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Abstract: The seed oils of domesticated oilseed crops are major agricultural commodities used 

primarily for nutritional applications, but in recent years, there has been increasing use of these oils to 

produce biofuels and chemical feedstocks. This is being driven in part by the rapidly rising costs of 

petroleum, increased concern about the environmental impact of using fossil oil, and the need to develop 

renewable domestic sources of fuel and industrial raw materials. Biolubricants are gaining popularity 

and acceptance globally due to their sustainable, non-toxic, and environmentally friendly properties. 

Besides that, they are also derived from renewable plant-based oils. The chemical structure of the base 

oil of the biolubricant is the key determinant of its biodegradability. Many factors like humidity, 

pressure, metal type, air, and temperature change the chemical composition of base oils used in 

biolubricants. In other words, biodegradability hinges on how the chemical structure of the base oil 

changes during service. National and international labeling programs have been developed to minimize 

confusion in the marketplace, increase public awareness, and create thoughtfulness for environmentally 

preferable products. The labeling programs can aid in removing uncertainty in buying environmentally 

preferable products. This review highlights the recently published data and works of literature related 

to the development of green biolubricants, biolubricant advantages/disadvantages, chemical 

modification reactions, biolubricants worldwide eco-labeling, biodegradability, and toxicity testing 

methods.  

Keywords: plant oil-based biolubricants; renewable resources; biodegradability; ecofriendly green 

biolubricants. 

© 2021 by the authors. This article is an open-access article distributed under the terms and conditions of the Creative 

Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/). 

1. Introduction 

Renewable raw materials are playing an essential role in developing environmentally 

sustainable products. The consumption of oils and fats from plant and animal origin increases 

as the trend moves towards more eco-friendly products. It offers a large number of possibilities 

for applications that petrochemical resources can rarely meet. Lubricants are essential for 

almost all aspects of modern machinery. As the name implies, lubricants are substances used 

to lubricate surfaces in mutual contact to facilitate the movement of components and reduce 

friction and wear. When sustainability has become a driving force in the industry, saving 

energy and resources and cutting emissions, have become central environmental matters. 

Therefore, the scarcity of resources and the responsibility towards future generations are also 

a particular focus of corporate action [1, 2]. Lubricants are increasingly attracting public 

awareness because they support sustainability targets in economic, ecological, and social areas. 
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Lubricants contribute to the sparing use of resources and thereby to sustainability. Choosing 

the suitable lubricant for the application helps extend the lifespan of machinery and its 

components and increase efficiency and reliability.  

A significant portion of the lubricants consumed worldwide ends up polluting the 

environment. Many efforts are made to minimize spillages and evaporation. These high 

lubricant losses into the environment were behind the development of environmentally friendly 

biolubricants [3-5]. Also, the idea that oil soon may no longer be available, industries have 

been searching for a cheap, renewable source of lubricant as we know that non-edible uses of 

plant oils have grown little during the last few decades. Although some markets have been 

explored based on plant oil oriented products, still there are many bright scopes of expansion 

in the field of plant oils [6-9]. 

Many countries like the USA, Canada, Brazil, India, Malaysia, Indonesia, etc., have 

great potential of producing edible and non-edible tree-borne oils, which remain untapped and 

can be used as a potential source for plant oil-based biolubricants. Increased markets for such 

uncommon seeds oils such as rapeseeds, castor, Jatropha, Karanja, etc., and plant oils such as 

canola, soy, sunflower, palm oils, etc., could increase farmer incomes and maximize the 

application of agricultural products. Plant oils have superb environmental credentials, such as 

being inherently biodegradable and having low toxicity towards humans, being derived from 

renewable resources, and contributing no volatile organic chemicals, due to which they are 

used in various industrial applications such as emulsifiers, biolubricants, plasticizers, 

surfactants, plastics, solvents, and resins. Although plant oils possess many desirable 

characteristics, currently, they are not widely used as biolubricant base oils. Mainly this is due 

to undesirable physical properties of most plant oils viz. poor oxidation stability, poor low-

temperature properties, poor viscosity index, etc. [10-13]. However, through the cutting edge 

technology, knowledge, and modification processes, plant oils based biolubricants has reached 

superb lubrication properties at par with the common lubricants. In this review, our motivation 

is to provide a perspective on the current situation of plant oil production in the world, lubricant 

demand, biolubricants biodegradability/toxicity, and worldwide eco-labeling system.  

2. Lubricants Demand 

According to a new report published by Grand View Research, the global lubricants 

demand size is expected to reach $68.54 billion by 2022 (Figure 1). Growing demand for 

oilfield chemicals due to increased drilling and exploration activities is likely to positively 

impact the market.  

 
Figure 1. Global lubricants market volume by product, 2012 – 2022 (Million Tons). 
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Growing sales of motorcycles, high demand for heavy-duty trucks and other 

commercial vehicles, and lightweight passenger cars have increased production in the 

automotive sector globally, which is considered favorable for developing lubricants demand 

[14].  

However, the underlying regional lube market dynamics of the past 15 years were 

enormous in terms of quantity and quality. The Asia-Pacific region, Africa, and the Middle 

East accounted for a little more than one-third of global volume in 2000 and now makes more 

than half of it due to growing industrialization and motorization and, consequently, higher 

consumption. Western Europe and North America's mature markets experienced a continuous 

move to more quality lubricants, which resulted in extended oil change intervals and, 

consequently, lower demand per year. Asia-Pacific today consumes twice the lubricants 

amount per year than North America [15]. 

Since 1975, quantitative lubricant demand has significantly detached itself from gross 

national product and the number of registered vehicles. This quantitative view, which at first 

glance shows a continuous decline in lubricant volumes, gives an inadequate impression of the 

significance of the lubricants business today. In almost all areas, products now have a longer 

life and offer greater performance that is specific lubricant consumption has declined, but 

specific revenues have increased noticeably. This is also confirmed by the volumetrically 

significant group of engine oils: The doubling of requirements with extended oil change 

intervals in recent years has quadrupled the cost of such oils. The efforts to increase the life of 

lubricants are not based on the wish to reduce lubricant costs. Much more important is reducing 

service and maintenance costs resulting from periodic oil changing or regressing [16]. 

As about 50% of the lubricants sold worldwide end in the environment polluting it, 

every effort is made to minimize spillages and evaporation. An example is diesel engine 

particulate emissions, about a third of which are caused by engine oil evaporation. These high 

lubricant losses into the environment were behind the development of environment-friendly 

lubricants. A further incentive to reduce specific consumption is the ever-increasing cost of 

disposal or recycling of used lubricants. But this again creates new demands on lubricants 

because reduced leakage losses mean less topping-up and less refreshing of the used oil. The 

new oils must, therefore, display good aging stability [17]. 

 
Figure 2. Comparing regional per capita lubricant demand between 2007 and 2017. 
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Another consequence of the aforementioned developments was global consumption per 

capita. The Asia-Pacific region and the Rest of the World (ROW) accounted for little more 

than 35% of global volume in 2007. At 2017 makes more than 43% of the total volume due to 

growing industrialization, motorization, and consequently higher consumption (Figure 2). The 

mature markets, Western Europe and North America experienced a continuous move to higher 

quality lubricants with longer oil drain intervals, which produced lower consumption due to 

these efficiencies. Europe and the Americas lost in equal relative terms what Asia-Pacific and 

the ROW gained with regard to lube volume consumption. The Asia-Pacific region, sharing 

43% of global demand, consumes twice the lubes per annum than North America does, with a 

share of about 18%. Even more impressive was the fact that North America's lube consumption 

per capita of 20kg was still twice as much as Western Europe's 10kg, which of course was the 

result of a quantity vs. quality issue [18]. 

Considering the growth potential in Asia, where per capita consumption in some areas 

is still extremely low and a continuing reduction in volumes or stagnation in Western 

industrialized countries, overall, a modest global growth is forecast. The value growth will be 

more pronounced because the rapid globalization of technologies will promote high-value 

products even in the developing and emerging lubricant markets such as India. The machines 

and plants used in these countries will be similar or identical to those used in the developed 

industrialized countries [19, 20]. 

3. Plant Oils 

Plant oil is the fat extracted from plant sources. We may extract oil from other parts of 

a plant, but seeds are the primary plant oil source. The plant oils are classified on different 

bases, which are given below [21]: 

i) Classification based on source: 

- tree crop oil: palm oil, coconut oil, and olive oil; 

- annual crop oil: groundnut oil, sunflower oil, etc.; 

- by-product oil: rice bran oil and soy bean oil. 

ii) Classification based on availability: 

- major oil: coconut oil, groundnut oil, sunflower oil, soybean oil; 

- minor oils: almond oil, apricot oil, avocado oil, and candlenut oil. 

iii) Classification based on end use: 

- edible oils: coconut oil, sunflower oil, soybean oil, and palm oil; 

- non-edible oils: castor oil, Jatropa curcas oil and Jojoba oil, etc. 

3.1.  Plant oils chemical structure. 

Chemically, plant oils are completely different from mineral oils. The major component 

of plant oils is triacylglycerols (TAGs) (98%) with varying fatty acids composition depending 

on the plant, the crop, the season, and the growing conditions. The minor components of plant 

oils are diacylglycerols (DAGs) (0.5%), monoacylglycerols (MAGs) (0.2), fatty acids (FAs) 

(0.1%), sterols (0.3%), and tocopherols (0.1%) [56] (Figure 3). Most of these minor 

components are removed in processing, and some are valuable by-products.  

Plant oil composition is expressed in terms of their building units, "fatty acids", which 

are long-chain molecules with 8-24 carbon atoms. Plant oils' efficacy is determined by their 

chemical composition, which varies from place to place due to various geographical factors. 
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Since fatty acids make larger portions of triacylglycerols, most of the plant oils' physical and 

chemical properties result from the constituent fatty acids [22-24].  

 
Figure 3. Systematic representation of the major component (TAG) and the minor components (DAG, MAG, 

FAs, sterols, tocopherols) of plant oils. 

The TAGs that are found in oilseeds usually display the saturated fatty acids in the sn-

1,3 positions, whereas the sn-2 position of glycerol is esterified to an unsaturated or 

polyunsaturated acyl moiety. This is caused by the specificity of the different enzymes 

participating in their biosynthesis. Tri-saturated fatty acids are not common in plants growing 

in temperate climates, but they can be found in oils from tropical species, mainly in palm oil 

and lauric fats (coconut and palm kernel fats). They are not suitable for lubrication due to their 

high melting points (Table 1), so they should be removed from native oils by fractionation 

techniques [25-27]. 

Table 1. Properties of some common triacylglycerol species. 

3.2.  Plant oils' general properties. 

Plant oils are esters of glycerol with fatty acids except for the jojoba oil, consisting of 

esters of fatty acids with long-chained alcohols. The chain length of these fatty acids usually 

ranges from C12 to C22. So, fatty acids account for about 85% of the plant oils' weight, 

determining their properties. Plant oils' properties are directly proportional to the fatty 

TAG type Name Melting point (°C) Viscosity at 80 ºC (cST) 

Trisaturated Glyceryl tripalmitine 66.4 13.17 

Glyceryl tristearate 73.5 16.31 

Disaturated Glyceryl distearate oleate 42.0 - 

Glyceryl distearate linoleate 37.0 - 

Glyceryl palmitate oleate stearate 37.0 - 

Monosaturated Glyceryl palmitate dioleate 18.5 - 

Glyceryl palmitate dioleate 23.0 - 

Glyceryl palmitate dilinoleate -3.0 - 

Glyceryl stearate oleate linoleate -4.0 - 

Triunsaturated Glyceryl trioleate -5.0 12.22 

Glyceryl trilinoleate -11.0 - 

Glyceryl trilinolenate -24.2 - 
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composition of triacylglycerols, closely related to their source [28]. Table 2 presents the fatty 

acid compositions of some commonly used plant oils.  

Table 2. Fatty acid compositions (%) of commonly used plant oils [29-34]. 

Plant oil 
Fatty acid 

C12:0 C14:0 C16:0 C18:0 C16:1 C18:1 C18:2 C18:3 Others 

Castor  - - 0.5-1 0.5-1 - 4-5 2-4 0.5-1 83-85# 

Coconut 44-52 13-19 8-11 1-3 - 5-8 0-1 - - 

Corn - - 11-13 2-3 0.3 25-31 64-60 1 - 

Jatropha curcas - 1.4 13-16 6-8 - 38-45 32-38 - - 

Karanja - - 11-12 7-9 - 0.08 13-21 73-79 - 

Linseed - - 4-5 2-4 0-0.5 19.1 12-18 56.6 - 

Mahua - - 28 23 - 41-51 10-14 - - 

Neem - - 18 18 - 45 18–20 0.5 - 

Olive - - 13.7 2.5 1.8 71 10 0-1.5 - 

Palm - 1 37-41 3-6 0.4 40-45 8-10 - - 

Peanut - - 10-11 2-3 - 48-50 39-40 - - 

Rapeseed - - 4-5 1-2 0.21 56-64 20-26 8-10 - 

Saffower - - 5-7 1-4 0.08 13-21 73-79 - - 

Soybean - - 11-12 3 0.2 24 53-55 6-7 - 

Sunflower - - 7 5 0.3 20-25 63-68 0.2 - 
#Ricinoleic acid 

Fatty acids are carbon chains containing 4 to 24 carbon atoms and are classified 

according to the different degrees of unsaturation: saturated, monounsaturated, and 

polyunsaturated [35]. Saturated fatty acids are those fatty acids that do not contain any double 

bonds between their carbon atoms. They exhibit relatively high melting points and are the most 

chemically stable due to the molecule's conformation. Therefore, as the number of carbons in 

the chain increases, the fatty acid's melting point also increases [36]. Examples of saturated 

fatty acids include stearic acid (C18:0), palmitic acid (C16:0), myristic acid (C14:0), lauric (C12:0), 

and butyric acid (C4:0).  

Monounsaturated fatty acids are fatty acids with only one double bond between the 

carbon atoms. This double-bound can be trans or cis configuration. If stored properly, they can 

be relatively resistant to rancidity and are liquid at room temperature. However, they are less 

stable to oxidation than saturated fatty acids [37]. Erucic acid (C22:1), oleic acid (C18:1), and 

palmitoleic acid (C16:1) are some of the examples of monounsaturated fatty acids. Meanwhile, 

polyunsaturated fatty acids (PUFAs) are fatty acids that are characterized by the presence of 

two or more double bonds in their carbon chain and are typically liquid at room temperature. 

The higher the number of unsaturations implies a higher biological and oxidative instability of 

polyunsaturated fatty acids [38]. Examples of polyunsaturated fatty acids are 

tetracosapentaenoic acid (C24:5), docosatetraenoic acid (C22:4), docosapentaenoic acid (DPA) 

(C22:5), arachidonic acid (C20:4), linolenic acid (C18:3), and linoleic acid (C18:2). The 

compositions of fatty acids of the oils can be determined by different analytical methods such 

as nuclear magnetic resonance (NMR) spectroscopy [39-41], gas chromatography (GC) [42, 

43], high-performance liquid chromatography (HPLC) [44, 45], near-infrared transfectants 

spectroscopy (NITR) [46], and Fourier transform infrared spectra [47, 48]. 

Plant oils are obtained from oil containing fruits, nuts, or seeds by distinctive solvent 

extraction, processing methods, or a combination of both [49]. Unrefined oils obtained are 

exposed to several refining processes, both chemically and physically. The plant oils' 

physicochemical properties are dependent on fatty acid distribution. The number of double 
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bonds as well as their positions within the aliphatic chain strongly affects the properties of the 

oil. Table 3 summarises some relevant properties of common plant oils and fatty acids. The 

actual number of carbon atoms making up the aliphatic chains performs an extremely less 

significant part, simply because most of these triacylglycerols have 18 and a few 16 carbon 

atoms [50]. Iodine number estimates the degree of unsaturation of the fats and oils. It is the 

number of iodine in grams consumed by 100 g of a chemical substance under investigation. 

Based on their iodine value, plant oils are sub-divided into three categories. Therefore, oils are 

classified as "non-drying" if their iodine value is below 90, "semi-drying" if the factor 

comprised is between 90 and 130, and "drying" if the iodine value is greater than 130 [51]. 

Table 3. Some specific physical properties of triacylglycerols oils and fatty acids [47-50]. 
Name Viscosity (mpa-s) Specific gravity Refractive index Melting point (ºC) 

Oleic acid 3.41 at 110 ºC 0.850 at 80 ºC 1.445 at 60 ºC 16.3 

Stearic acid 2.79 at 110 ºC 0.839 at 80 ºC 1.4337 at 70 ºC 69.6 

Palmitic acid 3.47 at 110 ºC 0.841 at 80 ºC 1.421 at 70 ºC 62.9 

Myristic acid 2.78 at 110 ºC 0.844 at 80 ºC 1.427 at 70 ºC 54.4 

Sunflower oil 33.31 at 37.8 ºC 0.916 at 20 ºC 1.473-1.477 at 20 ºC -17 

Soybean oil 31.80 at 37.8 ºC 0.917 at 20 ºC 1.473-1.477 at 20 ºC -16 

Palm oil 30.92 at 37.8 ºC 0.890 at 20 ºC 1.453 - 1.456 at 20 ºC 35 

Linseed oil 29.60 at 37.8 ºC 0.925 at 20 ºC 1.480- 1.483 at 20 ºC -24 

Castor oil 293.40 at 37.8 ºC 0.951 at 20 ºC 1.473 - 1.480 at 20 ºC -18 

Rapeseed oil 44.90 at 37.8 °C 0.920 at 20 °C 1.472 - 1.476 at 20 °C -10 

Erucic acid 32.30 at 37.8 °C 0.912 at 20 °C 1.453 - 1.447 at 20 °C 33.8 

Ricinoleic acid 15.44 at 37.8 °C 0.940 at 20 °C 1.469 - 1.472 at 20 °C 5.5 

There are numerous plant oils derived from various sources. These include the popular 

plant oils: the foremost oilseed oils - soybean, cottonseed, peanuts and sunflower oils; and 

others such as palm oil, palm kernel oil, coconut oil, castor oil, rapeseed oil and others. They 

also include the less commonly known oils such as rice bran oil, tiger nut oil, patua oil, koėme 

oil, niger seed oil, piririma oil and numerous others. Their yields, different compositions and, 

by extension, their physicochemical properties determine their usefulness in various 

applications aside from edible uses. 

Cottonseed oil was developed over a century ago as a by-product of the cotton industry 

[49]. Its processing includes the use of hydraulic pressing, screw pressing, and solvent 

extraction [52]. It is classified as a polyunsaturated oil, with palmitic acid consisting of 20-

25%, stearic acid 2-7 %, oleic acid 18-30%, and linoleic acid 40-55% [53]. Its primary uses are 

food-related - as a salad oil, frying, margarine manufacture, and manufacturing shortenings 

used in cakes and biscuits. 

Palm oil, olive oil, cottonseed oil, peanut oil, and sunflower oil are classed as oleic – 

linoleic acid oils, seeing that they contain a relatively high proportion of unsaturated fatty acids, 

such as monounsaturated oleic acid and polyunsaturated linoleic acid [54, 55]. They are 

characterized by a high ratio of polyunsaturated fatty acids to saturated fatty acids. They, thus, 

have relatively low melting points and are liquid at room temperature. Iodine values, 

saponification values, specific compositions, melting points, and other physical properties have 

been determined and widely available in the literature [56, 57]. 

Other plant oils fall under various classes, such as erucic acid oils, oleic acid oils, 

linoleic acid oils and lauric acid oils. These are due to their specific dominant fatty acids content 

in oils. Rapeseed and mustard seed oil are important oils in this class. Canola oil is a type of 

rapeseed oil with reduced erucic acid content [58], used in salad dressings, margarine, and 
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shortenings. Soybean oil is an important oil with numerous increasing applications in the 

modern-day world. It is classed as a linolenic acid oil since it contains the more highly 

unsaturated linolenic acid. Other oils include castor oil, which contains triacylglycerols of 

ricinoleic acid [59]. Also worthy of note is that coconut oil, unlike most plant oils, is solid at 

room temperature due to its high proportion of saturated fatty acids (92%), particularly lauric 

acid. Due to its almost homogenous composition, coconut oil has a reasonably sharp melting 

point, unlike other fats and oils, which melt over a range [49]. Oils from several sources are 

the subject of recent researches. Examples include corn oil [60], Camelina sativa oil [61], 

Palmarosa oil [62], and Cineole oil [63]. 

3.3.  Plant oils lubrication properties. 

Plant oil as a replacement for conventional mineral-based lubricant has gained much 

interest in recent years. This is due to the problematic issues with using a conventional mineral-

based lubricant that can cause negative effects on the manufacturing cost, operators' health, and 

the environment. Several studies have proven that mineral-based lubricants may contain 

carcinogenic additives and impurities in their formulation, which causes dermatitis and skin 

cancer. Furthermore, mineral oil is inferior in biodegradability, with a range of 15-35% 

biodegradation. The said biodegradation values are below the accepted guideline for 

environmentally acceptable lubricant, 80% [64-67]. 

The rise in environmental issues and health concerns from mineral oil use causes the 

plant's increased use as the base oil of a biolubricant. The triacylglycerols inside the chemical 

structure of plant oils with three long chains of fatty acids contributed to the biolubricants 

having desirable lubricating properties. Furthermore, plant oils have a high viscosity index, 

miscibility with other fluids, very low volatility due to the high molecular weight of the 

triacylglycerol molecules, etc., making them the best alternative to mineral oil. Besides, plant 

oils have high solubilizing power for polar contaminants and additive molecules. Also, most 

plant oils have separate regions of polar and nonpolar groups in the same molecule. The 

presence of polar groups in plant oil makes it amphiphilic, allowing it to adhere to metal 

surfaces and possess good lubricity [68]. So, using plant oils as a biolubricants base stock have 

many advantages, however, their usage has been restricted due to low oxidation properties and 

poor low-temperature properties. 

3.3.1. Low oxidative stability. 

Plant oils are low in oxidative stability due to the double bond (C=C) in their fatty acid 

composition. The higher the composition of unsaturated fatty acids (double bond), the more 

susceptible plant oils to the oxidation process. Plant oils that undergo the process of oxidation 

will increase in their viscosity and produce varnish and sludge deposits, which degrades the 

quality of plant oils. Table 4 shows the composition (%) of unsaturated and saturated fatty acid 

inside several types of plant oils. Table 6 shows that most of the plant oils have a high 

composition of unsaturated fatty, which means that most of the plant oils are susceptible to 

oxidation [69]. 

Table 4. The saturated/unsaturated fatty acid compositions (%) of commonly used plant oils. 

Plant oil 
Fatty acid compositions (%) 

Saturated Unsaturated 

Jatropha curcas 12.6 87.4 

Safflower 9.6 90.3 
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Plant oil 
Fatty acid compositions (%) 

Saturated Unsaturated 

Sunflower  12.3 87.3 

Soybean  15.1 84.4 

Corn  19.5 80.5 

Canola  11.5 88.5 

Hazelnut  13.8 86.2 

Coconut 92.1 7.8 

Palm kernel 82.1 17.8 

Palm 49.9 49.7 

Jojoba 3.6 96.4 

Rapeseed 7.5 92.5 

Olive 19.4 80.6 

Linseed 9.4 90.6 

Mahua 49.3 49.7 

Flax seed  8.83 91.18 

3.3.2. Poor low-temperature properties. 

The other issue that restricted using plant oils as biolubricant base stock is that they 

have poor low-temperature properties. This can cause the biolubricant to exhibit cloudiness, 

precipitation, poor flow ability, and solidification at room condition temperature (24°C). There 

is a contradicting opinion on the source of poor properties of plant oils at low temperatures. 

One opinion stated that the composition of saturated fatty acid in plant oils' chemical structure 

contributes to the poor low-temperature properties [70, 71]. On the other hand, it stated that 

polyunsaturated fatty acids (multiple double bonds in one chain of fatty acid) cause the said 

poor performance [72, 73]. However, most researchers favor the theory that saturated fatty 

acid's composition is the main influence on poor low-temperature performance. This is 

because, at low-temperature, the carbon atoms of saturated fatty acid chains tend to bundle 

rapidly than the unsaturated fatty acid, turning into a crystalline form. The low-temperature 

properties of plant oils are identified by examining the pour point (PP) temperature. 

Researchers have used various fatty acids and plant oils and subjected them to many 

chemical modification methods to obtain biolubricant properties suited for industrial 

applications. The following is a summary of some of these studies: Agrawal et al. (2017) [36] 

synthesized biolubricant base stocks from chemically-modified non-edible oils (crude Mahua 

oil and Karanja oil)-based-triesters via transesterification of the oil methyl ester with polyol 

alcohol, such as trimethylolpropane (TMP). The properties of the resulting products (a Mahua 

biolubricant and a Karanja biolubricant) were determined and compared with 2T engine oil. 

The result showed that the synthesized biolubricant derived from Karanja oil and Mahua oil 

had a higher viscosity index than the mineral oil lubricant and had reduced flash point and fire 

point to match the mineral oil-based lubricants properties. 
Another study done by Fadzel et al. (2019) [17] on the synthesis of biolubricants from 

palm stearin showed the possibility of synthesizing a biolubricant from palm stearin saturated 

fatty acids with pentaerythritol via esterification to produce a palm stearin fatty acid-based-

tetraester. The results showed that the yield of tetraester was 69%. The palm stearin saturated 

fatty acids-based biolubricant-tetraester recorded a pour point of 44°C, a flashpoint of 243°C, 

a viscosity index of about 140, and oxidative stability at 269°C. The tetraester has good 

lubrication properties similar to ISO VG 46 commercial grade lubricant. 

Heikal et al. (2017) [38] conducted a two-stage transesterification of palm oil and 

jatropha oil to develop biodegradable lubricants. First, methanol was used in KOH to form 
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biodiesel. In the second state, sodium methoxide was used as a catalyst, and the biodiesel was 

reacted with trimethylolpropane. The study recorded a 97.8% maximum yield of 

trimethylolpropane triesters from palm oil and a 98.2% maximum yield of trimethylolpropane 

triesters from Jatropha oil. The latter had a high viscosity index (140), a low pour point 

temperature of -3°C, moderate thermal stability, and met the ISO VG46 commercial grade 

industrial oil requirement. Figure 4 summarizes the reaction pathways of the plant oils' major 

chemical modification methods. 

4. Environmental Friendly Biolubricants  

Most lubricants end up in the environment, either by leakage during transportation and 

equipment utilization or by intentional disposal at the end of their lifetimes. To minimize 

environmental damage, biodegradable biolubricants have attracted attention. Biolubricants 

(also commonly called bio-lubes, bio-based, green, environmentally friendly biolubricants or 

plant-oil-based lubricants) are made from a variety of plant oils such as rapeseed, palm, 

sunflower, soybean, coconut, and canola. The main components of plant oils are 

triacylglycerols (natural esters), the precise chemical nature of which is dependent on both the 

plant species and strain from which the oil is obtained. Outside the U.S., rapeseed is the most 

commonly used crop for creating plant oil biolubricants. In the U.S., the most commonly used 

crops for producing plant oil biolubricants are canola, soybeans, and sunflowers [74].  

Plant oils can be used as biolubricants in their natural forms. They have several 

advantages when considered for industrial and machinery lubrication. Plant oils can have 

excellent lubricity, far superior to that of mineral oil. Their lubricity is so potent that in some 

applications, such as tractor transmissions, friction materials must be added to reduce clutch 

slippage. Plant oils also have a very high viscosity index (VI). Another critical property of plant 

oils is their high flashpoints. More importantly, Plant oils are biodegradable, generally less 

toxic, and renewable compared to petroleum oils. 

Employing tests developed by the American Society for Testing and Materials (ASTM) 

and the Organization for Economic Cooperation and Development (OECD), oil is inoculated 

with bacteria and kept under controlled conditions for 28 days. The percentage of oxygen 

consumption or carbon-dioxide evolution is monitored to determine the degree of 

biodegradability. Most plant oils have shown to biodegrade more than 70% within that period, 

as compared to petroleum oils biodegrading at nearly 15 to 35%. For a test to be considered 

readily biodegradable, there must be more than 60% degradation in 28 days. Table 5 shows the 

biodegradation percentage for typical types of lubricants [75]. 

Table 5. Biodegradation percentage (%) for typical types of lubricants. 

Lubricant types Biodegradation percentage (%) 

Plant oils 90 – 100 % 

Plant oils based esters 80 – 100 % 

Polyols and diesters 55 – 100 % 

Polyalkylene glycol (PAG) 10 – 20 % 

Polyalphaolfien (PAO) 5 – 30  % 

Polyether 0 – 25 % 

Due to these facts, attention has been focused on developing technologies that use plant 

and animal oils and fats to produce biolubricants, as they are non-toxic and renewable. Plant 

and animal oils and fats in industrial applications, especially as biolubricants, have been in 

practice for many years. 
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Figure 4. Reaction pathways of the three chemical modification methods. Red, green, and solid blue arrows represent the pathway of transesterification/esterification, 

epoxidation/ring-opening, respectively, and estolide formation. 
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Economic concerns and environmental issues first paved the way for this technology to 

come into existence. Climatic and geographic factors are known to affect the ability of plant 

oils to produce biolubricants. For example, the US normally uses soybean oil to make 

biolubricants, while Europe turns to rapeseed and sunflower oils. Meanwhile, Asia depends on 

palm and coconut oils to make biolubricants [76]. 

4.1. Biolubricant advantages, effects and the global industry (2020 to 2025). 

Biolubricants are preferable for all applications that may present risks to the 

environment. This is the case for: 

• Lost oils (chainsaw chain oils, 2-stroke engine oils, formwork release agents, and 

greases); 

• Oils may leak accidentally (hydraulic oils, oils for engines, gearboxes, axles, etc.). 

The use of biolubricants is particularly recommended when environmental protection 

is a constant concern, for example, in aquatic, mountain, agricultural, and forest environments 

or deep quarries [77]. Biolubricants hold great potential for environmental conservation and 

economic development as an alternative lubricant. Table 6 summarizes some of the key 

advantages of biolubricants. 

Table 6. Key advantages of biolubricants. 
- High biodegradability results in fewer ill-effects to the environment 

- Lower toxicity 

- Good lubricating properties  

- High viscosity index  

- High flashpoint 

- Safer use due to inflammable nature, constant viscosity, less vapor, and oil mist production  

- Longer equipment life 

- Reduction in oil losses through evaporation 

- Higher boiling points leads to fewer emissions 

- Cost-effective due to reduced costs of maintenance, disposal, and storage  

The global market size for biolubricants was USD 2.20 billion in 2019 and is projected 

to reach USD 2.46 billion by 2025, at a compound annual growth rate (CAGR) of 4.1% 

between 2020 and 2025. Stringent regulations and the growing acceptance among end-users 

are projected to drive the bio-lubricants market. The global biolubricants industry has 

witnessed growth primarily because of countries' strict regulations across the world. There has 

been growing acceptance among end-use industries due to the continuous technological 

advancement to justify the premium cost of biolubricants. Hydraulic oil application is projected 

to witness the highest CAGR during the forecast period. The hydraulic oil application of the 

biolubricants market is projected to witness the highest growth during the forecast period, both 

in terms of value and volume. This segment's growth is attributed to its usage in hydraulic 

elevators, sweepers, garage trucks, forklifts, motor graders, and end loaders, which are used in 

many industries. 

The industrial segment is projected to lead the bio-lubricants market from 2020 to 2025. 

The industrial segment includes the marine and agriculture & construction industries. These 

two industries are the most extensive and fastest-growing end-use industries, respectively. 

Various regulations such as the general vessel permit (VGP) in the US and eco-label in Europe 

have made it mandatory to use biolubricants or environmentally accepted lubricants (EAL) to 

be used in shipping vessels. Europe is projected to account for the maximum share of the 
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biolubricants market during the forecast period. Europe is projected to lead the global 

biolubricants market from 2020 to 2025. Stringent regulations and the ongoing transition 

towards bioeconomy in countries such as Germany, Italy, Nordic countries, Benelux, and 

France are promoting the use of bio-based chemicals such as biolubricants, which is driving 

the market in the region [78- 80]. 

4.2. Biolubricants worldwide eco-labeling: sustainability certifications. 

Over the past few decades, there has been a rising concern about industrialization's 

adverse impacts on the environment. There has been mounting pressure on industries to adopt 

eco-friendly manufacturing processes and disposals. Labeling and certification are two tools 

that provide consumers with information that was previously unknown to them. Effective 

labeling and certification mechanisms may shift consumption and production towards socially 

responsible and sustainable patterns. Eco-labels are affixed to products that pass eco-friendly 

criteria laid down by government, association, or standards certification bodies. The criteria 

utilize extensive research based on the product's life cycle impact on the environment. Eco-

labels may focus on certain environmental aspects of the product, e.g., energy consumption, 

water use, timber source, etc. They may encompass multiple environmental aspects. Eco-labels 

differ from green symbols and environmental claims. The latter are unverified and created by 

the manufacturer or service provider. Products awarded an eco-label have been assessed and 

verified by an independent third body and are guaranteed to meet certain environmental 

performance requirements. Eco-labels are usually funded and backed by the national 

government but administered by an independent body [81].  

Industry, government, and consumers are vital stakeholders in any eco-labeling 

scheme. Government backing for eco-labeling schemes is essential. Almost all international 

eco-labeling schemes require government funding and support. Since eco-labels are voluntary, 

the support of the industry is fundamental. Other key stakeholders are the scientific community, 

standard bodies, and industry associations. 

Environmental labeling is a significant issue for every international body that deals with 

the environment or trade. While organizations such as the UN Conference on Trade and 

Development (UNCTAD), the UN Environment Programme (UNEP), and World Trade 

Organisation have concentrated on the policy side of the issue, the International Organisation 

for Standardisation (ISO) has been carrying out work on standardizing environmental labeling 

schemes [82]. 

In January 1993, the ISO work was being carried out under the rubric of the ISO 

Technical Committee number 207 (TC207). TC207 is the umbrella body for environmental 

standards-setting. It works on standards ranging from corporate activity (environmental 

management systems, environmental auditing) to product evaluation (environmental labeling, 

environmental performance evaluation). 

As part of its ISO 14000 series of environmental standards, the ISO has drawn up a 

group of standards governing environmental labeling. It contains guiding principles for the 

development and use of certain types of environmental labels [83]. These labels apply to 

biolubricants, which are directly marketed to consumers. Many types of biolubricants are 

evaluated by eco-labeling organizations worldwide. When comparing similar biolubricants, 

eco-labels, and other voluntary environmental performance criteria can be used to inform 

purchasing decisions and procure greener biolubricants [84-88].  
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5. Biolubricant Biodegradability  

Despite significant advances in connector, hose, and seal technology in recent years, 

there is no guarantee that lubricating systems won't leak. Leaks can still result from improper 

assembly, misapplication, and simple wear and tear of the equipment. There now exists greater 

awareness of the need to reduce leakage in lubricating systems. The US Environmental 

Protection Agency (EPA) and other worldwide regulatory bodies have sought to reduce spills 

through stricter regulation, including the possibility for fines, penalties, and costly remediation. 

Increasingly, there is the awareness that lubricants coming into contact with soil, water, 

wetlands, and other sensitive areas can negatively impact the environment. This has both 

manufacturers and users of lubricating systems switching to more environmentally acceptable 

alternatives, such as biodegradable and non-toxic. These biodegradable and non-toxic 

biolubricants can offer performance comparable to mineral oil-based fluids in some 

applications. 

Customers have found the use of biodegradable and non-toxic biolubricants to be 

suitable for environmentally sensitive applications in construction, mining, forestry, 

agriculture, hydroelectric dams, and various marine uses, including dockside cargo handling, 

harbor dredging, off-shore drilling, stern tubes, azipods, and hydraulic deck equipment. 

5.1. Definition of biodegradation. 

The biodegradation of a biolubricant is its biochemical oxidation. It is initiated and 

performed by the enzymes of microorganisms such as algae and microfungi. Although similar 

to combustion, this biochemical process is much longer, comprising several small bio-

oxidation steps via long-chain alcohols and carboxylic acids, as well as shorter chain acids 

down to acetic acid and carbon dioxide (Figure 5). This process delivers energy to the 

microorganisms. Another side reaction inside these "microbugs" uses long-chain carboxylic 

acids to form amino acids and proteins. This reaction makes the microorganisms grow in size 

and number. 

 
Figure 5. Biodegradation process of biolubricant. 

Biodegradation processes vary greatly, but frequently the final product of the 

degradation is carbon dioxide or methane and water. Biolubricant can be degraded aerobically, 

with oxygen, or anaerobically, without oxygen. Certain chemical structures are more 

susceptible to microbial breakdown than others; plant oils and synthetic esters, for example, 

will, in general, biodegrade more rapidly than mineral oils under the same conditions. 

Biodegradation is one of the most important factors when considering the environmental 

friendliness of different biolubricants. Biodegradation measurements in different environments 

CO2   +   H2O 

Microbe enzyme  +   O2 
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are essential, considering biodegradation in nature. Because of the different behavior of the 

organic materials in nature, measuring conditions outside of the laboratory are of considerable 

importance. The biodegradation reaction in nature is usually slower than it is under standard 

conditions. Therefore the rates of biodegradation in different circumstances need to be 

measured or evaluated [89]. 

When biolubricant is spilled into natural water containing the usual microorganisms, 

biodegradation's initial speed is very slow, as not all "bugs" present accept this material as 

"food". Those who eat and grow in number and size produce a faster biodegradation speed until 

this food (the added substrate) is fully consumed. The resulting degradation/time curve of any 

biolubricant usually has three stages: the lag (or adaptation) phase, the degradation (or 

exponential) phase, and the stationary phase, where the new biomass dies away if no additional 

food is added [90]. This type of degradation curve is found whenever the concentration of 

added biolubricant is observed (Figure 6). 

 
Figure 6. Kinetics of biodegradation process. 

However, when the resulting carbon dioxide is measured, the shape is somewhat 

different due to the side reaction into proteins and the time-consuming dying-off process of the 

biomass produced. This should be noted when comparing the results of biolubricant removal 

tests with other methods measuring carbon-dioxide production [91]. The U.S. Federal Trade 

Commission (FTC) has defined criteria for marketing statements or claims for biodegradable 

biolubricants in their 1992 Guidelines on Environmental Marketing Claims, 16 CFR Part 260. 

The FTC guidelines provide that a biodegradable claim should be substantiated by evidence 

that the entire biolubricant will completely break down and return to nature, that is, decompose 

into elements found in nature within a reasonably short period of time after customary disposal 

[92, 93]. The FTC does not define a reasonably short period of time. The qualification for 

claims regarding the time factor as required by the FTC is: "Claims of degradability, 

biodegradability or photo-degradability should be qualified to the extent necessary to avoid 

consumer deception about: (1) the product or package's ability to degrade in the environment 

where it is customarily disposed of; and (2) the rate and extent of degradation" [94, 95]. 

Outside the U.S., various other countries, including Germany (i.e. Blue Angel 

standard), Japan (Eco-mark), and regions (Nordic Swan, Europa Ecolabel, Nordic Eco-label 

for biolubricants) have definitions for the use of the biodegradable term when applying for eco-

labels [96]. 

5.2. Biodegradation testing methods. 

Biodegradability is a property or characteristic of a substance and a system's concept, 

i.e., a system with its conditions determines whether a substance within it is biodegraded. When 
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the material is released into the environment, its fate depends upon a whole range of 

physicochemical processes and its interaction with living organisms. 

Common test methods, such as those developed by the OECD, the Coordinating 

European Council (CEC), and the ASTM, for determining lubricant biodegradability are 

OECD 301B (the Modified Strum test), ASTM D-5864, and CEC L-33-A-934. Both OECD 

301B and ASTM D-5864 measure ready biodegradability, defined as converting 60% of the 

material to CO2 within a ten-day window following the onset of biodegradation, which must 

occur within 28 days of test initiation [97]. In contrast, the CEC method tests the overall 

biodegradability of hydrocarbon compounds. It requires 80% or greater biodegradability as 

measured by the infrared absorbance of extractable lipophilic compounds [98, 99]. Unlike the 

OECD and ASTM methods, the CEC method does not distinguish between primary and 

ultimate biodegradability and is considered a less stringent test [100].  

The OECD in their guidelines distinguish four major forms of biodegradation [93, 94]:  

- ultimate biodegradation (mineralization): The level of degradation achieved when the 

test biolubricant is totally utilized by microorganisms resulting in carbon dioxide, 

water, mineral salts, and new microbial cellular constituents (biomass). 

- Primary biodegradation (biotransformation): The alteration in the chemical structure of 

a biolubricant, brought about by biological action, resulting in the loss of a specific 

property of that substance. 

- Readily biodegradable: An arbitrary classification of biolubricants that have passed 

certain specified screening tests for ultimate biodegradability; these tests are so 

stringent that it is assumed that such biolubricants will rapidly and completely 

biodegrade in aquatic environments under aerobic conditions. 

- Inherent biodegradable: A classification of biolubricants for which there is unequivocal 

evidence of biodegradation (primary or ultimate) in any test of biodegradability. 

Various methods exist for the testing of the biodegradability of biolubricants. 

Biodegradability is assessed by following specific parameters that are considered to indicate 

the consumption of the test biolubricant by microorganisms or the production of simple basic 

compounds that indicate the mineralization of the test biolubricant. Hence various 

biodegradability testing methods measure the amount of carbon dioxide (or methane, for 

anaerobic cases) produced during a specified period. There are those that measure the loss of 

dissolved organic carbon for water-soluble substances; those that measure the loss of infrared 

hydrocarbon bands; and others measure the uptake of oxygen by the activities of 

microorganisms biochemical oxygen demand (BOD) [101, 102].  

The biodegradability test procedure selection is difficult since most biolubricating base 

oils do not dissolve in water. These oils form a layer on the water's surface, reducing oxygen 

exchange, resulting in depleting dissolved oxygen [103-105]. The studies have shown that the 

biodegradation of oils in soil was very slow, taking over a year to generate extractable residues. 

Besides, the effects of contamination by different oils on growth rate and yield of spring wheat 

varied from small reductions to complete seed germination inhibition. Since the 

biodegradability of material is environment-dependent, it readily undergoes degradation 

following one of these conditions: Plant or animal-derived constituents are generally readily 

biodegradable; Aromatic compounds are resistant to biodegradation; Straight chain 

hydrocarbon compounds degrade more readily than branched hydrocarbon compounds. The 

presence of sterically hindered groups decreases the biodegradability; The biodegradability of 

plant oil products decreases with the chain length. 
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However, OECD described six test methods that permit the screening of biolubricants 

for ready biodegradability in aerobic conditions (Table 7) [106-113]. 

Table 7. OECD standard tests for biodegradability 

6. Biolubricant Toxicity 

Toxicology is the study of chemical substances that harm biological organisms. Toxic 

exposure can occur transdermally through contact with the skin, orally, and via inhalation. 

Toxicity testing is necessary to provide some basis for regulating substances that humans and 

other living things may come into contact with, intentionally or not [114]. Toxicity is an 

important parameter that must be controlled since some components of biolubricant 

formulations are environmentally toxic and can irreversibly affect living things. Toxicity tests 

can provide preliminary information on the toxic nature of a biolubricant for which no other 

toxicology information is available. In most toxicity tests, each test animal is administered a 

single (relatively high) dose of the test substance, observed for 1 or 2 weeks for signs of 

treatment-related effects, then necropsied. Some acute toxicity tests (such as the "classical" 

LD50 test) are designed to determine the mean lethal dose of the test biolubricant. The lethal 

dose (or LD50) is defined as the dose of a test biolubricant that is lethal for 50% of the animals 

in a dose group. The LD50 is one way to measure the short-term poisoning potential (acute 

toxicity) of a biolubricant. Toxicologists can use many kinds of animals, but testing is often 

done with rats and mice. It is usually expressed as the amount of biolubricant administered 

(e.g., milligrams) per 100 grams (for smaller animals) or per kilogram (for bigger test subjects) 

of the bodyweight of the test animal. In general, the smaller the LD50 value, the more toxic the 

chemical is. The opposite is also true: the larger the LD50 value, the lower the toxicity. A 

biolubricant is not considered toxic when the LD50 is above 1000 ppm [97]. 

Another toxicity test is the lethal concentration (or LC50). LC values usually refer to the 

concentration of a biolubricant in air. However, it can also mean the concentration of a 

biolubricant in water in environmental studies. According to the OECD guidelines for testing 

biolubricants, a traditional experiment involves groups of animals exposed to a concentration 

(or series of concentrations) for a set time (usually 4 hours). The animals are clinically observed 

for up to 14 days. LC50 value is the concentration of biolubricant in the air at which 50% of the 

Name of the test Measured parameters and comments 

DOC Die-Away  
DOC* (OECD 301 A) -Analyzes the dissolved organic carbon (DOC) and is 

suitable for the compounds which are adsorbing in nature 

CO2 evolution (Modified Sturm 

Test) 

CO2 (OECD 301 B)-Evaluates the CO2 concentration and is suitable for poorly 

soluble and adsorbing compounds 

MITI (I)⁑ 
BOD† (OECD 301 C)-Evaluates the oxygen consumption and is useful for most of 

the compounds 

Closed Bottle  
BOD/COD (OECD 301 D)-Evaluates the dissolved oxygen and is useful for most 

of the compounds 

Modified OECD Screening  
DOC‡ (OECD 301 E) - Analyzes the Dissolved Organic Carbon (DOC) and is 

suitable for the compounds which are adsorbing in nature 

Manometric Respirometry  
BOD/COD (OECD 301 F) - Evaluates the oxygen consumption and is useful for 

most of the compounds. 
*DOC: Dissolved organic carbon is the organic carbon present in solution or that passes through a 0.45-micrometer filter 

or remains in the supernatant after centrifuging at approx. 4000 g (about 40.000 m sec-2) for 15 min; †BOD: Biochemical 

oxygen demand (mg) is the amount of oxygen consumed by microorganisms when metabolizing a test compound; also 

expressed as mg oxygen uptake per mg test compound; ‡DOC: Dissolved organic carbon is the organic carbon present in 

solution or that which passes through a 0.45-micrometer filter or remains in the supernatant after centrifuging at approx. 

4000 g (about 40.000 m sec-2) for 15 min;  ⁑ MITI (I): Ministry of international trade and industry, Japan 
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test animals die during the observation period. Other durations of exposure (versus the 

traditional 4 hours) may apply depending on specific laws [93]. 

In general, biolubricants are defined as products with low toxicity and excellent 

biodegradability. Biolubricants are not necessarily derived from plant-based oils and some of 

them are derived from petroleum fatty acids based. However, biolubricants that eco-friendly 

environmental compliance is usually derived from these oils. Thus, it can be classed as 

renewable because plants can be regrown. Biolubricants may also be synthetic esters, partially 

derived from various natural sources such as solid fats, waste materials, and tallow. The United 

States Secretary of Agriculture defined the term 'biobased product' as 'commercial or industrial 

product (other than food or feed) that is composed, in whole or in significant part, of biological 

products or renewable domestic agricultural materials (including plant and animal) or forestry 

materials'. Biolubricants can be categorized as sustainable because it is derived from renewable 

raw materials. As mentioned by Willing [97], the sustainability of raw materials' application 

can be classified into two aspects; the origin of the resources and the pollution caused by it. In 

the case of biolubricants (oleochemicals), it is discharged via several pathways at the end of 

their lifespan. The organic chemicals are disintegrated into carbon dioxide and water. The 

carbon cycle of biolubricants is closed because the amount of carbon dioxide released equals 

the carbon dioxide produced by the plants from the atmosphere. Therefore, it has zero effect 

with regard to the carbon dioxide balance of the atmosphere. The life cycle of biolubricants 

derived from renewable sources is shown in Figure 7. 

 
Figure 7. The biolubricants life cycle. 

Besides possessing a certain percentage of readily biodegradable biolubricant, 

environmentally acceptable biolubricants (EABLs) must also demonstrate low toxicity to 

aquatic organisms. Test methods to demonstrate toxicity include the OECD tests series 201-4, 

209-212; and corresponding the United States Environmental Protection Agency (USEPA) 

environmental effect test guidelines from USEPA 560/6-82-002. The most common aquatic 

toxicity tests for assessing EALs are the 72-hour growth test for algae (OECD 201), the 48-

hour acute toxicity test for daphnia (OECD 202), and the 96-hour toxicity test for fish (OECD 

203) [99]. A listing of all of the OECD aquatic toxicity tests is shown in Table 8. In general, 

the plant oil and synthetic ester base oils have low toxicity towards marine organisms, with the 
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LC50 for fish toxicity reported as being ~10,000 ppm for fatty acid esters and glycerol esters 

(see Table 9) [115]. Water-soluble PAGs may demonstrate increased toxicity to aquatic 

organisms by directly entering the water column and sediments rather than remaining on the 

water column surface as a sheen [116]. 

Table 8. OECD aquatic toxicity tests. 

Test title, with species Test number 

Growth Inhibition Test, Alga OECD 201 

Acute Immobilization Test, Daphnia sp. OECD 202 

Acute Toxicity Test, Fish OECD 203 

Prolonged Toxicity Test: 14-Day Study, Fish OECD 204 

Respiration Inhibition Test, Bacteria OECD 209 

Early-Life Stage Toxicity Test, Fish OECD 210 

Reproduction Test, Daphnia magna OECD 211 

Short-term Toxicity Test on Embryo and Sac-fry Stages, Fish OECD 212 

Table 9. Summary of comparative toxicity of base oils 

Lubricant base oil  Base oil source  Toxicity  

 

Mineral oil  Petroleum  High  

Polyalkylene glycol (PAG)  Petroleum - synthesized hydrocarbon  Lowa  

Synthetic ester  Synthesized from biological sources  Low  

Plant Oils  Naturally occurring plant oils  Low  
 

a Solubility may increase the toxicity of some PAG 

7. Conclusions  

In general, more than 50% of all lubricants used worldwide to enter the environment 

due to spills, accidents, volatility, and improper disposal, contaminating the air, soil, water, and 

affecting human and plant life to a great extent. The issues related to environmental 

conservation have brought about renewed interest in using bio-based biolubricants, which are 

renewable, biodegradable, and environmentally friendly lubricants, which has resulted in the 

widespread use of natural plant oils and fats. Plant oils are promising candidates as the base 

fluid for eco-friendly biolubricants due to their excellent lubricity, biodegradability, viscosity-

temperature characteristics, and low volatility. The biodegradability of plant oils is the 

strongest point in the case for their industrial use. With established biodegradability in the range 

of 70-100%, their eco-friendliness is not in doubt. Biodegradable biolubricants show less 

emission because of the higher boiling temperature range of esters. They are free of aromatics, 

over 90 % biodegradable, and non-water is polluting. While numerous terms are presently used 

for advertising biolubricants as having desirable environmental properties, there is growing 

consensus to use the term "environmentally acceptable" or eco-friendly to denote a 

biodegradable biolubricant and exhibits low toxicity to aquatic organisms.  In the light of more 

concerns about the environmental impact of industrial lubricants' use, plant oils offer, in theory, 

the most plausible solution to the issue of obtaining renewable and eco-friendly biolubricants. 
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