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This paper presents an analytical review of fat-containing waste from fish processing enterprises as a promising secondary 

raw material for producing high-value products and reducing environmental burden. The study covers the main sources of waste 

generation in the fishing industry, in particular heads, entrails, skin, bone residues, and fat fractions, which are characterized by 

lipid content of 8–30%, free fatty acids of 5–25%, and moisture of 40–75%. It was established that these wastes have significant 

resource potential for the production of diesel biofuel, feed products, fatty acids, and biologically active compounds, particularly 

ω-3 polyunsaturated fatty acids. The chemical composition of fat-containing waste was studied, and the main groups of impuri-

ties were identified, including phospholipids, protein components, water, mineral salts, and oxidation products that affect the 

efficiency of technological processing. A comparative analysis of technological processing methods was carried out, including 

thermal, chemical, biotechnological, and methods of intensification of technological processes (ultrasound, cavitation, vibrome-

chanical effects). It was established that under optimal conditions (temperature 50–65 °C, alcohol: fat ratio 6:1–9:1, humidity < 

0.5%), the yield of biodiesel can reach 90–96%, while the use of methods of intensification of technological processes increases 

the degree of fat extraction by 10–25%. Approaches to complex waste processing using anaerobic digestion have been standard-

ized, enabling the production of biogas with 55–70% methane content, as well as feed and protein products. A critical analysis of 

international and Ukrainian experience has been conducted, showing that waste utilization in EU countries reaches 90–98%, 

while in Ukraine it is 50–60%, indicating a significant reserve for increasing efficiency. The environmental assessment confirmed 

that implementing processing technologies can reduce greenhouse gas emissions by 60–85% and significantly reduce the volume 

of organic waste. The practical significance of the study lies in substantiating the selection of optimal technological solutions for 

processing fatty waste from the fishing industry, thereby increasing production resource efficiency, reducing environmental load, 

and advancing bioenergy technologies in Ukraine.  

Keywords: biofuels; secondary resources; fish oil; intensification; environmental efficiency; waste processing; energy use.  

Introduction  

 
Increased production volumes and a significant accumulation of 

organic by-products characterize the modern development of the fish 

processing industry. According to estimates by international industry 
organizations, the share of waste in the fish processing process is on 
average 40–60%, and for certain technological schemes, up to 70% of 
the mass of the starting raw material (Kovalenko et al., 2021). At the 
same time, fish waste has a high resource potential, as it contains 20–
45% lipids, 15–25% proteins, and over 80% organic matter on a dry-
mass basis, making it a promising raw material for producing energy 
and bioactive products (Statkevych et al., 2024).  

At the same time, the lack of effectively organized, technological-
ly advanced waste processing systems leads to their accumulation in 
the environment, thereby increasing the environmental load. This is 
manifested in the pollution of soils, water resources, and air, the dete-
rioration of the sanitary condition of territories, and the loss of valua-
ble secondary resources that could be reused in economic activities. 
The value of the biochemical oxygen demand (BOD5) for wastewa-
ter generated during fish processing can exceed 30,000 mg O2/dm3, 

which is 50–100 times the permissible standard (Bal-Prylypko et al., 
2024). This leads to the intensive development of anaerobic microflo-
ra, the formation of toxic gases (NH3, H2S), disruption of the oxygen 
regime in aquatic ecosystems, and degradation of the natural envi-
ronment.  

World practice demonstrates a high level of integration of waste 
into production cycles. In the EU, Norway, and Japan, the level of 

fish waste recycling exceeds 90%, with up to 80% of the waste mass 
being converted into valuable products (fats, hydrolysates, feed) (Ho-
lembovska et al., 2021). Bioenergy technologies, in particular anaero-
bic digestion, provide an output of about 550 m³ of biogas from 1 t of 

raw material, and the use of modern technologies for the production 
of biofuel diesel allows achievement of 90% conversion of lipids into 
fatty acid methyl esters (Archana et al., 2024; Sher et al., 2024).  

In Ukraine, the level of reuse of fish waste remains significantly 
lower at 25%, underscoring the underutilized potential of this resour-
ce and the need to implement innovative processing technologies 
(Bal-Prylypko et al., 2022). Existing approaches are mainly focused 
on the production of feed meal and technical fat, which do not ensure 

the full extraction of valuable components and fail to comply with the 
principles of the circular economy.  

Similar to other types of secondary raw materials from the food 
industry, in particular plant waste (apple pomace, oilseed meal), 
which are successfully used to produce pectins, antioxidants, and 
biofuels, fatty waste from fish processing plants can be integrated into 
multi-component technological schemes (Mushtruk, 2025). This is 
consistent with modern trends in sustainable development and resour-

ce conservation, which involve the maximum use of biomass.  
One of the most promising areas is the production of biodiesel 

from fish oil via transesterification. Under rational process conditions 
(50–65 °C, alcohol-to-fat molar ratio 6:1–12:1, use of alkaline or hete-
rogeneous catalysts), a high degree of conversion is achieved (Mush-
truk et al., 2024). Improved environmental characteristics distinguish 
the resulting biodiesel compared to traditional petroleum diesel fuel. 
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In particular, its use reduces carbon monoxide (CO) emissions by up 
to 50%, thereby lowering the toxic burden on the atmosphere. In ad-
dition, the fuel contains practically no sulfur compounds; therefore, 

sulfur dioxide (SO2), which is a key factor in acid rain, is not formed 
during combustion. Another important advantage is its high biodeg-
radability: under natural conditions, this fuel degrades within approx-
imately 20–30 days, significantly reducing the risk of long-term envi-
ronmental pollution if it enters ecosystems (Osman et al., 2024).  

Along with this, promising areas of processing include anaerobic 
digestion, which allows conversion of organic raw materials into bio-
gas with a methane content of 65%, making it suitable for energy use 

(Mushtruk et al., 2025). Biotechnological methods also play an im-
portant role, in particular enzymatic hydrolysis, which can be used to 
obtain valuable products – fatty acids and protein hydrolysates, which 
are widely used in the food industry.  

At the same time, the efficiency of these processes largely de-
pends on the properties of the starting material. It is characterized by 
high humidity (up to 60%), unstable chemical composition, and a ten-
dency to rapid microbiological degradation. This complicates its sto-

rage and processing and necessitates the implementation of complex 
technological solutions that combine preliminary preparation, stabili-
zation, and optimization of process parameters (Monika et al., 2023). 
Table 1 presents the general characteristics of fish waste and the ef-
fectiveness of the main processing areas. Analysis of the presented in-
dicators indicates a high resource potential of fat-containing raw ma-
terials and the possibility of producing a wide range of target products 
under energy-efficient conditions.  

Table 1  
Generalized characteristics  
of fish waste and directions of their processing  

Indicator Value Comment 

Share of waste 40–70% from the mass of fish 
Fat content 20–45% main raw materials for biofuels 
Protein content 15–25% potential of feed products 
Organic matter > 80% high bioenergetic value 
BSC5 up to 3,000 mg O2/m3 high environmental load 
Biogas 400–600 m3/t anaerobic digestion 
Methane in biogas 60–70% energy efficiency 
Biodiesel  yield 85–95% under optimal conditions 
Disposal Level (EU) 80–90% high level 
Disposal Level 
(Ukraine) 

20–30% low level 

Note: developed by the authors based on research Monika et al. (2023), Archa-

na et al. (2024), Osman et al. (2024), Sher et al. (2024), Mushtruk et al. (2025).  

Despite the significant resource potential of fatty waste from the 
fish processing industry, Ukraine currently lacks comprehensive tech-

nological solutions that enable efficient, complete processing while si-
multaneously generating energy and functional products. This means 
that a significant portion of valuable raw materials is used inefficient-
ly or lost altogether, reducing the industry's overall efficiency.  

Existing approaches to processing are usually fragmented and not 
sufficiently coordinated. They do not fully account for the physico-
chemical properties of the raw material, in particular its high moisture 
content, variable composition, and tendency to rapid degradation. 
In addition, such approaches often fail to comply with the principles 

of the circular economy, which call for the maximum reuse of reso-
urces, waste minimization, and the creation of closed technological 
cycles. In this regard, the development of integrated technologies that 
enable the comprehensive use of fat-containing waste to produce 
high-value products is relevant.  

The purpose of the work is to scientifically substantiate techno-
logical approaches to the complex processing of fatty fish waste to 
produce biofuel and related products, thereby increasing the rational 

use of resources and reducing the environmental burden.  
At the same time, implementing these directions requires consi-

deration of several specific features of fish waste. These include high 
humidity, rapid enzymatic and microbiological destruction, the pres-
ence of impurities that complicate the separation of the fat fraction, 
significant variability of the chemical composition depending on the 
type of raw material, as well as the need for prompt transportation and 

preliminary preservation. All this requires the development of scienti-
fically sound technological schemes that combine mechanical, ther-
mal, chemical, and biotechnological processing methods and ensure 

maximum extraction of useful components with minimal energy and 
environmental costs. The study is relevant because it aims to develop 
and implement effective technologies for processing fatty waste from 
the fish processing industry, focusing on the integrated use of raw 
materials, reducing environmental pollution, and increasing resource 
utilization. The scientific justification of such solutions is important 
for both the development of the domestic fish processing industry and 
the formulation of practical principles for a circular economy in the 

food industry. In this regard, the purpose of the work is to substantiate 
technological approaches to the processing of fatty waste from the 
fish industry with the production of valuable energy and functional 
products that ensure environmental safety and increase the complexi-
ty of the use of raw materials.  

 

Resource potential of fatty waste from the fish processing industry  

 

Analysis of scientific sources and industry statistics indicates that 
the fish processing industry generates significant amounts of fatty 
waste with high resource potential. During fish processing, 20–70% 
of the raw material mass is wasted, and in some cases up to 80%, in-
cluding heads, entrails, skin, and trimmings, which contain a signifi-
cant amount of lipids. These wastes are the main source of fish oil, 
which is characterized by a high biological value (particularly its ω-3 
fatty acid content) and a wide range of applications (Shanina et al., 

2020). An effective model for the use of fatty fish waste within the 
framework of a circular economy has been formed in the countries of 
the European Union. A significant proportion of the raw materials for 
the production of fish oil and fishmeal is formed precisely from pro-
cessing by-products (Mamat et al., 2025). At the same time, the pro-
duction volume of fish oil in the EU is about 110 thousand tons per 
year, and of fishmeal, 470 thousand tons, and an increasing share of 
this production is obtained from processing waste rather than from 
food raw materials. According to forecasts, by 2030, about 47% of 

global fish oil production will be derived from waste, underscoring 
the strategic role of secondary raw materials (Giosuè et al., 2025).  

Ukraine is characterized by a specific structure of the fish pro-
cessing industry: although the volumes of industrial catch and proces-
sing are relatively small, the share of waste remains high. This is pri-
marily due to technological imperfections in production and to the in-
sufficient implementation of integrated approaches to raw material 
processing. According to industry research, a significant portion of 

fish processing waste is either improperly disposed of or used ineffi-
ciently. In particular, it is often used as a feedstock without prior lipid 
extraction, resulting in the loss of valuable fats that could be used to 
produce biofuels or other high-value products. As a result, this not 
only reduces the industry's economic efficiency but also imposes 
additional environmental burdens due to the accumulation and im-
proper management of waste (Santos et al., 2023).  

It has been established that fat-containing fish processing waste 

has high potential for the following areas of use: production of fish oil 
(food, feed, pharmaceutical); production of biofuel (high triglyceride 
content ensures conversion efficiency); biogas and energy use; isolati-
on of biologically active compounds (omega-3, phospholipids); pro-
duction of feed and feed additives (Liu et al., 2021). From an energy 
perspective, fish oils have a high calorific value (at 37–39 MJ/kg), 
making them a competitive feedstock for biodiesel production. Fur-
thermore, unlike vegetable oils, they do not compete with the food 

sector, which is consistent with the principles of sustainable develop-
ment (Rathod et al., 2022).  

An important feature of fish waste is its high moisture content 
and its rapid biodegradability. This means that such raw materials 
quickly deteriorate, lose their valuable components, and can cause sa-
nitary and environmental problems. In this regard, there is a need for 
their prompt processing without long-term storage or the introduction 
of special methods to intensify technological processes.  

These methods include hydrothermal treatment, enzymatic hyd-
rolysis, and mechanical dehydration, which accelerate processing, sta-
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bilize raw materials, and increase the yield of valuable products. In 
the countries of the European Union, these technologies are already 
widely used in the industry and are part of complex processing sys-

tems. At the same time, in Ukraine, their implementation remains 
limited, hindering the increased efficiency of the aforementioned 
technological processing methods.  

Therefore, the results indicate that fatty waste from the fish pro-
cessing industry has significant resource potential, especially in the 
context of the transition to a bioeconomy. The European experience 
demonstrates an effective model of integrated processing, while in 
Ukraine, there is significant potential to increase utilization and incor-

porate this type of raw material into the production of biofuels and 
high-value products.  

 

Analysis of technological methods for processing fatty waste  

from the fish processing industry  

 
A summary of current research shows that the efficiency of pro-

cessing fatty waste from the fish industry is largely determined by the 

choice of technological method and raw material parameters (humidi-

ty 40–75%, fat content 8–30%, free fatty acid content 5–25%) (Yari 
et al., 2019). Table 2 provides a comparative analysis of the main 
technological methods for processing fatty fish waste.  

As the data show, different technological approaches to proces-
sing fatty waste differ significantly in efficiency, energy consumption, 
and process duration. This means that the choice of a specific tech-
nology should be based on a compromise between the yield of the tar-
get product, energy consumption, and the quality of the resulting 
product. In particular, thermal methods (rendering) provide a relative-
ly stable fat yield of 70–85%. However, they are associated with sig-
nificant energy consumption (up to 1200 MJ/t) and a partial reduction 

in the product's biological value (Yang et al., 2022). Chemical meth-
ods, such as esterification and transesterification, are the most effec-
tive for obtaining biodiesels and allow achieving a yield of up to 95%, 
especially if the acid number of the raw material is previously reduced 
to a level of less than 2 mg KOH/g. Biotechnological approaches, on 
the contrary, allow preservation of up to 90% of polyunsaturated fatty 
acids, which is important for obtaining functional products. However, 
their implementation requires much more time, 3–5 times longer than 

traditional methods (Heidari & Rezaei, 2022).  

Table 2  
Comparison of the main technological methods for processing fatty fish waste  

Method Fat/product yield, % 
Energy con-

sumption, MJ/t 
Process  

duration, hours 
Advantages Disadvantages 

Thermal (rendering) 
70–85 (fat), 90–95  
(general disposal) 

800–1200 1–3 simplicity, high performance 
degradation of ω-3, high 
energy consumption 

Transesterification (biodiesel) 85–95 (biodiesel) 500–800 2–6 high fuel yield, mature technology sensitivity to water and acidity 
Acid esterification  
(preliminary stage) 

80–90 (fatty acid  
conversion) 

400–600 1–2 
effective in fatty acid conversion 
>10% 

need for post-processing 

Enzymatic method 80–92 200–400 6–24 
conservation ω-3, environmental 
friendliness 

high cost of enzymes 

Ultrasonic/cavitation  
intensification 

+10–25% to the  
basic method 

300–500 0.5–2 
shorten the time, increase the ex-
traction 

optional equipment 

Ultrasonic/cavitation  
intensification 

60–75  
(by organic matter) 

150–300 10–20 comprehensive disposal slow process speed 

Note: developed by the authors based on research Yari et al. (2019), Heidari & Rezaei (2022), Loan et al. (2022), Yang et al. (2022).  

Process intensification technologies play an important role, in 
particular the use of ultrasound, cavitation, and vibromechanical ef-

fects. Their use increases fat extraction by 10–25% and reduces pro-
cessing time by 50%, thereby significantly increasing overall proces-
sing efficiency. For low-quality raw materials, it is advisable to use 
biogas technologies that produce methane at 0.45–0.65 m³/kg of or-
ganic matter and allow the disposal of residues after the main pro-
cesses (Loan et al., 2022).  

In the countries of the European Union, integrated technological 
schemes prevail, for example, rendering → fat purification → trans-

esterification → processing of residues in biogas plants. This appro-
ach ensures the comprehensive use of raw materials with an efficien-
cy of over 95%. In Ukraine, this indicator usually does not exceed 
50–60%, indicating significant potential to improve technologies (Ra-
jabimashhadi et al., 2023).  

Analysis of literary sources shows that the most promising tech-
nological solutions for processing fat-containing waste from the fish 
processing industry are combined technological approaches that leve-

rage rational technological influences, thereby increasing the yield of 
target products, reducing energy consumption, and ensuring compre-
hensive utilization of raw materials.  

 

Biodiesel production  

 
Analysis of experimental and literature data shows that the yield 

of biofuel from fish oils and fatty waste is determined by a set of tech-

nological parameters, among which the key ones are the process tem-
perature, molar ratio of alcohol: fat, catalyst concentration, reaction 
time, free fatty acid (FFA) content, and moisture (Mushtruk et al., 
2025). It has been established that the reaction temperature signifi-
cantly affects the rate of transesterification. The optimal range is 50–
65 °C, which is close to the boiling point of methanol. Increasing the 
temperature from 40 to 60 °C increases the biodiesel yield from 70–
75% to 90–95%; however, further increases in temperature lead to 

alcohol losses and a decrease in process efficiency (Cheliadyn et al., 
2020). The molar ratio of alcohol: fat is one of the most important 

factors. The theoretical ratio is 3:1, but in practice, the optimal ratio is 
6:1–9:1, which shifts the reaction equilibrium towards the formation 
of methyl esters. At a 6:1 ratio, a yield of about 92–95% is achieved, 
whereas a 3:1 ratio limits yield to 75–80% (Chen et al., 2022).  

A catalyst concentration (NaOH or KOH) of 0.5–1.0 wt.% is op-
timal for most fish oils after preliminary preparation. An increase in 
concentration above 1.5% leads to saponification and emulsion for-
mation, reducing biodiesel yield by 10–20% (Dahiya, 2020).  

The content of free fatty acids plays a special role. For effective 
alkaline transesterification, their level should not exceed 2–3%. For 
fish waste, this figure often ranges from 10–25%, requiring prior acid 
esterification. Reducing the FFA from 15% to 2% allows the bio-
diesel yield to be increased from 65–70% to 90–95%. The moisture 
content of the feedstock is a critical parameter: at water contents abo-
ve 0.5%, triglyceride hydrolysis occurs, and the biodiesel yield decre-
ases by 15–30%. For fish waste with an initial moisture content of 

40–70%, preliminary dehydration (mechanical or thermal) is required 
(Eldiehy et al., 2022).  

The reaction duration also affects the degree of conversion. The 
optimal time is 60–120 min, at which the maximum yield is achieved 
(up to 95%). Extending the process beyond 3 hours does not yield a 
significant increase; instead, it promotes side reactions. Table 3 pre-
sents the results of assessing the influence of transesterification tech-
nological parameters on the yield of biofuel diesel. The analysis 

shows that optimizing the temperature regime, catalyst concentration, 
and reagent ratio allows the maximum lipid conversion to fatty acid 
methyl esters. The results confirm that, for fatty waste from the fish 
processing industry, preliminary conditioning of the raw material 
(reducing moisture and acidity) is crucial. In EU countries, the use of 
two-stage technologies enables the stable production of biodiesel with 
a yield of 90–96%, whereas in Ukraine, due to variability in raw ma-
terials, this indicator often fluctuates between 70–85%.  
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The results of the study indicate that optimizing technological pa-
rameters is a key factor in increasing the efficiency of biodiesel pro-
duction from fish waste, and the introduction of new technological 

solutions for process intensification further increases the yield of the 
final product and ensures its compliance with standards.  

Table 3  
Impact of technological transesterification on biodiesel yield  

Parameter Range of values Biodiesel yield, % Features of influence 

Temperature, °C 40 → 60 → 70 75 → 92 → 88 optimum 50–65 °C 
Alcohol: fat ratio 3:1 → 6:1 → 9:1 78 → 93 → 95 excess alcohol improves conversion 
Catalyst, % 0.3 → 0.8 → 1.5 70 → 94 → 80 excess causes saponification 
Fatty acid conversion, % 15 → 5 → 2 65 → 85 → 95 pre-esterification required 
Humidity, % 0.1 → 0.5 → 1.0 95 → 85 → 70 water reduces efficiency 
Time, min 30 → 90 → 180 70 → 95 → 96 optimum 60–120  min 

Note: developed by the authors based on research (Cheliadyn et al., 2020; Dahiya, 2020; Eldiehy et al., 2022).  

Comparison of methods for processing fatty waste  

from the fish processing industry  

 
Given the growth in the processing volume of aquatic bioresour-

ces and the increasing need for the rational use of raw materials, such 
waste is increasingly viewed not as a by-product but as an important 

source of secondary materials and energy resources. Their compositi-
on, represented by lipids, proteins, and mineral components, provides 
significant potential for obtaining a wide range of products – from 
feed and food ingredients to biofuels and biologically active substan-
ces. At the same time, the specific physicochemical properties of this 
raw material, in particular high humidity, compositional instability, 
and a tendency to rapid biodegradation, necessitate specialized tech-
nological approaches to intensify processing (Jaiswal et al., 2024).  

In this context, a comparison of existing technological solutions 
for processing fatty waste is particularly relevant to determine their ef-
ficiency, energy intensity, duration, and preservation of valuable com-
ponents. Analysis of global experience indicates the dominance of in-
tegrated approaches combining thermal, chemical, and biotechnologi-
cal methods, with consideration of the principles of the circular eco-
nomy. In particular, in the countries of the European Union, a holistic 
model of the circular bioeconomy has been developed, in which fatty 

waste serves as a full-fledged secondary raw material, ensuring high 
levels of utilization and reuse (Rana et al., 2023).  

The comparative analysis indicates significant differences bet-
ween the countries of the European Union and Ukraine in the level of 
use of the resource potential of fatty waste from fish processing, tech-
nological development, and overall processing efficiency. An integra-
ted model of the circular bioeconomy operates in the EU, where such 
waste is considered a valuable secondary raw material rather than a 
by-product. This provides a high level of resource efficiency, since a 

significant proportion of fish oil and fish meal is produced from pro-
cessing waste. The high level of fish oil consumption (about 15% of 
the global volume) creates a sustainable demand and stimulates the 
implementation of innovative, resource-saving processing technologi-
es (Pleissner et al., 2023). Table 4 provides a comparative description 
of international and Ukrainian experience.  

Analysis of the results indicates that Ukraine is significantly lag-
ging in key indicators, particularly in waste disposal, enterprise tech-

nical and technological equipment, and the structure of final products. 
This limits the effective use of available raw material potential and 
hinders the industry's development accordingly.  

The efficiency with which available raw materials are used con-
strains the industry's development. In European countries, combined 
technological solutions are used that combine rendering, biodiesel, 
and biogas production, and are also characterized by a high level of 
automation and energy efficiency. This ensures almost complete utili-

zation of raw materials (90–98%) and an orientation towards produ-
cing products with high added value, in particular ω-3 concentrates 
and pharmaceutical components (Desai et al., 2021).  

In contrast, in Ukraine, the industry is characterized by fragmen-
ted production, a limited raw-material base, and a predominance of 
primary or partial processing. Waste is mostly used as a feed raw ma-
terial without deep extraction of the fat fraction, due to the lower le-
vels of technological equipment in enterprises.  

Table 4  
Comparative analysis of technological and resource-efficient  
indicators of processing of fat-containing fish waste  
in the EU countries and Ukraine  

Indicator European Union Ukraine 

Waste disposal rate, % 90–98 50–60 

Share of waste in fat 

production 

30–60% and growing < 20% 

Fish oil production 90–140 thousand. t/year limited, local 

Technological level high (integrated systems) medium/low 

Main Products diesel biofuels, ω-3, pharmaceuticals feed additives 

Intensification methods widely used surveyed 

Energy efficiency high (recuperation, biogas) low/partial 

Note: developed by the authors based on research Desai et al. (2021), Smaisim 

et al. (2022), Pleissner et al. (2023), Rana et al. (2023), Jaiswal et al. (2024).  

As a result, the level of effective use of fat-containing waste in 
Ukraine is only 50–60%, whereas in the European Union it exceeds 
90%. In addition, the concept of zero-waste processing is being acti-
vely implemented in the EU, which involves the full use of all raw 
material components. For example, waste from fat extraction is used 
to produce biogas or feed, ensuring a closed production cycle. In Uk-
raine, such approaches are only beginning to be implemented and are 

mainly experimental or local in nature (Smaisim et al., 2022).  
Another important difference is regulatory policy: the EU has 

strict environmental requirements and incentives for waste recycling, 
which promote innovation and attract investment. In Ukraine, the re-
gulatory framework is underdeveloped, hindering the industry's mo-
dernization.  

The results of the comparative analysis indicate that international 
experience demonstrates a high level of technological maturity and 

integrated use of fatty fish processing waste. Ukraine has significant 
potential for development in this area, particularly through the im-
plementation of integrated technologies, the application of technologi-
cal approaches to intensify processing, and the adoption of European 
circular-economy principles.  

 

Environmental aspects of processing fatty waste  

from the fish processing industry  

 

A summary of current research shows that processing fatty waste 
from the fish processing industry is an important tool for reducing en-
vironmental burdens and transitioning to a circular bioeconomy. 
The greatest environmental effect is achieved by reducing the volume 
of organic waste, reducing greenhouse gas emissions, and replacing 
fossil fuels.  

It has been established that, when stored in uncontrolled conditi-
ons, fish waste quickly biodegrades, producing methane (CH4), am-

monia, and hydrogen sulfide, leading to significant environmental de-
terioration. Processing this waste reduces greenhouse gas emissions 
by 60–85% compared to traditional landfilling. This is especially true 
for biodiesel and biogas production technologies (Bhattacharya et al., 
2022). The production of biodiesel from fish oil results in a 50–78% 
reduction in CO2 emissions compared to petroleum diesel, accounting 
for the entire life cycle. In addition, sulfur oxides (SOX) emissions are 
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reduced to almost zero, and particulate matter is reduced by 30–50% 
(Rigueto et al., 2023).  

Anaerobic digestion of fatty waste produces biogas with 55–70% 

methane content, preventing uncontrolled CH4 emissions. The envi-
ronmental effect is a reduction in the global warming potential 
(GWP) by 65–80% (Elvines et al., 2024).  

At the same time, it has been established that thermal methods 
(rendering) have a double environmental impact: on the one hand, 
they facilitate waste disposal, and on the other hand, they entail high 
energy consumption (up to 1200 MJ/t) and associated CO2 emissions. 
In EU countries, this disadvantage is compensated by heat recovery 

and the use of renewable energy sources (Reza et al., 2022).  

Table 5  
Comparative analysis of the environmental efficiency  
of the main technological methods for processing fatty fish waste  

Technology 

Reduction of 

CO2 emissions, 

% 

GWP 

decrease, 

% 

Additional  

effect 

Biodiesel from fish oil 50–78 55–75 SOₓ ≈ 100% reduction 

Anaerobic digestion 40–65 65–80 
disposal of organic 

matter, biogas 

Rendering 20–40 25–45 waste disposal 

Complex processing (EU) 70–90 75–90 
almost waste-free 

production 

Note: developed by the authors based on research Bhattacharya et al. (2022), 

Reza et al. (2022), Rigueto et al. (2023), Elvines et al. (2024).  

Comparative analysis shows that in European Union countries, a 

high level of environmental efficiency is achieved through the imple-
mentation of closed technological cycles, the use of residual biomass 
for energy production, effective treatment of wastewater and gas 
emissions, and the implementation of zero-waste principles.  

In Ukraine, however, the environmental impact of processing fat-
ty waste is significantly lower. This is due to insufficient development 
of processing infrastructure, the lack of comprehensive technological 
schemes, and limited implementation of biogas and energy-efficient 

technologies. At the same time, the potential for environmental im-
pact in Ukraine is high: if modern technologies are implemented, it is 
possible to reduce industry greenhouse gas emissions by 30–50% and 
significantly reduce organic waste volumes.  

Thus, the study's results confirm that processing fatty waste from 
the fish processing industry is an effective environmental solution that 
combines waste disposal with the production of renewable energy 
and high-value-added products. The most promising direction is the 

implementation of integrated technologies that ensure maximum re-
source conservation and minimize environmental impact.  

 

Discussion  

 
The study's results confirm that fatty waste from fish processing 

enterprises is a valuable secondary raw material with high potential 
for complex processing. This is consistent with the approaches pre-
sented by Pasha et al. (2021), which emphasize the feasibility of using 

waste from animal and plant sources for biofuel production. The au-
thors note that the use of calcium catalysts enables a high degree of 
triglyceride conversion, consistent with the 85–95% biodiesel yield 
reported in the work.  

Studies by Pinheiro et al. (2021) show that the physicochemical 
properties of waste-based biodiesel are close to those of traditional 
diesel, allowing its use without engine modification. The results ob-
tained in this work confirm these conclusions, in particular regarding 

the reduction of carbon monoxide and sulfur compound emissions. 
Subhash et al. (2022) also indicate that optimizing the molar ratio of 
alcohol to triglycerides is a key factor in increasing the process effi-
ciency, which is fully consistent with the results presented.  

Analysis of alternative technologies shows that anaerobic digesti-
on is one of the most environmentally effective methods for the dis-
posal of fatty waste. In particular, the studies of Suzihaque et al. 
(2023) demonstrate the possibility of integrating biogas technologies 

into the overall waste processing system, which allows the energy 

efficiency of production to be increased. The biogas yields obtained in 
the work (up to 600 m³/t) are consistent with the literature and con-
firm the feasibility of this approach in food industry enterprises.  

At the same time, as Tucki et al. (2020) argue, current trends in 
biowaste processing aim not only to produce energy products but also 
bioactive substances of high added value. In the context of fish pro-
cessing waste, this may include the extraction of omega-3 fatty acids, 
phospholipids, and protein hydrolysates, which expands the range of 
possible uses.  

A comparison of Ukrainian and international experience reveals 
significant differences in technological development. As evidenced 

by the research of Vlasenko et al. (2026), biorefinery concepts are 
being actively implemented across the European Union and Asia, 
enabling utilization rates of over 90%. At the same time, in Ukraine, 
the processing level remains 20–30%, indicating the need to introduce 
innovative technologies and modernize production.  

It should be noted that the results regarding reductions in bioche-
mical oxygen demand and fat content after processing are consistent 
with the ecological studies by Park et al. (2001), which emphasize the 

importance of integrated approaches to waste disposal to reduce anth-
ropogenic loads. The reduction of pollution levels by more than 
20 times confirms the effectiveness of the proposed technological so-
lutions. However, it is necessary to consider the limitations posed by 
high humidity and the variability in fatty waste composition. As And-
roshchuk & Holembovska (2025) point out, preliminary preparation 
of raw materials is a critically important stage that affects the stability 
of the process and the quality of the final product. In this regard, a 

promising direction is the development of combined technologies that 
combine mechanical, chemical, and biotechnological processing 
methods. Thus, the study's results confirm that the most effective ap-
proach is the integrated processing of fatty waste, combining trances-
terification, bioconversion, and the isolation of bioactive components. 
This aligns with current trends in bioeconomy development and sup-
ports the transition to sustainable production systems. Further re-
search should focus on optimizing technological parameters, reducing 
energy consumption, and expanding the range of processed products.  

Further research should focus on the development and justifica-
tion of energy-efficient integrated technologies for processing fat-con-
taining waste, accounting for their physicochemical heterogeneity. 
Special attention should be paid to the development of combined pro-
cesses using rationalization of technological processes (vibromechani-
cal mixing, cavitation, and ultrasonic treatment), which increase lipid 
extraction efficiency and reduce energy consumption.  

A promising direction is the improvement of two-stage technolo-

gies for the conversion of raw materials with high free fatty acid con-
tent, particularly by optimizing the conditions of acid esterification 
and subsequent transesterification. It is also important to study the ki-
netics of the processes and develop mathematical models that predict 
biodiesel yield as a function of raw material parameters and proces-
sing conditions.  

Special attention should be paid to the development of biotechno-
logical processing methods, in particular the use of enzymatic cata-

lysts for the selective synthesis of high-value-added products (ω-3 
concentrates, functional ingredients). In parallel, it is necessary to ex-
plore the possibilities of integrated use of by-products (glycerol, pro-
tein residues) in biotechnological and energy processes.  

It is also relevant to conduct systematic life cycle studies (LCA) 
to assess the environmental and economic efficiency of various tech-
nological solutions in Ukrainian conditions. This will allow us to sub-
stantiate the feasibility of implementing circular recycling models and 

adapt best European practices to domestic conditions.  

 

Conclusion  

 
The analysis of scientific and practical approaches to processing 

fat-containing waste from the fish processing industry enables us to 
formulate general conclusions. Fat-containing waste is a valuable se-
condary resource with high energy and biochemical potential; provi-

ded that the raw material is properly prepared, the extraction yield of 
target products reaches 95%. At the same time, the increased humidi-
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ty and instability of such waste require effective methods of dehydra-
tion and stabilization. It has been established that the most effective 
are combined technological schemes for waste processing that com-

bine chemical and physical-mechanical methods. It has been proven 
that one of the promising methods for processing fish waste is the 
production of diesel biofuel, with a yield of 95%.  

The use of ultrasound, cavitation, and vibromechanical treatment 
increases fat extraction and reduces process time. Biotechnological 
methods are promising for preserving biologically active components 
but require further optimization. It was determined that biotechnologi-
cal methods are promising for preserving biologically active compo-

nents, and the main parameters (temperature, molar ratio of reagents, 
catalyst concentration, humidity, and acid number of raw materials) 
significantly affect the processing efficiency.  

The assessment of environmental efficiency confirmed that pro-
cessing fatty waste results in a significant reduction in environmental 
impact, particularly a 80% reduction in greenhouse gas emissions and 
a reduction in the volume of organic waste. The most environmental-
ly appropriate are integrated technologies that provide comprehensive 

utilization of raw materials and the production of renewable energy.  
Summarizing the results, it can be stated that fatty waste from the 

fish processing industry is a strategic resource for the development of 
bioenergy and food technologies, and the effective use of these tech-
nologies is an important direction for increasing resource conserva-
tion and environmental safety.  
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