
National Conference on Tribology, 
Rimba Ilmu, University of Malaya, 4-5 May 2009 

Paper Number: NTC-2009-026 
PARASITIC ENERGY SAVINGS IN ENGINES USING 

NANOLUBRICANTS
R. Saidur1*, M. Husnawan1,2, Lai Y. K1

1Department of Mechanical Engineering  
University of Malaya, 50603 Kuala Lumpur, Malaysia 

2Department of Mechanical Engineering, Syiah Kuala University  
Jl. S. Abd. Rauf, No.7, Darussalam – Banda Aceh, Indonesia 

*Corresponding Author: saidur@um.edu.my
Abstract

The engine friction is one of the causes of power losses found in the operation of a vehicle. This friction 
is caused by the relative motion of moving components in an engine. As significant portion of an engine’s 
generated power is used at low loads, a reduction in an engine friction would provide significant amount 
of fuel savings. The study focused on the possible usage of nano-technology in enhancing lubricant 
properties to achieve a lower friction coefficient. The study also estimated the friction of energy lost due 
to friction in an engine. In this study, it has been found that even with the modest estimation, a net fuel 
savings of 4% can be achieved with the application of nano-additives in lubricants.
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1.0 Introduction 
Worldwide, there are approximately 806 million 
cars and light trucks as of 2007 [1]. These 
vehicles consume an estimated 940 billion litres 
of gasoline and diesel annually and releasing 
huge amounts of carbon dioxide and many other 
pollutants to the atmosphere [1]. With nearly 
one motor vehicle for every 8 human being on 
this planet, every number associated with a 
motor vehicle on the global scale; consumption, 
pollution, road related deaths and many others is 
inevitably enormous. This fact holds true for 
energy savings related to a motor vehicle. Even 
one percent savings worldwide, if it is 
implementable, could provide huge savings in 
fuel consumption and also in reducing emissions 
[1]. Nanotechnology is a broad term to describe 
technologies involving the control of a matter up 
to near molecular or atomic levels. When 
structures are shrunk up to these levels, physical 
properties of even ordinary materials start to 
change. This is mostly due to the dramatic 
increase in surface area to volume ratio of 
structures at that size [1]. 

In this study, it has been focused on the 
possible energy savings achievable by applying 
nanotechnology in reducing rubbing friction in 
an automotive engine. Mathematical analysis 
and calculations have been performed to 
estimate possible energy savings from using 

nanotechnology enhanced lubricants in an 
automotive engine. Firstly, the amount of energy 
lost due to rubbing friction has been estimated, 
followed by an analysis on the possible friction 
reduction from applying nanotechnology to 
lubricants. The net energy that can be saved 
from the application of this technology has been 
calculated. Figure 1 demonstrates the direction 
of this research. 

It may be mentioned that huge researches 
have been carried on different aspect of 
nanotechnology in the available literatures. 
Major focus of these works were on the 
materials characteristics, properties, thermal 
conductivities of nanofluids, heat transfer 
enhancement mechanism of nanofluids, 
transport properties of nanofluids, and many 
other application of nanotechnology in different 
areas [2, 3]. However, there is no work on the 
quantification of energy savings associated with 
the application of nano-lubricants to reduce 
friction in an engine. The aim of this work is to 
estimate energy savings with the application of 
nanotechnology. 
2.0 Estimation of Engine Friction Losses 
2.1 Theory of engine lubrication 
In an automotive engine, the available power to 
the transmission (the brake power) is 
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significantly lower than the power generated in 
the cylinders (the indicated power). The 
indicated power is the net power generated 
through the expansion and compression strokes 
only. From this generated power, a portion is 
used to pump in air through the intake stroke 
and pump out air during the exhaust stroke, a 
portion is used to overcome resistance to the 
relative motion of all moving parts in an engine, 
and to drive accessories. After subtracting these 
losses from the indicated power, the remaining 
power is known as the brake power [4]. 

These losses in an engine could be 
determined experimentally by few methods. One 
particular method highly related to this study is 
the motored engine breakdown test. This method 
describe tests where the engine is disassembled 
or broken down in stages and at each 
disassemble stage, the power required to motor 
the engine is measured. Motoring the engine in 
this context means cranking the engine with an 
external electric motor where the power required 
to crank the engine can be measured accurately. 
This method will give us an insight about how 
much power is lost to each engine component. 
The drawback of this measurement technique is 
that the friction from each component measured 
might not be representative to the friction faced 
by the engine in a real operating environment. 
This is because when the engine is motored, the 
engine is not subjected to all the heat, stresses 
and conditions faced by a firing engine. This 
might result in measurement deviations from an 
actual engine operation. There are various parts 
in an engine where relative motion between two 
solid surfaces occurs. Among the main parts 
where relative motion occurs are the piston rings 
against the cylinder walls, the pins connecting 
the piston rod and the piston and to the 
crankshaft, valve train (including the camshafts 
and the push rods), and also various seals 
through out the engine assembly [4].  

It is necessary to have some sort of 
lubrication in many of these components for the 
following reasons: to reduce resistance to 
motion, to prevent seizure, to reduce wear rate 
of sliding surfaces, and to carry away heat 
generated by the friction. In general, a low 
viscosity lubricating fluid is desirable to allow 
cold starting and minimal losses from viscous 
losses, but a high enough viscosity is required 
during the usual running of the engine (where 
temperature is high) to avoid the lubricant from 
being forced out of tight spaces [5]. 

Friction between two mutually contacting 
sliding surfaces with a lubricating fluid in 
between can generally be categorized into three 
ways: Boundary (solid) lubrication, mixed 
lubrication and hydrodynamic (viscous) 
lubrication. The category which a friction 
system belongs to is determined by a 
dimensionless parameter ZN/P where Z is the 
dynamic viscosity of the fluid, N is the relative 
sliding velocity of the surfaces and P is the 
pressure between the surfaces [6]. A plot of the 
coefficient of a friction (the ratio between the 
lateral or shear force and the normal force) 
against this dimensionless parameter is known 
as the Stribeck diagram as shown in Figure 2. 
Boundary lubrication occurs when the value of 
ZN/P is sufficiently low, corresponding to low 
relative velocity between the surfaces and/or 
high nominal pressure between the surfaces. 
Boundary lubrication conditions are suggested 
to occur when there is significant solid to solid 
contact where the lubricants have been squeezed 
into the valleys, leaving certain points of the 
solid surface touching one another directly. 
Hence for boundary lubrication systems, the 
characteristics of the solid surfaces are generally 
more important in determining the friction 
coefficient compared to the properties of the 
lubricant. At higher speeds and lower pressures, 
the lubrication system becomes a hydrodynamic 
lubrication system where the friction coefficient 
increases with the increase in the dimensionless 
parameter ZN/P. This is when there is a steady 
film of lubricant at all points throughout the 
surface and there is little or no solid to solid 
contact. With this, the friction coefficient would 
be primarily due to the viscous forces of the 
lubricant, resulting in the slope that can be seen 
in the Figure 2 [7]. For most of the lubricated 
surfaces in engine components, the lubricant 
operates in the said hydrodynamic regime [5]. 
This fact would be an important factor in the 
estimation of energy savings later on. 
2.2 Frictional losses in an engine 
The amount of friction in moving parts in an 
engine depends on many factors. Among the 
factors which are highly significant are: the 
engine design, the nature of the lubricant used, 
and the size of the engine [5, 6]. 

Generally, larger engines have higher 
friction than smaller engines, but they tend to 
have lower friction per engine displacement 
volume. This is due to the fact that friction is 
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highly dependent on the contact surface area, 
and as the volume of an engine increases, its 
respective surface areas increases with an index 
of 2/3 of the volume. This ultimately means that 
the contact surface area of an engine with a 
fixed design does not increase as quickly as its 
displacement volume. 

For an engine with a given displacement, its 
friction would also vary with the design. Similar 
to the argument above, a six cylinder piston 
would have higher friction than a four cylinder 
piston. An engine with a high stroke/bore ratio 
where the mean piston speed of an engine will 
be higher than a short stroke engine would also 
tend to have higher friction. An engine with Vee 
configuration which would have two sets of 
camshafts would have more friction contributed 
by the valve train than an inline engine. 
Similarly, an engine with multiple camshafts 
would have more friction from the valve train 
than an engine with a single camshaft. 

Lubricants with higher viscosity would also 
tend to increase the friction in an engine. Since 
viscous friction is the dominating friction in an 
engine, the friction in an engine is highly 
dependent on speed [6]. The common practice in 
quantifying the amount of friction is by stating it 
in terms of a mean effective pressure. Mean 
effective pressure is the amount of work done 
per engine cycle (not revolution) divided by the 
displacement volume of an engine. This would 
enable us to compare the performance of 
engines irrespective of their sizes. The mean 
effective pressure can be expressed as [4]: 

amepfmeppmepbmepimep .......(1)
In this expression, the indicated mean 

effective pressure (which is proportional to the 
net energy produced through the expansion and 
compression stroke) is the sum of the brake 
mean effective pressure and all the mean 
effective pressure losses which occur in an 
engine. This includes pumping losses, losses to 
accessories of the engine and losses to the 
rubbing friction of the engine [4] It has to be 
calculated how the indicated mean effective 
pressure can be reduced using the assumptions 
that nano-lubricants would be able to reduce 
friction, keeping other factors unaffected. It 
would then be relatively easy to calculate the 
fuel savings from this new lubricant. The 
problem with this calculation is that it is needed 
to know exactly by how much this new lubricant 
would decrease the friction in an engine. Since 

the friction in an engine consist of many rubbing 
components, it is difficult to simply put a lump 
sum to the reduction in friction for the engine as 
a whole. 

Another problem in estimating energy 
savings from the reduction of friction is that the 
engine does not run at one specific speed and 
load. The load and speed varies by many folds 
and with this, the contribution of rubbing 
friction to the overall energy usage would vary 
by a very significant amount too. Table 1 shows 
the variation of the rubbing friction mean 
effective pressure with brake mean effective 
pressure for a 3.2 litre four cylinder SI engine at 
1600RPM. The indicated mean effective 
pressure is the sum of all three mean effective 
pressures [4]. It can be seen that even though the 
frictional mean effective pressure increases as 
load on an engine increases (at a fixed rotational 
speed), the ratio of friction mean effective 
pressure to the indicated mean effective pressure 
drops dramatically. It is expected that at a fixed 
load, the friction mean effective pressure would 
increase as the rotational speed increases and 
hence the portion of indicated mean effective 
pressure lost to rubbing friction would increase. 

Figure 3 shows the variation of friction 
losses over a range of speed and load. It can be 
seen that depending on the speed and load, the 
amount of fuel lost due to friction varies 
considerably. This variation is more significant 
in diesel engines where the amount of fuel used 
to overcome friction can vary from more than 
60% to less than 10%. A similar pattern exists 
for gasoline engines, but the percentage of fuel 
lost due to friction is rarely above 40% [8]. 
2.3 Estimation of Average Friction Losses  
Using the data from Table 1, it can be estimated 
the average portion of energy lost due to friction 
in an engine for a particular load and speed. For 
example, when a vehicle is idling at traffic light, 
the engine is at a no load situation. At this 
condition, the ratio of power lost to friction is 
very high. When a vehicle is cruising at a fixed 
speed, the speed of the engine would be at mid 
range for both speed and load, which means that 
the ratio of power lost to friction would be 
mediocre. Under a very fast acceleration, or 
when climbing up a steep slope, the engine 
would be running very fast and near maximum 
load which in turn means that the ratio of power 
lost to friction is considerably lower. Hence, the 
average ratio of power lost to friction would 
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vary considerably according to driver, driving 
location and driving conditions, making an 
average number difficult to determine unless 
there is a comprehensive statistical data. 

From the data and examples, it is probably 
safe to estimate the fraction of indicated mean 
effective pressure lost due to rubbing friction at 
bout 0.20. From this point on, calculations 
would be based on this assumption where 
overall, 20 percent of power generated in an 
engine is lost due to rubbing friction. 

3.0 Studies Done on Friction Reduction 
by Nano-Additives in Lubricants

3.1 Fullerene additive in mineral oil 
In an experiment conducted by Lee et al; [9], a 
spinning disc-on-disc tester was used to evaluate 
the lubricating performance of mineral oil with 
varying amount of fullerene as an additive. 
Results showed that the friction coefficient 
decreases with increasing percentage of 
fullerene added. Authors found that the friction 
coefficient of mineral oil with 0.1 and 0.5 
volume percent of fullerene is significantly 
lower than the pure mineral oil as can be seen in 
the Figure 4.  

In this experimental work, the discs were 
rotated at a fixed speed of 1000 rpm, with 
normal forces between 50N and 1000N acting 
between the discs. With these parameters, a 
Stribeck diagram as shown in Figure 5. 

Most lubricated surfaces in engines are in 
the hydrodynamic region [6]. This fact would 
allow one to simplify the calculations on friction 
reduction. The Stribeck diagram in Figure 5 
shows that in the hydrodynamic region, the 
friction coefficient of mineral oil added with 0.1 
volume percent fullerene is about 0.005 while 
the friction coefficient for the raw mineral oil is 
0.02.

This shows that for this experiment, in the 
hydrodynamic lubrication region the reduction 
of friction coefficient for a mineral oil with 0.1 
volume percent of fullerene is 75 percent. 

3.2 Onion like fullerene additive 
In a separate research, onion-like fullerenes 
(OLFs) were added to a commercial lubrication 
oil with grade 15 W/40. These additives were 
dispersed in the base oil with an ultrasonic 
vibrator. The size of OLFs added was measured 

to be 20 – 30 nm. The friction coefficient of 
these lubricant samples were then measured 
using a four ball type tribometer at the rate of 
2003 RPM for 30 minutes under varying loads. 
In this study, it is seen that friction coefficient 
for a lubricant can be lowered by the addition of 
nano-particles (in this case OLFs) from 0.12 for 
the pure lubricant to as low as 0.07. This shows 
a potential reduction of 42% reduction given the 
right amount of OLF added. This study also 
shows wear reduction on the metal surfaces 
when OLFs were added to the lubricant. Figure 
6 demonstrates the friction results from this 
study [10]. 
3.3 Nano-diamond additive 
In a separate research, nano-diamonds were used 
as an additive in a Mobil commercial lubricant. 
The average size of these nano-diamonds is 20 
nm. The amount of nano-diamond added was 
0.5 mg/liter. The lubricant was then tested with 
mild steel contact pairs and aluminium contact 
pairs. Among the measurements carried out was 
the initial friction force, the dynamic friction 
coefficient and the surface roughness of the 
contact surface after a wear test. Table 2 
summarizes these results. It can be seen that for 
the mild steel samples, the friction coefficient 
and initial friction force decreased with the 
usage of the nano-enhanced lubricant, while for 
the aluminium sample, both the friction 
coefficient and initial friction force increased 
with the usage of the nano-enhanced lubricants. 
However, the surface wear of the mild steel 
samples degraded with the usage of the nano-
enhanced lubricants [11]. 
3.4 CuO, TiO2 and diamond nano-particles as 

additives
In a research conducted in year 2006, CuO, TiO2and diamond nano-particles were added into two 
standard lubricating oils. One of the lubricating 
oil has anti wear and friction reduction additives 
already added to it by the manufacturer (this oil 
will henceforth be known as SF oil). The other 
lubricating oil has similar viscosity grade with 
the SF oil but it does not have anti wear and 
friction reducing additives to it (this oil will 
henceforth be known as base oil). Both of these 
lubricating oil were added with 0.1 weight 
percent CuO, TiO2 or nano-diamonds. There are 
a total of 8 samples including both the pure 
lubricating oil sample. The dynamic friction 
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coefficients of these samples were then 
measured at varying temperatures. Figure 7 
shows the results from this study. It can be seen 
that these nano-additives generally lower the 
friction coefficient for both lubricating oil. This 
is especially true with the nano-CuO additives. 
The Figure 7 shows an 18 percent friction 
reduction for the SF oil sample with CuO 
nanoparticles and an 8 percent friction reduction 
for the base lubricant. This study also shows a 
significant improvement in wear resistance for 
the lubricant enhanced with nano-CuO [12].

4.0 Estimation of Energy Savings by 
Nano-Lubricants

Based on earlier studies available in the 
literatures, it has been found that the magnitude 
of friction reduction by having nano-additives in 
lubricants depend largely on the measurement 
conditions. In a vehicle’s engine, the speed and 
load experienced by the engine varies 
significantly during the operation. This would in 
turn mean that the amount of friction reduction 
by having nano-additives would vary 
accordingly. Table 3 summarizes the findings of 
different nano-lubricants to reduce friction co-
efficient. Throughout these studies, it has been 
observed the improvement in friction reduction.  

The amount of fuel that could be saved by 
using nano-additives in the lubricants could be 
expressed by the following formula: 

tenhancemenfrictioninitialsaved ffQQ .... (2) 
where;
Qsaved is the amount of fuel saved by using 

nano-additive in the lubricant 
Qinitial is the amount of fuel used in an 

ordinary lubricant 
ffriction is the average fraction of energy 

generated by an engine lost to rubbing friction 
fenhancement is the average fraction of friction 

reduction provided by the nano-additive 
It has been observed in various studies on 

the friction reduction by using nano-additives. 
These studies showed varying degrees of friction 
reduction, depending on the load, speed and 
temperature. In order to simplify the estimation, 
an average friction loss of 0.25 is assumed for 
this analysis. Based on previous work, it can be 
assumed that about 75% of average friction 
losses can be reduced. 

With these assumptions, the fraction of fuel 
that can be saved as: 

%404.0tenhancemenfriction
initial
saved ffQ

Q

Using the data in Table 4 energy savings 
has been projected for a period of 12 years 
(2009-2020) and shown in the same table. It has 
been estimated that cumulative amount of 
11,943 ktoe energy can be saved even with this 
4% energy savings. It may be mentioned that 
this savings has been shown only for Malaysian 
transportation sector. If global transportation 
sectors are combined, huge amount of energy 
can be saved. Moreover, significant amount of 
emission can be reduced by not burning the 
amount that can be saved with the application of 
nano-lubricants. 
5.0 Conclusion
The fraction of energy lost due to friction in an 
engine varies from approximately 10% to 40%, 
depending on the load, speed and characteristics 
of the engine. Studies have shown that up to 
75% of the friction can be reduced with the 
addition of nano-particles in the lubricants. This 
friction reduction is often accompanied by a 
reduction in wear of the contacting surfaces as 
well. Assuming that on an average about 25% of 
an engine’s power goes in overcoming friction 
and that the usage of nano-additives in 
lubricants can provide an average value of 75% 
of the power can be reduced. This will 
consequently saving about 4% of total fuel used 
in an engine. If the savings for total 
transportation sector is accumulated, about 
11,943 ktoe can be saved along with protecting 
environment from different pollutants. 
Nanotechnology is an immerging technology 
that has been applied in many energy related 
areas to reduce energy use, to improve heat 
transfer and so on. However, it has to bear in 
mind that there are challenges such as cost, 
health; environmental risks and so on must be 
tackled.
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Fig.1. Direction of present research 

Fig.2. Stribeck diagram example [7] 
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(a)

(b)
Fig.3. Variation of fractional friction loss with 

speed and load (a) gasoline engine (b) diesel 
engine [8] 

Fig.4. Variation of friction coefficient with load 
for different oil samples [9] 

Fig.5. Stribeck diagram of oil samples with 
different amounts of fullerene additive [9] 

Fig.6. Variation of friction coefficient with onion-
like fullerene concentration [10] 

(a) 

(b)
Fig.7. Variation of friction coefficient with 
temperature for different oil samples [12]
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Table 1 Variation of mean effective pressures with load [4] 
Mean effective pressure (kPa) 

Brake MEP Friction MEP Pumping MEP Friction MEP/ Indicated MEP 

25 100 80 0.488 
220 105 60 0.273 
450 110 50 0.180 
770 145 30 0.153 
950 170 25 0.148 
Table 2 Result for experiments conducted with nano-diamond enhanced lubricant [11] 

Percentage change in measured quantity compared to pure lubricant Sample material Initial friction force Friction coefficient Surface roughness 
AISI1025 Mild steel -7.20 -11 +27
AISI1045 Mild steel -7.50 -13 +23
6061 Aluminium alloy +7.64 +6.1 -15 

Table 3 Summary of nano-lubricant findings [9, 11, 12] 
Additive type Coefficient of friction 

reduction (%) 
Enhancement in anti-
wear properties Comments 

Fullerene additive 75 Yes Friction reduction taken at 
hydrodynamic lubrication region 

Onion-like Fullerene 
(OLFs) 42 Yes Maximum friction reduction 

obtained in study 
Nano-diamond 13 No Friction reduction with AISI1045 

mild steel 
CuO nanoparticle 18 Yes Maximum friction reduction 

obtained in study 

Table 4 Energy savings with the application of 
different nano-additives 

Additive type Reduction in engine 
energy used (%) 

Fullerene additive 15
Onion-like Fullerene 
(OLFs) 8.4 
Nano-diamond 2.6 
CuO nanoparticle 3.6 

Table 5 Energy consumption pattern of 
transportation sector based on fuel types 

*Energy savings (ktoe) for Year Total 
transportation
energy used 2.60% 3.60% 8.40% 15% 

2009 20,374 530 733 1,711 3,056 
2010 21,193 551 763 1,780 3,179 
2011 22,013 572 792 1,849 3,302 
2012 22,832 594 822 1,918 3,425 
2013 23,652 615 851 1,987 3,548 
2014 24,471 636 881 2,056 3,671 
2015 25,291 658 910 2,124 3,794 
2016 26,110 679 940 2,193 3,917 
2017 26,930 700 969 2,262 4,039 
2018 27,749 721 999 2,331 4,162 
2019 28,569 743 1028 2,400 4,285 
2020 29,388 764 1058 2,469 4,408 
Total  7,763 10,748 25,080 44,785 
Source: National Energy Balance [13], *Author’s 
calculation


