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Abstract: This research investigates the feasibility of utilizing anaerobic digestion to pro-
duce biogas from organic waste generated at an equestrian center, emphasizing energy
savings and environmental sustainability. The biogas system produces an estimated
85,495 kWh annually, surpassing the center’s electricity consumption of 18,644 kWh. This
reduces greenhouse gas emissions by 2753 kg of CO2. Photovoltaic systems, which meet
70.77% of the energy demand, further contribute to a reduction of 1178 kg of CO2. Substi-
tuting fossil fuels with biofuels and planting 1700 trees achieved reductions of 26,263 kg of
CO2 and 51,033 kg of CO2, respectively, resulting in a 49% overall carbon footprint reduc-
tion. This study evaluates the economic viability of biogas systems in the equestrian sector
and optimal feedstock characteristics for efficient production. Additionally, complemen-
tary strategies, including photovoltaic solar panels and water management systems, are
analyzed for their roles in promoting sustainable resource management. These integrated
solutions support a transition to a circular economy while reducing environmental impacts
and fostering energy independence in the equestrian industry.

Keywords: equestrian center; biogas; anaerobic digestion; sustainability; environmental
impact; renewable energy; circular economy

1. Introduction

Despite its significant economic contributions, the equestrian sector has slowly
adopted sustainability practices, particularly in energy management and environmental
impact reduction. In many facilities, organic waste from horse manure, bedding, and other
organic materials is often discarded or underutilized, representing a missed opportunity
for energy recovery and resource efficiency [1]. Integrating renewable energy technologies,
such as anaerobic digestion for biogas production, offers a promising pathway to reduce
greenhouse gas emissions while generating renewable energy. This aligns with global
efforts to reduce dependence on fossil fuels and transition towards a circular economy [2].

Research has shown that anaerobic digestion is an effective method for converting
organic waste, such as horse manure, into biogas, a renewable energy source. This process
offers dual benefits: reducing methane emissions by capturing and utilizing it as energy
and managing organic waste sustainably. Factors such as feedstock characteristics, process
optimization, and system scalability are critical to maximizing biogas yield and ensuring
economic viability. In the context of equestrian centers, where large volumes of organic
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waste are generated, anaerobic digestion provides a promising solution for both energy
production and waste management, aligning with global sustainability efforts. This study
builds on these insights to explore the feasibility of implementing such technologies in the
equestrian sector. Using biogas derived from organic waste through anaerobic digestion
presents an innovative solution for equestrian centers, particularly given the large quantities
of manure produced by horses. Biogas can be utilized as a renewable energy source to meet
the energy needs of such facilities, reducing reliance on fossil fuels [3]. Moreover, anaerobic
digestion provides dual benefits: energy production and managing organic waste, both
critical issues in the equestrian sector [4]. Studies have shown that biogas systems can
significantly lower carbon emissions and offer a cost-effective energy solution for industries
that produce large amounts of organic waste [5]. This study focuses on the equestrian
sector and explores the feasibility of implementing anaerobic digestion to convert organic
waste into biogas. This research aims to highlight how this technology can provide energy
savings and reduce greenhouse gas emissions. In addition, complementary strategies
such as integrating photovoltaic solar panels and efficient water management systems
are examined for their contribution to reducing the overall carbon footprint of equestrian
facilities. The potential for biogas to serve as a reliable renewable energy source in this
industry has not been widely studied, making this research both timely and impactful [6].

Current State of Research

Renewable energy production from organic waste is well documented in agricultural
sectors, but its application within the equestrian industry remains limited. Existing studies
in related fields have demonstrated that the anaerobic digestion of organic waste reduces
methane emissions and provides a clean energy source that can be used to power facility
operations [7]. The optimal conditions for biogas production, including feedstock char-
acteristics and temperature management, are critical for maximizing energy output [8].
Integrating photovoltaic solar panels can also complement biogas production by reducing
energy costs and enhancing sustainability efforts.

Furthermore, combining anaerobic digestion with efficient water management
systems—such as reusing greywater for irrigation—can substantially reduce resource
consumption. These combined strategies align with global sustainability goals and support
the transition to a circular economy [9]. The equestrian industry, traditionally reliant on
conventional energy sources and high resource consumption, can benefit greatly from
adopting such integrated sustainability solutions.

2. Materials and Methods

The development of the Future Horses equestrian center is based on an integral
sustainability strategy aimed at reducing its carbon footprint and optimizing the use of
resources such as water and energy [9]. This approach aligns with global sustainability
goals [10]. The methodological approach combines qualitative analysis to understand the
functioning of the equestrian sector with quantitative techniques to maximize efficiency in
implemented solutions [11].

2.1. Design and Sustainable Construction Phase

The center, designed on a 5-hectare plot, dedicates 2 hectares to buildings, tracks, and
paddocks. The architectural design prioritized sustainable materials, particularly chestnut
wood, which was chosen over bricks due to its lower environmental impact and carbon
sequestration during its lifecycle [6,12].
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2.2. Renewable Energy Integration

2.2.1. Biogas Production

Biogas production through the anaerobic digestion of horse manure and straw is a key
element in the center’s energy system [13]. Each horse produces approximately 10 tons of
manure annually, with a methanogenic potential of 245 L of CH4 per kilogram of volatile
solids (L CH4/kg VS) [14]. Annual biogas production was estimated at 22,375.92 m3,
equivalent to 85,495 kWh of electricity [13]. Excess energy can be fed into the grid under
self-consumption laws, while the digestate is used as fertilizer [15].

The calculation of biogas production was based on the methanogenic potential of
volatile solids (VSs) derived from horse manure and straw. Each horse generates approxi-
mately 10 tons of manure annually, with an estimated volatile solids content of 25%. The
biogas yield was calculated using the following equation:

Qbiogas = M × VS × YCH4

For energy conversion, the total biogas production was multiplied by the energy
content of methane, assuming 1 m3 of biogas contains approximately 6 kWh of energy.
Parameters for mass measurements were based on average manure production per horse,
while the volatile solids content was derived from empirical data in the literature. These
calculations provided an estimated annual biogas production of 85,495 m3, equivalent to
85,495 kWh of energy.

2.2.2. Photovoltaic Installation

Complementing biogas, 70.77% of electricity is sourced from a 10 kW photovoltaic
installation, supporting essential operations and reducing reliance on conventional energy
sources [16].

2.3. Water Reuse System

A rainwater harvesting system and greywater reuse reduce water demand by 51.3%,
primarily for irrigation. Collected rainwater minimizes dependency on public supplies,
lowering costs and environmental impact [17].

2.4. Waste Management and Composting

Horse manure is managed through composting and biogas production. Stored in piles
and turned regularly, the manure decomposes over 4–6 months. Compost is used in crops
or sold and covers control moisture and emissions during rainy seasons [18].

2.5. Construction Materials and Tree Planting

Sustainably sourced chestnut wood was used, achieving a 305% reduction in embodied
carbon compared to conventional brick [19]. Additionally, 1700 trees (Populus nigra, Salix

spp., Ceratonia siliqua) were planted to absorb 1530.98 kg of CO2 annually [20,21].

2.6. Assessment of the Center’s Carbon Footprint

The carbon footprint assessment for the equestrian center was conducted following
the GHG Protocol guidelines, which provide a comprehensive framework for measuring
greenhouse gas emissions across different scopes, considering both direct and indirect
emissions, focusing on energy consumption, waste management, and transport-related
activities. Following the GHG Protocol guidelines [20]:

Scope 1: Direct emissions from fossil fuel combustion and manure.
Scope 2: Indirect emissions from electricity.
Scope 3: Indirect emissions related to transport.



Fuels 2025, 6, 10 4 of 13

2.6.1. Baseline Scenario

Before the implementation of the solutions, a baseline scenario was calculated in which
the site relied on electricity from the grid and fossil fuels, generating a total of 66,639 kg of
CO2 per year. Emissions from diesel use, untreated manure management, and main water
consumption were included as can be seen in Figure 1 in which the scope of the study is
specified.
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Figure 1. Description of the base scenario system for calculating the carbon footprint.

Baseline emissions reached 66,639 kg of CO2 annually, considering diesel use and
untreated manure [11].

2.6.2. Alternative Scenario with Mitigation Measures

In the alternative scenario, illustrated in Figure 2, which delineates the scope of the
study, the implementation of anaerobic digestion for biogas production, photovoltaic
systems, and substituting fossil fuels with biofuels were included to assess their impact
on emissions reduction. Additionally, a tree plantation initiative was introduced to offset
emissions. After the implementation of the solutions, a significant reduction in emissions
was estimated: a reduction of 26,263 kg of CO2 due to the use of biofuels instead of diesel;
anaerobic digestion eliminated 2753 kg of CO2 by harnessing manure to generate biogas;
and the offsetting of 51,033 kg of CO2 was measured through tree planting, transforming
the project into a net carbon sink. This alternative scenario resulted in an overall reduction
of 49% in total emissions, achieving a final carbon footprint of 33,952 kg of CO2-eq per year.
A significant contributor to this reduction is the role of the 1700 trees planted within the
center, which act as effective carbon sinks. These trees, including species such as Populus

nigra, Salix spp., and Ceratonia siliqua, were calculated to absorb approximately 51,033 kg
of CO2 annually, representing 77% of the total emissions offset in the alternative scenario.
This measure highlights the critical importance of integrating afforestation efforts within
carbon mitigation strategies. The selected species were chosen for their high sequestration
potential and suitability to local climate and soil conditions, ensuring their effectiveness
in long-term carbon absorption. When combined with renewable energy systems and
the transition to biofuels, these natural solutions enhance the overall sustainability and
resilience of the equestrian center’s operations. The project reduced direct emissions and
positioned the center as a carbon sink due to the additional carbon sequestration from the
tree plantation.
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Figure 2. Description of the alternative scenario system for calculating the carbon footprint.

3. Results

3.1. Comparison of Biogas and Photovoltaic Energy

This study evaluated the energy generation in the equestrian center through two
systems: biogas production from equine manure and electricity generation through photo-
voltaic panels. Both systems have benefits in terms of sustainability, but their characteristics,
yields, and costs differ significantly, which poses an ideal scenario for comparative analysis.
The production of electricity from biogas is particularly relevant for equestrian centers, as
it makes it possible to harness a constant source of waste—horse manure—and convert it
into useful energy, thus transforming a potential pollutant into a valuable resource.

The biogas system stands out for its ability to significantly reduce greenhouse gas
emissions and its effectiveness in handling manure waste, a challenge for equestrian centers
operating on a large scale. In this context, manure, waste with a high organic load and
methane release potential, can be processed through anaerobic digestion to produce biogas.
This process involves decomposing organic matter under controlled conditions, mainly
generating methane (CH4) and carbon dioxide (CO2). This biogas can be used as fuel in
boilers or microturbines for electricity and heat production, reducing carbon emissions
compared to fossil fuels and minimizing the environmental impacts of manure disposal.
To account for potential fluctuations in feedstock quality, such as seasonal variations in
manure composition, this study estimates average biogas production values based on
empirical data. The biogas generation capacity, calculated to significantly exceed the
center’s electricity consumption throughout the year, ensures a consistent energy supply
even during periods of reduced feedstock quality. This surplus highlights the system’s
robustness and minimizes the operational impact of variability in feedstock characteristics,
reducing the necessity for detailed seasonal analysis.

The economic evaluation of electricity production using biogas at this equestrian center
indicates an approximate cost of EUR 1.47 per kWh generated, compared to the photovoltaic
system, whose cost is EUR 0.10 per kWh. A detailed breakdown of the biogas system’s costs
highlights the factors contributing to its higher energy cost. The biogas system requires
an initial investment of approximately EUR 200,000, with a projected lifespan of 20 years,
leading to an annual depreciation of EUR 10,000. Operational expenses are estimated
at EUR 22,000 per year, encompassing maintenance services (EUR 12,000), replacement
parts (EUR 2500), consumables (EUR 2500), insurance (EUR 3000), and contingencies
(EUR 2000). This brings the total annual cost to approximately EUR 32,000. With an
annual energy consumption of 18,644 kWh and biogas production of 85,495 kWh, the cost
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per kWh consumed directly by the center is approximately EUR 1.465. In contrast, the
photovoltaic system has an initial installation cost of EUR 8807.44, providing 70.77% of the
center’s energy demand (13,194.75 kWh annually) at an average cost of EUR 0.10/kWh.
This calculation assumes 50% self-consumption and surplus energy compensation under
the current legal framework in Spain. The economic advantage of photovoltaic systems,
particularly for small- and medium-scale applications, is evident when comparing costs.
The cost difference is largely due to the technical and maintenance requirements of the
biogas system, which involves monitoring anaerobic conditions and handling the digestate,
a residual by-product of the process. However, despite these initial costs, biogas presents
a significant advantage for the site’s sustainability, as it reduces the amount of manure
that must be transported or managed by conventional means, thus reducing both waste
management costs and the emissions associated with its transport and disposal.

In addition to energy and environmental benefits, biogas generates digestate, a by-
product that can be composted and used as a biofertilizer. This digestate preserves valuable
nutrients from manure, such as nitrogen, phosphorus, and potassium, which can restore
fertility to the soil of crops and green areas, thus promoting efficient nutrient cycling and
reducing the need for synthetic fertilizers. Digestate can also be used in the equestrian
center itself or sold to nearby agricultural producers, diversifying the center’s sources of
income and contributing to the region’s circular economy. A direct composting system of
manure could be implemented as an alternative or complement to biogas production. This
would reduce the costs associated with anaerobic digestion and produce a high-quality
fertilizer with fertilizing properties, which could replace or complement the use of biogas
in the center’s sustainability strategy.

The photovoltaic system stands out for its simplicity of installation and lower mainte-
nance cost compared to the biogas plant. Solar panels have an initial installation cost and
a long lifespan but do not require by-product handling. Solar panels cost approximately
EUR 0.10 per kWh generated and offer a cost-effective and efficient solution for electricity
generation at the site. In addition, the electricity generated by this system can be used
during the hours of solar irradiation. Any surplus can be fed into the electricity grid, gener-
ating additional income or compensation for consumption as allowed by the regulations
in Spain. In terms of sustainability, the installation of solar panels reduces the equestrian
center’s dependence on conventional energy sources, thus decreasing the center’s overall
carbon footprint.

Given the results obtained in Table 1, both biogas and photovoltaics have advantages
in the context of an equestrian center. Biogas production enables a holistic approach by
transforming waste into energy and fertilizer, supporting sustainable manure management,
and improving the operation’s sustainability. On the other hand, solar energy is presented
as an economical and low-maintenance solution that optimizes the energy performance
of the center. Combining both systems is ideal for achieving energy self-sufficiency and
minimizing dependence on external energy sources, strengthening the center’s economic
and ecological sustainability.

Table 1. Price comparison with different energy consumption alternatives.

Alternative Price [EUR/kWh]

Electricity production from biogas 1.47
Electricity production with photovoltaic panels for

self-consumption and disposal of surpluses
0.10

Consumption of electricity from the grid with
guaranteed origin

0.13
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3.2. Carbon Emissions and Energy Use

The analysis of the carbon footprint at the equestrian center reveals that electricity
consumption from the conventional grid represents only 2% of the center’s total emissions.
Most of the emissions are associated with the transport of horse feed and the logistics
of equestrian competitions and horse marketing. These activities generate considerable
emissions due to using fossil fuels in transport vehicles and the frequency of journeys.
However, adopting renewable energy and sustainable practices at the equestrian center
has significantly reduced these emissions.

The transition to renewable energy sources, through the biogas and photovoltaic
systems, contributes to an annual reduction of 1178 kg of CO2 equivalent. The emissions
reduction of 1178 kg of CO2 is calculated based on the replacement of grid-supplied elec-
tricity with renewable energy sources, reflecting the carbon intensity of Spain’s current
electricity mix. This calculation is derived from the center’s estimated annual electricity
demand and focuses solely on the displacement of grid electricity. It does not account
for additional emission reductions achieved through the adoption of biogas or photo-
voltaic systems beyond grid substitution, which are addressed separately in this study.
Implementing water capture and reuse systems reduces 246 kg of CO2 equivalent. Using
sustainable building materials, which include low-impact alternatives such as wood and
other recyclable materials, decreases emissions by 2753 kg of CO2 equivalent, minimizing
environmental impacts from the center’s construction phase. In addition, the switch to
biofuels for transport and the reduction in air travel in equestrian competitions, one of the
activities with the greatest impact on transport, allow a significant reduction of 26,263 kg
of CO2 equivalent. This change has been especially effective, given that most travel to
international competitions by plane has been replaced by ground transportation, which
has a significantly lower carbon impact.

The measure with the greatest impact on carbon reduction was planting trees in a
three-hectare area of the equestrian center, specifically intended for carbon sequestration.
This plantation has absorbed approximately 51,033 kg of CO2 equivalent, representing
this study’s most effective compensation measure. This strategy contributes to carbon
reduction, brings biodiversity to the environment, and improves air quality, providing a
healthier environment for the horses and the center’s staff.

Together, all these measures make up an integrated carbon mitigation strategy that has
reduced the center’s carbon footprint by 49% compared to traditional methods. Projections
from this study suggest that, with proper management, the center could become carbon-
neutral in the coming years. The carbon reductions achieved to date, of approximately
17,081 kg of CO2 equivalent, represent a significant step towards carbon neutrality and
serve as a model for other equestrian centers wishing to adopt sustainable and renewable
practices. These values can be read in Table 2 below.

3.3. Analysis of Energy Production and Consumption

A detailed analysis of the center’s electricity consumption reveals a daily usage of
51.08 kWh, up to 18.644 kWh annually. Biogas and photovoltaic systems, designed to meet
this consumption, have different characteristics in terms of production and stability. In
the case of biogas, generation reaches 85,495 kWh, almost five times the consumption of
the center, which opens up two options: reduce the incorporation of manure in biogas
production, allocate the rest to composting, or dump the surplus into the grid according
to RD 244/2019, with compensation for electricity consumption, although without direct
benefit in income.
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Table 2. Summary of scenarios and economic evaluation of applied practices.

Emissions
[kg CO2eq]

Annual Costs
[EUR]

Saving Costs
[EUR/x]

Baseline scenario 66,639

Sustainable
practices

Renewable energy
consumption

−1178 −186.44 −0.069 EUR/kgCO2eq

Water capture and storage −246 214.13 0.002 EUR/L
Use of sustainable

construction materials
−2753 - -

Tree planting for carbon
offset

−51,033 197.33 0.003 EUR/kgCO2eq

Use of biofuels and
reduction in air travel

−26,263 - -

Other −2493 - -

Alternative scenario −17,081

The produced digestate, a by-product of anaerobic digestion, is used as compostable
fertilizer. This adds value to the center’s waste cycle and contributes to the center’s circular
approach to sustainability. As for photovoltaics, installing 10 kW panels on an area of
46.2 m2 makes it possible to cover 70.77% of the center’s annual consumption. This system
is compatible with the sale of surpluses to the grid, which optimizes the cost of electricity
in the medium term, increasing energy independence.

3.4. Water Capture and Reuse

Installing a rainwater capture and shower water reuse system reduces water consump-
tion by 51%. The irrigation of the training track (1625 m2), which requires 4 L per m2 per
day, depends partially on local rainfall in Malaga. An additional requirement of 2841 L
is estimated to maintain optimal conditions. This system has resulted in an annual water
saving of 1126.55 m3.

3.5. Emissions Comparison: Base Scenario and Sustainable Scenario

Using the classification of the GHG Protocol, notable differences are observed in
the scopes and categories of emissions between both scenarios as can be seen in Table 3.
Within Scope 1, emissions from the use of fossil fuels are eliminated by switching to electric
vehicles. Within Scope 2, adopting renewable energies makes it possible to eliminate
the emissions associated with the electricity consumption of the grid. In Scope 3, which
accounts for more than 97% of emissions, 37% derives from the consumption of horse
feed and 24% from the logistics of selling horses (including air and land transport). The
switch to biofuels and the elimination of air transport have enabled a 93% reduction in
transport emissions.

Table 3. CO2 emissions according to GHG Scope in baseline and sustainable scenario.

GHG Protocol
Baseline Scenario

(kg CO2eq)
Alternative Scenario

(kg CO2eq)
Variation (%)

Scope 1 145 0 −100%
Scope 2 1.178 0 −100%
Scope 3 65.316 33.952 −48%

Total 66.639 33.952 −49%

The 93% reduction in transport-related emissions within Scope 3 was calculated based
on a shift from fossil fuels to 100% biofuel for transport activities. Transport emissions were
estimated at 4042 km annually, primarily for competitions and horse sales. Using IPCC stan-
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dards for emissions factors, fossil fuel transport generates approximately 2.52 kgCO2eq/km,
while biofuel reduces this figure to 0.176 kgCO2eq/km. This transition significantly reduces
the carbon impact of logistics. Additionally, the center has optimized travel routes and
logistics schedules to further minimize unnecessary transport and maximize efficiency,
contributing to the overall reduction.

3.6. Overall Results and Plantation Profits for Compensation

The use of three hectares of the center to plant native trees (poplar, willow, carob)
has been key to the sustainability strategy. This plantation can absorb 77% of the center’s
annual emissions, completing a net reduction of 17,081 kg of CO2eq while transforming
the center into a carbon sink. The following Table 4 summarize the obtained data.

Table 4. Offset emissions and percentage savings per sustainable solution.

Solution Emissions Saved (kg CO2eq) Percentage

Energy from renewable sources 2699 4%
Water Harvesting and Reuse 246 0%

Sustainable Building Materials 2753 4%
Tree Planting 51,033 77%

Total 56,731 85%

Combining renewable energies, efficient water and waste management, biofuels, and
reduced air transport has resulted in an ecologically innovative model for equestrian centers.
This approach reduces the direct carbon footprint and generates long-term economic
savings, promoting a model of energy self-management and sustainability in the sector.

While this study evaluates the carbon footprint and resource efficiency of the imple-
mented renewable energy and water systems, it does not include a full lifecycle assessment
(LCA) of these technologies. A comprehensive LCA would provide a deeper understanding
of upstream and downstream impacts, including the production, transportation, and end-
of-life stages of materials and systems. Such an analysis would complement the findings
of this study by offering a broader view of environmental impacts beyond operational
emissions. We recommend conducting an LCA as a valuable next step to further explore
the sustainability implications of the interventions presented here.

4. Discussion

The comparative evaluation between the energy produced by biogas and photovoltaic
systems in the context of an equestrian center has revealed both the advantages and the
specific challenges of each system in economic and environmental terms. However, the
results of this study highlight that the biogas system offers unique benefits in energy
sustainability, contributions to the circular economy, and reductions in the carbon footprint,
which ultimately position it as an optimal solution in environments where organic waste is
regularly generated, such as equestrian centers.

Although the photovoltaic system stands out for its initial economic viability, bio-
gas has strategic advantages when analyzing energy and environmental aspects in depth.
Biogas, unlike solar energy, allows a continuous and predictable generation of energy, inde-
pendent of the variability in solar radiation and climatic conditions. This self-generation
capacity becomes a significant advantage, especially in facilities where a constant energy
supply is required throughout the year, as with equestrian centers [22]. Biogas systems can
offer a stable and reliable solution to meet the demand for thermal and electrical energy,
adapting to the specific needs of these facilities that, on many occasions, need energy for
care, lighting, and waste processing operations when sunlight is unavailable.
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In terms of efficiency in reducing emissions, the biogas system has clear advantages
by using methane, a powerful greenhouse gas generated by the decomposition of organic
waste, as an energy source. This approach not only prevents the emission of methane
into the atmosphere but also turns this gas into a usable resource, thus helping to reduce
the equestrian center’s overall carbon footprint. Recent studies have shown that biogas
can reduce greenhouse gas emissions by 50% compared to traditional methods of organic
waste disposal, making it an environmentally responsible and high-impact option [23].
In the context of this study, the biogas system proved to be more effective in mitigating
emissions, as it transforms waste that would otherwise decompose naturally and release
harmful gases.

In addition, biogas production includes the generation of digestate as a by-product, a
nutrient-rich material that can be used as a biofertilizer. This digestate production capacity
contributes significantly to closing the nutrient cycle and promoting a circular economy
within the equestrian center. Using digestate, equestrian centers can decrease their depen-
dence on synthetic fertilizers, thus reducing their environmental impact. Digestate helps
recycle nutrients locally, maximizing the use of organic resources generated within the facil-
ity [24]. The scientific literature highlights this advantage by stressing that biogas systems
are especially effective in facilities with constant waste streams, such as equestrian centers,
where manure and other waste can be converted into useful and valuable resources [25].

Although the cost of energy generated by biogas can be relatively high compared to
PV (EUR 1.47/kWh in biogas vs. EUR 0.10/kWh in PV), the self-management of waste
and biofertilizer generation provides indirect economic benefits that should be taken into
account when assessing long-term profitability. The cost of operating the biogas system
covers energy production. It offers an efficient waste management system, which can
reduce waste disposal expenses and commercial fertilizer costs, generating significant
savings over time [26]. These additional economic benefits represent a key advantage
that positions biogas as an attractive and sustainable alternative for equestrian centers,
contributing to their energy self-sufficiency and reducing operating costs in global terms.

On an environmental level, the impact of biogas in reducing the carbon footprint
and contributing to the circular economy is reflected not only in methane capture but
also in its ability to reduce the volume of organic waste that would otherwise pose a
pollution risk. Through anaerobic digestion, biogas converts organic matter into energy,
preventing large volumes of waste from being released into the environment or discharged
incorrectly. This process also reduces the risk of water and soil contamination due to
leachate generated by the natural decomposition of waste, thus contributing to preserving
the natural environment surrounding equestrian centers [26]. Reducing pollutants that
can leach into water resources further underlines the importance of biogas systems as an
effective tool for environmental sustainability.

From a regulatory perspective, equestrian centers in Spain could benefit from the legal
framework that allows the sale of surplus photovoltaic energy to the grid, incentivizing its
implementation. However, biogas is presented as an option that goes beyond mere energy
generation, offering a self-sufficient model that is less dependent on external incentives. In
this sense, biogas systems allow equestrian centers to achieve greater energy autonomy and
waste management. At the same time, photovoltaics, although economically more accessi-
ble in the short term, are highly dependent on external factors such as grid infrastructure
and solar energy incentive policies [27].

The biogas system also stands out for its ability to adapt and generate constant energy,
unlike the photovoltaic system, which is subject to seasonal and inter-day variations.
In sunny climates, such as Spain, photovoltaics have a seasonal advantage in terms of
efficiency. However, in the case of extreme weather events, such as prolonged heat waves,
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PV production may experience a reduction due to overheating of the panels, which does
not affect biogas, which is independent of these external conditions. In addition, biogas
allows equestrian centers energy independence that maximizes the efficiency of internally
generated resources, avoiding dependence on external resources that can fluctuate in
availability and price [25].

Finally, although photovoltaics is an efficient option in terms of maintenance and low
initial operating costs, biogas’s flexibility and environmental benefits make it a more robust
and comprehensive alternative. By harnessing organic waste not only to meet energy
needs but also to generate useful by-products, biogas systems favor energy autonomy
and promote a circular economy model. In short, in a context such as that of equestrian
centers, biogas provides a sustainable and efficient solution suitable for those looking
to maximize their sustainability and maximize the resources available within the facility.
By transforming organic waste into energy and biofertilizers, the biogas system offers a
comprehensive solution that goes beyond the simple generation of electricity, standing out
as an option that contributes both to the savings of operating costs and the reduction in the
environmental footprint.

Limitations and Future Research Directions

While this study highlights the potential of anaerobic digestion, photovoltaic systems,
and afforestation for carbon footprint reduction in equestrian centers, several limitations
must be acknowledged. First, the economic feasibility of implementing these technologies
may be challenging for small- or medium-sized equestrian centers due to high initial
investment costs, particularly for biogas systems. Operational and maintenance demands
may also require technical expertise not readily available in smaller facilities, posing
additional barriers to widespread adoption. Second, this study primarily focuses on a
specific equestrian center, limiting the generalizability of the findings to other contexts with
different resource availabilities, geographic conditions, or regulatory environments. Third,
the analysis does not include a full lifecycle assessment (LCA) of the implemented systems,
which would provide a more comprehensive understanding of their environmental impacts.

Future research should address these limitations by exploring scalable, cost-effective
solutions tailored for smaller equestrian centers. Developing modular biogas systems, eval-
uating alternative feedstocks, and optimizing photovoltaic configurations for lower energy
demands are potential areas of focus. Additionally, conducting LCAs for renewable energy
and water systems would provide valuable insights into their upstream and downstream
impacts. Comparative studies across diverse equestrian facilities could also help refine the
applicability of these sustainability strategies.

5. Conclusions

This study demonstrates that equestrian centers can make significant strides toward
environmental sustainability by combining renewable energy systems and emissions-
reducing practices. While biogas production offers substantial benefits—waste reduction
and renewable energy—it remains economically challenging for small- to medium-sized
equestrian facilities, primarily due to high initial and maintenance costs. In contrast,
photovoltaic systems have emerged as a more feasible, scalable, and cost-effective solution
with a shorter payback period and the capacity to cover up to 70.77% of the center’s
electricity needs.

Regarding carbon footprint reduction, efforts focused on addressing feed sourcing
and transportation emissions can offer impactful improvements, as these represent a larger
proportion of total emissions than electricity use. By sourcing feed and fodder locally,
centers can reduce emissions by an estimated 246 kg of CO2eq annually, while substituting



Fuels 2025, 6, 10 12 of 13

diesel for biofuels in transport can save up to 26,263 kg of CO2eq. Additionally, strategically
planting high-absorption trees—specifically 800 poplars, 800 willows, and 100 carob trees—
can potentially offset 51,033 kg of CO2eq annually.

Adopting photovoltaic systems, local feed sourcing, biofuel-based transportation, and
targeted carbon offsetting through tree planting enables equestrian centers to achieve up
to a 49% reduction in total emissions, aligning with circular economy principles. These
measures promote sustainability and prove economically viable, supporting profitability
through reduced operational costs. Thus, the equestrian sector holds substantial potential
to contribute meaningfully to global climate goals, leveraging sustainable practices to
enhance both environmental and operational performance.
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