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CHAPTER 1 

INTRODUCTION TO LATERAL UNDULATION 
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Assistant Professor, Department of Mechanical Engineering, 
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Email Id-basavarajdevakki@presidencyuniversity.in 

 

The capacity of some classes of robots, known as snake robots, to navigate across a variety of 
terrain has garnered a lot of attention in recent years. As well-known these robots' unique 
capacity to change their shape gives them operability as the hyper-redundant mechanisms. They 
can weave thick volumes without disturbing the surrounding region thanks to their long, narrow 
shape and numerous internal degrees of freedom (DOF). The snake can still move about despite 
having no limbs. To adapt to various settings, they have evolved various styles of mobility. Each 
mode of snake movement is distinctive and distinct from every other mode, in contrast to 
walking animals whose limbs create a continuum[1]–[6]. The change between modes happens 
quickly.Snakes move across the ground in at least five different ways. 

1. One lateral undulation 
2. A sidewinding two 
3. Three concertina (SERPENTINE) 
4. Four-Pushing 
5. Five-Rectilinear 

Lateral undulation: A snake's typical winding motion. Similar to a basic undulation, a lateral 
bending wave moves along the body of a lateral undulation from head to tail. However, lateral 
undulations are distinct in that they apply a force and cause localized deformation every time the 
bend comes into contact with a surface item like a rock or rod. The lateral force vectors cancel 
each other out when a snake pushes many items at once, and the resulting vector drives the snake 
forward. The snake can better manage the force's direction by adjusting its stance in relation to 
each object. The total force is generally constant for a given pace and board, but the force 
exerted to each object is inversely related to the number of objects the snake crushes at a given 
time. Along the torso, lateral undulations sequentially contract the big back muscles. From the 
convex part of the forward flexion to the straight or concave part of the flexion, the muscle is 
unilaterally active. All places on the snake's body move in accordance with the path that the neck 
and head create.Like such a carriage on a train whenever a locomotive travels down a railroad 
track, for instance (the drive mechanism is very different). As a result, lateral undulation is 
significantly influenced by sliding friction[7]–[9]. A high level of sensorimotor control, 
resembling that of snakes and some limbless reptiles, can be seen in the local adjustment of the 
curvature around each point of contact with an external object[4]. 
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Sidewinding motion: Many snakes that crawl on smooth, slippery surfaces use sidewinding 
motions, but the sidewinder snakes (Crotaluscerastes) and venomous snakes in the deserts of 
Africa and Asia are the most known. Although lateral convolution and the lateral waveform of a 
bending pattern are similar, they differ in three key aspects. First, rather than sliding along the 
board, every point along the body experiences static friction. Second, the body portion between 
the point of static contact and the ground is raised off of it. As a result, the body rolls along the 
ground from neck to tail, leaving a distinctive trace in the sand that is proportional to body 
length. The front of the body begins the new track when you lift off from the ground and finishes 
the old track when you drop from a little further away.Third, the snake crawls virtually 
diagonally to the track it leaves on the ground as a result of static contact and body swelling. 
Except for the fact that some muscles are also symmetrically active in the region of the trunk 
ridge, muscular activity during crosswinds resembles a lateral undulation. 

Rectilinear motion: Motion that is linear called rectilinear motion. Large venomous snakes, 
boas, pythons, and other large snakes are the principal users. The ventral scales are alternatively 
lifted off the ground and hauled forward, then drawn down and pulled back, while moving 
linearly. However, the scales "stuck" to the ground, pulling the body forward. When the body 
advances far enough to lengthen the scale, this cycle is repeated. Along the body, this cycle takes 
place simultaneously at several places. The primary type of friction in linear motion is static 
friction. Linear motion involves activity on the both sides of the muscles that join the skin to the 
bones, as opposed to lateral and lateral undulations, which alternate from one side of the body to 
the other.While another set of muscles pushes the scales of the abdomen up and down, one set 
lifts and moves them forward. Intense bodily undulations that slide the subject far across the 
surface are present in slide-pushing. When a snake is startled by a slippery surface and wants to 
flee quickly, it is used to force it across the surface. The surface is pushed to the side at various 
spots by the body's and tails erratic curves. Although the body glides on the surface, it is pushed 
down hard enough to shift the center of gravity in a somewhat predictable, frequently stepped 
pattern. As a result, snakes move irregularly and slide on the ground. There may on occasion be 
brief periods of static contact, but the primary factor in slipping is sliding friction. It is uncertain 
how the muscles moved during the slide[10]. 

Movement of serpentines (Concertina): The body is alternately pulled upward at the bend and 
then stretched outward from the bend by traction. The body is then positioned so that the front is 
resting on the ground and the back is being dragged toward the corner. To prevent slippage, 
bending might push the tunnel's sidewalls laterally or the floor upward. Consequently, rest 
friction is crucial for the concertina's movement. When crawling or climbing through tunnels and 
other small spaces, one uses a concertina motion. Muscle blocks are simultaneously unilaterally 
engaged in areas of flexion and static contact with the tunnel walls during a concertina exercise. 
Additionally, this design enables the actuator to be dispersed along the device's length. This can 
be used for a variety of activities, including industrial inspection, reconnaissance, urban search 
and rescue, and mine rescue. These applications require robust robots because to the tough 
environment. Snakes have a wide variety of movements that they use to adapt to their 
surroundings. The snake's lack of limbs, significant body stretch, and distinctive manner of 
movement made it possible for it to spread to a range of settings rather than being an 
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impediment.The serpentine locomotion of a snake-like robot on a flat surface to improve the 
robot's capacity to adapt to the surroundings. This project may be broken down into two main 
components. The first portion creates a computer simulation of an 11-link snake robot with 10 
rotary joints connected in series using MATLAB. Five links make up prototype, which are joined 
together in a series by four rotary joints. Servo motors are used to link rotary joints. A 
continuous rotation servo motor that can rotate 360 degrees powers the wheels. Aluminum metal 
brackets used to create links are joined together with screws and nuts[11]. 
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CHAPTER 2 

HYPER- REDUNDANT ROBOTS 

Basavaraj Devakki 
Assistant Professor, Department of Mechanical Engineering, 

 Presidency University, Bangalore, India 
Email Id-basavarajdevakki@presidencyuniversity.in 

Due to their numerous applications in fields like robotic surgery, mapping disaster scenarios, 
autonomous nuclear plant operation, space exploration and maintenance, and others, hyper 
redundant robot (HRR) manipulators are gaining a lot of interest. Therefore, research into both 
spatial robots (3-D) and planar robots (2-D) is crucial. Oriented Redundant Manipulator (ORM), 
spine robot, snake-like manipulator, elasticity manipulator, elephant's trunk-like elastic 
manipulator, and tentacle manipulator are only a few of the previous names for HRR concepts. 
But the phrase "Hyper-redundant" was the first to be employed. The robotics world has been 
dominated by rigid-link manipulators due to their straightforward design and manufacture. As a 
result, it becomes the most common method for creating hyper redundant robots by chaining 
together numerous rigid links using actuated revolute joints. The "Tensor-Arm Manipulator," the 
first hyper-redundant robot design, was created by Anderson and Horn in 1967. Others have 
constructed hyper-redundant robot mechanisms, such as Magnetically Activated Robotic Tensor 
Arms, or proposed hyper-redundant designs. They have also implemented numerous functional 
high DOF systems. In order to create a planar hyper redundant robot with 30 degrees of 
freedom, used a ratchet wheel with unique frictional characteristics. Additionally, a wire-driven 
system that uses an actuated windlass to drive the machine's joints was created in order to 
provide an alternative[1]–[4].  

Although numerous researchers have successfully created various design concepts for hyper 
redundant robots, most of these robots are now only capable of building manipulators that are a 
fixed length. Fixed length HRR takes more time and energy to reach the intended place because 
each activity requires activating every link in the system. As a result, the process moves more 
slowly. A Fixed length Hyper Redundant Robot (FHRR) would therefore not have an advantage 
over a Variable length Hyper Redundant Robot (VHRR). Robot manipulators that possess more 
degrees of freedom than necessary are referred to as "kinematically redundant" or "redundant." 
Redundancy in manipulator design has been acknowledged as a way to enhance the performance 
of manipulators in challenging and chaotic situations. "Hyper-redundant" robots are similar in 
shape and functioning to snakes, elephant trunks, and tentacles and feature a very high degree of 
kinematic redundancy. Such robots would be beneficial in a number of highly critical 
applications. Robots that resemble snakes have been studied for almost 25 years, but they have 
only ever been a lab curiosity [5]. There are several causes for this:  

• Hyper-redundant robot task modelling has not been adequately served by earlier
kinematic modelling methodologies in terms of efficiency or suitability.

• Hyper-redundant robots' mechanical implementation and design have been viewed as
needlessly complex.
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• Because they are not human, hyper-redundant robots present fascinating programming
challenges. To remove the barriers preventing the practical deployment of hyper-
redundant robots, our research team has launched a broad-based initiative.

A new construction approach called additive manufacturing, which creates objects via a 
sequential stratification process akin to 3D printing, is being used in the building industry. 
Additionally, additive manufacturing for buildings is regarded as a cutting-edge, cost-effective, 
and eco-friendly method. Additionally, it helps speed up operations and improve safety while 
also reducing construction time. Three additive manufacturing processes have so far been 
created: Concrete Printing, DShape, and Contour Crafting. In, a comparison study was 
suggested. Compared to traditional procedures, these strategies shorten the time it takes to 
complete a construction project. Robots that use additive manufacturing give the construction 
and manufacturing industries new perspectives. Today, a variety of strategies have been used, 
including on-site or laboratory manufacture employing various technologies. Some people move 
prefabricated pieces to the site after they have been printed using Cartesian robots in the lab. As 
an illustration, Decoration Design Engineering has been successful in constructing homes using 
construction components printed in prefabricated components and put together on site. Some 
employ a gantry system [6]. 

However, these systems are difficult or time-consuming to develop and have a little amount of 
workspace. A device created by other researchers automates and makes the setup and printing 
procedure easier. An easy-to-install family of mobile robots for small-scale building has been 
created by the IAAC University of Barcelona. Robots that use additive manufacturing give the 
construction and manufacturing industries new perspectives. Today, a variety of strategies have 
been used, including on-site or laboratory manufacture employing various technologies. Some 
people move prefabricated pieces to the site after they have been printed using Cartesian robots 
in the lab. As an illustration, Decoration Design Engineering has been successful in constructing 
homes using construction components printed in prefabricated components and put together on 
site. Some employ a gantry system. However, these systems are difficult or time-consuming to 
develop and have a little amount of workspace. A device created by other researchers automates 
and makes the setup and printing procedure easier.  

Robots that use additive manufacturing give the construction and manufacturing industries new 
perspectives. Today, a variety of strategies have been used, including on-site or laboratory 
manufacture employing various technologies. Some people move prefabricated pieces to the site 
after they have been printed using Cartesian robots in the lab. As an illustration, Decoration 
Design Engineering has been successful in constructing homes using construction components 
printed in prefabricated components and put together on site. Some employ a gantry system. 
However, these systems are difficult or time-consuming to develop and have a little amount of 
workspace. A device created by other researchers automates and makes the setup and printing 
procedure easier. These robots can be built to be more resistant against mechanical failure than 
manipulators with a limited degree of redundancy because of their highly articulated structure, 
which make them ideally suited for operation in extremely constrained situations. Additionally, 
the idea of hyper-redundancy can be used to new types of robotic locomotion that resemble the 
movements of worms, slugs, and snakes. 

The terms "highly articulated," "tentacle," "snake-like," "tensor-arm," "elephant trunk," "swan's 
neck," and "spine" have all been used to describe specific hyper-redundant designs. The earliest 
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hyper-redundant robot ideas and implementations that we are aware of originate from the late 
1960s. Numerous functional high of systems have been put in place by Hirose and his associates. 
Many additional authors have constructed hyper-redundant robot systems or proposed hyper-
redundant designs. Examples consist of. An application or operating environment/scenario in 
particular drove many of these ideas to some extent. The three main categories of hyper-
redundant manipulators—continuous, serial, and cascaded platforms [7]. 
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Figure 1: Representation of ACM III Snake robot.

Snakebots are unlike any robotic probe that has ever been sent into orbit. Some unique design
elements must be used for a robot to emulate the movement of a biological snake. The p
created by Mark Yim of the Xerox Palo Alto Research Center is the inspiration for NASA's
snakebots[1]–[4]. Robots called polybots
Snakebots can coil up to carry equipment for construction in space or slither and dig under the
ground for geological surveying. A snakebot's primary body is made up of around 30 similar,
hinge-like modules that are chained together. These modules collaborate to carry out diverse
tasks and are connected by a central spine. To shield it from the Martian environment, the
snakebot's frame will be made of polycarbonate and coated in an artificial skin
closer look at the structure and individual modules of a snakebot:

Electronics: Each snakebot will have a main computer that communicates with smaller
computers in each module. This computer may be housed inside the snakebot's head. Each
module will be connected to its neighbours via wires, forming a network of modules that
function as a single unit. The wiring will also transmit and receive electricity and messages to
and from the computer brain. 
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Shigeo Hirose of the Tokyo Institute of Technology created the first snake robot in the world in 
1972. Displays the ACMIII active code mechanism model. For the first time ever, they were able 
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Snakebots are unlike any robotic probe that has ever been sent into orbit. Some unique design 
elements must be used for a robot to emulate the movement of a biological snake. The polybot 
created by Mark Yim of the Xerox Palo Alto Research Center is the inspiration for NASA's 

may alter their shape to carry out a range of activities. 
Snakebots can coil up to carry equipment for construction in space or slither and dig under the 
ground for geological surveying. A snakebot's primary body is made up of around 30 similar, 

e modules that are chained together. These modules collaborate to carry out diverse 
tasks and are connected by a central spine. To shield it from the Martian environment, the 
snakebot's frame will be made of polycarbonate and coated in an artificial skin[5]. Here is a 

Each snakebot will have a main computer that communicates with smaller 
computers in each module. This computer may be housed inside the snakebot's head. Each 

cted to its neighbours via wires, forming a network of modules that 
function as a single unit. The wiring will also transmit and receive electricity and messages to 
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Microcontrollers: The movement will be controlled by microcontrollers, which are very small 
computers that read signals from the main computer. They might be coupled to a group of 
sensors in later models so that they can offer reflexes. 

Sensors: The metal-ribbed structure of the robot's later iterations might have strain sensors. 
These sensors will show whether or not the snake is making contact, as well as where and how 
firmly. 

Motors: Each module's numerous components will be moved by two servomotors, which are 
similar to hobby-grade off-the-shelf motors. An order from the primary processor will trigger 
each motor. 

Wheels: One wheel will be included with each module. The wheel will simply be utilised to 
facilitate movement and won't be entirely responsible for moving the snakebot. 

Gears: The hinges may move thanks to the gears, which work in tandem with the electronics. 
The snake will be able to coil, sidewind, and inchworm its way across the ground or around 
objects as a result of this. 

Camera: Small cameras that are affixed to the snakebots will provide NASA with a hitherto 
unseen glimpse of the red planet. 

Connecting Rods: These ball-jointed connecting rods pull and activate the part next to one as it 
starts to move. 

The spacecraft carrying the snakebots will be able to carry them in less mass thanks to snakebots. 
They can complete a variety of activities without a lot of additional equipment thanks to their 
snake-like shape. According to NASA engineer Gary Haith, "one of the numerous benefits of the 
snake-based design is that the robot is field-repairable." As opposed to a traditional robot that 
requires particular parts, the snakebot can be repaired considerably more easily if a number of 
identical spare modules are sent into space with it. Snakebot will be significantly less expensive 
than previous robotic probes. Snakebots will likely only cost a few hundred dollars each, as 
opposed to the $135 million Mars Odyssey that was launched on April 7, 2001. In fact, one 
researcher claims that the snakebot's price is so low that creating a toy version is conceivable. 
There are several distinct ways for snakes to move through their surroundings, such as side-
winding, slithering, and inch-worming. All of those actions will be possible with snakebots. In 
order to climb up and over barriers, they will also have the ability to coil and flip over. The 
snakebot test versions up to this point have been remotely operated.  Scientists will eventually 
need to figure out how to give these robots some kind of intelligence so that they can function 
away from Earth. 

No matter the outcome, our first robot carries out our instructions. Even if the goal is 
unachievable, the robot will keep trying to overcome obstacles if it encounters them, according 
to Haith. Built the initial, rudimentary robot because we needed a functioning snakebot in a day 
or two, a robot that would help us think about how a snakebot could and should move. A more 
sophisticated snakebot model that can act independently is already under construction. The 
sensor-based control is the main part of this sophisticated snakebot. The snakebot would be able 
to choose its own course of action thanks to sensors built into its body. Writing software that will 
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enable the snakebot to gain knowledge from its own experiences is one aspect of that progress. 
These lessons might cover how to cross uneven terrain, scale scaffolds, and squeeze into 
crevices, as well as how to crawl from soft to hard surfaces. The robot may use these skills to 
seek for fossils or water on a different planet.To give the snakebot muscles as another upgrade. 
The substance used to create these artificial muscles would be plastic or rubber, both of which 
would flex when electricity was applied. According to Haith, this would reduce the snake's 
weight and make it durable "like an automotive tyre." One day, a swarm of these tiny snakebots 
may touch down on Mars and emerge from a lander vehicle to conduct in-depth investigations of 
the planet. They might even start constructing a foundation for a future colony of humans[6], [7]. 
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shown in Figure 2[6]–[9]. Typically, models developed for the robot's constraints control serve 
as the foundation for kinodynamic models. 

Dynamics Clarification: The robot's ability to move or follow its course can be used to gauge 
the extent to which all of its components (links and joints) are guaranteed to move optimally and 
to be subjected to generalised forces. To examine the dynamic restrictions placed on the snake-
like robot during flexible path navigation, a compact model with partial differential equation of 
the non-linear motion parameters was constructed [10]. 

Planning a course and avoiding obstacles: The goal of motion planning in flexible robotic 
systems is to create a trajectory model that can successfully guide the robot's links from a 
starting point to a target location inside the robot's working area. Motion planning often entails 
determining the best trajectory along which a set of via-points for the robot's point-to-point 
navigation are formed based on the motion profile. Obstacle avoidance is yet another important 
aspect of motion planning and constraints control in flexible robotic systems since the links' 
trajectories are difficult to forecast in advance and may result in collisions with the obstacles 
present in the workspace. In order to do this, the kinodynamic constraints models were improved 
further to guarantee consistently fluid point-to-point navigation. Interpret the kinematic 
redundancy in such robots as a trick to detect and prevent collision with objects in the 
operational space during flexible navigational access. 

Planning a movement's trajectory: Trajectory planning, used in flexible robotics, controls the 
computation of an interpolating series of desirable via-points, allowing a robot's end-effector to 
only be limited to specific regions of interest. For flexible route access during intrabody robotic 
surgery, it is essential to analyses the case of the path and navigate from a beginning point 
through a series of points to a final point. Determining an ideal path, or the shortest route a robot 
can take between its starting point and its destination, is the first step in planning a motion 
trajectory. The shortest path in a path analysis workspace is a straight line that connects the two 
points with a vertical, horizontal, or diagonal movement. 

Identifying and avoiding obstacles: The situation of path tracking in the presence of an 
obstruction is more complicated (s). In this case, the impediments might cross the straight line or 
restrict the freedom of one or more connections on the robot. In the first scenario, modelling the 
path as a straight line is no longer practicable; instead, the path is altered to thread the obstacle's 
convex hull. Contrary to the latter situation, where obstructions could restrict the operation of 
some connections and cause the robot's path to become distorted, this is not a common issue with 
articulated arm robotics. Further analysis is necessary to determine potential motions for each 
link in the snake-like robot due to the existence of impediments in the workspace. 

Hyper-redundant snake-like robots are being used for search and rescue in earthquakes and other 
disaster circumstances with debris and small passageways because people and other robots are 
less effective in these conditions. The development of improved actuated endoscopes and virtual 
surgery simulators, where operations like suturing or the motion of flexible arteries need to be 
depicted in a realistic manner, is also using tools and techniques from research in hyper-
redundant robots. The flexible item is discretized into a huge number of stiff objects and, once 
more, techniques utilized for motion planning in hyper-redundant robots are used in the 
animation of flexible objects like a string, hair, and flexible hoses.  This focuses on the creation 
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and experimental validation of an algorithm for hyper-redundant serial robot motion planning in 
free space as well as when impediments are present and must be avoided by the entire robot [11]. 
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An ACM with a 3D workspace made up of series
power is called the Slim Slime Robot. Inspecting pipes at chemical and nuclear po
rescuing people from under collapsing houses, distributing their own weight, and detecting land
are all things that the slime robot can do with the help of its shape
intention of using operations that are harmful to people

Figure 1: Represented the Slim Slime Robot.

The Slim Slime Robot, as depicted in Figure 1, is made up of modules connected in serial and
propelled by pneumatic actuators. Each bellow receives compressed air from the
an entrance valve. Each bellow has built
and lock its length, allowing the module to actively bend in any direction. Slim Slime Robot may
move in a variety of ways, such as the snak
waves, lateral rolling, and pivot turns. It is made up of six modules, each measuring between
1120 and 730 mm in length, with a combined mass of 12 kg and a top speed of roughly 60 mm
per second [1]. 

The Slim Slime robot is a pneumatically bendable and elongating assembly of several linearly
connected components. Three metal bellows with the same circumference are positioned in
parallel inside a module (below) at regular intervals. Two discs are secure
opposite ends, and they are joined to one another by expanding springs. When compressed air is
provided, these bellows expand, and when the air is emptied, they contract. Two solenoid valves
that are incorporated in each bellow are utili
adjusting the compressed air provided to the three bellows, the module can stretch and flex. The
module has a diameter of 128 mm, a length range of 114 to 178 mm, a weight of 1.7 kg, and a
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An ACM with a 3D workspace made up of series-connected modules with pneumatic actuator
power is called the Slim Slime Robot. Inspecting pipes at chemical and nuclear po
rescuing people from under collapsing houses, distributing their own weight, and detecting land
are all things that the slime robot can do with the help of its shape[1]–[5]. Created with the

that are harmful to people (Figure 1). 

Figure 1: Represented the Slim Slime Robot. 

The Slim Slime Robot, as depicted in Figure 1, is made up of modules connected in serial and
propelled by pneumatic actuators. Each bellow receives compressed air from the
an entrance valve. Each bellow has built-in inlet and outlet valves that let it to expand, contract,
and lock its length, allowing the module to actively bend in any direction. Slim Slime Robot may
move in a variety of ways, such as the snake's creeping action, the limpet and snail's pedal
waves, lateral rolling, and pivot turns. It is made up of six modules, each measuring between
1120 and 730 mm in length, with a combined mass of 12 kg and a top speed of roughly 60 mm

The Slim Slime robot is a pneumatically bendable and elongating assembly of several linearly
connected components. Three metal bellows with the same circumference are positioned in
parallel inside a module (below) at regular intervals. Two discs are secured to each bellow's
opposite ends, and they are joined to one another by expanding springs. When compressed air is
provided, these bellows expand, and when the air is emptied, they contract. Two solenoid valves
that are incorporated in each bellow are utilized to both intake and discharge compressed air. By
adjusting the compressed air provided to the three bellows, the module can stretch and flex. The
module has a diameter of 128 mm, a length range of 114 to 178 mm, a weight of 1.7 kg, and a
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maximum bending angle of 30[4], [6]. The Slim Slime robot is made up of six interconnected 
modules that range in length from 730 to 1,120 mm and weigh 12 kg. By bending and 
lengthening, the Slim Slime robot has created a wide range of movement styles. This robot has 
also been successful at moving around in an incline pipe (bottom), as shown in Figure 2. 

Figure 2: Representation of Module of Slim Slime Robot [7]. 

The serially connected mobile robot that authors refer to as Slime Robot attached a few SSR 
(Slim Slime Robot) modules. The following possible benefits are associated with this type of 
mobile robot with a long and thin body: 

• Consistency
• The ability to navigate difficult terrain
• Duplication
• Sealing, etc.

Therefore, it is reasonable to predict applications for activities in confined and hazardous spaces 
that a man cannot penetrate, such as the identification of victims under fallen buildings (Fig. ll), 
the inspection of pipelines at facilities, etc.Consideration is given to the various SSR gaits. SSR 
is a snake-like robot with a long, thin body that lacks legs and driving wheels (including 
crawlers). It creates propulsion simply by bending its body. The transmission of each module's 
winding motion to the trunk produces the driving force in the case of the snake-like robot by 
leveraging the difference in friction forces in the normal and tangential directions to the body. 
The amount of winding in the trunk corresponds to the transmission's reduction ratio; for 
example, increasing the amplitude and decreasing the period of the winding curve will provide a 
greater driving force, while decreasing the amplitude and extending the period would result in a 
higher speed. However, this gait, which necessitates a strong trunk wrapping action, is 
inappropriate for moving within a small space.  

The transmission of the longitudinal and bending motion of each module to the trunk produces 
the propulsive power, and the subsequent gait is thus deemed to be effective for the locomotion 
of SSR in constrained space. In other words, the distribution of the normal forces at the contact 
points is altered by superimposing the vertically bending motion on the longitudinal motion that 
is transmitted to the trunk. As a result, the difference between the frictional forces at the two 
sides of the stretching portion effectively produces the propelling force. The development of the 
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snake-like robots was based on a model of the anatomy and function of snakes, and it was done 
so with an eye toward practical applications. The snake-like robot is a classic example of this, 
although Theone-dimensional flexible deformation robots also come in the shape of a snake-like 
robot, as opposed to the latter, which has a motion of stretching. Additionally, there are two-
dimensional and three-dimensional flexible deformatioiial robots, such as the robot that 
resembles an abalone, an ameba, etc. The systematic study of robots with a high degree of 
flexibility and soft form deformation is seen to be crucial given that robots are utilized in a 
variety of applications, including direct human contact in the future [4]. 
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Modular Snake-like inspection robot KAIRO 3 because the drive module and joint module are
two fundamentally distinct module types, KAIRO3 is unique (Figure 1). It f
modular robot. Two mounting connections are built into the drive module so that the joint
modules can be connected at both ends. The three active joints in each joint module are
alpha, gamma and beta[1]–[3]. 

Figure 1: Modular Snake

KAIRO 3 could theoretically have an unlimited number of modules, ignoring technical and
computational limitations.Robot has six driving modules that are interspersed with five joint
modules in the largest configuration in order to maintain the system manageable. This
arrangement gives KAIRO 3 27 degrees of freedom, a length of roughly 1.8 metres, and a weight
of about 47 kg when batteries are included. KAIRO 3's slender, snake
allows it to fit through tight spaces and pipelines with a minimum diameter of 25 cm. The robot
can be divided into various distinct configurations of tiny robots thanks to the connecting
connectors[2]. Examples of two distinct multi
are shown in Figure 1. 

KAIRO 3's chain-like structure was
fact that it is made up of drive modules and joint modules, two fundamentally distinct types of
modules, KAIRO 3 is a heterogeneous modular robot.
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like inspection robot KAIRO 3 because the drive module and joint module are
two fundamentally distinct module types, KAIRO3 is unique (Figure 1). It fits the definition of a
modular robot. Two mounting connections are built into the drive module so that the joint
modules can be connected at both ends. The three active joints in each joint module are

Figure 1: Modular Snake-like inspection robot KAIRO 3. 

KAIRO 3 could theoretically have an unlimited number of modules, ignoring technical and
computational limitations.Robot has six driving modules that are interspersed with five joint

the largest configuration in order to maintain the system manageable. This
arrangement gives KAIRO 3 27 degrees of freedom, a length of roughly 1.8 metres, and a weight
of about 47 kg when batteries are included. KAIRO 3's slender, snake-like shape, howeve
allows it to fit through tight spaces and pipelines with a minimum diameter of 25 cm. The robot
can be divided into various distinct configurations of tiny robots thanks to the connecting

. Examples of two distinct multi-robot systems with various numbers

like structure was organically modelled after snakes or inchworms. Due to the
fact that it is made up of drive modules and joint modules, two fundamentally distinct types of

a heterogeneous modular robot. Wheeled movement is accomplished via
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the driving modules. They have two mounting connectors that can be used to connect the joint 
modules at opposing ends[2], [4]–[7]. Three active joints, positioned in a 45-degree angle to one 
another, make up each joint module. Special harmonic drive gears are used to power these active 
joints, and they are made to transmit enough power to the joints. With optical encoders that 
provide both absolute and incremental values, all joint angles are monitored.Six drive modules 
and five joint modules are typically interleaved in a KAIRO 3 setup. A single driving module is 
146 mm length and 4.5 kg in weight. 4 kg and 184 mm are the equivalent values for the joint 
module. The term "hyper-redundant" refers to the numerous degrees of freedom included in this 
kind of robot system. Every single DOF in KAIRO 3 is driven by a motor, making it an active 
system. Since all actuators and control units are tightly integrated into the modules, it is simple to 
add additional sensors or even move things inside the drive modules. 

A wide range of traditional planning techniques, like those just mentioned, are available. They 
concentrate on mobile and wheeled robots and optimise strategies to avoid obstacles and avoid 
collisions. Different requirements apply to bio-inspired inspection robots that can operate in 
unstructured terrain. Therefore, to generate and plan full body motions for snake-like robots, 
biologically inspired motion generation and planning approaches are applied. Fixed motion 
patterns, which are used in various ways and have the simplest form, include more advanced 
methods rely on core pattern generators, often known as backbone curves, which create motions 
that are inspired by biological processes. Robots that resemble snakes move through an 
environment filled with obstacles. There are several hybrid systems that have extra wheels, 
including OmniThread, Wheeler, KOHGA, and KAIRO 3.The follow-the-leader strategy can be 
used to create the basic motion of robots that resemble snakes on wheels. The majority of the 
conventional navigation and motion planning techniques that are demonstrated create pathways 
around objects to prevent collisions. Specialized motions and planning techniques are needed for 
snake-like robots because they can crawl or climb over obstacles. Furthermore, only a very small 
number of methods can take diverse robot configurations into account when planning navigation 
and motion, which is crucial when dealing with changeable robots[1]. 

The main objective is to improve the autonomy and flexibility of snake-like inspections robots, 
particularly for use in search and rescue operations in terrain with obstacles.As a result, we 
suggest a strategy that will simplify control while also enhancing navigation and motion 
planning for highly flexible modular robots (DoF). This specifically refers to the planning of 
intricate robot motions in 6-D space to navigate obstacles on its own, as well as taking into 
account the existing robot configuration to maximize locomotion for time and distance given the 
robot's capabilities. Therefore, using the RRT algorithm and a precise environment model, we 
created a three-step motion planning procedure. The reconfigurable, snake-like, wheeled 
inspection robot KAIRO 3's current motion control software is then coupled to this navigation 
system. 

Modular Snake-Like Robot Kairo 3: Based on the KAIRO II platform, the snake-like 
reconfigurable inspection robot KAIRO 3was developed in 2013. KAIRO 3 can perform a 
variety of inspection duties in confined spaces and hazardous locations because of its modular 
and adaptable architecture. KAIRO 3 was physiologically inspired by inchworms and snakes, 
and it has wheels in every other module, creating a hybrid wheeled robot system that resembles a 
snake. Due to the fact that it is made up of the drive modules and joint modules, both of which 
are fundamentally KAIRO 3 can be categorized as a heterogeneous modular robot of the chain 
type. By using mounting interfaces to link the drive modules and joint modules, KAIRO 3's 
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configuration can be changed quickly. Due to the extremely compact integration of all actuators 
and control units, many sensors, batteries, embedded systems, or even transportable objects can 
be included inside drive modules. 

Low-level System Architecture: Robotic framework MCA2 (Modular Controller Architecture) 
implements the Adaptive Control architecture of KAIRO 3 [21]. Software for hierarchical 
control has the flexibility to adjust to the actual number of hardware modules. The relationship 
between the navigation planning system and the adaptive control, which has two levels. 

Every module of the robot has a piece of the decentralized Base Control, which is a combination 
of hardware and software. The Motion Control, which utilizes a virtual rail, sits on top of the 
Base Control and realizes the KAIRO 3 kinematics computation as well as fundamental motions 
like Normal Drive and Inspection. A number of route points are used to construct the virtual rail, 
which are connected by straight line segments.This rail is followed by every joint module in 
KAIRO 3. In order to allow KAIRO 3 to move over uneven ground without the use of wheels, 
two biologically inspired locomotion techniques have been designed [3]. 

Bibliography: 

[1] L. Pfotzer, S. Ruehl, G. Heppner, A. Roennau, and R. Dillmann, “KAIRO 3: A modular 
reconfigurable robot for search and rescue field missions,” 2014. doi: 
10.1109/ROBIO.2014.7090331. 

[2] L. Pfotzer, S. Klemm, A. Roennau, J. M. Zöllner, and R. Dillmann, “Autonomous 
navigation for reconfigurable snake-like robots in challenging, unknown environments,” 
Rob. Auton. Syst., 2017, doi: 10.1016/j.robot.2016.11.010. 

[3] L. Pfotzer, M. Staehler, A. Hermann, A. Roennau, and R. Dillmann, “KAIRO 3: Moving 
over stairs & unknown obstacles with reconfigurable snake-like robots,” 2015. doi: 
10.1109/ECMR.2015.7324209. 

[4] C. Birkenhofer, S. Studer, J. M. Zöllner, and R. Dillmann, “Hybrid impedance control for 
multi-segmented inspection robot Kairo-II,” 2006. doi: 10.5220/0001207602170222. 

[5] C. Birkenhofer, M. Hoffmeister, J. M. Zöllner, and R. Dillmann, “Compliant motion of a 
multi-segmented inspection robot,” 2005. doi: 10.1109/IROS.2005.1545488. 

[6] C. Birkenhofer, K. Regenstein, J. M. Zöllner, and R. Dillmann, “Architecture of multi-
segmented inspection Robot KAIRO-II,” 2007. doi: 10.1007/978-1-84628-974-3_35. 

[7] L. Pfotzer, S. Bohn, G. Heppner, A. R onnau, and R. Dillmann, “Environment-dependent 
selection of locomotion patterns with kairo-II,” 2012. doi: 10.1142/9789814415958_0064. 



Recent Development in Robotics and

Assistant Professor,
 Presidency University, Bangalore, India

Email 

The AmphiBot II, depicted in Figure 1, is an updated model of the AmphiBot I that has been
enhanced as a result of testing the initial robot prototype. The AmphiBot II's streamlined design
made it possible to install every component without using solder. Additionally, the second robot
has a more potent motor than the first one, which increases the maximum torque by 3.5 times.
The robot had a similar seven functional components as the AmphiBot I, but it also had a va
of electronics[1]. Theoretically, by adding pieces to a chain, you could create a robot with up to
127 segments. The robot also features internal transceiver
of its wireless design. Finally, a central pattern generator was added to the
as shown in Figure 1. 

Figure 1: Representation of Amphibot II.

One of the original amphibious snake robots, AmphiBot II is operated online by a central pattern
generator[2]–[6]. As this article will demonstrate, CPGs can be used to create
nonlinear oscillators that generate coordinated rhythmic patterns (in this case travelling waves).
These patterns can be created to exhibit limit cycle behavior, which makes them robust against
outside disturbances, and to be stable. Th
control parameters. Because the user may change CPG parameters to change the direction and
speed of locomotion without having to deal with the intricacy of separately managing each
degree of freedom, they are perfectly suited for online trajectory development with a person in
the loop.AmphiBot II, the robot described in this work, is an upgrade of AmphiBot I
substantial amount of upgrades over its predecessor, including:

• An improved mechanical design, which substantially simplifies the robot's assembly and
eliminates the need for soldering.

• Stronger motors: the maximum torque has risen by 3.5 times.
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• The robot's ability to communicate wirelessly thanks to the addition of an inbuilt
transmitter that enables wire-free remote operation of the device.

• Better water resistance.
• Onboard CPG: Instead of running the controller on an external computer, the motor

orders are now generated live, inside the robot, by a central pattern generator running on
a microcontroller.

The AmphiBot II robot is made to be modular; it is put together from a number of identical 
pieces known as components. Although the robot described in this work has 7 actuated 
components 7 degrees of freedom and a head (which is externally identical to the other 
elements), a robot with up to 127 segments may theoretically be constructed using the current 
electronics by simply adding more elements to the chain. Each element's external shell is made 
up of two symmetrical pieces that are screwed together. A compliant connecting piece mounted 
to the output axis that has six wires connects the elements mechanically and electrically. Every 
component of the robot's body is made of polyurethane resin and lit by glass microballs;  

Additionally, polyurethane is used to form the connector components. The elements' output axes 
are all aligned, resulting in planar locomotion. A unique O-ring is used to assure the robot's 
waterproofing. A piece of an element measures 5.5 by 3.7 cm and has an exterior length of 9.4 
cm. Considering that the connection piece introduces a space of 0.25 cm between two adjacent 
pieces, the robot's overall length is 77.2 cm in this study. A few passive wheels are attached to 
each piece with double face adhesive tape to create the asymmetric friction with the ground that 
the robot needs to properly crawl on the surface. The wheels are currently removed to allow for 
swimming. The robot's density is just under 1 kg/m3, which causes it to float below the water's 
surface when submerged. The battery is positioned at the base of the components to lower the 
vertical centre of mass and maintain the robot's vertical stability while swimming and crawling. 
The robot's connection to a tiny aquarium pump when swimming is made possible by a highly 
flexible PVC tube. By maintaining a slight overpressure inside the elements, leaks are 
prevented[1]. 

Koryu II: Figure 2 depicts the structure of the KORYU II, which was comparable to the KRI. 
The robot was made up of six cylindrical parts with three degrees of freedom and a primary unit 
(link 0). The rotational axis and the left and right vibrations of each segment make up the first 
(qaxis). The third of the wheel axles (saxis) is the vertical axis of motion (zaxis), pushing the 
section up and down. This robot's weight was decreased by using wheels rather than axle trucks, 
in contrast to the processor KRI. The robot configuration also uses a distinct structure, with one 
independently driven wheel supporting each unit. Using the electric Zaxis in this manner allowed 
the robot to adjust to various floor shapes. The guidance unit of the robot was connected to a 
sizable manipulator arm as well. In order to distribute loads and enable the creation of robots that 
can transport objects like trains, the robot was built with an articulated body. This kind of robot 
was primarily designed for locations where small robots could not convey the necessary 
operating equipment and giant robots lacked the mobility to negotiate turns in compact areas. 
KRII had a total length of 3300 mm and a total length of 1080 mm. 25 kilogramme for Link 0 
and 50 kg for Link 16. The robot was 460 mm wide and weighed around 370 kg in total (Figure 
2) [8].
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The globe is now experiencing a crisis caused by the exhaustion of fossil fuels and 
environmental deterioration. It is common knowledge that these resources are finite and will 
eventually run out. The scenario necessitates the quest for innovative, sustainable and 
environmentally benign alternative fuels. Biodiesel is one of the alternative fuels that may be 
utilised in modern diesel engines with little modification. Nearly 30% of the petroleum required 
by India is produced domestically; the other 70% must be imported. The import of petroleum 
from other nations will quickly rise in the next years. Since a few years ago, we have seen an 
increase in environmental concern. Global environmental deterioration caused by excessive use 
of fossil fuels includes the greenhouse effect, water pollution, ozone depletion, climate change, 
and other phenomena. A renewable energy source that may aid in lowering greenhouse gas 
emissions is biodiesel. So because carbon in the fuel was taken from the atmosphere by the plant 
feedstock, it has a lower impact on global warming. The majority of power requirements, 
including those for farm equipment, the construction industry, mobile power plant units, etc., are 
met by internal combustion engines. The diesel engine has taken over the transportation industry 
due to its exceptional fuel efficiency and somewhat lower maintenance cost. The necessity for 
alternative fuels is highlighted by declining fuel supplies and an increase in the usage of diesel 
engines. As the importance of energy security both in society and government continues to 
increase, biofuel offers a high energy balance when compared to other fuel substitutes. Without a 
consistent supply of inexpensive energy, the nation's economy would stall because there won't be 
enough of it to power factories, fuel vehicles, or heat homes. Diesel fuels pose increasing risks to 
the environment and human health, thus it was necessary to find an alternate fuel to solve all the 
issues. Today, biofuels are being carefully considered from the multifaceted perspectives of 
dwindling fossil fuel supplies, environmental health, especially energy security. This is a subtle 
but welcome development [1]–[5].  

Due to the rapid depletion of fossil fuel reserves, the demand for fossil fuels is continually rising. 
Research to detect and derive has been spurred by rising environmental concerns about the 
effects of fossil fuels and a significant rise in the cost of petroleum goods. Sources of alternative 
energy. As a result of its renewable power, biodegradability, and environmentally favourable 
emissions, biofuel has attracted significant interest around the world. Vegetable oils and their 
derivatives are one of the most promising alternatives. Research has been conducted employing 
oils such as palm, sunflower, peanut, soy, and coconut. Due to the fact that all of the seeds 
mentioned above are edible by nature, prolonged consumption of vegetable oils causes a food 
problem. Waste oils, which are not edible by nature, were taken into consideration in this 
research to help solve this issue. Waste oils, including used cooking oil from the food sector, 
used palm oil, used coconut oil from used coconut flesh, etc. were thought to be potential sources 
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of alternative fuels. In our research, we are taking used coconut oil into account to create 
workable biofuel. For use in compression ignition engines, ASTM defines biodiesel as "mono - 
alkyl esters esters of long-chain fatty acids produced from renewable lipid feedstock, including 
such animal fats and vegetable oils." The primary plant species used to produce biodiesel in 
India include honge, used cooking oil, jathropa, pongamia, etc. To make biodiesel, biodiesel may 
be mixed in a certain ratio with petroleum fuel, while in rare circumstances it can also be utilised 
in pure form. Because biodiesel possesses characteristics that are comparable to those of 
petroleum diesel, it may be used in compression ignition engines without the need for any engine 
changes. Since biodiesel contains nearly little sulphur and no aromatics, it is regarded as a clean 
fuel. Even when combined with petroleum diesel, it has a greater cetane number, which enhances 
the quality of the ignition.  

Biodiesels 

Fuel production from 3fat is not a novel method. Many years before the first completely working 
diesel engine was created, researchers E. Duffy and J. Patrick performed the first 
transesterification of a vegetable oil as early as 1853. Transesterification is the method of 
chemically breaking the molecule of the raw renewable oil producing methyl or ethyl esters of a 
renewable oil with glycerol as just a byproduct that used an alcohol, including such ethanol or 
methanol, inside the presence of a catalyst, including such either sodium hydroxide or potassium 
hydroxide. On August 10, 1893, in Augsburg, Germany, Rudolf Diesel's prime prototype, a 
single 10 feet iron cylinder with such a flywheel at its base, ran for the very first time using this 
fuel. Later, in 1900, he evidenced an engine running on peanut oil, a biofuel, and won the "Grand 
Prix" at the World's Fair throughout Paris, France. Among the most promising substitute diesel 
engine fuels is biodiesel. Since 2005, the demand for biodiesel has grown dramatically 
worldwide. "Biodiesel refers to a vegetable oil- or animal fat-based petroleum diesel made up of 
long-chain alkyl (methyl, ethyl, or propyl) esters," according to the definition. Triglycerides, 
commonly referred to as fatty acid esters connected to a glycerol, are the primary ingredients of 
both vegetable oils and animal fats. Vegetable oil triglycerides as well as animal fat triglycerides 
often include a variety of fatty acids. The mix of these fatty acids will become the primary factor 
affecting how certain characteristics of vegetable oils and animal fats will translate into physical 
and chemical qualities. Distinct fatty acids have various physical and chemical capabilities [6]–
[9].   

Due to their high kinematic viscosity and low volatility, it is not recommended to utilise 
vegetable oils or animal fats directly as combustible fuel. Additionally, prolonged usage of it 
created major issues including deposition, ring sticking, and injector choking in engines. To 
decrease the viscosity of oils, transesterification a chemical reaction must be applied to vegetable 
and animal fats. In that process, short-chain alcohols like methanol or ethanol, a catalyst such an 
alkali or an acid, and triglycerides are transformed into fatty acid methyl ester (FAME), with 
triglycerides as a by-product. The term "biodiesel" describes liquid or gaseous transportation 
fuels that are mostly made from biomass. Biomass resources may be used to create a range of 
biofuels, including gaseous fuels like hydrogen and methane as well as liquid fuels like ethanol, 
methanol, biodiesel, and Fischer-Tropsch diesel. A broad range of agricultural and forestry 
supplies, industrial processing waste, municipal solid waste, and urban wood waste make up the 
biomass resource base used to produce biofuels. Among the agricultural resources are grains 
used to make biodiesel, animal manures and waste products, and crop waste mostly made from 
maize and food grains (e.g., wheat straw). Crop wastes may also come from a number of 
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important local crops, including cotton, sugarcane, wheat, and orchards for fruit and nuts. The 
forest resources include waste materials left over after harvesting forest products, fuelwood taken 
from forested areas, waste materials produced at mills that process primary forest products, and 
forest resources that might become accessible as a result of efforts to lessen fire risks and 
enhance forest health. Yard and tree trimmings, land-clearing woody biomass, wooden pallets, 
organic wastes, packing material, and building and demolition debris are only a few examples of 
the many items that make up municipal and urban wood residues. Biodiesel is most often used to 
cook, heat houses, and power automobiles worldwide. The biodiesel industries are growing in 
the Americas, Europe, and Asia. In general, biofuels are thought to provide a variety of benefits, 
including as environmentalism, a decrease in greenhouse gas emissions, and regional 
development. 
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Agriculture, social structure, promotes supply security. Using standard technologies, first-
generation biofuels are produced from sugar, starch, vegetable oil, or animal fats. Agriculture as 
well as the food industry provide the primary feedstock for the creation of first-generation 
biofuels. In-demand first-generation biofuels include: 

Biodiesel 

extraction of vegetable oils using seeds of plants including soybeans, oil palm, oilseed rape, and 
sunflower, whether with or without etherification, or leftovers, including animal fats through 
rendering used as fuel in diesel engines. Bioethanol is the main fuel utilized as a replacement for 
gasoline in road transportation vehicles. Although it may also be made chemically by reacting 
ethylene with water, the fermentation on sugar is the major procedure used to make bioethanol 
fuel. The majority of the sugar needed to make ethanol comes from crops used to make fuel or 
electricity[1]–[5]. These crops, which include corn, maize, and wheat, waste straws, willow and 
common trees, sawdust, reed bright yellow grass, string grasses, Jerusalem artichokes, 
myscanthus, and sorghum plants, are planted expressly for energy usage. Additionally, efforts 
are being made to create ethanol fuel from municipal solid wastes. The chemical compound 
ethanol, also known as ethyl alcohol (C2H5OH), is a clear, colourless liquid that is 
biodegradable, not harmful, and does not harm the environment when spilled. When ethanol 
burns, carbon dioxide and water are produced. Lead has been replaced by the high-octane fuel 
ethanol in petrol as an octane booster. By mixing ethanol with gasoline, we may also supply 
oxygen the fuel mixture, resulting in a fuel combination that burns more thoroughly and emits 
less pollutants. In the US, ethanol fuel mixes are commonly available. The most popular mixture 
is 10% ethanol with 90% gasoline (E10). E10 does not need any changes to car engines, and 
therefore has no impact on vehicle warranties. Only flexible fuel cars may use mixtures of up to 
15% gasoline and 85% ethanol (E85). 

Bioethanol Production 

Biomass may be converted to ethanol via the hydrolysis and fermentation of sugars processes. 
The complex combination of cellulose, hemicellulose, and lignin, three carbohydrate polymers 
derived from plant cell walls, may be found in biomass wastes. The biomass was pre-treated with 
chemicals or enzymes in order to decrease the size of the biomass as well as open up the plant 
structure throughout order to obtain sugars from the biomass. Enzymes or weak acids hydrolyze 
the hemicellulose and the cellulose parts to produce sucrose sugar, which is subsequently 
fermented to produce ethanol. The biomass, which also contains lignin, is often burned in the 
boilers of ethanol manufacturing facilities. The three main techniques for extracting sugars 
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through biomass are as follows. These include enzymatic hydrolysis, diluted acid hydrolysis, and 
concentrated acid hydrolysis [6]–[8]. 

Benefits of Bioethanol 

Comparing bioethanol to conventional fuels, there are many benefits. It emanates from crops 
rather than a scarce resource, and the crops from which it is derived may thrive in the UK (like 
cereals, sugar beet and maize). The reduction in greenhouse gas emissions over fossil fuels is 
another advantage. According to www.foodfen.org.uk, the road transportation network is 
responsible for 22% of all greenhouse gas emissions. By using bioethanol, part of these 
emissions will be decreased since the fuel crops absorb the CO2 that they release during growth. 
Additionally, combining bioethanol with gasoline would increase fuel security and help the UK's 
dwindling oil supplies last longer by reducing dependency on oil-producing countries. By 
promoting the usage of bioethanol, the rural economy would also benefit from the growth of the 
required crops. Additionally biodegradable and far less hazardous than fossil fuels are 
bioethanol. Additionally, using bioethanol with older engines may aid in lowering the quantity of 
carbon monoxide that the automobile emits, enhancing air quality. The simplicity with which 
bioethanol may be incorporated into the current road transport fuel system is another benefit. 
Bioethanol may be used with regular gasoline in amounts up to 5% without requiring engine 
adjustments. Bioethanol may be delivered using the same gas forecourts and transportation 
infrastructure as previously and is generated using technologies that are well-known, such as 
fermentation. 

Bio-oil 

A cosmetic oil called Bio-Oil helps lessen the visibility of acne scars. Additionally, it could 
lessen facial hyperpigmentation and smooth out wrinkles. Both the oil and the company that 
makes it go by the name Bio-Oil. Calendula, lavender, rosemary, and chamomile are among the 
several ingredients in the oil. 

Bio-Gas 

Organic waste, animal manure, agricultural leftovers, and energy crops are all subjected to 
anaerobic fermentation before being used as fuel in compressed natural gas-compatible engines. 
A sustainable energy source called biogas is created when certain bacteria break down organic 
material in anaerobic environments. Methane, hydrogen, and carbon dioxide are all present in it. 
Agricultural waste, food scraps, animal dung, manure, and sewage may all contribute to its 
production. Anaerobic digestion is another name for the procedure that creates biogas. Biogas 
naturally recycles waste materials and transforms them into usable energy, minimizing pollution 
from trash in landfills and reducing the impact of hazardous chemicals emitted by sewage 
treatment facilities. The toxic methane gas generated during decomposition is changed into the 
less damaging carbon dioxide gas via biogas. Only a moist climate will allow the organic 
substance to break down. The trash or organic material dissolves in water to create a nutrient-rich 
sludge that may be utilised as fertilizer. Most cars can utilise first-generation biofuels in low-
percentage mixes with conventional gasoline and can be delivered using current infrastructure. 
Those first-generation biofuels that can be used to create food and fodder are made from organic 
materials. In several nations throughout the globe, "flex-fuel" automobiles are currently 
available, and some diesel cars can operate on 100% biodiesel.  
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Gasification of biomass or fermentation both have the potential to create these fuels. Cellulose 
products like wood, straw, tall perennial gases, or byproducts of the wood processing provide an 
ineffective answer. Fuel made from such raw materials is known as second generation biofuels. 
The feedstock for second-generation biofuels includes lignocellulose biomass, which includes 
agricultural leftovers and wood. There are currently two transformational technologies 
undergoing development. The ability to use the whole plant is a benefit of second generation 
biofuels. The edible parts of second generation biofuels, including such jatropha cruces and 
cereals with very low grain yields, may also be generated. Algae is now the principal raw 
material from whom such biofuels may be manufactured at high efficiency and minimal 
investment. Third-generation biofuels were primary fuel cells employing hydrogen as little more 
than a primary source of energy. The substance that produces the highest output of biofuel at the 
lowest cost is algae. They are environmentally friendly and biodegradable, so they pose no 
strain.  
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The study of the chemical elements and processes occurring in plants, animals, and microbes as 
well as the changes they go through throughout growth and life is known as biochemistry. Given 
that it is concerned with the chemistry of life, it makes use of methods from analytical, organic, 
and physical chemists as well as those of physiologists who study the molecular underpinnings 
of vital functions. The term "metabolism" refers to all chemical changes that take place inside an 
organism, including the breakdown of chemicals to get energy or the synthesis of complex 
molecules required for vital functions. These chemical transformations rely on the activity of 
organic catalysts defined as enzymes, and enzymes in turn rely on the genetic machinery of the 
cell for survival. It follows that the examination of chemical changes in illness, medication 
action, and other areas of medicine, as well as in nutrition, genetics, and agriculture, is a natural 
extension of biochemistry. Physiological chemistry but also biological chemistry are two 
considerably older words that are interchangeable with the term "biochemistry." The phrase 
"molecular biology" is often used to refer to those areas of biochemistry that deal with both the 
chemistry and operation of extremely big molecules (such as proteins and nucleic acids). The 
name "biochemistry" has only been used to refer to this branch of study since about 1900. 
However, its earliest records are far older; they are a part of the earliest records of both 
physiological and chemistry [1]–[5]. 

Historical Background 

Placing biological phenomena on solid chemical foundations has been a focus of the most major 
recent biochemistry events. But before chemistry could make a meaningful contribution to 
agriculture and health, it had to break free from practical constraints and transform into a pure 
science. This took place between around 1650 and 1780, beginning with Robert Boyle's work 
and finishing with that of Antoine-Laurent Lavoisier, the founder of modern chemistry. Boyle 
challenged the tenets of the prevalent chemical theory of the time and professed that the true goal 
of chemistry was to ascertain the make-up of things. John Mayow, a contemporary of his, 
noticed the essential similarity between an animal's respiration and the burning, or oxidation, of 
organic materials in the atmosphere. Lavoisier then demonstrated quantitatively the similarities 
between oxidation process as well as the respiratory process after doing his foundational research 
on chemical oxidation and understanding the real nature of the process. The late 18th century 
chemists became interested in photosynthesis as another biological phenomena. A turning point 
in the evolution of biochemical theory was the showing by Joseph Priestley, Jan Ingenhousz, and 
Jean Senebier that photosynthesis is fundamentally the opposite of respiration. Despite these 
early foundational findings, structure organic chemistry, one of the greatest triumphs of 19th-
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century science, had to evolve before biochemistry could advance quickly. There are hundreds of 
distinct chemical compounds found in every living thing. A key challenge in biochemistry is to 
understand the molecular changes that these chemicals go through within the live cell. It is 
obvious that the study of the cellular processes by which these compounds are created and 
destroyed had to come before the discovery of the molecular structure of the organic substances 
present in live cells[6]–[9]. 

Science has few well defined divisions, and the divisions between organic and physical 
chemistry and biochemistry have always showed significant overlap. Physical and organic 
chemistry's ideas and methodologies have been appropriated by biochemistry and applied to 
physiological issues. The assumption that the changes that matter underwent in living things 
were not governed by the same chemical and physical laws which it applied to inanimate objects 
and that, as a result, these "vital" phenomena could not be explained in terms of ordinary 
chemistry or physics initially stymied progress in this direction. The vitalists, who held that 
natural goods created by living creatures could never be recreated using standard chemical 
processes, adopted such a viewpoint. Friedrich Wöhler's 1828 invention of the first laboratory 
synthesis of the organic substance, urea, was a setback for the vitalists but not a fatal one. They 
turned to new lines of defense, claiming that urea was just an excretory chemical and not a 
byproduct of synthesis but rather the result of breakdown. The organic chemists' success in 
synthesizing several natural compounds prompted the vitalists to make more retreats. Modern 
biochemistry takes it for granted that living cells follow the same chemical principles that apply 
to inanimate objects. 

The practical requirements of man worked to advance the new science even as progress was 
being slowed down by an unwarranted regard for living things. The requirements of the 
physician, the pharmacist, and the agriculturalist provided an ongoing impetus for the application 
of the new chemical findings to several pressing practical issues throughout the 19th century 
while organic and physical chemistry built an imposing body of theory. The effective integration 
of chemistry with the study of biology was most prominently dramatized by two notable 
scientists from the 19th century, Justus von Liebig and Louis Pasteur. When studying chemistry 
in Paris, Liebig brought his inspiration from interactions with Lavoisier's former students and 
coworkers back to Germany. One of the first of its sort, the excellent teaching and research 
facility he founded at Giessen attracted students from all around Europe. Along with giving 
organic chemistry a solid foundation, Liebig published a lot of works, bringing it to the notice of 
other scientists and making it accessible to the general public. His famous writings, which were 
published in the 1840s, had a significant impact on modern philosophy. The extensive chemical 
cycles throughout nature were described by Liebig. Since animals need the complex organic 
chemicals that can only be produced by plants for their nourishment, he noted that creatures 
would vanish from the face of the Earth if it weren't for the photosynthesizing plants. 

Animal excretions as well as the animal body after death are likewise broken down into basic 
substances that are exclusively useful to plants. Unlike mammals, green plants just need carbon 
dioxide, water, mineral salts, and sunshine to flourish. The soil must provide the minerals, and 
the soil's fertility relies on its capacity to provide the plants with these crucial nutrients. 
However, the removal of succeeding crops depletes the soil of these components, necessitating 
the use of fertilizers. Liebig made the observation that fertilizer composition may be determined 
by a chemical study of plants. So was created the field of applied agricultural chemistry. Liebig 
had less success in his examination of fermentation, putrefying, and infectious illness. He 
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acknowledged the similarities between these events, but he was unable to accept that living 
things may be the cause. It was up to Pasteur to make that point clear. Pasteur's discovery that 
different yeasts and bacteria were the source of "ferments," or substances that induced 
fermentation and, in some instances, sickness, in the 1860s. He was the inventor of what is now 
known as bacteriology and established the value of using chemical techniques to investigate 
these little organisms. 
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Changes in energy as well as changes in matter are part of chemical reactions, such as the ones 
that take place when you light a match. Without the energy provided by chemical processes, 
societies at all developmental stages would be unable to operate. About 85% of the energy used 
in the US in 2012 comes from burning coal, wood, trash, and petroleum products. We utilise this 
energy to generate electricity (38%), move people, products, and food (27%), make industrial 
items (21%), and heat and power both homes and companies (10%). While these combustion 
processes aid in meeting our basic energy demands, the majority of scientists agree that they also 
play a significant role in the development of global warming. Other than burning, a number of 
chemical processes may provide useful kinds of energy. Chemical processes, for instance, are 
what provide the energy in a flashlight, automobile, or cell phone battery. With an emphasis on 
thermal energy, this chapter provides many of the fundamental concepts needed to investigate 
the connections between chemical changes and energy. Our daily lives depend heavily on 
chemical changes as well as the corresponding changes in energy. Food's macronutrients—
proteins, lipids, and carbohydratesgo through metabolic processes that provide our bodies the 
energy they need to operate[1]–[4]. 

For the purpose of producing energy for transportation, heating, as well as the creation of 
electricity, we burn a range of fuels (gasoline, natural gas, coal). Energy-intensive industrial 
chemical processes are required to generate raw materials (such as iron and aluminum). After 
that, energy is utilised to turn those basic materials into useful things like vehicles, buildings, and 
bridges. The sun is the source of more than 90% of the energy humans consume. Each day, the 
sun gives the planet nearly 10,000 times more energy than is required to provide it with all of its 
energy requirements for that day. Our objective is to discover methods to transform and store 
incoming solar energy so that it may be used in easy and clean chemical reactions. Through 
photosynthesis, many bacterial species as well as plants absorb sun energy. Burning wood or 
botanical products like ethanol allows us to unleash the energy that plants have stored. By 
consuming food that is either directly derived from plants or came from animals that derived 
their energy by eating plants, we too utilise this energy to power our bodies.  

Coal and petroleum, which are made of fossilized plant and animal stuff, both release stored 
solar energy when burned. The fundamental concepts of thermochemistry a significant branch of 
science concerned with both the quantity of heat absorbed or emitted during physical and 
chemical changes—will be introduced in this chapter. Nearly all scientific and technological 
domains make use of the ideas given in this chapter. They are used by food scientists to calculate 
the energy content of foods. Biologists research the kinetics of living things, such as how sugar is 
metabolized to produce carbon dioxide and water. The oil, gas, industry transportation sectors, 
renewable energy producers, among many others, work to develop more efficient ways to 
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provide energy for our domestic and commercial requirements[5]–[7]. Engineers work to 
increase energy efficiency and, among other things, create better methods to heat and cool our 
houses, chill our food and beverages, and fulfil the energy and cooling requirements of 
computers and gadgets. For chemists, physicists, chemists, geologists, every sort of engineer, and 
pretty much everybody who studies or performs any kind of research, understanding 
thermochemical concepts is crucial. 

Need For Biodiesel 

Farmers are interested in biodiesel, a fuel alternative to diesel that may be produced from a range 
of oils, fats, and greases, for a number of reasons. It may open up new markets for vegetable and 
animal fats, enable farmers to produce the fuel required for agricultural equipment, and reduce 
reliance on foreign oil since local fuel feedstock production is possible. A sustainable energy 
source, biodiesel may aid in lowering greenhouse gas emissions and the "carbon footprint" of 
agriculture. So because carbon inside the fuel was taken from the atmosphere by the plant 
feedstock, it has a lower impact on global warming.  

Additionally, compared to diesel derived from fossil fuels, biodiesel emits less exhaust emissions 
into the atmosphere. Using pure biodiesel in urban buses "results in large reductions overall life 
cycle emissions of total particulate matter, particulate matter, and sulphur oxides (32%, 35%, and 
8% reductions correspondingly, compared to petroleum diesel's life cycle," according to a 1998 
USDA and US DOE research. Prime Minister Narendra Modi stoked optimism on World Biofuel 
Day. At a time when the nation's oil import bill has reached Rs 8 lakh crore, he claimed that 
India might save Rs 12,000 rupees in foreign currency over the course of the next four years by 
mixing ethanol into petrol. Nitin Gadkari, the minister of road transport for the Union, has also 
emphasised the significance of alternative fuels. In reference to India's first biofuel-powered 
aircraft from Dehradun to Delhi on August 27 that utilised oil from jatropha (Jatropha curcas) 
seeds in Chhattisgarh, he said that the state had enormous potential for biofuel during a previous 
holiday to Charoda in the Durg district of Chhattisgarh. Gadkari has been advocating for biofuels 
ever since he took office in 2014, but considering his extensive affiliation with both the sugar 
and ethanol industries, his support is viewed with scepticism. His most recent claim that 
Chhattisgarh may become a biofuel powerhouse is similar to the 2003 catchphrase of Chief 
Minister Raman Singh, "Diesel nahin ab khadi se; diesel milega ab baadi se" (Diesel will no 
more be imported from the Gulf; it will be produced in the backyard). After some time, many 
realised it wasn't the "green gold" they had been led to believe. Singh predicted that the state will 
be self-sufficient in producing biofuels by 2014, but this never happened. "One million 
individuals were expected to find work. 

Resources of Biodiesel 

Biodiesel projects are operating in several wealthy nations. Currently, in Europe and the US, 
field crops including rapeseed, sunflower, etc. are used primarily in the production of biodiesel. 
Table 1 lists the worldwide and Indian output of vegetable oils. Many nations have significant 
biodiesel potential; if this potential is leveraged to create biodiesel, the fossil fuel issue may be 
resolved. Around the globe, the manufacturing of biodiesel has utilised vegetable oils 
extensively. But crop production has to be enhanced if these culinary goods are to be consumed 
over an extended period of time. Vegetable oil use is increasing, which increases demand for 
food goods and causes a food crisis. 
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Table 1: Illustrates the global production of vegetable oils globally and in India. 

Oil Production 

(MT) 

Oil Production 

(MT) 

Oil Production 

(MT) 

Soya bean 27.8 Palm 
kernel 

2.9 Sesame 0.26 

Rape seed 13.7 Olive 2.7 Ground nut 1.4 

Cotton 
Seed 

4.0 Corn 2.0 Rice bran 0.55 

Sunflower 8.2 Castor 0.5 Coconu 
t 

0.55 
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Emission Reduction  

Biodiesel may significantly reduce greenhouse gas emissions when used as a car fuel. Modern 
diesel automobiles' enhanced emissions performance is a consequence of the advanced engine 
management and exhaust after treatment equipment. Regardless of the fuel source, all engines 
must adhere to the same government-set tail pipe emissions requirements [1]–[3].    

Life Cycle Emission   

Life cycle analysis is a method for evaluating how a product's lifecycle including the extraction 
of raw materials, processing of those materials, manufacture, distribution, usage, and disposal or 
recycling—affects the environment. When comparing different fuels, a life cycle analysis may 
concentrate on certain stages of the fuel's life cycle, ranging from extraction to consumption or 
from well such as wheels, to identify the benefits or drawbacks of each fuel. Argonne National 
Laboratory's life cycle research revealed that the emissions from 100% biodiesel (B100) were 
74% less than those from petroleum - based diesel. Similar figures for its life cycle study of 
biodiesel from different sources have been published by the California Air Resources Board [4]–
[8].    

Flash Point   

The lowest temperature at which a liquid (often a petroleum product) can produce a vapour in the 
atmosphere at its surface that will "flash," or momentarily ignite, when in contact with an open 
flame. The flash point is a broad indicator of a liquid's combustibility but rather flammability. 
There is not enough vapour available underneath the flash point to enable combustion. The liquid 
will create enough vapour to enable combustion at a temperature well above flash point. (This 
degree is referred to as the fire point.) The flash point has been used as a gauge of a liquid's 
danger since the 19th century. Kerosene, which is primarily used as fuel for stoves and lamps, 
was the primary petroleum product already when gasoline became popularity. Petroleum 
distillers had a propensity to leave as much of the economically useless gasoline in the kerosene 
as practicable in order to sell more product. This kerosene adulteration with extremely 
flammable gasoline resulted in several fires and explosions in oil lamps and storage tanks. To 
reduce the risk, laws were passed, test procedures were outlined, and minimum flash points were 
established. The technique employed to control the amount of unreacted alcohol left in the final 
fuel is the flash point of biodiesel. The flash point is significant for safety reasons associated 
with handling and storing gasoline as well as for compliance with regulatory regulations. Pure 
biodiesel is thought to have a flash point that is greater than allowed but that may drop quickly if 
residual alcohol content rises. Aligning the standards could need a comparable alignment of 
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regulation since these two features are strongly associated, and flash point is employed as a 
regulation for classifying the transportation and storage fuels with varied thresholds from area to 
region.   

Fire Point   

The lowest temperature within which the vapour of a fuel will continue to ignite for at least five 
seconds after being ignited by an open flame of standard dimension is known as the fire point of 
that fuel. A material will momentarily ignite at the flash point, a lower temperature, but it's 
possible that not enough vapour will be created to keep the fire going. Only material flash points 
are often included in tables of material characteristics. Although it is generally accepted that the 
fire points will be around 10 °C higher than the flash points, this does not eliminate the need to 
conduct tests to determine if the fire point is safety essential. Flash point is the lowest 
temperature where a volatile substance may evaporate and produce an ignitable combination in 
air. The flash point has to be measured using an igniting source. At this moment, removing the 
fire source causes the vapour to stop burning. The temperature at which, after being ignited by an 
open flame for at least five seconds, the fuel's vapour will continue to burn. The chemical will 
momentarily ignite near the flash point, but it's possible that not enough vapour will be created to 
keep the fire going. The Pensky-Martens apparatus is primarily used to determine the flash 
points as well as fire points of fuel. A material's combustibility may be assessed using fire point. 
While a material's flash point is employed to gauge its flammability and identify the presence of 
flammable and volatile compounds. The sample size and ignition source both have a role. The 
burning point of the fuel is influenced by a variety of variables. Some of these include equipment 
shielding, pressure, and oxidant. Sunlight must be blocked off from the equipment since it raises 
the fuel's temperature prior to beginning the heating process. Due to the pace at which the 
temperature is rising, it will not provide a precise number. 

Toxicity   

In terms of their sub-lethal toxicity to microalgae, the water-soluble fractions (WSF) from 
biodiesel but also biodiesel/diesel blends studied compared to diesel. The WSF underwent 
chemical studies of aromatics, nonaromatic hydrocarbons, and methanol; the former revealed a 
positive connection with rising diesel concentrations (B100 B40B30B20B10D). The aqueous 
matrix and biodiesel combined to produce methanol, which had a lower toxicity than the diesel 
pollutants in blends. Depending on the studied fuels and species, the WSF produced 50% culture 
growth suppression at doses ranging from 2.3 to 85.6%. However, for all of the fuels that were 
evaluated, the same species sensitivity trend was seen. A substance's toxicity refers to the dose 
required for it to harm a living thing. When a material starts to harm an organism, it becomes 
toxic. In spite of common assumption, every drug has a definite level of toxicity. Even water and 
oxygen, in certain amounts, are harmful to living things. Furthermore, poisons affect certain 
species in various ways. A substance's toxicity, like that of sulphur, will differ depending on the 
species. Large amounts of sulphur are lethal to humans. Sulfur is an essential and pleasant 
ingredient for the creatures that live in the heat of volcanic vents at the bottom of the ocean, 
however. 

The responses of an organism to different chemical doses are used to assess toxicity. In a test, the 
chemical in issue is dosed to organisms to determine the fatal dose. The fatal dose is the amount 
that will kill half the population. This test, known as an LD50 test, was formerly the accepted 
yardstick for toxicity. The validity and ethics of this test, nevertheless, have come under scrutiny 



36 Recent Development in Robotics and Non-conventional Energy Resources 

recently. It was no longer accurate to forecast human toxicity levels using laboratory animals 
after it was realised that various poisons might affect comparable species in wildly diverse ways. 
To research and assess toxicity in accurate and ethical manners, new procedures and tests are 
being created. Toxicology is the discipline that studies the toxicity of various compounds. The 
most crucial thing to keep in mind when it comes to toxicity is everything is harmful and that 
only dose counts. Toxicology includes a variety of tools for measuring and describing the harm 
that various poisons cause since they have many diverse modes of action. Although certain 
toxins seem to be particularly strong because they inflict a lot of harm all at once, other toxins 
that enter the body slowly might do just as much damage or perhaps more. 
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Acute Toxicity 

Even a little, or one-time, exposure to certain chemicals or substances may be harmful. All drugs 
have an acute toxicity, and this is referred to as an acute exposure. Some compounds have the 
potential to be very hazardous with only one encounter. Think about snake poison. Only a little 
quantity of venom needs to render the prey unconscious for it to be effective for the snake. 
Producing enormous quantities of venom would be extremely expensive in terms of water and 
energy, and it would be challenging to administer it all at once. However, acute toxins are not 
limited to venom and poisons. Nitrous oxide and carbon dioxide are examples of acute poisons. 
Your cells generate carbon dioxide as they make ATP, and dentists employ nitrous oxide to 
sedate their patients before surgery. At a certain pressure as well as concentration within the 
body, each of these gases have the potential to be fatal. Gas narcosis, a state of pleasure and 
subsequently unconsciousness, will occur if the body does not actively strive to expel these 
gases. This also happens to scuba divers who dive too deep since the gases become more 
narcotic under pressure. In reality, the pressure makes the gas more acutely poisonous [1]–[4]. 

Chronic Toxicity 

The opposite of acute toxicity is chronic toxicity. It is a way to gauge a substance's toxicity over 
a longer time frame. The length of time might range from weeks to years, although it is equally 
important to comprehend a substance's chronic toxicity. Many of the ingredients we use in 
consumer goods are brand-new to science. Because it is simple to deliver a single dosage and 
watch an organism for a week or less, it is simple to test for their acute toxicity. The full life of 
an organism must be observed when examining substances for indications that they are chronic 
toxins. As a result, nothing is known about the long-term toxicity of numerous home goods. The 
Food and Drug Administration (FDA), along with other regulatory organisations, actively works 
to prevent people from having access to dangerous substances. However, it is almost impossible 
for these agencies to regulate everything given the sheer volume of new chemicals and products 
that are introduced every year. Finding and evaluating chronic toxicity is challenging because to 
the subtle and even concealed sickness linked to chronic pollutants. Scientists monitor and 
comprehend persistent toxicants from goods, the environment, and other sources using the 
statistical and epidemiological sciences [5]–[7]. 

Lubricity 

The decrease in friction or wear caused by a lubricant is measured by its lubricity. A substance's 
lubricity cannot be directly measured since it is not a material feature. Testing is done to 
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determine how well a lubricant works in a given system. This is often accomplished by 
calculating the amount of wear that a surface is subjected to over time from a particular wear-
inducing item. The specification also includes other elements including surface size, temperature, 
and pressure. The fluid with better lubricity between two of the same viscosity is the one that 
leaves a smaller wear scar. The anti-wear feature of a material is sometimes referred to as 
lubricity because of this. A lubricant's ability to reduce wear or friction is known as lubrication. 
The ability of a fluid to lubricate relies on its composition, underlying mechanical forces at the 
point of contact, and the material properties of the surfaces that are moving relative to one 
another. As a result, friction is (nearly) nonexistent under the rule of hyper lubricity. As just an 
ad hoc definition, super lubricity is defined as a kinematic coefficient of friction < 0.01. 

Lubricity of Diesel Fuels 

The sulphur level of modern diesel fuels must adhere to rigorous restrictions; in the majority of 
markets, it must be less than fifteen parts per million. As sulphates was eliminated over time to 
produce the ultra-low sulphur diesel fuel we use today, components that provide natural 
lubrication also were eliminated. While reducing sulphur content improves the environment, 
diesel engine components, especially the fuel pump & fuel injectors, are prone to early wear. 
Ultra-low sulphur diesel fuels lose their lost wear protection unless lubricity improver additives 
are added. The molecules in these additives create a lubricating coating between the moving 
components of the fuel pump and injectors as a result of their chemical structure. As a 
consequence, there is less friction between surfaces, which prolongs the life of the fuel system 
and other parts. The use of these compounds has emerged as a practical method for producing 
fuels with very low sulphur content. Deposit reducers and other additives that serve to improve 
the performance of the engine are often coupled with lubricity improvers. 

Methods to Measure Fuel Lubricity 

It is impossible to directly test a substance's lubricity or oiliness since it is not a material feature. 
To gauge the lubricity of each system, tests are conducted. In essence, it is necessary to specify 
governing factors like surface area, temperature, and pressure. The liquid with a lower rate of 
wear in a comparison of two fluids with the same viscosity is said to have a greater oiliness or 
lubricity. For this purpose, oiliness is sometimes referred to as the material's anti-wear feature. 
Several lubricity test rigs or Tribometers are provided: 

Vehicle Tests  

The vehicle is driven on gasoline for a certain amount of time or distance during this lubrication 
test. The fuel system's components are then separated and put to the test for wear. They can get 
the most accurate findings of actual situations via such examinations. Not only failures linked to 
boundary lubrication but all failures related to wear may be measured. Such lubricating testing 
cost money and take time. 

Pump Rig Tests  

Vehicle testing is replaced by this. A fuel injection pump is installed on a test stand and is driven 
by an electric motor in a pump rig test as part of this lubrication test procedure. For a while, fuel 
is dispersed via the pump. The pump as well as any attached equipment may be unplugged once 
the test is finished and checked for wear and other negative consequences. The major benefit of 
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this test is that it costs less than a full vehicle test, but it still takes a lot of time to do. The 
maximum testing period is 500–1000 hours. 

Bench tests 

They are now talking about other bench experiments that try to simulate boundary lubrication 
conditions, including fuel injection pumps that allow for rapid and reasonably priced fuel 
measurements Lubricity. 

The Ball-on-Cylinder Lubricity Evaluator 

BOCLE was developed for jet fuel in aviation. It is still used for this purpose. It is particularly 
helpful for determining how fuels and additives affect oxidative wear. 

The Scuffing Load Ball-on-Cylinder Lubricity Evaluator 

In order to track down diesel fuel system failure brought on by the switch to low-sulfur diesel 
fuel, SLBOCLE was developed. It is comparable to the BOCLE test, although it is more 
sensitive to adhesion scuffing with alterations and less susceptible to oxidative wear. 
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CHAPTER 14 

HEALTH EFFECTS DURING PRODUCTION OF BIODIESEL 

Dr. Surendra Kumar A M 
Professor, Department of Mechanical Engineering, 

 Presidency University, Bangalore, India 
Email Id-surendrakumar@presidencyuniversity.in 

When burnt, biodiesel produces less greenhouse gas emissions and particle matter than 
petroleum diesel, but little is known about how its exhaust affects human health. It was shown 
that compared to petro diesel emissions, biodiesel exhaust may cause more inflammation within 
mammalian cells and lungs. A poisonous and highly flammable liquid, gasoline. Gasoline is 
typically colorless, light brown, or pink at room temperature. About 150 distinct chemicals may 
be found in gasoline, but the majority of them are hydrocarbons, which also include alkenes, 
benzene, toluene, and xylenes. Even trace amounts of hydrocarbons in the circulation may impair 
the central nervous system's (CNS) performance and harm internal organs. Not only is gasoline 
hazardous when consumed by humans. Whenever a person comes into touch with gasoline liquid 
or gasoline fumes or vapors, it may potentially harm their skin, eyes, and lungs. Carbon 
monoxide is one of the hazardous compounds released when gasoline is burned. Carbon 
monoxide is a colorless, odorless gas that, when inhaled in large quantities or over an extended 
period of time, may be fatal[1]–[5]. 

Scientists who have estimated the health expenses connected with various fuels claim that certain 
biofuels are worse for your health than gasoline and diesel. According to the research, 
conventional fuels have a lower total environmental and health impact than corn-based 
bioethanol, which is widely produced in the US. The next generation of biofuels, which may be 
produced from organic waste or plants cultivated on marginal land not utilised for agriculture, 
has great aspirations. In comparison to existing biofuels, they have less than half the 
environmental and health costs of regular gasoline. The study adds to a growing body of research 
that is raising questions about the effects of contemporary biofuels made from maize. Several 
studies conducted last year revealed that growing maize for ethanol biofuels was driving up food 
prices. Environmentalists have drawn attention to other issues, such as the clearing of forests so 
that crops may be grown to provide fuel. The UK government's consultants on renewable fuels 
suggested delaying the use of biofuels until adequate safeguards were in place to avoid 
unintended climatic implications [6]–[8]. 

The US Environmental Protection Agency's computer models were used by the researchers to 
determine that the entire environmental and health costs of gasoline are around 71 cents (50p) 
per gallon, but the costs of producing a similar quantity of maize ethanol range from 72 cents to 
$1.45. Depending on the method and kind of raw materials utilised, the next generation of so-
called cellulosic bioethanol fuels ranges in price from 19 cents to 32 cents. These really are 
experimental fuels derived from woody plants that ordinarily don't compete with modern 
agriculture. Today, the Proceedings of the National Academy of Sciences published the findings 
online. According to David Tilman, a professor in the University of Minnesota's department of 
ecology, evolution, and behaviour, the discussion of biofuels up to this point has mostly 
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concentrated on greenhouse emissions alone. "However, we believed that many additional 
repercussions, whether favourable or bad, were not being considered. They decided on health 
implications in order to broaden the scope of the investigation beyond greenhouse gases. The 
soot particles and other pollutants that are formed when conventional fuels are used are what are 
thought to be to blame for the health issues that they cause. The issues with biofuels are brought 
on by particles released during their development and production. 

According to Tillman, corn needs nitrogen fertilisers, some of which come on as ammonia that is 
volatilized into to the atmosphere. The charged ammonia particles draw in tiny dust particles. 
They combine to generate particles that are 2.5 microns in size, which have serious negative 
effects on health. Prevalent winds push some of this into places with larger population densities, 
where the vast number of people experience the health effects that drive up the cost. Increased 
rates of cardiovascular disease, respiratory ailments, asthma, chronic bronchitis, and early 
mortality are only a few of the health issues related to biofuels and gasoline. The accompanying 
economic costs have been estimated by the team. According to team member Jason Hill, an 
economist at the Universities of Minnesota's Institute just on Environment, it's the loss of 
competent, productive people who may otherwise have been able to contribute to the economy. 
These expenses are not covered by those who create, sell, or purchase ethanol or gasoline. These 
expenses are covered by the general public. 

The 2002 EPA draught study, which was "very renowned but never formally published in a final 
edition," is where the conventional understanding of how utilising biodiesel in an engine impacts 
tailpipe emissions comes from. That study shown that there are considerable decreases in HC, 
CO, and PM emissions when the biodiesel blending level is raised from B0 (0 percent) all the 
way up to B100 (100 percent), although there is a tiny rise in NOx emissions. The rise in NOx 
has been a subject of intense debate in several research over the years. He pointed out that 
biodiesel is often utilised in low quantities, between B5 and B20, in most real-world 
applications. Therefore, it is crucial to comprehend what happens with emissions in that range. In 
order to evaluate more current and thorough information about the impacts of utilising biodiesel 
on engine emissions, the Desert Research Institute has completed an updated literature analysis 
on request of the Coordinating Research Council. 

Concentrating just on the data for NOx emissions, there is a huge amount of data dispersion. The 
data points were dispersed over the graph, indicating that there wasn't a smooth curve that might 
adequately depict what occurred to the emissions even as amount of biodiesel climbed from 0 to 
100 percent. He noted that because the information came from a variety of literary sources, it 
wasn't really unexpected. The many trials were conducted under a highly diverse variety of 
circumstances, blending several types of biodiesel into various base fuels, as well as under 
numerous additional variations. He also pointed out that the data scatter for HC, CO, and PM 
emissions was equally substantial. However, a decrease in the NOx emissions could be seen. As 
the amount of biodiesel in the category of heavy- and medium-duty engine dynamometer 
emissions grew, the data revealed an increasing trend in NOx. In contrast, the subcategory of 
heavy- and medium-duty chassis dynamometer emission showed a downward trend. The primary 
difference between the tests is the positioning of the dynamometer during the test: either linked 
directly to an engine that is separate from a vehicle, or coupled to the drivetrain of a vehicle via 
the drive wheel or wheels without detaching the engine from the vehicle's frame. One example of 
the reason why it is difficult to assess the "real impacts" of fuel adjustments on engine emissions 
whenever applied across the whole vehicle fleet is the variation in apparent NOx effects, 
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depending here on testing technique. First-generation biofuels' effects on health, particularly 
ethanol made from sugarcane, have been extensively studied. Future biofuel generations are 
projected to be less harmful to human health and more competitive. The significant health risks 
associated with first-generation biofuel might be reduced by cellulose-based biofuel. Future 
biofuel feedstock plants may need less water, fertilizer, and pesticides than first-generation 
biofuel plants. 
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