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ABSTRACT

This study analyzes the relationship between workforce size and total compost output using
a quadratic production function. A descriptive mathematical approach is applied to the
function reported in a group project-based learning report on compost production. The
coefficients are treated as fixed inputs, and the analysis consists of differentiation, a second-
derivative test, and comparison of neighboring integer workforce levels. For the function
Q(x) = —0.5x? + 10x, where x represents the number of workers, the maximum total output
is 50 production units at 10 workers. Output at both 9 and 11 workers is 49.5 units. Marginal
product decreases throughout the model domain, becomes zero at 10 workers, and turns
negative beyond that point. Average output at the maximum is 5 units per worker, which is
distinct from maximum average labor productivity. The analysis establishes an optimum
conditional on the stated function; it does not demonstrate that 10 workers is an empirically
validated or profit-maximizing staffing level. Applying the result requires confirmation of
the output unit, production period, underlying observations, and model coefficients,
alongside assessment of equipment capacity and compost quality.
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INTRODUCTION

Compost production offers a way to recover organic materials while creating a soil
amendment for agricultural use. Community and small-scale composting projects also
require workable arrangements for collecting feedstock, organizing production, and
distributing the finished product. Lim et al. (2019) assessed an integrated composting and
organic farming project in Malaysia, while De Boni et al. (2022) evaluated environmental,
economic, institutional, and social aspects of community composting. These studies show
why production planning needs to account for the operating setting as well as the quantity
produced.

Labor is needed for material handling, sorting, turning, screening, and packaging, but
workforce size alone does not describe how efficiently those activities are performed.
Yesaya et al. (2021) used activity-based costing to identify the time spent on composting
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operations, including plastic removal. Oviedo et al. (2025) compared manual and
mechanized mixing arrangements and found that technology choices changed labor
demand. Their findings suggest that a staffing recommendation should be tied to a defined
process and equipment configuration.

A quadratic production function provides a tractable way to examine an input—output
relationship and calculate a turning point. Its usefulness depends on whether the imposed
curve adequately represents the production system. Dhakal and Lange (2021) discuss the
consequences of functional-form choice in agricultural input response models. In a
composting context, Mason (2006) reviews models that represent biological and physical
processes. Such process models differ from a single-input workforce function: they help
explain decomposition, whereas a labor—output equation summarizes a proposed
production relationship.

This study examines a quadratic function reported for a small-scale compost production
unit. The objective is to identify the workforce size that maximizes total output and clarify
the interpretation of that solution. The analysis distinguishes total output, marginal
product, and average labor productivity, then considers the information needed before the
result can support an operational staffing decision.

METHODS

The study uses a descriptive quantitative approach to analyze a quadratic production
function from a group project-based learning report on compost fertilizer optimization. The
unit of interest is a single small-scale compost production operation. The analysis evaluates
the reported function algebraically; it does not estimate its coefficients from a newly
analyzed dataset or test a causal effect of labor input.

The production function is:
Q(x) = —0.5x* + 10x (1)

Here, x denotes the number of workers and Q(x) denotes total compost output in
production units. The physical output unit and the length of the production period must be
specified before the predicted quantities can be interpreted as operational capacity. For
the present calculations, the output unit and period are held constant across workforce
levels. Worker-hours, skill differences, equipment, and feedstock quantities are not
separate variables in the function.

The quadratic is evaluated over 0 < x < 20, the interval in which both labor input and
predicted output are nonnegative. This interval follows from Q(x) = 0.5x(20 - x); it is a
mathematical restriction rather than an observed operating range. Workforce size is
temporarily treated as continuous for differentiation and then restricted to integer values
when comparing staffing levels.

The first derivative gives the marginal product of labor, and the second derivative
determines the curvature:

Q'(x) = —x + 10 (2)

Q"(x) = -1 (3)
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The stationary point is found by setting Q'(x) = 0. The second-derivative test is used to
determine whether it is a maximum. Direct substitution at neighboring integer values
provides an additional check because a workforce cannot contain a fractional worker in this
formulation. Table 1 reports calculated outputs and productivity measures; no row is
presented as a field observation.

Average output per worker is calculated separately for positive workforce size:
AP(x) = Q(x)/x = 10 — 0.5x, x > 0 (4)

This measure is used to distinguish an output maximum from an average-productivity
maximum. No cost, revenue, or profit values are estimated because the function contains
neither wage rates nor compost prices. The discussion draws on published composting
studies to identify operational conditions that would need to be measured in a subsequent
validation.

RESULT AND DISCUSSION

Solving —x + 10 = 0 gives a stationary point at x = 10. Since Q"(x) = -1 is negative throughout
the domain, this point is the unique maximum of the quadratic. Substitution gives Q(10) =
-0.5(10)? + 10(10) = 50 production units. The endpoint values Q(0) and Q(20) are both zero.
These results establish the mathematical maximum of the function without implying that
its coefficients have been validated against production records.

Table 1 compares selected workforce levels. At 9 and 11 workers, the function gives the
same total output of 49.5 units, below the value of 50 at 10 workers. The integer
comparison therefore agrees with the calculus result. Increasing the workforce from 9 to
10 adds 0.5 units, while increasing it from 10 to 11 subtracts 0.5 units. These finite changes
should be distinguished from the derivative, which describes the local rate of change in the
continuous model.

Table 1. Calculated output and average productivity near the model maximum

Workers, x Total output, Q(x) Marginal product, Q'(x) Average output per
worker
5 37.5 5 7.5
8 48 2 6
9 49.5 1 5.5
10 50 0 5
11 49.5 -1 4.5
12 48 -2 4
15 37.5 -5 2.5

Note. All entries are derived from the supplied function; they are not field observations.

The marginal product falls as x increases, including at workforce levels below 10.
Diminishing marginal product therefore occurs throughout this quadratic, not only after
the turning point. Total output continues to rise while marginal product is positive and
declines only when marginal product becomes negative. The model does not contain an
initial region of increasing marginal returns.
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Average output per worker also declines throughout the positive domain because AP’(x) =
-0.5. At 9 workers, average output is 5.5 units per worker; at the output maximum of 10
workers, it is 5 units per worker. Thus, the total-output maximum is not the maximum of
average labor productivity. Nor is it a measure of technical efficiency relative to a
benchmark production frontier. Keeping these concepts separate prevents the turning
point from being interpreted as evidence of every form of production efficiency.

The result is sensitive to the specification of the production function. Cerrato and Blackmer
(1990) found that alternative crop-response functions could imply different economic input
recommendations even when common fit statistics were similar. Their study concerns
fertilizer application to corn, so its numerical findings cannot be transferred to compost
labor allocation. Its methodological implication is relevant: selecting a convenient quadratic
does not establish its empirical adequacy. The workforce function should be compared with
plausible alternatives once paired labor and output observations are available.

Composting models also illustrate the importance of validating the process represented.
Gomes and Pereira (2008) compared a model of composting reactions with experimental
observations. The present workforce equation instead omits decomposition time and
material characteristics. It can describe a conditional output pattern, but cannot show
whether adding a worker accelerates biological stabilization or removes a particular
processing bottleneck. Claims that crowding, tool shortages, or coordination problems
cause the decline beyond 10 workers remain hypotheses for field investigation.

Turning practices provide an example of a task that links labor use to process conditions.
Kalamdhad and Kazmi (2009) examined compost stability and chemical characteristics
under different turning frequencies in a rotary drum. Getahun et al. (2012) investigated
turning frequency in municipal solid waste composting. These studies support recording
the work performed, not merely headcount. Their results do not identify a universal worker
requirement, because the equipment and materials differ from the production unit
considered here.

Additional work can also change product quality and environmental performance. Ma et
al. (2022) found that turning frequency affected ammonia emissions and nitrogen loss
during chicken manure composting. Tang et al. (2023) examined moisture, aeration, and
carbon-to-nitrogen ratio in kitchen waste composting, while Peng et al. (2023) considered
aeration patterns and turning frequency alongside maturity and gaseous emissions.
Consequently, output comparisons should use compost meeting a consistent quality
criterion. Counting material before comparable stabilization could make a faster operation
appear more productive without demonstrating an equivalent finished product.

Equipment and process control may change the relationship between labor and output.
Chen (2016) compared food-waste composting costs across facilities and discussed the role
of automation. Oliveri et al. (2023) assessed monitoring and control improvements through
process simulation and economic analysis. Together with the labor-demand comparison
reported by Oviedo et al. (2025), these studies suggest that coefficients estimated for one
operating arrangement may not remain applicable after mechanization or process
redesign. This is a reason to recalibrate a workforce model when production conditions
change.
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Economic decisions require a broader accounting boundary. Pandyaswargo and
Premakumara (2014) assessed how composting scale relates to financial sustainability.
Wang et al. (2023) compared decentralized technologies and identified the importance of
operating costs and waste-handling subsidies. Banunle et al. (2024) evaluated small-scale
composting through cost—benefit analysis and sensitivity tests. These approaches include
information absent from the current output equation. The 10-worker solution therefore
cannot establish whether the additional output pays for the labor needed to produce it.

A full assessment should also consider costs and impacts outside the immediate production
stage. Liao et al. (2023) evaluated construction, operation, and demolition of a
decentralized composting facility using life-cycle assessment and costing. De Rosa et al.
(2022) examined environmental and economic trade-offs in supplying and using
composted manure. Their findings show that an environmental improvement need not
coincide with the lowest financial cost. Maximizing the quantity predicted by a workforce
equation cannot, by itself, establish the sustainability of the composting system.

The principal limitation is the lack of a documented calibration and validation procedure
for the quadratic coefficients. Field application requires paired observations of labor and
comparable finished output, a stated measurement period, and records of worker-hours,
equipment capacity, feedstock, and process conditions. Repeated production cycles would
help assess variability. Until those observations are analyzed, 10 workers should be treated
as the optimum of the stated equation rather than a general staffing recommendation for
small-scale composting.

CONCLUSION

The quadratic function Q(x) = -0.5x% + 10x has a unique total-output maximum of 50
production units at 10 workers. The negative second derivative and comparison with
neighboring integer values confirm this solution. Marginal product declines throughout the
model domain, while total output declines only beyond 10 workers. Average output at the
maximum is 5 units per worker and is not itself maximized. The analysis provides a
mathematical basis for examining labor allocation, but operational recommendations
require field validation, defined output units and production periods, and explicit
consideration of costs and compost quality.
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