
ducted, leading to the formulation of specific equa-
tions for the graphical representations.

Custom hiring charges/acre, y= 1694.6x (7)
Petrol engine weeder/acre, y= 15000 + 820.36x (8)
Battery weeder/acre, y= 26200+ 490.5x )
Petrol engine weeder/h, y= 15000 + 114.85x  (10)
Battery weeder/h, y= 26200+ 68.68x (11)

Based on the Fig. 2 and 3, the breakeven points
were identified at 36,874.5 INR and 42,883.3 INR for
21.76 and 33.96 acres of land when comparing
manual weeding labour charges and the engine-op-
erated weeder with the battery-operated weeder,
respectively. Additionally, a breakeven point of
42,848.37 INR at 242.56 hours was determined when
comparing the engine-operated weeder alone.

80000
70000 = = = Custom Hiring

= = Pefrol Weeder -
60000 -

— - = Battery Weeder Phd
-
% 50000 ke _
1 (21.76.36874.5) - ==
£ 40000 =
B — =
o] - (33.96.42883.3)

30000 =TT &
L.
20000 —

10000 -7

0

Number of Acre

Fig. 2. Curves of cost w r to weeding area

In both comparisons, the breakeven costs are ap-
proximately 42,883.3 INR and 42,848.37 INR. Al-
though these values are slightly different, they
would converge if more decimal points were consid-
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Fig. 3. Curves of cost w r to weeding hour

ered in the calculations. Therefore, we can take the
higher value and conclude that after reaching a cost
of 42,883.3 INR, the operation cost of weeding be-
comes more economical with the battery-operated
weeder.

Thus, the payback period when comparing the
battery-operated weeder with the engine-operated
weeder is found to be approximately 0.8 years.

The operational costs for manual weeding labour,
engine-operated, and battery-operated weeders are
1694.6 INR, 820.36 INR, and 490.5 INR, respectively.
Consequently, after reaching the breakeven point,
significant cost savings of 71% and 40.2% were ob-
served when comparing the battery-operated
weeder to manual weeding labour and the engine-
operated weeder, respectively.

Conclusion

Battery-powered weeder designs offer a cost-effec-

tive and economically viable alternative to tradi-

tional petrol engine-powered weeders. These weed-
ers, with their lower operational costs, provide a sig-
nificant advantage. The favourable payback period
further enhances their appeal, allowing farmers to
recover their investment quickly and efficiently.

By adopting battery-powered weeders, farmers
can achieve substantial cost savings over time, mak-
ing these machines a sustainable choice for modern
agricultural practices. The shift towards battery-
powered technology not only reduces operational
expenses but also contributes to more environmen-
tally friendly farming methods.

i. Lower operational costs: 71% (from manual
weeding) and 40.2% (from engine operated
weeder).

ii. Payback period: 0.8 year comparing engine op-
erated weeder.
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iii. Cost savings: 1204.1 INR/acre (from manual
weeding), 329.86 INR/acre (from engine oper-
ated weeder).

iv. Sustainability impact: savings of fossils fuel,
zero environmental pollution.
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