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Abstract—Animal production activities that begin 

with the domestication of animals are developing 

in line with the nutritional needs of the growing 

population. One of the inevitable consequences of 

this situation is increasing manure production. As 

a result of the increased use of mineral fertilizers 

in crop production, manure has begun to be seen 

as a problem to be disposed of for producers. The 

manure discharged into pastures and water 

resources has created a risk of pollution for 

production sites and natural resources eventually. 

As a result of the pollution that hinders the 

sustainability of production, it has become 

compulsory to create new areas of use for the 

evaluation of the environment. The use of 

nutrients as a source and soil conditioner in crop 

production is an effective method for evaluating 

manure. However, this method necessitates the 

storage of manure. According to physical 

conditions, the nutrients in the compost that 

cannot be stored or stored under unsuitable 

conditions have decreased nutrient amount and 

the production of pathogens has been observed. 

The fact that manure produces flammable gases 

as a result of microorganism activities indicates 

that it can be used as an energy source. It must be 

transported to meet the amount of manure 

required for energy production. The resulting 

transportation costs and operating costs of the 

facilities require economic planning. These results 

suggest that a manure management model should 

be used. The generated manure management 

model: to be sustainable, not to harm natural 

resources, to be economically viable, and to not 

affect the comfort of living in residential areas. 

The model needs to be specific to the region in 

order to achieve the desired conditions. In the 

study, the applications of manure management 

models designed according to daily development 

process and different needs are discussed. 

Keywords: Manure, Compost, Biogas, Manure 
management planning, Geographic Information 
System (GIS) 

I.  INTRODUCTION 

Research on animal manure application at the farm 

scale initially relied on empirical-based approaches, in 

which nutrient supply estimations were conducted 

through programs assigning weighting coefficients to 

multiple influencing factors (Table 1). These 

approaches were primarily designed to optimize 

nutrient management at the individual farm level, and 

they focused on balancing the supply of essential 

nutrients with the specific demands of different crops. 

The fundamental parameters considered in such 

models were crop nutrient requirements, the amount of 

available nutrients present in the soil, and the nutrient 

composition and variability of animal manure. In 

addition to these agronomic aspects, several early 

programs introduced regulatory and environmental 

protection constraints, reflecting the growing 

awareness of issues such as nutrient leaching, surface 

water pollution, and greenhouse gas emissions 

associated with improper manure management. 

Although these empirical programs provided 

practical tools for farmers, their reliance on simplified 

assumptions and their restriction to the farm scale 

significantly limited their broader applicability. 

Therefore, they did not adequately address the 

complexity of nutrient dynamics across landscapes, 

nor did they provide sufficient guidance for regional 

and national-level agricultural and environmental 

planning efforts. In many cases, their outputs were 

unable to support policy development, long-term 

sustainability goals, or large-scale nutrient recycling 

strategies. 

During the same period, the widespread adoption 

and technological advancement of Geographic 

Information Systems (GIS) offered new opportunities 

to overcome these limitations. GIS provided a robust 

framework for integrating spatially explicit data on 

soils, crops, livestock, and manure resources over 

extensive areas, thereby facilitating more 

comprehensive and regionally relevant planning 

processes. The use of GIS not only increased the 

scale of analysis but also improved the precision of 

nutrient management recommendations by 

incorporating variations in landscape characteristics, 

soil fertility, and land-use patterns. Furthermore, the 

powerful visualization and modeling capabilities of GIS 

made it possible to simulate, test, and validate multiple 

management scenarios, allowing researchers and 

policymakers to evaluate potential outcomes before 

implementation. This integration of empirical 

knowledge with spatial technologies represented a 
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significant step forward in developing manure 

management strategies that are both agronomically 

efficient and environmentally sustainable. 

 

Table1. Some Empirical Based Approaches for Assigning Manure Application Rate 

Program 
Developer / 

Institution 
Source Scope 

MAP 
University of 

Minnesota 
[1] 

Economic feasibility and compliance with environmental protection 

standards 

MARC98 
Manitoba 

Agriculture 
[2] 

Determination of manure application rates based on manure nutrient content 

and crop nutrient requirements 

MCLONE3 
University of 

Guelph 
[3] 

Development of fertilization recommendations considering cost, labor, odor, 

and environmental protection requirements 

AMANURE 
Purdue 

University 
[4] 

Estimation of plant-available nutrients in animal manure to generate 

application recommendations that meet crop nutrient demands 

 

II. FERTILIZATION MODEL STUDIES 

One of the area-based animal manure application 

models is the GIS-based Weighted Linear 

Combination (WLC) approach developed by [5]. The 

primary objective of this study was to determine site-

specific manure application rates for animal production 

enterprises within the Murray-Darling Basin (Australia), 

considering the region’s sensitive environmental 

requirements, and to provide application 

recommendations for areas deemed risky for 

fertilization. To achieve this objective, the study initially 

created a Boolean layer for each influencing factor 

within a GIS framework to identify risk-prone areas [6]. 

Subsequently, a risk rating map for the remaining 

areas was produced [7-9]. 

For the risk rating map, eight relevant factors were 

selected according to the literature: land use, soil type, 

slope, distance to intensive livestock operations, 

roads, streams, and residential areas [9]. A fuzzy 

classification was applied using Linear Scaling 

Equations (1, 2) for these factors:  

 

𝑋𝑖 = (
𝑅𝑖−𝑅𝑚𝑖𝑛

𝑅𝑚𝑎𝑥−𝑅𝑚𝑖𝑛
)    (1) 

𝑋𝑖 = 1 − (
𝑅𝑖−𝑅𝑚𝑖𝑛

𝑅𝑚𝑎𝑥−𝑅𝑚𝑖𝑛
)   (2) 

 

where Xi is the scaled value of cell i; Ri is the value 

of cell i; Rmax and Rmin are the maximum and minimum 

values, respectively. 

After classification, the Objective-Oriented 

Comparison (OOC) method was applied to determine 

the weighting coefficients of the factors [9]. The 

weighted and linearly scaled factors were then 

integrated using the WLC model (Equation 3) to 

generate manure application maps: 

 

𝑆𝑖 = ∑ (𝑓𝑗𝑖.𝑠𝑐𝑎𝑙𝑒 × 𝑤𝑗)
𝑛
𝑗=𝑖    (3) 

 

where Si is the suitability value for each cell; fji.scale 

represents the grid point value for the factor attribute 

scale; and wj is the relative weighting coefficient for 

factor j. 

Finally, error matrices were created using GIS to 

calculate the proportions of different error types in the 

generated maps. The results indicated an overall 

accuracy of 87.1%, with a Kappa index (K) score of 

0.71. In this study, both continuous and discrete 

factors were utilized to create matrices based on 

mathematical models, after which the weighting 

coefficients were assigned. Comparative weighting 

coefficients calculated for each factor were also used 

to define limit thresholds, preventing statistically 

unacceptable values. The relatively low error rates 

observed suggest that the methodology is reliable and 

applicable in practice. 

A similar study conducted by [10] aimed to 

determine the use areas of animal manure based on 

its nutrient content, ensuring that crop nutrient 

requirements were met while considering 

environmental protection constraints and manure 

transportation costs. The study area was selected as 

Louisiana, USA. Due to the lack of road connections 

for intensive livestock operations and for crop 

production areas, it was necessary to define feasible 
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manure application boundaries according to 

transportation costs. The average distance from farms 

without road access to the nearest roadway was 

calculated as 6.6 km, and Inverse Distance Weighted 

(IDW) interpolation maps were developed for these 

connections, taking into account terrain slope trends 

[11,12] (Equation 4): 

 

𝑍0 =
∑ 𝑍𝑖

1

𝑑𝑖
𝑘

𝑠
𝑖=1

∑
1

𝑑𝑖
𝑘

𝑠
𝑖=1

    (4) 

 

where Z0 is the predicted value at location 0; Zi is 

the known elevation at point i; di is the distance 

between points i and 0; s is the number of points used 

for prediction; and k is a customizable exponent. 

Using the existing road network, feasible routes for 

transport vehicles were determined, and road costs 

were calculated using the Network Analyst extension 

in GIS. Source and potential target points were 

organized in an OD (Origin-Destination) matrix. The 

nutrient content of animal manure was compared with 

mineral fertilizer costs within the matrix. The results 

indicated that transporting manure to satisfy the 

nitrogen (N) requirement of crops is feasible within a 

30 km radius, whereas the phosphorus (P2O5) and 

potassium (K2O) requirements could be met within a 

15 km radius. The use of IDW and Network Analyst 

tools in this study demonstrates their applicability for 

generating terrain slope and road network maps for 

future planning. These tools are particularly useful for 

evaluating one of the main constraints in manure 

application—transportation costs. 

Reference [13] conducted a study highlighting 

factors limiting the use of manure on pastures. By 

running a series of sequential mathematical models, 

the study aimed to estimate the accumulation of heavy 

metals in manure-fertilized pastures and the potential 

transfer to consumers via grazing. The model 

consisted of software for executing the equations and 

a GIS module for visualizing the results. The equations 

employed primarily included accumulation (Equation 

5), leaching (Equation 6), exposure (Equation 7), and 

risk characterization (Equation 8): 

 

𝑑(𝐶𝑠)

𝑑𝑡
= 𝑅𝑖 − 𝑅𝑙 − 𝑅𝑝   (5) 

𝑅𝑖 =
1000.𝐹

(𝑘𝑑.𝜌.𝑑𝑝)
    (6) 

𝐶𝑒𝑑 = (𝐶𝑝. 𝑃𝐼𝑅. 𝑓 + 𝐶𝑠. 𝑆𝐼𝑅 + 𝐶𝑤 .𝑊𝐼𝑅). 𝐵𝑇𝐹 (7) 

𝐻𝑄𝑖𝑗 =
𝐷𝐷𝑖𝑗

𝑅𝑓𝐷𝑖
              (8) 

 

where Cs is the soil heavy metal concentration; Ri is 

the metal input rate; Rl is the leaching rate; Rp is the 

uptake by plants; F is additional precipitation; kd is the 

soil-liquid partition coefficient; ρ is soil bulk density; dp 

is tillage depth; Ced is the heavy metal content in 

animal feed; Cp is the plant heavy metal content; PIR is 

pasture ingestion rate; f is the fraction of pasture in 

feed; SIR and WIR are soil and water ingestion rates; 

BTF is the bio-transfer factor; HQij is the hazard 

quotient; DDij is the daily dose; and RfDi is the 

reference dose. 

The generation of risk zone maps based on these 

equations is facilitated by the GIS module. The 

researchers emphasized that the model is suitable for 

areas with dairy cattle operations and should be used 

in conjunction with a manure management program, 

confirming its applicability to planned study areas. 

Finally, [14] developed a Decision Support System 

(DSS) model considering all factors of manure 

application, supported by local authorities. The system 

integrates environmental regulations and associated 

data repositories. Relying on both self-reported data 

from livestock producers and continuously updated 

public databases, the system provides managers with 

guidance for manure use. Although the system, 

targeting the sustainable production of the highly 

intensive Lombardy region (Italy), has not yet 

produced a fully operational model, it represents a 

framework for adjusting nutrient budgets. Establishing 

a similar DSS in the planned study area is currently 

limited by administrative infrastructure; however, the 

study outcomes are expected to inform model 

development for future decision support applications. 

 

III. BIOGAS AND COMPOST PRODUCTION FACILITY 

LOCATION MODELING STUDIES 

As livestock production intensity increases within 

agricultural enterprises, the volume of manure 

generated rises correspondingly, expanding the spatial 

domain in which this organic resource can be applied. 

One prominent utilization of this material is the capture 

and utilization of combustible gases (biogas) produced 

by microbial activity in manure storage facilities and 

composting piles; these gases can be harnessed for 

renewable energy generation. In addition to energy 

production, manure treatment facilities frequently yield 

stabilized, composted products—such as matured 

manure and humic substances—that can be returned 

to agricultural fields as soil amendments. However, the 

presence of veterinary pharmaceuticals (e.g., 

antibiotics) in animal manure and the potential 

contamination from pesticides used in crop production 

may inhibit anaerobic digestion processes or affect 
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compost quality, thereby reducing system efficiency 

and potentially undermining the economic viability of 

such facilities. Therefore, the strategic siting of biogas 

and composting facilities is critical for both operational 

performance and environmental protection. 

Geographic Information Systems (GIS) provide 

powerful tools for integrating and analyzing diverse 

spatial datasets, enabling researchers and planners to 

assess the full suite of factors that influence optimal 

facility siting. The capacity of GIS to relate land use, 

infrastructure, environmental constraints, and resource 

availability makes it particularly suitable for biogas 

facility location studies, which is why GIS-based 

approaches are prevalent in the literature. For 

example, [15] applied GIS methods to identify potential 

anaerobic digestion (AD) facility locations in Tompkins 

County, New York (USA), exemplifying the application 

of spatial multi-criteria analysis to this problem domain. 

In the [15]’s study, the Analytic Hierarchy Process 

(AHP) was employed to derive weighting coefficients 

for the various siting criteria. The AHP-derived weights 

then integrated into a mathematical framework and 

visualized within a GIS environment to produce a 

comprehensive suitability model. The modeling 

procedure explicitly identified legal and 

environmentally protected zones as constraints, 

thereby ensuring that proposed sites complied with 

regulatory requirements. Constraints were expressed 

mathematically as follows (Equation 9): 

 

𝐶𝑖 = ∏ 𝐶𝑖,𝑘
𝑚
𝑘=1     (9) 

 

where Ci denotes the Boolean constraint value 

assigned to cell i; Ci,k denotes the Boolean value of cell 

i under constraint k; and m is the total number of 

constraints considered. In practice, a cell receives a 

TRUE (1) value only if it satisfies all constraint 

conditions, and FALSE (0) if it violates any one of 

them. 

For the areas that remain after excluding 

constrained zones, the study computed a composite 

factor representing the cumulative contribution of 

multiple siting criteria (Equation 10): 

 

𝐹𝑖 = ∑ 𝐹𝑖𝑗
𝑛
𝑗=1     (10) 

 

where Fi is the aggregated factor score for cell i; Fij 

is the score of cell i with respect to factor j; and n is the 

number of factors included in the analysis. Typical 

factors included distance to feedstock sources, 

proximity to waste-processing industries, land cover, 

slope, proximity to transport networks, and distance to 

sensitive receptors, among others. 

To reduce the influence of differing measurement 

units and to clarify distinctions among candidate cells, 

a normalization step was applied. The authors used 

the following distance-based normalization formula 

(Equation 11) to scale factor values to a common 

range: 

 

𝐹𝑠𝑡𝑑𝑖𝑗 =
𝐹𝑖𝑗−𝐹𝑖𝑗,𝑚𝑎𝑥

𝐹𝑖𝑗,𝑚𝑎𝑥
(−1)   (11) 

where Fstdij is the normalized distance for factor j at 

cell i; Fij is the original distance or raw score for factor j 

at cell i; and Fij,max is the maximum observed distance 

or score for factor j. This transformation yields 

normalized values that facilitate comparison across 

factors and enhance the interpretability of the 

aggregated suitability index. 

Recognizing that criteria do not contribute equally 

to site suitability, the normalized cell values were 

weighed using the AHP-derived coefficients to form the 

final composite factor score (Equation 12): 

 

𝐹𝑖 = ∑ 𝑤𝑗 . 𝐹𝑖𝑗
𝑛
𝑗=1     (12) 

where wj is the weighting coefficient for factor j (0 ≤ 

wj ≤ 1). The weighted sum produces a single factor-

driven score per cell that reflects both the relative 

importance of each criterion and the standardized 

performance of the cell with respect to that criterion. 

The final suitability index for identifying optimal 

anaerobic digestion locations was calculated by 

combining the Boolean constraint mask and the 

weighted factor score, as shown in Equation 13: 

 

𝑆𝐼𝑖 = 𝐶𝑖 . 𝐹𝑖     (13) 

where SIi is the suitability index for cell i; Ci is the 

Boolean constraint value for cell i; and Fi is the 

composite factor score. Cells that fall within 

constrained zones (Ci = 0) are automatically excluded, 

while cells with higher Fi values indicate greater 

suitability subject to constraint compliance. 

Beyond the formal criteria included in the GIS 

model, practical siting considerations such as proximity 

to the electrical grid and the feasibility of 

interconnection should not be overlooked. Linking a 

biogas facility to transmission or distribution 

infrastructure may involve complex technical, legal, 

and economic negotiations; lacking convenient access 

to grid infrastructure can materially increase capital 

and operational expenditures and thus jeopardize 

project feasibility, even if other spatial criteria favor a 

given location. 

http://www.scitechpub.org/


Science and Technology Publishing (SCI & TECH) 

ISSN: 2632-1017 

Vol. 9 Issue 9, September - 2025 

www.scitechpub.org 

SCITECHP420360 2071 

When biogas production is organized at a supra-

farm scale—i.e., through centralized or regional 

facilities rather than individual farm digesters—the 

relative importance of constraints and factors shifts. 

For centralized systems, production scale, aggregated 

feedstock availability, energy generation capacity, and 

market access for electricity or biomethane become 

principal determinants of site suitability. Reference [16] 

conducted a regional assessment for Hokkaido, Japan, 

to identify potential centralized biogas plant locations 

and to evaluate their economic potential. In that study, 

population centers associated with livestock production 

were treated as aggregated feedstock nodes, and the 

analysis prioritized energy yield and marketability over 

small-scale accessibility constraints. Environmental 

protection requirements and transportation costs were 

explicitly considered as influencing factors, and the 

Network Analyst extension of GIS was used to model 

logistics and feasible plant locations. 

Yabe’s economic assessment included capital and 

operational cost estimates calculated over a 15-year 

project life. Under the parameterization used in that 

study, total projected costs exceeded anticipated 

revenues, suggesting limited economic feasibility for 

some centralized configurations under prevailing 

conditions. Nonetheless, the author emphasized that 

policy instruments (such as feed-in tariffs, subsidies, or 

regulatory reforms) and improvements in technology or 

fuel markets could alter the economic balance and 

render certain sites viable. This conclusion 

underscores the sensitivity of siting outcomes to 

economic assumptions and policy contexts and 

highlights the importance of integrating technical, 

environmental, and socio-economic analyses when 

planning biogas and compost production facilities. 

 
IV. CONCLUSION 

The rapidly increasing scale of livestock production 

has made it imperative to develop new strategies and 

innovative approaches for the sustainable 

management of manure. At this point, the primary 

consideration has been the alignment between the 

nutrients already available in the soil and the specific 

nutritional requirements of the cultivated plants [17]. In 

this regard, it has been emphasized that manure 

should be applied in quantities that prevent the 

excessive accumulation of macro-nutrients in the soil, 

thereby minimizing environmental risks while ensuring 

agricultural productivity [13]. Furthermore, it has been 

reported that when crop production is monitored 

effectively and crop rotation practices are properly 

implemented, the use of animal manure does not 

necessarily result in pollution or ecological degradation 

[18]. Nevertheless, one of the main constraints of 

manure management is that the seasonal period 

during which manure can be applied to agricultural 

land is relatively short, which necessitates the storage 

of large quantities of manure. During storage in pits or 

when stockpiled in heaps, manure undergoes intensive 

microbial interaction and biochemical transformation 

processes [19]. Moreover, the presence of veterinary 

pharmaceuticals administered to animals, as well as 

bedding materials mixed with manure, has been 

shown to contribute to nutrient losses and, in some 

cases, to the proliferation of pathogens [20]. To 

mitigate these negative outcomes, composting has 

been widely adopted as a practical and sustainable 

treatment method. Composting refers to the process in 

which organic fractions within waste are decomposed 

by aerobic microorganisms, transforming them into 

stable organic matter and plant-available mineral 

nutrients that can be safely returned to the soil. 

In addition to aerobic microorganisms, manure also 

contains anaerobic microbial populations. The 

metabolic activities of these microorganisms lead to 

the release of methane and other combustible gases 

into the environment [21]. The combustion of these 

gases, collectively referred to as biogas, has been 

recognized as a valuable method for generating 

renewable energy, particularly electricity, from animal 

waste [22]. Alongside energy recovery, the process 

yields humic acid and stabilized organic fertilizer as by-

products, which further enhances the economic 

attractiveness and sustainability of the approach [23]. 

The environmentally sound utilization of livestock 

manure, without creating pollution or ecological 

burdens, requires the comprehensive evaluation of a 

wide range of interrelated factors. These factors must 

be analyzed in ways that account for their potential 

interactions and combined outcomes. In this respect, 

the use of Geographic Information Systems (GIS), 

which are capable of visualizing statistical models, 

plays a crucial role in rendering complex analytical 

results into tangible, spatially explicit outputs. GIS, by 

classifying data and storing it in multiple thematic 

layers, provides the technical capacity to retrieve and 

employ the precise datasets required for model 

construction and decision-making [24]. 

In order to achieve economic valorization of 

livestock manure, whether through its direct application 

in crop production, through energy generation by 

means of biogas production, or through the 

preparation of compost for soil improvement, detailed 

and systematic planning is essential. Such planning 

processes should be conceptualized as models that 

ensure continuity and adaptability over time. Although 

certain modifications to these models may arise in 

parallel with regional transformations, shifts in national 

policies, or changes in cultural practices, the 

fundamental methodological steps should remain 

constant. Accordingly, it is of critical importance that, 

during the formulation of models, the influencing 

factors—such as cost efficiency, labor requirements, 

odor control, environmental protection measures, and 

relevant legal frameworks—be carefully defined in 

accordance with the needs and limitations of the 
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specific region under study. Furthermore, model 

parameters should be systematically structured so as 

to address and respond to these factors in a coherent 

and scientifically justified manner. 
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