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Abstract 
The report focuses on livestock waste management, which is a key aspect of sustainable agricultural 
development. Animal waste, including excreta, bedding materials, waste feed, dead animals, and 
other by-products, represents a significant environmental pollutant. Proper management of this 
waste is essential not only for environmental protection but also for reducing farm costs, creating 
new market opportunities, and increasing the sector’s competitiveness. The adoption of innovative 

practices in livestock waste management is a modern solution aimed at transitioning towards a cir-
cular economy and supporting the European Union’s green policies. 
The main methods for effective waste management include anaerobic digestion and pyrolysis. An-
aerobic digestion is a process that occurs in the absence of oxygen and allows for the conversion of 
organic waste into biogas. This biogas can be used as a renewable energy source, significantly re-
ducing pollution and decreasing reliance on fossil fuels. Another important by-product of the process 
is biosolids, which can be utilized as fertilizers to improve soil fertility. Pyrolysis, on the other hand, 
is a thermal decomposition process of biomass without oxygen, producing bio-oils and biochar, 
which also have applications fuels and soil conditioners. 
The report highlights the social, economic, and environmental benefits of proper livestock waste 
management. Effective waste utilization contributes to improving soil structure, reducing methane 
emissions, and limiting water pollution. One of the most common methods of waste management is 
the application of manure to agricultural lands, which enhances the organic content of the soil. How-
ever, improper or excessive use of manure can lead to nutrient overload and environmental contam-
ination, underscoring the need for precise management. 
Innovations such as the use of artificial intelligence and blockchain technologies provide new op-
portunities for process optimization. These technologies help farmers manage resources more effi-
ciently and reduce the negative impacts on the environment. The report concludes that integrating 
technology, improving regulatory frameworks, and investing in farmer education are essential for 
sustainable livestock waste management. By adopting these measures, livestock waste can be trans-
formed into a valuable resource, supporting both agricultural sustainability and the global circular 
economy. 
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Introduction 
The expansion of agricultural production naturally leads to increasing amounts of 
livestock waste, crop residues and by-products from the agricultural industry. It has 
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been suggested that agricultural waste contributes to a significant proportion of the 
total waste in the developed world and pollutes the environment to the highest ex-
tent (Obi et al., 2016). Livestock wastes are found in different states – gas, liquid 
and solid wastes.  
Proper management of animal waste can: 
- improve the state of the environment; 
- reduce farm costs; 
- open up opportunities for new markets; 
- increase the competitiveness of livestock farming as a sector. 
The application of innovative practices, artificial intelligence, blockchain technol-
ogies, etc. in livestock waste management are good examples of modern solutions 
to the problem (Georgieva, 2023). The exploitation of resources should not exceed 
their regenerative capacity, and the disposal of waste should not exceed the capacity 
of the environment to absorb it (Atanasov, 2023). Good implementation of environ-
mentally sound practices is key to achieving all the objectives of the CAP and in 
particular the environmental (Blagoev, 2022). 
The goal of this report is to present some practices that can and are being applied in 
the livestock industry to reduce and/or convert operational waste into products of 
value. 
Livestock waste includes: 
- excreta mixture (manure); 
- bedding material (sawdust, straw); 
- waste feed; 
- dead animals; 
- broken eggs, feathers; 
- and another farm waste. 
In modern livestock farming, increasing attention is being paid to alternative ways 
of recovering waste from the operation, with pollution control being the main ob-
jective. Waste can be fully and completely utilized, but as livestock farming and the 
environment interact constantly, accurate waste management is essential to avoid 
harmful effects on nature and man. Livestock waste emits large quantities of carbon 
dioxide and ammonia, which can contribute to: 
- ACID rain and the greenhouse effect; 
- pollution of water sources; 
- the spread of infectious diseases. 
Social tensions over bad smells and water pollution can build up when livestock 
waste is discharged into water sources in an unplanned manner. Efficient utilization 
of animal waste from large farms is necessary to curb pollution and spread of dis-
eases (Parihar et al., 2019). 
The benefits of proper livestock waste management are: 
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- maintaining soil fertility in soils with insufficient organic content. Adding ma-
nure to soil increases nutrient holding capacity, improves the physical condition 
of the soil by increasing its water holding capacity, and improves soil structure; 

- creating a better climate for soil microflora and fauna; 
- using manure as fuel; 
- producing energy from manure; 
- reducing post-harvest losses; 
- reducing the source of infection for animals and humans; 
- reducing the source of methane emissions; 
- reducing environmental pollution and odors; 
- reducing the harmful effects of flies; 
- reducing the loss of organic matter; 
- reducing illegal dumping of waste, which poses a direct threat to soil quality and 

water sources; 
- improving soil fertility, the nitrogen in manure is fixed in its organic state until, 

through decomposition, it is converted to a soluble form – ammonium nitrate 
(FAO, 2009). 

Bioenergy sources are increasingly attracting attention as a sustainable energy re-
source that can help address challenges such as: 
- growing energy demand; 
- rising fuel prices; 
- providing substitutes for expensive fossil fuels. 
Biogas from animal waste provides renewable and environmentally friendly 
sources that support sustainable agriculture. In addition, the by-products from the 
“fermenters” provide premium quality organic waste (Arthur, Baidoo, 2011). 
 
Practices for livestock waste processing 
The effectiveness of waste management in livestock production is a multifaceted 
variable that is influenced by technological advances, regulatory frameworks, soci-
oeconomic considerations, and the unique characteristics of regional farming prac-
tices. The implementation of resource efficiency practices in livestock production 
is inextricably linked to the effectiveness of waste management. Technological in-
novations, regulatory frameworks, circular economy principles, economic consid-
erations, social dimensions, and geographic context all influence the success of re-
source efficiency initiatives (Wang'ombe, 2023). 
Biomass energy is renewable, sustainable and environmentally friendly, derived 
from renewable sources such as agricultural and municipal waste. Biomass can be 
converted into gaseous fuels using various methods such as anaerobic digestion and 
gasification or converted into a form of energy – biofuel (Mathew, Zakaria, 2015). 
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Anaerobic digestion (a biological process for converting waste materials into biogas 
in the absence of oxygen) is the most efficient way to convert waste into resources 
and is an alternative technology for energy production It is a natural process that 
occurs in many places in nature: 
- at the bottom of bodies of water; 
- in the bodies of ruminants; 
- in soils, etc. (Tufaner et al., 2017). 
The two main by-products of anaerobic digestion are gas and solid – biogas and 
biosolids. Gas is a natural by-product and manure is a by-product of bioreactors 
processing biodegradable waste. As a stable carrier, biogas is usually composed of 
methane (35-40%) and carbon dioxide (60%) and various other gases such as am-
monia, hydrogen sulfide, hydrogen, oxygen, nitrogen, and carbon monoxide (Sun 
et al., 2015). The biogas production process is affected by temperature, pH, volatile 
fatty acid content, etc. Good control of these factors determines the quality and 
quantity of biogas produced. The production of biogas from animal waste is an im-
portant step towards the utilizations of one of the most widespread but still un-
derused energy sources. Anaerobic digestion is an environmentally friendly method 
leading to the production of energy in the form of biogas and residue which could 
be used as soil conditioner (Dhanalakshmi Sridevi, Ramanujam, 2012). 
The advantages of anaerobic digestion of waste are: 
- less number of odors emitted; 
- reduction in the number of pathogens; 
- use of decomposed organic waste as manure (Iglinski et al., 2015). 
The increase in the number of livestock heads raised, respectively, increases the 
amount of waste from livestock farms, which in turn increases the risk of air and 
environmental pollution. Anaerobic digestion is an example of a cost-effective way 
to dispose of animal waste and reduce dependence on fossil fuels (Mulka et al., 
2016). 
Thermochemical conversion of biomass to produce various solid, liquid and gase-
ous products can be carried out by pyrolysis, a method in which the organic matrix 
undergoes direct thermal decomposition in the absence of oxygen. The thermal de-
composition behavior of different biomasses affects the composition of the bio-oil 
and its production rate (Yang et al., 2014). Pyrolysis, is a complex process consist-
ing of many steps and depends on: 
- temperature; 
- oxygen content; 
- the composition of the introduced biomass (due to oxidation). 
Pyrolysis can be an exothermic process, but due to reduction processes it is mostly 
endothermic. For most biomass species containing oxygen-rich hemicellulose, de-
composition is endothermic below a temperature of about 400 – 450 °C and e o-
thermic above this threshold (Lewandowski et al., 2020). From an economic point 
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of view, the proportion of the liquid fraction in biomass pyrolysis products should 
be the largest (Kowalik, 2008), (Popczyk, 2008). In the pyrolysis process, biomass 
decomposes at high temperature in the absence of oxygen (Lim et al., 2012). Not 
only the value of temperature but also the rate of its increase affects the course of 
thermal decomposition as well as the composition of the products of the process, 
therefore pyrolysis is divided into slow, fast and flash processes (Bridgwater, 2012). 
The flash pyrolysis process is preferred for processing biomass into liquid fuel, e.g., 
bio-oil, while the slow pyrolysis is used for biochar production (Pragya et al., 2013), 
(Mahlia et al., 2019). 
The most widespread practice for animal waste management is the spreading of 
animal manure (solid and/or liquid) into the soil. The advantages of animal waste 
fertilization are: 
- soil properties are improved; 
- supply nutrients needed for the growth of the crops grown; 
- increases the organic matter content of the soil. 
A disadvantage of this method is the risk of using excessive amounts of manure, 
which leads to a build-up of nutrients in the soil. A certain amount of the nutrients 
present in manure can be used by plants to regulate various physiological processes, 
but the excess nutrients end up in the surrounding ecosystem and cause environ-
mental pollution. In order to improve the sustainability of manure management, re-
searchers worldwide have been focusing on developing and testing various biolog-
ical, physical and chemical processes to treat the highly polluted waste streams from 
livestock production over the past few decades (Chowdhury et al., 2020). 
 
Conclusion 
Addressing the problem of waste and by-products in a sustainable and environmen-
tally friendly way is a crucial issue for the agricultural production and food industry. 
The generation of increasing amounts of waste, including from animal husbandry 
and animal product processing, raises questions about its management, minimiza-
tion and the search for ways to recover it. Livestock farms generate a large amount 
of animal waste. Managing manure as a resource can bring benefits to livestock 
farmers. Livestock waste management helps to maintain soil fertility in soils with 
insufficient organic content. Effective management of livestock waste helps to en-
hance the socio-economic status of developing countries as well as reduce the like-
lihood of spread of diseases from waste. The effective utilization of livestock waste 
can be achieved through the development of an integrated methodology for its man-
agement, by implementing various policies and strategies with a priority on ensur-
ing consumer health and environmental quality. 
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Livestock, as an integral part of global agriculture, is facing increasing and serious 
challenges related to waste management and resource use. The following recom-
mendations can serve to address, if not all, then a large part of them: 
- promote precision agriculture technologies; 
- improving the regulatory framework; 
- integrating circular economy principles; 
- investment in farmer training; 
- information campaigns; 
- research and development initiatives. 
Farmers who are willing to process farm waste innovatively largely lack the neces-
sary information and/or experience. For other farmers, it is necessary to explain that 
waste has an added value when properly treated. With good planning, proper infra-
structure and proper financing from banking institutions, farmers can find new uses 
for livestock waste. 
 
References 
Arthur R, Baidoo MF., (2011). Harnessing methane generated from livestock manure in 

Ghana, Nigeria, and Burkina Faso. Biomass and Bioenergy. 35(11) 4648 – 4656. 
Atanasov D. (2023). The role of innovation for the economic development of agriculture. Aca-

demic Publishing House of Agricultural University Plovdiv, ISBN 978-654-517-321-9. 
Blagoev, A., (2022), Development of green architecture through the application of agro-

environmental practices. Innovative development of agricultural business and rural ar-
eas. UNWE Publishing complex. Sofia. 145 – 153. 

Bridgwater, A. V., (2012). Review of fast pyrolysis of biomass and product upgrading. 
Biomass and bioenergy, 38, 68 – 94. 

Chowdhury, T., Chowdhury, H., Hossain, N., Ahmed, A., Hossen, M. S., Chowdhury, P., 
Saidur, R., (2020). Latest advancements on livestock waste management and biogas 
production: Bangladesh’s perspective. Journal of Cleaner Production, 272, 122818. 

Dhanalakshmi Sridevi, V., Ramanujam, R. A. (2012). Biogas generation in a vegetable 
waste anaerobic digester: An analytical approach. Research Journal of Recent Sci-
ences. ISSN 2277, 2502. 

FAO., (2009). Analysis of the value chain for biogas in Tanzania northern zone. Pisces 
Report. Rome. 

Georgieva, S., (2023). Application of Artificial Intelligence and Machine Learning in the 
Conduct of Monetary Policy by Central Banks. Economic Studies, (8), 177 – 199. 

Igliński, B., Buczkowski, R., Cichosz, M., (2015). Biogas production in Poland – Current state, 
potential and perspectives. Renewable and Sustainable Energy Reviews, 50, 686 – 695. 

Kowalik, P., (2008). Development of bioenergy sector in European Union. In Proceedings 
of the Oil & uels for Sustainable Development AUZO, Gdańsk, Poland. 

Lewandowski, W. M., Ryms, M., & Kosakowski, W. (2020). Thermal biomass conversion: 
A review. Processes, 8(5), 516. 



185 

 
 

Lim, S. S., Vos, T., Flaxman, A. D., Danaei, G., Shibuya, K., Adair-Rohani, H., Pelizzari, 
P. M. (2012). A comparative risk assessment of burden of disease and injury attributable 
to 67 risk factors and risk factor clusters in 21 regions, 1990 – 2010: a systematic anal-
ysis for the Global Burden of Disease Study 2010. The lancet, 380(9859), 2224 – 2260. 

Mahlia, T. M. I., Ismail, N., Hossain, N., Silitonga, A. S., Shamsuddin, A. H., (2019). Palm 
oil and its wastes as bioenergy sources: a comprehensive review. Environmental Sci-
ence and Pollution Research, 26, 14849 – 14866. 

Mathew, S., Zakaria, Z. A., (2015). Pyroligneous acid – the smoky acidic liquid from plant 
biomass. Applied microbiology and biotechnology, 99, 611 – 622. 

Mulka, R., Szulczewski, W., Szlachta, J., Prask, H. (2016). The influence of carbon content 
in the mixture of substrates on methane production. Clean Technologies and Environ-
mental Policy, 18, 807 – 815. 

Obi, F. O., Ugwuishiwu, B. O., Nwakaire, J. N., (2016). Agricultural waste concept, gen-
eration, utilization and management. Nigerian Journal of Technology, 35(4), 957 – 964. 

Parihar, S. S., et al., (2019). Livestock waste management: A review. Journal of Entomology 
and Zoology Studies 7.3 384 – 393. 

Popczyk, J., (2008). Development of bioenergy sector in the light of European energy and 
climate policies. In Proceedings of the Oil &Fuels for Sustainable Development AUZO, 
Gdańsk, Poland. 

Pragya, N., Pandey, K. K., Sahoo, P. K., (2013). A review on harvesting, oil extraction and 
biofuels production technologies from microalgae. Renewable and sustainable energy 
reviews, 24, 159 – 171. 

Sun, Z. Y., Xue, L. R., Zhang, K., (2015). A new approach to finite-time adaptive stabili-
zation of high-order uncertain nonlinear system. Automatica, 58, 60 – 66. 

Tufaner,  ., Avşar, Y., Gönüllü, M. T., (2017). Modeling of biogas production from cattle 
manure with co-digestion of different organic wastes using an artificial neural network. 
Clean Technologies and Environmental Policy, 19, 2255 – 2264. 

Wang’ombe, A. (2023). Waste Management and Resource Efficiency in Livestock Farm-
ing. International Journal of Sustainable Livestock Practices, 1(1), 20 – 29. 

Yang, S. I., Wu, M. S., & Wu, C. Y. (2014). Application of biomass fast pyrolysis part I: 
Pyrolysis characteristics and products. Energy, 66, 162 – 171. 

 


