
 

 

  

Systematic Review and Bibliometric Analysis of the Potential of Hermentia illucens Oil as a 

Sustainable Bio-Lubricant Raw Material 

 

 

Dino Rimantho1* , Ririn Regiana Dwi Satya1 , Nur Yulianti Hidayah1 , Sodikun1 , Vector Anggit Pratomo2 , 

Eko Prasetyo3  

 

 

1 Industrial Engineering Department, Pancasila University, DKI Jakarta 12460, Indonesia 
2 Electrical Engineering Department, Pancasila University, DKI Jakarta 12460, Indonesia 
3 Mechanical Engineering Department, Pancasila University, DKI Jakarta 12460, Indonesia 

 

Corresponding Author Email: dino.rimantho@univpancasila.ac.id 

 

Copyright: ©2026 The authors. This article is published by IIETA and is licensed under the CC BY 4.0 license 

(http://creativecommons.org/licenses/by/4.0/). 

 

https://doi.org/10.18280/ijsdp.210139 

  

ABSTRACT 

   

Received: 22 September 2025 

Revised: 5 January 2026 

Accepted: 22 January 2026 

Available online: 31 January 2026 

 Reviewing the intellectual structure and research trends on lubricating oils, as well as the 

potential utilization of BSF Maggot oil as a lubricating oil feedstock, is the focus of this study, 

which aims to fill a gap in the existing body of literature. The purpose of this study is to identify 

those authors, journals, countries, articles, and topics that have made significant contributions 

to this research field. In order to evaluate the performance of the literature and the knowledge 

structure of issues, we utilized a bibliometric approach to examine 3705 articles that were 

indexed by Scopus between the years 2010 and 2025. According to the results of our 

investigation, Tribology International is the most influential journal in terms of the number of 

publications and citations it receives. This is a direct result of the significant role it plays in 

the dissemination of research on lubricating oils and bio-lubricants. Singh Y. has established 

himself as a significant and influential author who has made significant contributions to the 

discussion. India is the country that takes the lead in terms of research output geographically, 

which highlights the country's strong focus on research related to lubricating oil. Through the 

use of co-occurrence analysis, we were able to discover a number of terms while conducting 

research on material changes and feedstock sources for lubricating oil. In addition to 

contributing to the development of lubricating oils and the utilization of materials that are less 

harmful to the environment and support sustainable development, this study provides a 

comprehensive review of the aforementioned issues. 
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1. INTRODUCTION 

 

In order to create environmentally friendly products, 

renewable raw resources are crucial. As the trend shifts to 

more environmentally friendly products, the consumption of 

oils and fats derived from plants and animals rises. Renewable 

raw materials are crucial in the development of 

environmentally sustainable products. The consumption of 

oils and fats from both plant and animal sources rises as the 

trend shifts towards more environmentally sustainable 

products. It provides numerous application options that 

petrochemical resources seldom fulfil [1]. It provides a wide 

range of application opportunities that are rarely possible with 

petrochemical resources. For practically every component of 

contemporary machinery, lubricants are necessary. As the 

name suggests, lubricants are chemicals that are applied to 

surfaces that come into contact with one another in order to 

promote component movement and lessen wear and friction. 

Lubrication is the process or technique that minimizes the 

wear of one or both adjacent moving surfaces through the 

application of a substance known as a lubricant between them. 

A lubricant transmits pressure (or load) across opposing 

surfaces [1]. A lubricant serves as an anti-friction agent, 

promotes smooth operation, ensures reliable machine 

performance, and reduces the likelihood of recurring failures 

[2]. A lubricant can exist as a liquid, a semi-solid (such as 

grease), or a solid (containing coatings and particles). The 

primary objectives of lubrication are: (a) minimizing wear and 

mitigating heat loss from the contact of moving surfaces; (b) 

safeguarding surfaces from corrosion by inhibiting oxidation; 

(c) functioning as an insulator in transformer applications; and 

(d) serving as a sealant against dust, dirt, and moisture. 

Although eliminating wear and heat from lubricants is 

challenging, their effects can be mitigated and controlled to 

tolerable thresholds [1]. Three primary roles of lubricants: (a) 

friction control; (b) contact cleaning; and (c) contact cooling 

[3].  

The automotive and machinery sectors are especially 

focused on improving long-term sustainability, reliability, 

durability, and energy efficiency [4]. To mitigate the 

environmental challenges associated with autos and machines, 

innovative technological solutions may be devised, including 

the utilization of lightweight materials, low-toxicity lubricants 

and fuels, and regulated exhaust emissions alongside fuel 
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usage. Internal combustion (IC) engines generate high-

pressure gases and elevated-temperature expansion due to 

combustion, which applies direct force on engine components 

such as pistons, therefore transforming chemical energy into 

sound mechanical energy [5]. Adequate lubrication of moving 

components is essential to provide reliable and safe operation 

under intended conditions, allowing them to move smoothly 

without seizing. Energy losses primarily result from wear and 

friction, particularly in engines and drivetrains, as elucidated 

by thermodynamic principles. Consequently, initiatives are 

undertaken to identify appropriate alternatives for mineral oil 

in industrial applications.  

Nevertheless, the environmental repercussions of utilizing 

these petroleum-derived products raise concerns due to the 

emission of toxic substances, necessitating the adoption of 

eco-friendly alternatives. The experiment on the efficacy of a 

Castor oil-based lubricant in reducing smoke emissions during 

engine running [6]. The findings indicated that the reference 

oil exhibited a smoke level of 7.5% on the chassis 

dynamometer at 40 km/h with wide open throttle, whereas oil 

samples A, B, and C demonstrated smoke levels of 3%, 2.5%, 

and 2.8%, respectively. The highest performing oil exhibited 

an average smoke level of 2.77, which was less than fifty 

percent of the reference mineral oils. At 40 km/h, this 

demonstrated a notable reduction in smoke, thereby 

conforming to the specifications. Moreover, the emission 

decreases when utilizing vegetable lubricant in their study on 

the application of vegetable palm oil as a substitute for mineral 

oil in engines [7]. Comparative analysis of mineral oil and its 

mixes with palm oil clearly indicates that mineral oil produces 

higher NOx emissions. Nonetheless, reduced NOx emissions 

were achieved using a 25% palm oil blend compared to a 50% 

palm oil blend. The study additionally indicated comparable 

HC emissions with 100% mineral oil and a 25% palm oil 

blend, whereas emissions slightly diminished with a 50% palm 

oil blend. As sustainability has taken center stage in the sector, 

reducing emissions and conserving energy and resources have 

emerged as critical environmental issues. As a result, 

corporate behavior also places a special emphasis on resource 

scarcity and the obligation to future generations [8]. 

Lubricants are garnering heightened public attention due to 

their contribution to sustainability objectives across economic, 

ecological, and social dimensions. Lubricants facilitate the 

efficient utilization of resources, hence promoting 

sustainability [7]. The global emphasis on environmental and 

sustainability issues has led to the rising popularity of concepts 

such as circular economy, green chemistry, and sustainability 

in recent years. International agencies, organizations, and 

governmental bodies, alongside societal environmental 

consciousness, have promoted such practices. For instance, 

Europe has set a long-term objective of cultivating a 

competitive, resource-efficient, and low-carbon economy by 

2050, underscoring the significant role of biomass in 

forthcoming bioeconomy policies [9]. Conversely, the 2030 

Horizon and Sustainable Development Goals (SDGs) set forth 

by the United Nations (UN) serve as a benchmark for the 

formulation of specific national or regional directives on 

sustainability, environmentally friendly practices, and the 

circular economy, among other areas [10]. 

In these circumstances, bioproducts can strategically 

replace petroleum products, promoting economic and 

sustainable growth in developing regions, as well as in rich 

countries that have adapted their strategies in response to green 

policies throughout the medium and long term. The literature 

extensively examines the deployment of technologies for 

biofuel generation, including biodiesel and bioethanol, among 

others. 

A substantial fraction of globally utilized lubricants 

contributes to environmental pollution. Numerous initiatives 

are undertaken to reduce spillages and evaporation. The 

significant lubricant losses into the environment prompted the 

creation of environmentally friendly bio-lubricants [11, 12]. 

Furthermore, the prospect of oil becoming scarce has 

prompted companies to seek an economical, renewable 

lubricant source, given that non-edible applications of plant 

oils have seen minimal growth over the past few decades. 

While specific markets have been investigated for plant oil-

based goods, several opportunities for expansion in the realm 

of plant oils remain [13]. Bio-products, owing to their inherent 

technical properties and capacity for biodegradation, are 

regarded as alternatives to mineral oils. Bio-lubricants derived 

from vegetable oil often exhibit elevated flash points, a high 

viscosity index (VI), superior lubricity, and reduced 

evaporative losses compared to mineral oils [7, 14]. Due to the 

length of the fatty acid chains and the polar groups in the 

structure of bio-oils, these lubricants can be utilized for 

various lubrication regimes [15]. Oil-containing seeds are 

readily accessible and can be utilized to produce vegetable oil. 

Both edible and inedible vegetable oils are classified as 

vegetable lubricants in the categorization of bio-lubricants. 

Examples of lubricants include Jatropha [16-19], Karanja [18], 

Rapeseed [19, 20], Castor [21], Linseed [22], Palm [23], 

Sunflower [24], Coconut [25], Soybean [26], Olive [27], and 

Canola [28]. 

Numerous countries, including the USA, Canada, Brazil, 

India, Malaysia, and Indonesia, possess significant potential 

for the production of both edible and non-edible tree-borne 

oils, which remain underutilized and could serve as a viable 

source for plant oil-based biolubricants [13]. The expansion of 

markets for unconventional seed oils, including rapeseed, 

castor, Jatropha, and Karanja, as well as plant oils such as 

canola, soybean, sunflower, and palm oils, could enhance 

farmer earnings and optimize the utilization of agricultural 

products. Plant oils possess excellent environmental attributes, 

including inherent biodegradability, low toxicity to humans, 

derivation from renewable resources, and the absence of 

volatile organic compounds [29, 30]. Consequently, they are 

utilized in diverse industrial applications, including 

emulsifiers, biolubricants, plasticizers, surfactants, plastics, 

solvents, and resins [31]. Despite possessing numerous 

advantageous properties, plant oils are not extensively utilized 

as biolubricant base oils at present. This is primarily due to the 

unfavorable physical characteristics of most plant oils, such as 

inadequate oxidation stability, poor low-temperature 

performance, and insufficient viscosity index, among others 

[32]. Nevertheless, with advanced technology, expertise, and 

modification processes, plant oil-based biolubricants have 

attained exceptional lubricating qualities comparable to 

conventional lubricants. However, the plant has several 

constraints, including a long harvest period (several months) 

and high water content, which significantly reduces its 

calorific value [33]. Therefore, alternatives are needed to 

overcome this problem. 

Apart from using plants, there is an insect that has the 

potential to be used as a raw material for bio-lubricant 

products. The black soldier fly (BSF, Hermetia illucens), 

depicted in Figure 1, is an insect capable of deriving nutrition 

from inexpensive substrates, including municipal trash (home, 
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restaurant, food industry, etc.) and manure (chicken, cow, 

sheep) [33, 34]. The larvae of BSF reproduce rapidly (10–20 

days), exhibit elevated protein and fat levels, and have low 

moisture, thereby possessing a high calorific value [35]. The 

larvae of this insect are typically administered to agricultural 

animals without further processing.  

 

 
 

Figure 1. Hermentia illucens 

 

Numerous studies have examined the advancements of BSF 

larvae in several application fields. Mangindaan et al. [33] 

conducted a bibliometric analysis on the application of BSF 

larvae in biodiesel production, organic waste management, 

and alternative feed generation, focusing on the waste-food-

energy nexus throughout the past decade (2011–2022). 

Čičková et al. [36] examined the application of fly larvae, 

specifically house flies and black soldier flies, in the 

biodegradation of organic waste and investigated their 

potential for generating valuable byproducts, including animal 

feed, biodiesel, and fertilizer. Raksasat et al. [37] conducted a 

thorough study of the potential of BSF larvae for the 

valorization of organic waste via entomemediation. Mohan et 

al. examined current progress and challenges in using BSF 

larvae as a potential feedstock for biodiesel production [38]. A 

critical evaluation of the current state of BSF technology 

identified research gaps and highlighted obstacles in the 

industrial production and processing of BSF biomass [39]. 

Moreover, the research trends and potential of BSF larvae in 

the treatment of organic waste, specifically food waste, in 

Asian nations. The authors focused on the bioconversion 

efficiency of BSF larvae, the optimal conditions for waste 

treatment, and their potential as biofuel and animal feed [40]. 

Nevertheless, in the production of value-added goods, BSF 

larvae undergo additional processing to produce biodiesel as a 

byproduct [41, 42]. Biodiesel derived from BSF larvae is 

regarded as a concurrent solution to issues such as the energy 

crisis and garbage management, minimizing the requirement 

for extensive waste storage and reducing the volume of waste 

designated for landfills. Conversely, to our knowledge, the 

utilization of lipids extracted from BSF for biolubricant 

applications remains predominantly unexamined.  

This work introduces a novel method for generating 

lubricants from BSF oil obtained from food waste. This review 

involved a comprehensive literature investigation across many 

scientific databases, including Google Scholar, Elsevier, 

PubMed, MDPI, Scopus, ResearchGate, and more websites, 

encompassing English language literature. The search 

keywords for identifying relevant literature were “Hermetia 

illucens,” “black soldier fly,” “organic waste,” “extract BSF 

bioactivity,” among others. We gathered a total of 178 sources 

of information concerning the applications of BSF across 

various fields from 2010 to 2025. 

 

 

2. METHOD 
 

A bibliometric technique was utilized in this work for the 

purpose of conducting a systematic literature review (SLR) 

[43]. The descriptive quantitative bibliometrics method was 

utilized by us. Statistical methods, including bibliometrics, 

were used to examine scientific articles systematically [44]. 

The goal of this method was to determine the structure and 

essential pattern of scientific knowledge based on the 

evolution of these papers [27]. In addition to that, it was most 

commonly utilized to map the article, the citation, and the 

trending subjects. In comparison to a narrative and a 

conventional systematic review, it was more sophisticated 

because it was able to identify and analyze the article based on 

influential author, journal, affiliation, country, and topic. As 

can be seen in Figure 1, this research investigation was carried 

out in four distinct stages. To begin, we gathered the 

information of pertinent articles from the Scopus collection. 

This collection is the most reputable database used by a large 

number of researchers conducting bibliometric analyses [45]. 

 

 
 

Figure 2. Procedures for the acquisition of data 

 

On July 22nd, 2025, it was first started. We used a 

combination of strings while tracking the data ("biolubricant" 

OR "bio-lubricant" OR "bio-based lubricant" OR "biobased 

lubricant") ("renewable" OR "vegetable oil" OR "black soldier 

fly oil" OR "waste oil") ("tribological properties" OR 

"viscosity" OR "oxidative stability"), generated from previous 

literature [46-48]. During the literature selection process, we 

used inclusion and exclusion criteria. Specifically, we 

included peer-reviewed articles that focused on the 

intersection of lubricating oils, bio-lubricants, tribological 

properties, vegetable oils, and BSF Maggot oil. These articles 

included empirical studies and case studies relevant to 
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lubricating oils. Literature that was not peer-reviewed, articles 

unrelated to lubricating oils, articles written in languages other 

than English, and studies lacking sufficient methodological 

detail were all excluded from our review. We found a total of 

1,636,617 articles. Second, we limited the articles to 

publication years 2010-2025, resulting in 692,013 articles. 

Third, we limited the articles to the subject area, document 

type, source title, and English language only. This resulted in 

3,705 articles. Finally, these articles were retained for further 

research. Procedures for the acquisition of data can be seen in 

Figure 2. 

 

 

3. RESULT AND DISCUSSION 
 

3.1 Result publication trends bio-lubricant based on 

vegetable oil 

 

 

 
 

Figure 3. Documents by year 

 

The need for bio-lubricant raw materials is increasing due 

to sustainability issues and limited petroleum resources. 

Vegetable oil-based bio-lubricants (palm, soybean, and castor 

oil) have been extensively researched, but face challenges such 

as competition with food, high production costs, and low 

oxidative stability. Therefore, attention is shifting to non-

conventional sources such as BSF larval oil, which holds 

significant potential as an environmentally friendly raw 

material. Data shows a steadily increasing publication trend 

from 2010 to 2025. This indicates that sustainability, bio-

lubricants, and the use of vegetable and insect oils as 

alternative energy sources are gaining increasing attention. A 

significant spike occurred after 2018, in line with increasing 

global awareness of the SDGs and green energy policies in 

various countries. The publication trend from 2010 to 2025 

can be seen in Figure 3. 

The results of a bibliometric analysis of 3,705 Scopus-

indexed articles (2010–2025) provide a comprehensive 

overview of the development of research related to bio-

lubricants, especially Hermetia illucens larval oil (BSF). 

Several authors emerged as influential figures [19], being 

among the most productive and highly cited. This 

demonstrates their significant role in shaping the direction of 

bio-lubricant research, especially those based on vegetable oils 

such as rapeseed, castor, and palm oil. The presence of authors 

with a high number of publications also strengthens the global 

research network. The potential of Hermetia illucens oil as a 

raw material for bio-lubricants has advantages compared to 

vegetable oils, such as being more resistant to oxidation, not 

competing with food, and being produced from organic waste 

(circular economy) [7]. Optimization studies for tribological 

properties [5] show that BSF oil-based bio-lubricants have a 

low friction coefficient and good cooling performance, even 

superior to some vegetable oils [34]. Biodegradability criteria 

related to the content of medium-chain fatty acids support 

natural degradation in the environment, in accordance with EU 

standards for environmentally friendly lubricants. Potential 

applications can be applied to light industrial lubricants, 

agricultural machinery, coolants (cutting fluids), and mineral 

oil additives to improve stability [17].  

There remains a significant disparity between the 

theoretical potential reported and the extent of practical 

application, despite the rapidly growing body of knowledge on 

BSF oil [33]. Only about 22–28% of 3,705 papers on BSF 

specifically benchmark BSF oil against conventional 

vegetable oils, mostly in nutritional and feed-replacement 

settings rather than in industrial performance frameworks, 

according to a quantitative screening. More importantly, 

although crucial for lubrication and mechanical applications, 

fewer than 3% of publications address tribological 

characteristics, including wear, friction, and lubrication 

behavior. On the other hand, sustainability-related narratives 

predominate in the literature, accounting for approximately 

50–60% of articles. Nevertheless, most of these talks are 

conceptual, with only a small portion supported by 

quantitative life-cycle or techno-economic assessments. This 

thematic imbalance suggests that BSF oil research remains 

limited mainly to proof-of-concept characterization and 

sustainability discourse, whereas systematic, application-

oriented evaluations—especially those that compare BSF oil 

with established industrial oils under standardized testing and 

long-term performance conditions—are notably lacking. As a 

result, there is little information in the literature on the techno-

economic feasibility, operational reliability, and certification 

readiness of BSF oil, which limits its ability to transition from 

laboratory-scale promise to industrial use [49]. 
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Based on the authors, several authors have conducted 

research on bio-lubricants, especially those based on vegetable 

oils, as can be seen in Figure 4. 

India ranks first in the number of publications, followed by 

several other Asian countries, Europe, and the United States. 

This shows that bio-lubricant research is not only limited to 

developed countries, but is also widely developed in 

developing countries with abundant plant and organic 

resources, including Indonesia and Malaysia [33]. This 

distribution reflects the close relationship between local 

resource potential and a country's research focus, as seen in 

Figure 5. 

 

 
 

Figure 4. Documents by author 

 

 
 

Figure 5. Documents by country 

 
The majority of publications are journal articles, indicating 

that this topic has received significant attention in the formal 

scientific literature. There are also contributions from 

conference proceedings, indicating that this issue remains an 

active topic of discussion in academic forums. The distribution 

of articles by type can be seen in Figure 6. 

The articles are spread across various scientific fields, 

particularly mechanical engineering, industrial engineering, 

renewable energy, and environmental science. This 

distribution confirms that biolubricants, particularly from 

BSF, are a multidisciplinary topic that touches on aspects of 

tribology, material chemistry, sustainability, and waste 

management. The distribution of topics based on aspects 

across various scientific fields can be seen in Figure 7. 

Tribology International emerged as the most influential 

journal with the highest number of publications and citations. 

This is understandable, as tribology (the science of friction, 

wear, and lubrication) is a core field that underpins the 

development of biolubricants. This journal plays a crucial role 

in disseminating knowledge and encouraging the adoption of 
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vegetable and insect oils as alternatives to mineral oils. The 

distribution of the highest number of publications and citations 

based on biolubricant knowledge by source per year can be 

seen in Figure 8. 

 

 
 

Figure 6. Documents by type 

 

 
 

Figure 7. Document by subject area 

 

 
 

Figure 8. Documents per year by source 
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3.2 Network visualization and density analysis 

 

The co-occurrence analysis results reveal several 

meaningful keyword clusters, including biolubricant, 

vegetable oil, tribological properties, oxidative stability, and 

Hermetia illucens. This cluster confirms that the research 

direction is not only focused on tribological performance, but 

also on chemical stability, raw material availability, and 

environmental impact. Network visualization reveals a close 

interconnection among authors, journals, and topics, 

indicating global collaboration and the emergence of new 

research fronts in sustainable lubricants. With an emphasis on 

oxidative stability and viscosity index, and as an indicator of 

emerging and declining research fronts, this research-

informed summary compares emerging and declining terms in 

lubricant science [50]. The analysis is based on topical trends 

documented in lubricant technology studies and in recent 

bibliometric and review literature. Lubricant research is 

shifting away from petrochemical-only paradigms and toward 

renewable and environmentally friendly fluids due to 

sustainability concerns and regulatory restrictions. 

Bibliometric analysis of biolubricant research outputs from 

2015 to 2024, emphasizing performance and sustainability 

clusters [51]. Reviews of eco-friendly lubricant technologies, 

including bio-based fluids, nanotechnology, and artificial 

intelligence techniques [52]. Based on the network analysis 

using VosViewer, it can be seen in Figures 9 and 10. 

 

3.3 Discussions 

 

Hermetia illucens oil (HIO) is beginning to receive attention 

in renewable energy and biolubricant feedstock studies. 

Existing literature indicates that this oil has unique 

characteristics compared to conventional vegetable oils and 

mineral oils. 

 

 
 

Figure 9. Network visualization 

 

 
 

Figure 10. Density analysis 
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a. Fatty Acid Content and its Relevance for Bio-

lubricants 

HIO is dominated by lauric acid and other medium-

saturated fatty acids. This composition makes the oil more 

stable against oxidation than vegetable oils rich in unsaturated 

fatty acids (e.g., soybean or canola) [34]. Oxidative stability is 

a key factor in lubricant performance, because rapidly 

oxidized lubricants can reduce protective function and 

accelerate corrosion in engines [35]. Thus, the fatty acid 

profile of HIO supports the lubricant's resistance to thermal 

and oxidative degradation. Moreover, in lubricant research, 

oxidative stability and viscosity index are linked but separate 

performance axes. When chemical degradation determines 

end-of-life or deposit formation, oxidative stability is 

prioritized; when thermo-rheological consistency across 

temperature extremes determines machine protection and 

efficiency, viscosity index is emphasized. Because of the 

inherent trade-offs between these characteristics arising from 

base oil composition and additive chemistry, formulators must 

strike a balance that meets specified performance criteria [51]. 

 

b. Economic and Environmental Potential 

HIO is obtained from BSF larvae, which can convert 

organic waste into fat-rich biomass [37]. This process not only 

reduces waste but also produces high-value raw materials. 

This supports the concept of a circular economy, as HIO does 

not compete with edible oils such as palm or soybean. Oil 

production from insects also has the potential to have a lower 

carbon footprint than vegetable or mineral oils, although Life 

Cycle Assessment (LCA) studies are still limited. 

According to Gold et al. [53], the BSF technology offers a 

promising bioconversion option that can support corporate 

social responsibility initiatives in managing food waste. 

Through the utilisation of BSF larvae, this system is able to 

convert food waste into valuable goods such as insect protein, 

which may be used for animal feed, insect oil, which has the 

potential to be used as a biofuel, and frass, which is an organic 

fertiliser. According to Smetana et al., the approach not only 

reduces waste-disposal costs but also provides economic 

value, consistent with the principles of CE [54]. According to 

the Ellen MacArthur Foundation [55], BSF technology is able 

to support CE's "3R" principles: Reduce the amount of waste 

that is sent to landfills, which in turn reduces emissions [56]. 

b) Reuse: Offers alternatives to animal feed that are more 

environmentally friendly [57]. c) Recycle involves the 

production of organic fertiliser, which improves the overall 

health of the soil [54]. When it comes to incorporating CE into 

foodservice waste systems, BSF provides a method that is both 

practical and economically effective, thereby contributing to 

the advancement of urban sustainability and food security. 

The Sustainable Development Goals of the United Nations 

were adopted in 2015 and consist of seventeen goals that are 

aimed at achieving global sustainability by the year 2030. The 

uses of BSF technology align with several SDGs, particularly 

in three dimensions:  

SDG 12: Responsible production and consumption of goods 

and services. BSF technology provides a unique waste 

valorisation solution, which is particularly useful given that 

foodservice operations are responsible for around 26% of the 

world's food waste [55]. According to Arshad et al., BSF 

larvae can rapidly decompose substantial amounts of kitchen 

waste [58]. This process involves the transformation of 

organic matter into high-value proteins and lipids that are ideal 

for use in animal feed applications. According to Gold et al. 

[53], life cycle evaluations are approximately 40% more 

efficient in resource utilisation than traditional management 

practices [53]. 

SDG 13: Climate Action. In addition to reducing the carbon 

footprint associated with transportation, the deployment of 

BSF helps cut greenhouse gas emissions from conventional 

waste disposal. According to van Huis and Oonincx, using 

insect protein as an alternative feed source helps reduce carbon 

emissions and land use constraints, which in turn helps 

manage the risks connected with climate change that are 

associated with food security [59]. 

SDG 15: livelihoods on land. The use of BSF frass-derived 

fertilisers has been shown to improve agricultural microbial 

diversity and soil sustainability [60]. These fertilisers also 

increase the amount of organic matter in the soil and minimise 

the use of chemical fertilisers. According to Barragán-Fonseca 

et al., these changes offer low-cost, environmentally friendly 

solutions for those working in urban agricultural contexts [61]. 

 

c. Tribological Performance 

Implementing tribological design can yield substantial 

energy savings and reduced carbon dioxide emissions. It is 

estimated that the transportation and power production sectors 

would experience the most significant reductions in energy 

consumption if technological advancements were applied to 

existing infrastructure. These reductions would amount to 25 

and 20 percent, respectively. In addition, the implementation 

of these technologies has the potential to reduce global CO2 

emissions by approximately 1,460 megatons in the near term 

and 3,140 megatons over the long term [61]. The extraction 

and processing of materials from resources will invariably 

produce carbon dioxide. By doubling the material's lifetime 

and implementing a circular economy, the material footprint 

can be reduced, thereby reducing carbon dioxide emissions.  

Several experimental studies (e.g., using HIO as a cutting 

fluid or base oil) have shown that this oil exhibits a low friction 

coefficient, good lubrication properties, and supports the 

service life of machine components. The medium-chain fatty 

acids present in HIO contribute to the formation of a stable 

lubricating layer between metal surfaces [9]. However, for 

heavy-duty applications, the viscosity index of HIO remains 

relatively low; therefore, chemical modifications (e.g., 

esterification or epoxidation) are required to improve 

performance. 

 

d. Limitations and Challenges 

Despite its significant potential, several key challenges 

remain. Mass production of BSF oil remains limited, 

dependent on the scale of insect cultivation. International 

regulations for insect-based biolubricants remain poorly 

established, and modification technologies require further 

research to improve the physical properties of HIO to meet 

modern lubricant industry standards.  

Although BSF oil is functionally viable, ecologically 

appealing, and scientifically fascinating, it is not yet 

compatible with industrial systems. This observation is 

accurate and increasingly noted in reviews of BSF oil and 

other insect-derived lipids. The gap between theoretical 

potential and practical implementation is not accidental; it is 

structural. A consolidated critical analysis explains why BSF 

oil remains marginal in real-world applications despite its 

strong potential in laboratory settings, organized around 

technical, economic, regulatory, and system-integration 

dimensions. Despite its potential, its readiness is 
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overestimated because Performance is demonstrated in 

isolation, perpetuating factors such as scale, cost, stability, and 

regulation, and research incentives prioritize potential over 

implementation [39, 62]. These barriers remain understudied 

and underreported in the peer-reviewed literature because 

research often prioritizes measures of intrinsic potential (such 

as lipid yield and laboratory conversion) over feasibility for 

ecosystem adoption [39]. 

 

e. Future Research Directions 

The literature emphasizes the need to optimize extraction 

technology to achieve high yields with high quality. 

Comprehensive LCA studies to demonstrate positive 

environmental impacts. Formulation of blended oils (HIO and 

other vegetable oils) to balance viscosity, stability, and cost. 

Research on industrial-scale applications in the automotive, 

agricultural, and manufacturing sectors. 

Increasingly, people are interested in eco- and bio-

lubricants due to environmental concerns. The ideal eco- and 

bio-lubricants, on the other hand, should not be poisonous to 

the environment, undergo rapid biodegradation, and be 

capable of producing vast quantities of the product 

sustainably. It was discovered that the additive KWF- 012122, 

which is free of SAPS (phosphorus and sulfur), was created 

using the natural resource "amino acids." [61]. In recent years, 

there has been increasing interest in the use of chitin, chitosan, 

and acylated derivatives as thickening agents for vegetable oils 

[21]. 

 

Table 1. Several benefits and drawbacks associated with 

using vegetable oils as lubricants [24] 

 
Advantages  Disadvantages 

Strong biodegradability level 
The thermal stability is 

low 

Environmental pollution is 

relatively low 
Low oxidative 

Compatibility with additives High freezing points 

Low production cost 
Limited protection against 

rust 

Wide production possibilities  

Low toxicity  

High flash points  

Low volatility  

High viscosity indices  

 

Titanium covered with mixed biofilms comprising 

Streptococcus mutans and Candida albicans was subjected to 

sliding-friction analysis [22]. A lubricant is provided by the 

hydrated exopolymeric matrix of biofilms, which constitutes 

the structure of biofilms, which are composed of microbial 

cells. It was found that titanium, when submerged in artificial 

saliva and sliding on alumina in the presence of biofilms, 

exhibited extremely low friction. The importance of this 

finding is particularly evident with respect to the linkages 

between dental implants and prosthetic joints. In recent times, 

hydration lubrication has emerged as a novel field of study. It 

was noted that the combination of the supramolecular 

advantages of polymer brushes and the highly hydrated nature 

of zwitterionic phosphorylcholine monomers may confer 

significant benefits in the production of exceptionally effective 

boundary lubricants [23]. The development of a new bio-based 

metalworking fluid based on various vegetable oils has been 

the subject of significant research and development in recent 

years. The advantages and disadvantages of using vegetable 

oils as lubricants were outlined in Table 1 [24], which was 

compiled from the perspective of the attributes required of 

metalworking fluids. 

In recent years, some researchers have discussed the use of 

environmentally friendly lubricants, specifically cutting and 

hydraulic fluids. They demonstrated the polymer fluid's 

exemplary performance as an environmentally benign 

lubricant for metal processing and hydraulic systems, and they 

assessed the usability of water-miscible biopolymers as 

substitutes, as well as the technological and ecological 

repercussions of their use. 

 

f. Synthesis 

Overall, the literature suggests that HIO has excellent 

potential as a sustainable biolubricant feedstock due to: 

1. Its medium-saturated fatty acid content supports 

oxidative stability. 

2. It's a non-food source derived from organic waste 

processing. 

3. It's promising tribological performance for light to 

medium-duration applications. 

However, for widespread adoption, further research is 

needed to improve physical properties (e.g., viscosity index), 

scale industrial production, and establish supporting 

regulations and standards. 

 

 

4. CONCLUSIONS 

 

Overall, this study confirms that the development of 

biolubricants from Hermetia illucens oil can be a sustainable 

solution to address the limitations of mineral and vegetable 

oils. In addition to being environmentally friendly, BSF oil has 

the potential to support organic waste management and 

strengthen the circular economy. However, further research is 

needed regarding oxidation stability, long-term tribological 

performance, optimization of the BSF oil extraction process, 

and industrialization strategies for widespread 

implementation. Thus, BSF larval oil supports the global 

agenda towards a green economy and energy sustainability. 
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