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Editorial

- Prasad Parekar
E-mail: prasad_parekar02@yahoo.co.in

Dear  readers 

With great pleasure we are  handing over this  third  
issue of  Volume IVof Journal  on General Engineering.
In past few articles, we have studied some  basic 
manufacturing processes such as Casting and 
Forging. In this article we will be studying another 
process --  Machining. Machining isan  any process,  
in which a Cutting tool is used to remove small chips 
of material from the workpiece. There are many 
kinds of machining operations, each of which is 
capable of generating a certain part geometry and 
surface texture. In our first article we are discussing 
the universal process of machining i.e  Turning -- 
Turning with lathes. 

We use lot of colored garments for various purposes. 
For clothing, furnishing , decorations etc. These 
fabrics usually are  not of the plain single color. They 
are having various designs in various colors. How is 
this achieved, the article on“ Technology  of  Textile 
Printing” illustrates this colorful  field of printing. 

Man has developed various vehicles to travel from 
place to place. Naturally it has emphasized the need 
of good roads and shorter paths to reduce travel time. 
In doing so there were obstacles like  hills , mountains 
and yes,some times rivers and sea  , coming in the 
way of routes . Over the years  man had developed  
technology to dig  tunnels through  maintains, build 
bridges over rivers and paved his ways to simplify 
the  journey. In  our  next article we are studying this 
interesting engineering of  digging and construction 
of tunnels.  

It is hard to believe that compressed air can be used 
to drive vehicles. However that is true, and the “Air 
car”, as it is popularly known, has caught the attention 
of researchers worldwide. It has zero emissions and 
is ideal for city driving conditions. Many automobile 
manufacturers have been trying to develop this new 
ecological vehicle with engine,  called Air Engine. Our  
next article on “ Air Engines “  focuses on this very 
new developing and interesting  technology.

Waste disposal and it’s management is a very big 
problem of major cities all over the world.  You 
will understand the magnitude of the problem,  to  
know that The total waste generated is in the range 
of 6500 to 7000 tons per day (TPD) in Mumbai and 
1500 to 1600 tons per day in Pune. How to handle 
and manage this huge waste , is a big challenge to 
the municipal authorities. Our next  article on Waste 
management is covering issues related to Solid 
Waste Management. Topics like Solid waste policies 
in India and other countries, Central principles of 
waste management, Various disposal solutions, 
International waste movement, innovations in solid 
waste management etc. are covered in this paper.

Hope you are finding the articles in the journal, 
interesting and informative. We anxiously await your 
contribution and feedback to make this journal more 
interesting and meaningful to all of us.
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Manufacturing  Processes  -  Turning

- Prasad Magar
E-mail: prasadmagar26@gmail.com

In past few articles, we have seen the basic 
manufacturing processes such as Casting and 
Forging. In this article we will be studying another 
very universal process --  Machining particularly 
Turning with lathes. 

Introduction: 
  
Machining is one of the important and commonly 
used manufacturing process. It  is one  of the various 
processes,  in which a piece of raw material is cut 
into a desired final shape and size by a controlled 
material-removal process. The Raw material can be 
Metal, nonmetal, Wood and tools are made up of 
High strength Steel, Carbides etc.  
   
If we see into the past, mankind has used various 
methods and tools for making the parts, Statues and 
Idols from raw material such as Stone, Wood and 
Metal etc. 

Traditional methods and tools:  Let’s see the required 
hand tools and the steps used to convert the raw 
material into a final product. 
 

Traditional Tools 

 

Work piece
 
As can be seen from above steps, an artist removes 
the unwanted pieces from raw material and converts 
that into a final product… 

The same concept is used during Machining process. 
 
Machining is a part of the manufacturing  of many 
metal products, but it can also be used on materials 
such as wood, plastic, ceramic, and composites. 
A person who specializes in machining is called a 
machinist. A room, building, or company where 
machining is done is called a machine shop. Machining 
can be a business, a hobby, or both. Much of modern 
day machining is carried out by computer numerically  
control centers (CNC), in which computers are used 
to control the movement and operation of the 
machines. 

Example:
 



Exponent Group of Journals - Empowering the common man In Association with Shree Aniruddha Upasana Foundation

5The Exponent Group of Journals For General Engineering, Volume 4, Number 3,  June 2016 - Aug 2016

History and Terminology of Machining: 

The precise meaning of the term machining has 
evolved over the past one and a half centuries as 
technology has advanced. In the 18th century, the 
word machinist simply meant a person who built 
or repaired machines. This person’s work was done 
mostly by hand, using processes such as the carving 
of wood and the hand-forging and hand-filing of 
metal. At the time, mill wrights and builders of new 
kinds of engines (meaning, more or less, machines 
of any kind), such as James Watt or John Wilkinson, 
would fit the definition. The noun machine tool and 
the verb to machine (machined, machining) did not 
yet exist. 

Around the middle of the 19th century, the latter 
words were coined as the concepts that they described 
evolved into widespread existence. Therefore, during 
the Machine age, machining referred to (what 
we today might call) the “traditional” machining 
processes, such as turning, boring, drilling, milling, 
broaching, sawing,  shaping,    planning,        reaming, 
and tapping. In these “traditional” or “conventional” 
machining processes, machine tools, such as lathes, 
milling machines, drill presses, or others, are used 
with a sharp cutting tool to remove material to 
achieve a desired geometry. 

Since the advent of new technologies such as electrical 
discharge machining, electrochemical machining, 
electron beam machining, photochemical machining, 
and ultrasonic machining, the retronym “conventional 
machining” can be used to differentiate those classic 
technologies from the newer ones. In current usage, 
the term “machining” without qualification usually 
implies the traditional machining processes.

Overview: 

Machining is any process in which a Cutting Tool 
is used to remove small chips of material from the 
workpiece (the workpiece is often called the “work”). 
There are many kinds of machining operations, each 
of which is capable of generating a certain part 
geometry and surface texture. 

Machining Operations:

  
 To perform the operation, relative motion is required 
between the tool and the work. This relative motion 
is achieved in most machining operation by means 
of a primary motion, called “cutting speed” and a 
secondary motion called “feed”. The shape of the tool 
and its penetration into the work surface, combined 
with these motions, produce the desired shape of 
the resulting work surface. 

Various types of machines are used for various 
machining operations. 

In this Article we shall see the Turning operation and 
the Lathe machine. 

Turning Operation: 
 
Turning is a machining process in which a cutting 
tool, typically a non-rotary tool bit, describes a helical 
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tool path by moving more or less linearly while the 
workpiece rotates. The tool’s axes of movement may 
be literally a straight line, or they may be along some 
set of curves or angles, but they are essentially linear 
(in the nonmathematical sense). 

  
When turning, a piece of relatively rigid material 
(such as wood, metal, plastic, or stone) is rotated 
and a cutting tool is traversed along 1, 2, or 3 axes 
of motion to produce precise diameters and depths. 
Turning can be either on the outside of the cylinder 
or on the inside (also known as boring) to produce 
tubular components to various geometries. 
 
The turning processes are typically carried out on 
a lathe, considered to be the oldest machine tools, 
and can be of four different types such as straight 
turning, taper turning, profiling or external grooving. 
Those types of turning processes can produce various 
shapes of materials such as straight, conical, curved, 
or grooved workpiece. In general, turning uses simple 
single-point cutting tools. Each group of workpiece 
materials has an optimum set of tools angles which 
have been developed through the years. 

The bits of waste metal from turning operations are 
known as chips (North America), or swarf (Britain). In 
some areas they may be known as Turnings. 

Basic turning  involves following 
 
1. Turning : This operation is one of the most basic 

machining processes. That is, the part is rotated 
while a single point cutting tool is moved parallel 
to the axis of rotation. Turning can be done on the 
external surface of the part as well as internally 
(boring). The starting material is generally a 
workpiece generated by other processes such as 
casting, forging, extrusion, or drawing. 

 

2. Facing operation: Facing in the context of 
turning work involves moving the cutting tool 
at right angles to the axis of rotation of the 
rotating workpiece. This can be performed by 
the operation of the cross-slide, if one is fitted, as 
distinct from the longitudinal feed (turning). 

1. Parting operation: This process, also called 
parting off or cutoff, is used to create deep 
grooves which will remove a completed or part-
complete component from its parent stock.
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4. Grooving operation: Grooving is like parting, 

except that grooves are cut to a specific depth 
instead of severing a completed/part-complete 
component from the stock. Grooving can be 
performed on internal and external surfaces, as 
well as on the face of the part (face grooving or 
trepanning).

  

                             External Grooving    
    

Face Grooving

5. Boring operation: Enlarging or smoothing an 
existing hole created by drilling, moulding etc. 
i.e. the machining of internal cylindrical forms 
(generating). 

 

   

6. Drilling: Drilling is used to remove material from 
the inside of a work piece. This process utilizes 
standard drill bits held stationary in the tail stock 
or tool turret of the lathe. The process can also  
be done by separately available drilling machines.
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7. Knurling: The cutting of a serrated pattern onto 
the surface of a part to use as a hand grip using a 
special purpose knurling tool.

   

8. Reaming: The sizing operation that removes 
a small amount of metal from a hole already 
drilled. It is done for making internal holes of very 
accurate diameters. For example, a 6mm hole is 
made by drilling with 5.98 mm drill bit and then 
reamed to accurate dimensions.

   
9. Threading: Both standard and non-standard 

screw threads can be turned on a lathe using an 
appropriate cutting tool. (Usually having a 60, or 
55° nose angle) Either externally, or within a bore. 
Generally referred to as single-point threading. 

Tapping of threaded nuts and holes a) using hand 
taps and tailstock centre using a tapping device with 
a slipping clutch to reduce risk of breakage of the tap.
.

External Threading   Internal Threading

All These Turning operations can be done on a 
traditional  and most universal machine -- Lathe

Lathe Machine: 

 
A lathe is a machine tool (i.e. Heavy or non-portable 
power driven industrial device used for cutting, 
drilling, forming, grinding, or shaping of a piece of 
metal or other material) that rotates the work piece 
on its axis to perform various operations such as 
cutting, sanding, knurling, drilling, or deformation, 
facing, turning, with tools that are applied to the 
work piece to create an object with symmetry about 
an axis of rotation. 

Lathes are used in wood turning, metal working, 
metal spinning, thermal spraying, parts reclamation, 
and glass-working. Lathes can be used to shape 
pottery, the best-known design being the potter’s 
wheel. Most suitably equipped metalworking lathes 
can also be used to produce most solids of revolution, 
plane surfaces and screw threads. Ornamental lathes 
can produce three-dimensional solids of incredible 
complexity. The workpiece is usually held in place 
by either one or two centers, at least one of which 
can typically be moved horizontally to accommodate 
varying workpiece lengths. Other work-holding 
methods include clamping the work about the axis 
of rotation using a chuck or collet, or to a faceplate, 
using clamps. 

History
 
The lathe is an ancient tool, dating at least to 
ancient Egypt and known to be used in Assyria and 
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ancient Greece. The lathe was very important to the 
Industrial Revolution. It is known as the mother of 
machine tools, as it was the first machine tool that 
lead to the invention of other machine tools.  

The origin of turning dates to around 1300 BCE when 
the Ancient Egyptians first developed a two-person 
lathe. One person would turn the wood work piece 
with a rope while the other used a sharp tool to cut 
shapes in the wood. Ancient Rome improved the 
Egyptian design with the addition of a turning bow. 
In the Middle Ages a pedal replaced hand-operated 
turning, allowing a single person to rotate the piece 
while working with both hands. The pedal was 
usually connected to a pole, often a straight-grained 
sapling. The system today is called the “spring pole” 
lathe. Spring pole lathes were in common use into 
the early 20th century. 

An important early lathe in the UK was the horizontal 
boring machine that was installed in 1772 in the 
Royal Arsenal in Woolwich. It was horse-powered and 
allowed for the production of much more accurate 
and stronger cannon used with success in the 
American Revolutionary War in the late 18th century. 
One of the key characteristics of this machine was 
that the work piece was turning as opposed to the 
tool, making it technically a lathe (see attached 
drawing). Henry Maudslay who later developed 
many improvements to the lathe worked at the Royal 
Arsenal from 1783 being exposed to this machine in 
the Verbruggen workshop. 

During the Industrial Revolution, mechanized power 
generated by water wheels or steam engines was 
transmitted to the lathe via line shafting, allowing 
faster and easier work. Metalworking lathes evolved 
into heavier machines with thicker, more rigid parts. 
Between the late 19th and mid-20th centuries, 
individual electric motors at each lathe replaced 
line shafting as the power source. Beginning in the 
1950s, servomechanisms were applied to the control 
of lathes and other machine tools via numerical 
control, which often was coupled with computers to 
yield computerized numerical control (CNC). Today 
manually controlled and CNC lathes coexist in the 
manufacturing industries.

 
Belt-driven metalworking lathe in the machine shop 
at Hagley Museum

Parts of the standard  Lathe Machine: 
 
A typical Lathe machine looks like below and it has 
below mentioned parts. Whereas modern Lathe, 
CNC Lathes machines have many parts and features.

 

Explanation of the standard components of most 
lathes:

• Bed: Usually made of cast iron. Provides a heavy 
rigid frame on which all the main components 
are mounted.

• Ways: Inner and outer guide rails that are 
precision machined parallel to assure accuracy of 
movement.

• Headstock: mounted in a fixed position on the 
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inner ways, usually at the left end. Using a chuck, 
it rotates the work. 

• Gearbox: inside the headstock, providing multiple 
speeds with a geometric ratio by moving levers.

• Spindle: Hole through the headstock to which 
bar stock can be fed, which allows shafts that are 
up to 2 times the length between lathe centers to 
be worked on one end at a time.

• Chuck: 3-jaw (self centering) or 4-jaw 
(independent) to clamp part being machined.

• Chuck: allows the mounting of difficult work 
pieces that are not round, square or triangular.

 
• Tailstock: Fits on the inner ways of the bed and 

can slide towards any position the headstock to 
fit the length of the work piece. An optional taper 
turning attachment would be mounted to it.

• Tailstock Quill: Has a Morse taper to hold a lathe 
center, drill bit or tool.

• Carriage: Moves on the outer ways. Used for 
mounting and moving most the cutting tools.

• Cross Slide: Mounted on the traverse slide of the 
carriage, and uses a hand wheel to feed tools into 
the work piece.

• Tool Post: To mount tool holders in which the 
cutting bits are clamped.

• Compound Rest: Mounted to the cross slide, it 
pivots around the tool post.

• Apron: Attached to the front of the carriage, it 
has the mechanism and controls for moving the 
carriage and cross slide.

• Feed Rod: Has a keyway, with two reversing 
pinion gears, either of which can be meshed with 
the mating bevel gear to forward or reverse the 
carriage using a clutch.

• Lead Screw: For cutting threads.

• Split Nut: When closed around the lead screw, the 
carriage is driven along by direct drive without 
using a clutch.

• Quick Change Gearbox: Controls the movement 
of the carriage using levers.

 
• Steady Rest: Clamped to the lathe ways, it uses 

adjustable fingers to contact the workpiece and 
align it. Can be used in place of tailstock or in the 
middle to support long or unstable parts being 
machined.

• Follow Rest: Bolted to the lathe carriage, it uses 
adjustable fingers to bear against the workpiece 
opposite the cutting tool to prevent deflection.

Major categories of Lathe Machine: 
 
1. Wood working Lathes: Wood working lathes are 

the oldest variety. These are used for the turning 
operation on the wooden parts.

 
                        A Modern wood working Lathe

2. Patternmaker’s lathes: Used to make a pattern 
for foundries, often from wood, but also plastics.

 
3. Metal Working Lathes: In a metalworking lathe, 

metal is removed from the workpiece using a 
hardened cutting tool, which is usually fixed to a 
solid moveable mounting called as cross slide
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4. Cue Lathes:  Cue lathes function similarly to 

turning and spinning lathes, allowing a perfectly 
radially-symmetrical cut for billiard cues. They 
can also be used to refinish cues that have been 
worn over the years.

 

  

5. Glass Working Lathes:  Glass-working lathes are 
similar in design to other lathes and they are  
used for making the round shape glass parts.

 

 

6. Metal Spinning Lathes: Metal spinning, also 
known as spin forming or spinning or metal 
turning most commonly, is a metalworking 

process by which a disc or tube of metal is 
rotated at high speed and formed into an axially 
symmetric part.  Metal spinning does not involve 
removal of material, as in conventional wood or 
metal turning, but forming (moulding) of sheet 
material over an existing shape

 
7. Ornamental Lathes: The ornamental turning 

lathe was developed around the same time 
as the industrial screw-cutting lathe in the 
nineteenth century. It was used not for making 
practical objects, but for decorative work – 
ornamental turning. By using accessories such 
as the horizontal and vertical cutting frames, 
eccentric chuck and elliptical chuck, solids of 
extraordinary complexity may be produced by 
various generative procedures.

8. Rotary Lathes: A lathe in which softwood, like 
spruce or pine, or hardwood, like birch, logs are 
turned against a very sharp blade and peeled 
off in one continuous or semi-continuous roll. 
Invented by Immanuel Nobel (father of the 
more famous Alfred Nobel). The first such lathes 
were set up in the United States in the mid-19th 
century. The product is called wood veneer and 
it is used for making plywood and as a cosmetic 
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surface veneer on some grades of chipboard.

 

9. Watchmaker’s Lathe: Watchmakers lathes are 
delicate but precise metalworking lathes, usually 
without provision for screw cutting, and are still 
used by horologists for work such as the turning 
of balance staffs. A handheld tool called a graver 
is often used in preference to a slide-mounted 
tool.

    

Machining is a very vast subject . Lot of new inventions 
are being done almost every day. Technology is 
developing continuously. This article is was just a 
short introduction to Turning ,Machining operation 
and Lathe Machine. We will continue our study on 
machining in our further  issues also.  

References: 
1. https://en.wikipedia.org/wiki/Lathe
2. www.google.com
3. http://www.veerakumarmachines.com/
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Technology of Textile Printing 

- Anil S. Thakur
E-mail: ombiotech25@gmail.com

SYNOPSIS :      Textile printing is the process of 
applying colour to fabric in definite patterns or 
designs. In properly printed fabrics the colour is 
bonded with the fibre, so as to resist washingand 
friction. Textile printing is related to dyeing but in 
dyeing properly the whole fabric is uniformly covered 
with one colour, whereas in printing one or more 
colours are applied to it in certain parts only, and in 
sharply defined patterns.

In printing, wooden blocks, stencils, engraved plates, 
rollers, or silkscreens can be used to place colours on 
the fabric. Colourants used in printing contain dyes 
thickened to prevent the colour from spreading by 
capillary attraction beyond the limits of the pattern 
or design.

INTRODUCTION :

The Dyes used for printing mostly include vat, 
reactive, naphthol and disperse colours which have 
good fastness properties. The pigments, which are 
not truly dyes, are also used extensively for printing. 
These colours are fixed to the fiber through resins 
that are very resistant to laundering or drycleaning. 
Pigments are among the fastest known colours and 
are effective for light to medium shades. If used for 
applying dark colours, they may crock or rub off. 
Improved resins, better pigments or more effective 
anticrock agents must be used to solve this problem. 
Cheap prints are made from basic colours mixed 
with tartar emetic and tannic acid but they are not 
acceptable in today’s market.

For cotton printing vat and reactive dyes are generally 
used. Silk is usually printed with acid colours. Wool is 
printed with acid or chrome dyes but before printing 
it is treated with chlorine to make it more receptive 
to colours. Manmade fibers are generally printed 
with disperse and cationic dyes.

 

PRINTING PROCESS :
 
The printing process does involve several stages in 
order to prepare the fabric and printing paste, and to 
fix the impression permanently on the fabric:

• Pre-treatment of fabric,
• Preparation of colors,
• Preparation of printing paste,
• Impression of paste on fabric using printing 

methods,
• Drying of fabric,
• Fixing the printing with steam or hot air (for 

pigments),
• After process treatments.

Preparation of cloth for printing :
 
Cloth is prepared by washing and bleaching. For a 
coloured ground it is then dyed. The cloth has always 
to be brushed, to free it from loose nap, flocks and 
dust that it picks up whilst stored. Frequently, too, 
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it has to be sheared by being passed over rapidly 
revolving knives arranged spirally round an axle, 
which rapidly and effectually cuts off all filaments 
and knots, leaving the cloth perfectly smooth and 
clean and in a condition fit to receive impressions 
of the most delicate engraving. Some fabrics require 
very careful stretching and straightening on a stenter 
before they are wound around hollow wooden or 
iron centers into rolls of convenient size for mounting 
on the printing machines.

Preparation of colours :
 
The art of making colours for textile printing demands 
both chemical knowledge and extensive technical 
experience, for their ingredients must not only be in 
proper proportion to each other, but also specially 
chosen and compounded for the particular style of 
work in hand. A colour must comply toconditions 
such as shade, quality and fastness; where more 
colours are associated in the same design each must 
be capable of withstanding the various operations 
necessary for the development and fixation of 
the others. All printing pastes whether containing 
colouring matter or not are known technically as 
colours.

Colours vary considerably in composition. Most of 
them contain all the elements necessary for direct 
production and fixation. Some, however, contain the 
colouring matter alone and require various after-
treatments; and others again are simply thickened 
mordants. A mordant is a metallic salt or other 
substance that combines with the dye to form an 
insoluble colour, either directly by steaming, or 
indirectly by dyeing. All printing colours require 
thickening to enable them to be transferred from 
colour-box to cloth without running or spreading 
beyond the limits of the pattern.

Thickening agents :

The printing thickeners used depend on the printing 
technique, the fabric and the particular dyestuff . 
Typical thickening agents are starch derivatives, flour, 
gum arabic, guar gumderivatives, tamarind, sodium 
alginate, sodium polyacrylate, gum senegal and gum 
tragacanth, British gum or dextrine and albumen.
Hot-water-soluble thickening agents such as native 
starch are made into pastes by boiling in double or 
jacketed pans. Most thickening agents used today 
are cold-soluble and require only extensive stirring.

Starch paste :
 
Starch paste is made from wheat starch, cold water, 
and olive oil, then thickened by boiling. Non-modified 
starch is applicable to all but strongly alkaline or 
strongly acid colours. With the former it thickens up 
to a stiff unworkable jelly. In the case of the latter, 
while mineral acids or acid salts convert it into 
dextrine, thus diminishing its viscosity or thickening 
power, organic acids do not have that effect. Today, 
modified carboxymethylated cold soluble starches 
are mainly used. These have a stable viscosity and are 
easy to rinse out of the fabric and give reproducible 
“short” paste rheology.
 
Flour paste is made in a similar way to starch paste; 
it is sometimes used to thicken aluminum and iron 
mordants. Starch paste resists of rice flour have been 
used for several centuries.

Gums :
 
Gum arabic and gum Senegal are both traditional 
thickenings, but expense prevents them from 
being used for any but pale, delicate tints. They are 
especially useful thickenings for the light ground 
colours of soft muslins and sateens on account of the 
property they possess of dissolving completely out 
of the fibres of the cloth in the post-printing washing 
process, and they have a long flowing, viscous 
rheology, giving sharp print and good penetration in 
the cloth. Today guar gum and tamarind derivates 
offer a cheaper alternative.

British gum or dextrin is prepared by heating starch. 
It varies considerably in composition, sometimes 
being only slightly roasted and consequently only 
partly converted into dextrine, and at other times 
being highly torrefied, and almost completely soluble 
in cold water and very dark in colour. Its thickening 
power decreases and its gummy nature increases 
as the temperature at which it is roasted is raised. 
It is useful for strongly acid colours, and with the 
exception of gum senegal, it is the best choice for 
strongly alkaline colours and discharges. Like the 
natural gums, it does not penetrate as well into the 
fibre of the cloth  as deeply as pure starch or flour 
and is unsuitable for very dark, strong colours.

Gum tragacanth, or Dragon, which may be mixed in 
any proportion with starch or flour, is equally useful 
for pigment colours and mordant colours. When 
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added to a starch paste it increases its penetrative 
power and adds to its softness without diminishing 
its thickness, making it easier to wash out of the 
fabric. It produces much more even colours than 
does starch paste alone. Used by itself it is suitable 
for printing all kinds of dark grounds on goods that 
are required to retain their soft clothy feel.
Starch always leaves the printed cloth somewhat 
harsh in feeling (unless modified carboxymethylated 
starches are used), but very dark colours can be 
obtained. Gum senegal, gum arabic or modified guar 
gum thickening yield clearer and more even tints than 
does starch, suitable for lighter colours but less suited 
for very dark colours. (The gums apparently prevent 
the colours from combining fully with the fibers.) A 
printing stock solution is mostly a combination of 
modified starch and gum stock solutions.

Albumen :
 
Albumen is both a thickening and a fixing agent 
for insoluble pigments. Chrome yellow, the ochres, 
vermilion and ultramarine are such pigments. 
Albumen is always dissolved in the cold, a process 
that takes several days when large quantities are 
required. Egg albumen is expensive and only used for 
the lightest shades. Blood albumen solution is used 
in cases when very dark colours are required to be 
absolutely fast to washing. After printing, albumen 
thickened colours are exposed to hot steam, which 
coagulates the albumen and effectually fixes the 
colours.

Printing paste preparation :
 
Combinations of cold water-soluble 
carboxymethylated starch, guar gum and tamarind 
derivatives are most commonly used today in 
disperse screen printing on polyester. Alginates are 
used for cotton printing with reactive dyes, sodium 
polyacrylates for pigment printing, and in the case 
of vat dyes on cotton only carboxymethylated starch 
is used. Formerly, colors were always prepared 
for printing by boiling the thickening agent, the 
colouring matter and solvents, together, then cooling 
and adding various fixing agents. At the present time, 
however, concentrated solutions of the colouring 
matters and other adjuncts are often simply added 
to the cold thickenings, of which large quantities are 
kept in stock.
 
Colours are reduced in shade by simply adding more 

stock (printing) paste. For example, a dark blue 
containing 4 oz. of methylene blue per gallon may 
readily be made into a pale shade by adding to it thirty 
times its bulk of starch paste or gum, as the case may 
be. The procedure is similar for other colours. Before 
printing it is essential to strain or sieve all colours 
in order to free them from lumps, fine sand, and 
other impurities, which would inevitably damage the 
highly polished surface of the engraved rollers and 
result in bad printing. Every scratch on the surface of 
a roller prints a fine line on the cloth, and too much 
care, therefore, cannot be taken to remove, as far as 
possible, all grit and other hard particles from every 
colour.
 
Straining is usually done by squeezing the colour 
through filter cloths like artisanal fine cotton, silk 
or industrial woven nylon. Fine sieves can also be 
employed for colours that are used hot or are very 
strongly alkaline or acid.

TYPES OF PRINTING  :
 
Traditional textile printing techniques may be broadly 
categorised into four styles:
• Direct printing, in which colorants containing 

dyes, thickeners, and the mordants or substances 
necessary for fixing the colour on the cloth are 
printed in the desired pattern.

• The printing of a mordant in the desired pattern 
prior to dyeing cloth; the colour adheres only 
where the mordant was printed.

• Resist dyeing, in which a wax or other substance 
is printed onto fabric which is subsequently dyed. 
The waxed areas do not accept the dye, leaving 
uncoloured patterns against a coloured ground.

• Discharge printing, in which a bleaching agent is 
printed onto previously dyed fabrics to remove 
some or all of the colour.

• Resist and discharge techniques were particularly 
fashionable in the 19th century, as were 
combination techniques in which indigo resist 
was used to create blue backgrounds prior to 
block-printing of other colours. Modern industrial 
printing mainly uses direct printing techniques.
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 Direct Printing :
 
It is the most common approach to apply a colour 
pattern on fabric. It can be done on white or a 
coloured fabric. If done on coloured fabric, it is known 
as overprinting. The desired pattern is produced 
by imprinting dye on the fabric in a paste form. To 
prepare the print paste, a thickening agent is added 
to a limited amount of water and dye is dissolved in 
it. Earlier corn starch was preferred as a thickening 
agent for cotton printing. Nowadays gums or alginates 
derived from seaweed are preferred because they 
are easier to wash out, do not themselves absorb 
any colour and allow better penetration of colour. 
Most pigment printing is done without thickeners 
as the mixing up of resins, solvents and water itself 
produces thickening.

Discharge Printing :
 
In this approach, the fabric is dyed in piece and then 
it is printed with a chemical that destroys the colour 
in the designed areas. Sometimes, the base colour is 
removed and another colour is printed in its place. 
The printed fabric is steamed and then thoroughly 
washed. This approach is on decline these days.

Resist Printing :
 
In this technique, a resist paste is imprinted on the 
fabric and then it is dyed. The dye affects only those 
parts that are not covered by the resist paste. After 
dyeing, the resist paste is removed leaving a pattern 
on a dark background.

Methods of Printing :
 
There are different methods presently used to 
impress coloured patterns of cloth :

Hand Block Printing :
  

                         Woman doing block printing                           
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Wood handstamp for the printing of traditional  
designs
  
This process is the earliest, simplest and slowest 
of all printing methods. A design is drawn on, or 
transferred to, prepared wooden blocks. A separate 
block is required for each distinct colour in the design. 
A blockcutter carves out the wood around the heavier 
masses first, leaving the finer and more delicate 
work until the last so as to avoid any risk of injuring 
it when the coarser parts are cut. When finished, 
the block has the appearance of a flat relief carving, 
with the design standing out. Fine details, difficult to 
cut in wood, are built up in strips of brass or copper, 
which is bent to shape and driven edgewise into the 
flat surface of the block. This method is known as 
coppering.

The printer applies colour to the block and presses 
it firmly and steadily on the cloth, striking it smartly 
on the back with a wooden mallet. The second 
impression is made in the same way, the printer 
taking care to see that it registers exactly with the 
first. Pins at each corner of the block join up exactly, 
so that the pattern can continue without a break. 
Each succeeding impression is made in precisely the 
same manner until the length of cloth is fully printed. 
The cloth is then wound over drying rollers. If the 
pattern contains several colours the cloth is first 
printed throughout with one colour, dried, and then 

printed with the next.

Block printing by hand is a slow process. It is, however, 
capable of yielding highly artistic results, some of 
which are unobtainable by any other method.The 
designs are carved on a wooden or metal block and 
the paste dyestuff is applied to the design on the 
face of the block. The block is pressed down firmly by 
hand on the surface of the fabric.

Perrotine printing :
The perrotine is a block-printing machine invented by 
Perrot of Rouen in 1834 and is now only of historical 
interest.

                      A Perrotine printing block

Roller, cylinder, or machine printing : 

In this machine counterpart of block printing, 
engraved copper cylinders or rollers are used in 
place of handcarved blocks. With each revolution 
of the roller, a repeat of the design is printed. The 
printed cloth is passed into a drying and then a steam 
chamber where the moisture and heat sets the dye. 
Roller printing was highly productive, 10,000 to 
12,000 yards being commonly printed in one day of 
ten hours by a single-colour machine. It is capable of 
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reproducing every style of design, ranging from the 
fine delicate lines of copperplate engraving to the 
small repeats and limited colours of the perrotine to 
the broadest effects of block printing with repeats 
from 1 in to 80 inches. It is precise, so each portion 
of an elaborate multicolour pattern can be fitted into 
its proper place without faulty joints at the points of 
repetition.

Stencil printing :
 
The art of stenciling on textile fabrics has been 
practised from time immemorial by the Japanese, and 
found increasing employment in Europe for certain 
classes of decorative work on woven goods during 
the late 19th century. A pattern is cut from a sheet of 
stout paper or thin metal with a sharp-pointed knife, 
the uncut portions representing the part that will be 
left uncoloured. The sheet is laid on the fabric and 
colour is brushed through its interstices.

The peculiarity of stenciled patterns is that they have 
to be held together by ties. For instance, a complete 
circle cannot be cut without its centre dropping out, 
so its outline has to be interrupted at convenient 
points by ties or uncut portions. This limitation 
influences the design.

For single-colour work a stenciling machine was 
patented in 1894 by S. H. Sharp. It consists of an 
endless stencil plate of thin sheet steel that passes 
continuously over a revolving cast iron cylinder. The 
cloth to be ornamented passes between the two and 
the colour is forced onto it through the holes in the 
stencil by mechanical means.The design is first cut 
in cardboard, wood or metal. The stencils may have 
fine delicate designs or large spaces through which 
colour is applied on the fabric. Its use is limited due 
to high costs involved.

Screen-printing :

Screen printing is by far the most common technology 
today. Two types exist: rotary screen printing and flat 
(bed) screen printing. A blade squeezes the printing 
paste through openings in the screen onto the fabric.
It is done either with flat or cylindrical screens made 
of silk threads, nylon, polyester, vinyon or metal. The 
printing paste or dye is poured on the screen and 
forced through its unblocked areas onto the fabric. 
Based on the type of the screen used, it is known as 
‘Flat Screen Printing’ or ‘Rotary Screen
 

Digital textile printing :
 
Digital textile printing is often referred to as direct-
to-garment printing, DTG printing, or digital garment 
printing. It is a process of printing on textiles and 
garments using specialized or modified inkjet 
technology. Inkjet printing on fabric is also possible 
with an inkjet printer by using fabric sheets with 
a removable paper backing. Today, major inkjet 
technology manufacturers can offer specialized 
products designed for direct printing on textiles, 
not only for sampling but also for bulk production. 
Since the early 1990s, inkjet technology and 
specially developed water-based ink (known as dye-
sublimation or disperse direct ink) have made it 
possible to print directly onto polyester fabric. This is 
mainly related to visual communication in retail and 
brand promotion (flags, banners and other point of 
sales applications). Printing onto nylon and silk can 
be done by using an acid ink. Reactive ink is used 
for cellulose based fibers such as cotton and linen. 
Inkjet technology in digital textile printing allows for 
single pieces, mid-run production and even long-run 
alternatives to screen printed fabric.

In this form of printing micro-sized droplets of dye are 
placed onto the fabric through an inkjet printhead. 
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The print system software interprets the data 
supplied by a cademic_Textiledigital image file. The 
digital image file has the data to control the droplet 
output so that the image quality and colour control 
may be achieved. This is the latest development in 
textile printing and is expanding very fast.

 
Digital Textile Printing

Other methods of printing :
 
Although most work is executed throughout by one 
or another of the seven distinct processes mentioned 
above, combinations are frequently employed. 
Sometimes a pattern is printed partly by machine 
and partly by block, and sometimes a cylindrical 
block is used along with engraved copper-rollers in 
an ordinary printing machine. The block in this latter 
case is in all respects, except for shape, identical 
with a flat wood or coppered block, but, instead of 
being dipped in colour, it receives its supply from an 
endless blanket, one part of which works in contact 
with colour-furnishing rollers and the other part with 
the cylindrical block. This block is known as a surface 
or peg roller. Many attempts have been made to print 
multicolour patterns with surface rollers alone, but 
hitherto with little success, owing to their irregularity 
in action and to the difficulty of preventing them 
from warping. These defects are not present in the 
printing of linoleum in which opaque oil colours are 
used, colours that neither sink into the body of the 
hard linoleum nor tend to warp the roller.
 
Lithographic printing has been applied to textile 
fabrics with qualified success. Its irregularity and the 
difficulty of registering repeats have restricted its 
use to the production of decorative panels, equal or 
smaller in size to the plate or stone.

Duplex Printing :
 
Printing is done on both sides of the fabric either 
through roller printing machine in two operations or 
a duplex printing machine in a single operation.

Transfer Printing :
 
The design on a paper is transferred to a fabric by 
vaporization. There are two main processes for this- 
Dry Heat Transfer Printing and Wet Heat Transfer 
Printing. In Conventional Heat Transfer Printing, 
an electrically heated cylinder is used that presses 
a fabric against a printed paper placed on a heat 
resistant blanket. In Infrared Heat Vacuum Transfer 
Printing, the transfer paper and fabric are passed 
between infrared heaters and a perforated cylinder 
which are protected from excessive heat by a shield. 
The Wet Heat Transfer Printing uses heat in a wet 
atmosphere for vaporizing the dye pattern from 
paper to fabric. 

Blotch Printing :
 
 It is a direct printing technique where the background 
colour and the design are both printed onto a white 
fabric usually in a one operation. Any of the methods 
like block, roller or screen may be used. 

Airbrush (Spray) Painting :
 
Designs may be hand painted on fabric or the dye 
may be applied with a mechanized airbrush which 
blows or sprays colour on the fabric.

Electrostatic Printing :
 
A dye- resin mixture is spread on a screen bearing the 
design and the fabric is passed into an electrostatic 
field under the screen. The dye- resin mixture is 
pulled by the electrostatic field through the pattern 
area onto the fabric.

Photo Printing :
 
The fabric is coated with a chemical that is sensitive 
to light and then any photograph may be printed on 
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it.

Differential Printing :
 
It is a technique of printing tufted material made 
of yarns having different dyeing properties such as 
carpets. Upto a ten colour effect is possible by careful 
selection of yarns, dyestuffs and pattern.

Warp Printing :
 
It is roller printing applied to warp yarns before they 
are woven into fabric. 

Tie Dyeing :
 
Firm knots are tied in the cloth before it is immersed 
in a dye. The outside of the immersed portion is dyed 
but the inside is not penetrated. There are various 
forms of Tie dyeing like Ikat Dyeing where bundles 
of warp and/ or weft yarns are tie dyed prior to their 
weaving. In Plangi Dyeing the gathered, folded or 
rolled fabric is usually held with stitching to form 
specific patterns.

Batik Dyeing :
 
It is a resist dyeing process. Designs are made with 
wax on a fabric which is then immersed in a dye. The 
unwaxed portion absorbs the colour.

Jet Spray Printing :
 
Designs are imparted to fabrics by spraying colours in 
a controlled manner through nozzles.

CONCLUSION :
 
Applying coloured patterns and designs to decorate a 
finished fabric is called ‘Printing’. In a proper printed 
fabric, the colour is affixed to the fiber, so that it may 
not be affected by washing and friction. Whether a 
fabric is dyed or printed can be known by examining 
the outline of the design. On a printed fabric, the 
outline of a design is sharply defined on the outer 
side. The design generally do not penetrate to the 
back of the cloth. However, the design may show 
up on the reverse side of transparently thin fabrics. 
These fabrics may be confused with the woven 
designs where yarn dyed warp and filling are used.

REFERENCE :
1. Technology of Printing by V.A Shenai; Sevak 
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2. en.wikipedia.org
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Tunnels and Construction Methods

- Bhajaram Bhabal 
E-mail: bhaskarscorpio@gmail.com

A tunnel is an underground or underwater 
passageway, dug through the surrounding soil/earth/
rock and enclosed except for entrance and exit, 
commonly at each end. A tunnel is an underground 
passage through a mountain, beneath a city or under 
a waterway.

A tunnel is relatively long and narrow; the length is 
often much greater than twice the diameter, although 
similar shorter excavations can be constructed, 
such as cross passages between tunnels. Tunnels 
are used for transportation (Roads, Railways, and 
Metros). Some tunnels are constructed purely for 
carrying water (for consumption, hydroelectric 
purposes or as sewers); others carry services such 
as telecommunications cables, electrical cables and/
or plumbing utilities. It could be combination of any 
two or more items or purposes. There are examples 
available of Twin Tunnels too.

 

The choice of tunnelling method may be dictated 
by:

• Geological and hydrological conditions,
• Cross-section and length of continuous tunnel,
• Local experience and time/cost considerations 

(what is the value of time in the project), 
• Limits of surface disturbance and many others 

factors.

Tunnel construction methods:

• Classical methods
• Mechanical drilling/cutting
• Cut-and-cover
• Drill and blast
• Shields and tunnel boring machines (TBMs) 
• New Austrian Tunnelling Method (NATM)
• Immersed tunnels
• Special methods (Tunnel jacking, etc.) 

Most of the tunnelling involves all or some of the 
following operations:

• Probe drilling (when needed)
• Grouting (when needed)
• Excavation (or blasting) 
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• Supporting
• Transportation of muck
• Lining or coating/sealing
• Draining
• Ventilation 

Shapes of Tunnel

                   Circular Tunnel 

 
                                Box Tunnel

                                 Horse Shoe Tunnel 

                                        Oval Tunnel

Components of Tunnel
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The Old Methods / Classical Methods

• Among the classical methods are the Belgian, 
English, German, Austrian, Italian and American 
systems. These methods had much in common 
with early mining methods and were used until 
last half of the 19th century.

• Excavation was done by hand or simple drilling 
equipment. 

• Supports were predominantly timber, and 
transportation of muck was done on cars on 
narrow gauge tracks and powered by steam. 

• Progress was typically in multiple stages i.e. 
progress in one drift, then support, then drift in 
another drift, and so on. 

• The lining would be of brickwork. 
 

These craft-based methods are no longer applicable, 
although some of their principles have been used in 
combination up to present day. Nevertheless some 
of the world’s great tunnels were built with these 
methods.

The English method (crown-bar method) 
 
It starts from a central top heading which allowed 
two timber crown bars to be hoisted into place, 
the rear ends supported on a completed length of 
lining, the forward ends propped within the central 
heading. Development of the heading then allowed 
additional bars to be erected around the perimeter 
of the face with boards between each pair to exclude 
the ground. The system is economical in timber, 
permits construction of the arch of the tunnel in full-
face excavation, and is tolerant of a wide variety of 
ground conditions, but depends on relatively low 
ground pressures.

  
The Austrian (cross-bar) method required a strongly 
constructed central bottom heading upon which 
a crown heading was constructed. The timbering 
for full-face excavation was then heavily braced 
against the central headings, with longitudinal poling 
boards built on timber bars carried on each frame 
of timbering. As the lining advanced, so was the 
timbering propped against each length to maintain 
stability. The method was capable of withstanding 
high ground pressures but had high demand for 
timber.
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Modern Practices of Tunnelling:

1. TBM bored tunnels/Shield Method
 
• tunnels in congested cities for road, rail or utilities
• Subaqueous tunnels for the crossing of deep 

waterways
• long tunnels under mountains.

2. Immersed tunnels

• tunnels for the crossing of waters of limited depth 
such as rivers, channels and harbour basins

• alternatives to bridge crossings to ensure
• unobstructed navigation.

The immersed tube tunnel technique uses hollow 
box sectioned tunnel elements that have been 
prefabricated in reinforced concrete. These are 
floated out into the harbour and placed into a trench 
that was pre-dredged in the harbour bed. When in 
position, the elements are joined together to form 
a tunnel. The trench is then refilled and the harbour 
bed returned to its original level.

3. Under Water Tunnels
 
The construction of tunnels under wide and deep 
waterways requires special considerationto the design 
as well as to the execution. For both immersed and 
bored tunnels the permanentdesign and particularly 
watertightness and durability are challenging due 
to extraordinaryconditions with regard to outside 
pressure and chemical attack.
 
The overall concepts of subsea tunnels often require 
special safety and ventilation considerations as 
they are often long and without any possibility 

for intermediate ventilation or evacuation shafts 
between the portals.

4. Cut and cover tunnels

• shallow tunnels in urban areaswith moderate 
surface constraints

• approaches to bored or immersed tunnels.

Cut-and-cover is a method of tunnel construction 
where a trench is excavated and roofed over. Strong 
supporting beams are necessary to avoid the danger 
of the tunnel collapsing. Cut-and-cover tunnels 
are constructed either in an open excavation or a 
retained excavation. 
 
The open excavation method involves excavating 
from the surface, including the use of temporary 
support as required. Once the final depth is reached, 
the tunnel floor is constructed, followed by the walls 
and roof to form a twin-cell box to enable tracks 
to be separated for safety reasons. This box is then 
buried by back-filling with the previously excavated 
material and restoring the land so it blends into the 
landscape. 

In the retained excavation method, first the walls are 
constructed using diaphragm walling or bored piling. 
Refer to Environmental Statement Volume 1 Chapter 
6.12. Then the ground is excavated between the wall, 
down to the top of the roof of the box. 
 
One option is then to form the roof and continue the 
excavation of the remainder of the tunnels, from the 
open ends of the box, and construct the floor slabs 
and dividing walls. The box is then backfilled to the 
surface. 
 
The second option is to continue the excavation 
down to the floor slab, construct floor slab, walls and 
roof, and then backfill to the surface. 

5. Rock and Spread Concrete Lined tunnels

• Tunnels with irregular or varying cross-section 
shape

• short tunnels under mountains or deep 
waters where the cost of a TBM makes TBM 
constructionprohibitive.

 
SCL bored tunnels are often used for construction 



Exponent Group of Journals - Empowering the common man In Association with Shree Aniruddha Upasana Foundation

25The Exponent Group of Journals For General Engineering, Volume 4, Number 3,  June 2016 - Aug 2016

of non-circular tunnels or shorter tunnelsin relative 
competent ground conditions, where the ground 
can be drained during construction.The SCL cross-
section can be excavated in sections to suit the actual 
conditions, and excavations are temporarily lined 
with a primary lining consisting of shotcrete. The 
permanent secondary internal lining is built as an in-
situ cast concrete lining.

6. NATM (New Austrian Tunneling Method) is the 
most common method. It originates in hard rock 
tunneling and utilizes rock bolts and shotcrete 
applied immediately after blasting. This is often 
followed by a cast in-situ concrete lining using 
formwork.

Tunnel Boring Machine: 
 
A Tunnel boring machine (TBM) is used to excavate 
tunnels with a circular cross section through a 
variety of soil and rock strata. They can bore through 
anything from hard rock to sand. Tunnel diameters 
can range from a meter (done with micro-TBMs) to 
19.25 meters to date. Tunnels of less than a meter 
or so in diameter are typically done using trenches 
less construction methods or horizontal directional 
drilling rather than TBMs.

TMB is used as an alternative to drilling and blasting 
(D&B) methods. TBMs are used to excavate tunnels 
with a circular cross section through a variety of 
subterranean matter; hard rock, sand or almost 
anything in between. 

As the TBM moves forward, the round cutter heads 
cut into the tunnel face and splitsoff large chunks of 
rock. The cutter head carves a smooth round hole 
through the rock -- the exact shape of a tunnel. 
Conveyor belts carry the rock shavings through the 
TBM and out the back of the machine to a dumpster.

 

Operational Advantages
 
• Structural stability and safety at the face and 

work area
• Continuous operation
• Consistent
• Safer and more pleasant working environment 

than in Drill and Boring
• Enhanced health and safety conditions for the 

workers.
• Reduction in construction time 

Advantages in terms of Skilled labour requirements
 
• Since the operation is continuous and the 

activities of crew members are repetitive, 
learning is continually reinforced and accelerated

• High skill level tasks (machine operator, mechanic, 
electrician)

Performance advantages
 
TBM performance advantages can be directly related 
to quantitative benefits and difference which easily 
translate into costs and are amenable to direct 
comparisons. Quantitative performance and cost 
comparisons can be made for
• Excavation rates
• Over break
• Support
• Labour
• Equipments
• Supplies
• Elimination of temporary structures

With the help of TBM we get good quality of finished 
product (surrounding ground gets less altered). 
Precast linings give good finish.

Limitations of TBM
 
• Circular shape, which may introduce constraints 

for transport of large equipment
• Limited to use for relatively straight tunnels 

where curvature is restricted to about 50m

The presence of a high proportion of highly altered 
and weak bedrock may result in significant tunnel 
support requirements, thus hampering TBM progress
Limited space available for the installation of high 
capacity tunnel support if very poor geological 
conditions are encountered.
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Risk related to tunnelling with TBM:
 
Lack of flexibility – Once the technique has been 
chosen; it is virtually impossible to change it 
throughout the construction of the tunnel. Therefore 
a correct analysis of related parameters is needed 
for the choice of the correct mechanised tunneling 
technique.

Types of TBMs

A) Non-Shield TBM:
1) Gripper TBM – Used in Hard rock ground condition

B) Shield TBM:
1) EPB TBM – Used in Clay, Silty Sand and in mixed 
ground condition
2) Slurry TBM – Used in sandy soil, mixed ground 
condition and in fracture rock where high water 
entry is expected

C) Hybrid Shield
1) Double Shield – Most suitable in strata where 
ground condition changes from soil to rock and high 
production rates are desired.
2) Mixed shield – Used in soil-rock mixed ground

Factors governing selection of TBM

• Soil Strata
• Properties of Soil
• Water Table
• Compressive strength of rock
• Depth of cover/potential overstressing
• Site access and terrain
• Tunnel alignment and inclination
• TBM launching requirements
• Contractor experience
• Project Schedule and Procurement

 

Tunnel lining design 

Tunnel linings are required for two purposes: 

1. structurally - to retain the earth and water 
pressure; and 

2. operationally - to provide an internal surface 
appropriate to the function of the tunnel. 

 
Tunnel linings will be designed in accordance with 
the relevant regulatory standards, guidelines and 
current practice. These are based on proven design 
and construction technology that has been used 
successfully worldwide. 

The linings will be designed to withstand loading, 
including loads from the surrounding ground and 
groundwater. They will also meet fire prevention and 
durability requirements. 

As well as the train itself, the internal diameters have 
been sized to accommodate the swaying movement 
of trains, overhead power supply, evacuation and 
access walkways, track slab, cables and associated 
furniture, and construction tolerances. Their sizing 
also takes account of the aerodynamic requirements 
of high speed trains. 

The majority of the bored tunnels will be lined with 
pre-cast concrete tunnel lining segments, reinforced 
with steel fibres and polypropylene fibres. To enable 
connection between the twin bored tunnels, at 
intervals along the length of the route, cross-passages 
will be constructed using round graphite iron linings 
or steel frames encased in concrete alongside precast 
concrete tunnel linings. The linings are made up of a 
number of tunnel segments which are joined to form 
a ring. 

The mined and cross passage tunnels, which are lined 
with sprayed concrete, will have a primary sprayed 
lining of fibre-reinforced concrete with a waterproof 
layer. A secondary lining of fibre-reinforced concrete 
will be either sprayed or cast in place. These 
construction techniques are currently being used 
successfully on the Crossrail project. 

The lining of cut-and-cover tunnels are conventional 
reinforced concrete or precast concrete segments. 

Fit-Out of Tunnels 
 
Once tunnels are excavated, lined and cleaned out 
then the following activities need constructing: 
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construction of walkways; installation of rail track 
and formation; mechanical and electrical systems; 
and testing and commissioning. 

 

Ventilation systems for long tunnels:
 
Ventilation is one of the most important features 
when providing a functional, comfortable and safe 
tunnel environment for road tunnels as well as 
railway tunnels.

Tunnel ventilation methods:
 
The methods for providing the required ventilation 
during normal, congested or emergency operation 
depend on the actual conditions (tunnel length, 
alignment, cross-section, traffic conditions, 
intermediate ventilation shafts etc.).
Normally, for road tunnels longer than 4-5 km 
the longitudinal ventilation method may not be 
feasible, and therefore transverse or semi-transverse 
ventilation systems need to be introduced.
For longer tunnels the feasibility of using longitudinal 
ventilation depends on the actual conditions. The 
capability of the various systems and the choice of 
system depend on:

1. The fresh air requirement calculations, which are 
based on the estimated traffic conditions, emission 
from vehicles, local standards and requirements 
for the pollution level in the exhaust air to protect 
the neighbouring environment. The development 

of new vehicles and strict emission standards tend 
to increase the length of tunnels for which the 
longitudinal ventilation method is feasible.
For railway systems the ventilation method is 
normally determined by emergency scenarios to 
control smoke during a fire. This leads to longitudinal 
ventilation provided by a push-pull concept using 
ventilation plants at adjacent stations or intermediate 
shafts, sometimes combined with exhaust from large 
caverns as, for example, cross-overs or bifurcations

2. Ventilation system – cross-section
 
Longitudinal ventilation can be installed by using 
jet fans in the tunnel cross-section or axialfans in 
either shafts along the tunnel or in plant rooms at 
the tunnel portals. It is possible to locate jet fans in 
niches to reduce the tunnel cross-section.
For long tunnels a full or semi-transverse ventilation 
concept could be introduced to supplyfresh air and 
extract polluted air at certain points.

Tunnel design flow
 
Ventilation calculations such as aerodynamics, 
thermodynamics and fire simulations are carriedout 
during the various design phases. The best tunnel 
ventilation concept should be chosen considering 
safety, functionality, protection of the environment, 
construction and operation costs.The simulation 
technique computational fluid dynamics, CFD, can 
be used for the dynamic analysis of fluid flow in 
three dimensions.CFD is a powerful tool to analyse 
environmental conditions during operation. It is 
also used to assess safety in critical situations, for 
example, smoke stratification and spread along the 
tunnel length and visibility in case of fire.
 
Especially these analyses are commonly used in 
railway and metro systems where stations andtunnel 
caverns are of great concern.

Reference
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6. www.wikipedia.org
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Air Engines

- Tejas Joshi 
E-mail: tejas7joshi@gmail.com

INTRODUCTION
 
Commercial vehicle is required recently to change its 
power sources and materials for making every  part 
more ecological and to consider any environmental 
problem,  such as CO2 emission, air pollution and 
exhausting natural resources. To respond these 
requirements, many automobile manufacturers have 
been trying to develop new ecological vehicles such 
as electrics, fuel cells, diesels, and hybrids. Here 
we are introducing one of these concept, which 
is considered to get zero emission performance 
and extremely low energy consumption for the 
construction and the customer use, is the hybrid 
compressed air vehicle. A compressed air vehicle 
(CAV) is proposed to develop a zero emission car 
driven by compressed air. There might be some 
difficulties to have enough performance to run the 
car on public road. To build the CAV for a practical 
use, a hybrid system with an electrical powered 
motor and a recompressing energy recovery system 
are applied to get further acceleration and longer 
distance per one-time filling compressed air to the 
car. The present study will show an analysis of the 
theoretical performance and a method of how to use 
our idea to give an advantage to the CAV. A prototype 
innovative CAV analysis will be shown in this paper. 

NEED FOR STUDY
 
It is hard to believe that compressed air can be 
used to drive vehicles. However that is true, and 
the “Air car”, as it is popularly known, has caught 
the attention of researchers Worldwide. It has zero 
emissions and is ideal for city driving conditions. MDI 
is one company that holds the international patents 
for the compressed air car.
 
Although it seems to be an environmentally-friendly 
solution, one must consider its well to wheel efficiency. 

The electricity requirement for compressing air has 
to be considered while computing overall efficiency. 
Nevertheless, the compressed airvehicle will 
contribute to reducing urban air pollution in the long 
run.

Today fossil fuels are widely used as a source of 
energy in various different fields like power plants, 
internal & external combustion engines, as heat 
source in manufacturing industries, etc. But its stock 
is very limited and due to this tremendous use, fossil 
fuels are depleting at faster rate. So, in this world of 
energy crisis, it is inevitable to develop alternative 
technologies to use renewable energy sources, so that 
fossil fuels can beconserved. One of the major fields 
in which fossil fuels are used is Internal Combustion 
Engine. An alternative of IC Engine is “AIR POWERED 
ENGINE”. It is an engine which will use compressed 
air to run the engine. It is cheap as it uses air as fuel, 
which is available abundantly in atmosphere. 

There are several technical benefits of using this 
engine, like as no combustion takes place inside the 
cylinder, working temperature of engine is very close 
to ambient temperature. This helps in reducing wear 
and tear of the engine components. Also there is no 
possibility of knocking. This in turn results in smooth 
working of engine. One more technical benefit is 
that there will not be any need for installing cooling 
system or complex fuel injection systems. This makes 
the design simpler. Here air is compressed using 
compressor which in turn uses electricity  to run, 
which is cheaper and widely used. This adds value to 
its economic benefits. Also, as discussed earlier, as 
no combustion takes place which results in smooth 
working of the engine with minimum wear and tear, 
this will require less maintenance. So these are some 
of its economic benefits too. 

One more interesting thing is that the exhaust 
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temperature of this engine will be slightly less 
than the atmospheric temperature (i.e. 15-25°c). 
So this will help in cooling the environment. And 
if this technology is widely used than it will help in 
controlling global warming. These are some green 
bytes associated with this technology. Exhaust 
gases leaving the engine will be only air having low 
temperature. So this will eliminate the problem of 
harmful emissions of  conventional engines. This 
gives us environmental benefit of using this engine. 
Also as there will be no thermal radiations produced, 
radar can’t detect these vehicles. So this will help 
our army too. Also the components used in this are:- 
conventional SI engine, air vessel to store compressed 
air, and timing circuit . Theseare  economical and 
are readily available components which  makes  the 
technology easily adaptable. 

BRIEF HISTORY
 
At the end of the 19th century, the first approximations 
to what could one day become a compressed air 
driven vehicle already existed, with the arrival of the 
first pneumatic locomotives. In fact, two centuries 
before that,  DennisPapin apparently came up with the 
idea of using compressed air (Royal Society London, 
1687). In 1872 the Mekarski air engine was used for 
street transit, consisting of a single stage engine. It 
represented an extremelyimportant advance in terms 
of pneumatic engines, due to its forwardthinking use 
of thermodynamics, which ensured that the air was 
heated, by passing it through tanks of boiling water, 
which also increased its range between fill-ups. 
Numerous locomotives were manufactured and a 
number of regular lines were opened up (the first in 
Nantes in 1879). In 1892, Robert Hardie introduced a 
new method of heating that at the same time served 
to increase the range of the engine. 

However, the first urban transport locomotive was 
not introduced until 1898, by Hoadley and Knight, 
and was based on the principle that the longer the air 
is kept in the engine the more heat it absorbs and the 
greater its range. As a result they introduced a two-
stage engine. Figure 1 shows the early compressed 
air vehicles. 

                                FIG 1: SI ENGINE

Charles B. Hodges will always be remembered as the 
true father of the compressed air concept applied 
to cars, being the first person, not only to invent a 
car driven by a compressed air engine but also to 
have considerable commercial success with it. The 
H.K. Porter Company of Pittsburgh sold hundreds of 
these vehicles to the mining industry in the eastern 
United States, due to the safety that this method of 
propulsion represented for the mining sector. Later 
on, in 1912, the American’s liqmethodwas improved 
by Europeans,adding a further expansion stage to 
theengine - 3 stages.

PRINCIPLE
 
The principle of compressed-air propulsion is to 
pressurizethe storage tank and then connect it to 
something verylike a reciprocating steam engine 
of the vehicle. Instead ofmixing fuel with air and 
burning it in the engine to drivepistons with hot 
expanding gases, compressed air vehicles(CAV) 
use the expansion of compressed air to drive their 
pistons. Thus making the technology free from 
difficulties, both technical and medical ,as it  do not 
use  ammonia, petrol, orcarbon disulphide as the 
working fluid. 

Manufacturers claim to have designed engine that is 
90 percent efficient.The air is compressed at pressure 
about 150 times the ratethe air is pressurized into car 
tyres or bicycle. The tanks mustbe designed to safety 
standards appropriate for a pressurevessel. The 
storage tank may be made of steel, aluminium,carbon 
fiber, kevlar or other materials, or combinations 
ofthe above. The fiber materials are considerably 
lighter thanmetals but generally more expensive. 
Metal tanks canwithstand a large number of pressure 
cycles, but must bechecked for corrosion periodically.

DESIGN OF ENGINE
 
To convert a conventional IC engine into an Air 
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Powered one, few components are to be replaced. 
First of all replace the spark plug with a pulsed 
pressure control valve which can create required 
pressure. Now the pulsed air firing in this valve is 
controlled by controlling the supply of electrical signal 
to the plunger. For this we require an electronic timing 
circuit which can control the flow of electrical supply 
to the plunger of this valve. This can be achieved by 
using PLC circuit. Now speed of the engine will be 
controlled by controlling this input signal.

Now fuel tank is to be replaced with air vessel, as it 
requires pressurized air as input. And two things are 
to be taken care while designing air vessel:

1. First is its strength to withstand high internal 
pressure, which exists due to compressed air.

 
For this outer body of it should be made of a material, 
having high strength, like carbon fiber.

2. Second is its capacity to store air and its weight. 

Now replace cam with a modified cam. This is to be 
done, so that both the inlet and outlet valves open 
and close at the same time. Main advantage of doing 
this is to achieve better scavenging system. Also this 
will result in conversion of 4 stroke engine into 2 
stroke air engine, which in turn gives us the benefit of 
low mean effective pressure requirement in addition 
to other operational benefits.

DETAIL WORKING OF ENGINE

The normal 4 stroke SI engine is shown as:

 
FIG.2: COMPRESSED AIR ENGINE

FIG. 3: SCHEMATICOF AIR COMPRESSION

OPERATION
 
Initial torque is supplied from the DC exciter motor, 
and then the engine operation starts.

Stage 1: When the piston is in the TDC, compressed 
air is injected through the pulsed air firing valve, 
which pushes the piston to BDC.

Stage 2: Due to the motion of the engine and 
itsinertia, the piston moves back to TDC, pushing 
theair out of the valves.

The plunger of the pulsed firing valve is controlledby a 
timing circuit which is specifically a PLCprogrammed 
circuit. It supplies the electronic signalsby which the 
plunger moves so that it opens and closes the pulsed 
firing valve.

FIG 4: PLC CIRCUIT
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COMPARISON WITH NORMAL SI 4 STROKE ENGINE

• “Stage 1” of the air engine comprises of the 
combined operation of “Suction stage” and 
“Power stage” of the normal 4 stroke SI engine.

• “Stage 2” of the air engine comprises of the 
combined operation of the “Compression stage” 
and “Exhaust stage” of the normal 4 stroke SI 
engine.

ADVANTAGES OF ALL COMPRESSED AIR VEHICLES

• The costs involved to compress the air to be used 
in a vehicle are inferior to the costsinvolved to 
fuel a normal combustion engine.

• Air is abundant, economical, transportable, 
storable and, most importantly,nonpolluting.

• The technology involved with compressed air 
reduces the production costs of vehicles by 
20% because it is not necessary to assemble a 
refrigeration system, a fuel tank, spark plugs or 
silencers.

• Air itself is not flammable.
• The mechanical design of the motor is simple and 

robust.
• Less manufacturing and maintenance costs.
• The tanks used in a compressed air motor have 

a longer lifespan in comparison withbatteries, 
which, after a while suffer from a reduction in 
performance.

• Some of the air used is returned to the air tank.
• Transportation of the fuel would not be required 

due to drawing power off the electrical grid. 
This presents significant cost benefits. Pollution 
created during fuel transportation would be 
eliminated.

COMPARISON BETWEEN CAV AND ELECTRIC 
VEHICLES

• Compressed-air vehicles are unconstrained 
by the degradation problems associated with 
current battery systems.

• Much like electrical vehicles, air powered vehicles 
would ultimately be powered through the 
electrical grid which makes it easier to focus on 
reducing pollution from one source, as opposed 
to the millions of vehicles on the road.

• Compressed-air tanks can be disposed of or 
recycled with less pollution than batteries.

• The tank may be able to be refilled more often 

and in less time than batteries can be recharged, 
with refueling     rates comparable to liquid fuels.

• The tanks used in a compressed air motor have 
a longer lifespan in comparison with batteries, 
which, after a while suffer from a reduction in 
performance.

• It does not suffer from corrosion damage resulting 
from the battery.

• The tanks used in an air compressed motor can 
be discarded or recycled with less contamination 
than batteries.

DISADVANTAGES
 
Disadvantages of compressed-air vehicles are less 
wellknown, since the vehicles are currently at the 
pre-productionstage and have not been extensively 
tested by independentobservers. Some bottlenecks 
of technology may besummarized as:

• Very little is known about air powered vehicles 
so far.

• Compressed air vehicles likely will be less robust 
than typical vehicles of today.Which poses a 
danger to users of compressed air vehicles 
sharing the road with larger, heavier and more 
rigid vehicles.

• Compressed air has a low energy density 
comparable to the values of electrochemical lead-
acid batteries. While batteries can somewhat 
maintain their voltage throughout their discharge 
and chemical fuel tanks provide the same power 
densities from the first to the last litre, the 
pressure of compressed air tanks falls as air is 
drawn off.

• When the air is expanded in the engine, it will cool 
down via adiabatic cooling and lose pressure thus 
its ability to do work at colder temperatures. It is 
difficult to maintain or restore the air temperature 
by simply using a heat exchanger with ambient 
heat at the high flow rates used in a vehicle, thus 
the ideal isothermal energy capacity of the tank 
will not be realized. Cold temperatures will also 
encourage the engine to ice up.
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FIG. 5 : SOME EARLY COMPRESSED AIR VEHICLES

 

FIG. 6 :MDI VEHICALS
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FIG. 7 :AIR POWERED MOPED
 

TABLE 1: TECHNICAL SPECIFICATIONS OF A MINICAT VEHICLE
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TABLE 2:THE HISTORY OF CAV RESEARCHES
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CONCLUSION
 
The technology of compressed air vehiclesis not new. 
In fact, it has beenaround for years. Compressed 
air technologyallows for engines that are bothnon-
polluting and economical. After tenyears of research 
and development, thecompressed air vehicle will be 
introducedworldwide. Unlike electric orhydrogen 
powered vehicles, compressedair vehicles are not 
expensiveand do not have a limited driving range.
Compressed air vehicles are affordableand have a 
performance rate thatstands up to current standards. 
To sumit up, they are non-expensive cars thatdo 
not pollute and are easy to get around in cities. The 
emission benefitsof introducing this zero emission 
technologyare obvious. At the same timethe well 
to wheels efficiency of thesevehicles need to be 
improved. In view of the enormous potential of air as 
working fluid an engine is being designed to run on 
compressed air. Compressed air motor will be run,  
using compressed air contained in a portable cylinder 
mounted on the motorbike. If test run is successful 
then it is going to be best alternate to the fossil fuel 
driven engine.

FUTURE SCOPE
 
Compressed air for vehicle propulsion is already 
being explored and now air powered vehicles are 
being developed as a more fuel-efficient means 

of transportation. Some automobile companies 
are further exploring compressed air hybrids and 
compressed fluids to store energy for vehicles which 
might point the way for the development of a cost 
effective air powered vehicles design. Unfortunately 
there are still serious problems to be sorted out 
before air powered vehicles become a reality for 
common use but there is a hope that with the 
development in science & technology well supported 
by the environmental conscious attitude and need to 
replace costly transportation methods, air-powered 
vehicles will definitely see the light of the day.
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Solid Waste Management Crisis - A Major 

Challenge

-Sunil Wandhekar 
E-mail:wandhekar.s@gmail.com 

INTRODUCTION 
 
Shri  Samirsinh Dattopadhye, Dean of Shree Aniruddha 
Upasana Foundation, Mumbai, has addressed 
this issue on his blog on 28th March, 2016. He has 
enumerated the seriousness on the channelizing of 
better methods of waste management at all levels 
and save the citizens from the hazards of inept solid 
waste management policy. His issue mentions the fire 
incidents at Deonar dumping ground in Mumbai. The 
news regarding fire at this dumping ground is covered 
by almost all newspapers and electronic media.Over 
50 million tonnes of Municipal Solid Waste (MSW) is 
generated per annum in Indian cities. The total waste 
generated is in the range of 6500 to 7000 tonnes per 
day (TPD) in Mumbai and 1500 to 1600 tonnes per 
day in Pune. In most of the cities open dumping is 
a common practice. There is no scientific closure 
of landfills resulting public health menace and 
greenhouse gas emission. Very negligible work on 
waste management including waste minimization, its 
reuse and recycling is done

In this paper various issues related to Solid Waste 
Management are covered. Solid waste policies 
in India and other countries, central principles of 
waste management, various disposal solutions, 
international waste movement, innovations in solid 
waste management etc. are covered in this paper.

 Fig.-1 Fire at Deonar dumping ground

https://youtu.be/TPFyfrhFt1I
Fig.-2 News on TV channel regarding Fire

SOLID WASTE POLICY IN INDIA
 
Solid waste policy in India specifies the duties and 
responsibilities for hygienic waste management for 
cities and citizens of India.  This policy was framed 
in September, 2000. They advocate daily doorstep 
collection of “wet”(food) wastes for composting, 
which is the best option for India. This is not only 
because composting is a cost-effective process 
practiced since old times, but also because India’s 
soils need organic manures to prevent loss of fertility 
through unbalanced use of chemical fertilizers.

Municipality Solid Waste Rules to stop the present 
unplanned open dumping of waste outside city limits, 
the MSW rules have laid down a strict timetable for 
compliance: improvement of existing landfill sites by 
end-2001, identification of landfill sites for long-term 
future use and making them ready for operation by 
end-2002, setting up of waste-processing and disposal 
facilities by end-2003, and provision of a buffer zone 
around such sites. Biodegradable wastes should be 
processed by composting, vermicomposting etc. and 
landfilling shall be restricted to non-biodegradable 
inert waste and compost rejects.

The rules also require municipalities to ensure 
community participation in waste segregation (by 
not mixing “wet” food wastes with “dry” recyclables 
like paper, plastics, glass, metal etc.) and to promote 
recycling or reuse of segregated materials. Garbage 
and dry leaves are not allowed to be burnt. 
Biomedical wastes and industrial wastes are not 
allowed to be mixed with municipal wastes. Routine 
use of pesticides on garbage has been banned by the 
Supreme Court on 28th July, 1997.
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Solid waste means any garbage or refuse, sludge 
from a wastewater treatment plant, water supply 
treatment plan, or an air pollution control facility 
and other discarded material, including solid, liquid, 
semi-solid, or contained gaseous material resulting 
from industrial, commercial, mining, and agricultural 
operations, and from community activities.

Solid-waste-management and other charges should 
be linked to the cost-of-living index, along with levy of 
‘‘administrative charges”for chronic littering. Funds 
should be earmarked for minimum expenditure on 
solid waste management; Rs. 100 per capita per year 
in more than half a million cities, or a minimum of Rs. 
50 per capita in smaller towns.

SOLID WASTE POLICIES IN OTHER COUNTRIES
 
The solid waste policies adopted in various countries 
are enumerated below:

In the UK, the Nuisance Removal and Disease 
Prevention Act of 1846 began what was to be a 
steadily evolving process of the provision of regulated 
waste management in London. The Metropolitan 
Board of Works was the first city-wide authority 
that centralized sanitation regulation for the rapidly 
expanding city and the Public Health Act 1875 made 
it compulsory for every household to deposit their 
weekly waste in moveable receptacles: for disposal—
the first concept for a dust-bin.

1. Solid waste policy in Australia:
 
The National Waste Policy heralds a new, coherent, 
efficient and environmentally responsible approach 
to waste management in Australia. The policy, 
agreed by all Australian environment ministers in 
November 2009, sets Australia’s waste management 
and resource recovery direction to 2020.

Australian governments have a long history of 
collaboration on waste policy and actions. The 
first comprehensive domestic approach to waste 
was agreed under the 1992 National Strategy for 
Ecologically Sustainable Development by the Council 
of Australian Governments. Governments committed 
to improving the efficiency with which resources are 
used, reduce the impact on the environment of waste 
disposal, and improve the management of hazardous 
wastes.

The aims of the National Waste Policy are to:
• Avoid the generation of waste, reduce the amount 

of waste (including hazardous waste) for disposal
• Manage waste as a resource
• Ensure that waste treatment, disposal, recovery 

and re-use is undertaken in a safe, scientific and 
environmentally sound manner, and

• Contribute to the reduction in greenhouse gas 
emissions, energy conservation and production 
water efficiency and the productivity of the land.

  
The policy sets directions in six key areas and 
identifies 16 priority strategies that would benefit 
from a national or coordinated approach.

2. Solid waste policy in the United States: 
 
Solid waste policy in the United States is aimed at 
developing and implementing proper mechanisms 
to effectively manage solid waste. For solid waste 
policy to be effective, inputs should come from 
stakeholders, including citizens, businesses, 
community based-organizations, non-governmental 
organizations, government agencies, universities, 
and other research organizations.

Environmental Protection Agency (EPA) regulates 
household, industrial, manufacturing and commercial 
solid and hazardous wastes under the 1976 Resource 
Conservation and Recovery Act (RCRA). Effective solid 
waste management is a cooperative effort involving 
federal, state, regional, and local entities. As per this 
agency the contents of MSW Landfilled or Burned, 
2007 are shown in Fig.3.

  
Fig. 3
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Federal solid waste law has gone through four major 
phases. The Solid Waste Disposal Act (SWDA) of 1965 
was the first U.S. federal solid waste management law 
enacted. It focused on research, demonstrations and 
training. In a second phase, the Resource Recovery Act 
of 1970 emphasized reclaiming energy and materials 
from solid waste instead of dumping. In a third phase, 
the federal government started playing more active 
regulatory role, with the Resource Conservation and 
Recovery act (RCRA) of 1976. RCRA instituted the first 
federal permitting program for hazardous waste and 
it also made open dumping illegal. RCRA focuses only 
on active and future facilities and does not address 
abandoned or historical sites which are managed 
under the ‘Comprehensive environmental Response 
Compensation and Liability Act’ (CERCLA) of 1980 – 
commonly known as Superfund. Implementation of 
RCRA was relatively slow and Congress reauthorized 
and strengthened RCRA through the Hazardous and 
Solid Waste Amendments (HSWA) of 1984. This was 
the beginning of the fourth phase. The 1984 RCRA 
Amendments suggested a policy shift away from 
land disposal and toward more preventive solutions. 
RCRA has been amended on two occasions since 
HSWA: the Federal Facility Compliance Act of 1992 
which strengthened enforcement of RCRA at federal 
facilities and the Land Disposal Program Flexibility 
Act of 1996 which provided regulatory flexibility for 
land disposal of certain wastes.

Central Principles of Waste Management
 
Waste management is all those activities and action 
required to manage waste from its inception to its 
final disposal. This includes amongst other things, 
collection, transport, treatment and disposal of waste 
together with monitoring and regulation. It also 
encompasses the legal and regulatory framework 
that relates to waste management encompassing 
guidance on recycling etc.

Waste management practices are not uniform 
among countries (developed and developing 
nations); regions (urban and rural area), and sectors 
(residential and industrial).

There are number of concepts about waste 
management which vary in their usage between 
countries or regions. Some of the most general, 
widely used concepts include:

Waste hierarchy

The waste hierarchy refers to the “3 Rs” reduce, 
reuse and recycle, which classify waste management 
strategies according to their desirability in terms of 
waste minimisation. The waste hierarchy remains the 
cornerstone of most waste minimisation strategies. 
The aim of the waste hierarchy is to extract the 
maximum practical benefits from products and to 
generate the minimum amount of waste. The waste 
hierarchy is represented as a pyramid because the 
basic premise is for policy to take action first and 
prevent the generation of waste. The next step or 
preferred action is to reduce the generation of waste 
i.e. by re-use. The next is recycling which would include 
composting. Following this step is material recovery 
and waste-to-energy. Energy can be recovered from 
processes i.e. landfill and combustion, at this level of 
hierarchy. The final action is disposal, in landfills or 
through incineration without energy recovery. This 
last step is the final resort for waste which has not 
been prevented, diverted or recovered. The waste 
hierarchy represents the progression of a product or 
material through the sequential stages of the pyramid 
of waste management. The hierarchy represents the 
latter parts of the life-cycle for each product.

Fig. 4     Waste Hierarchy

Life cycle of a Product
 
The life-cycle begins with design, then proceeds 
through manufacture, distribution, use and then 
follows through the waste hierarchy’s stages of reuse, 
recovery, recycling and disposal. Each of the above 
stages of the life-cycle offers opportunities for policy 



Exponent Group of Journals - Empowering the common man In Association with Shree Aniruddha Upasana Foundation

39The Exponent Group of Journals For General Engineering, Volume 4, Number 3,  June 2016 - Aug 2016

intervention, to rethink the need for the product, to 
redesign to minimize waste potential, to extend its 
use. The key behind the life-cycle of a product is to 
optimize the use of the world’s limited resources by 
avoiding the unnecessary generation of waste.

Resource efficiency
 
Resource efficiency reflects the understanding that 
current, global, economic growth and development 
cannot be sustained with the current production and 
consumption patterns. Globally, we are extracting 
more resources to produce goods than the planet 
can replenish. Resource efficiency is the reduction of 
the environmental impact from the production and 
consumption of these goods, from final raw material 
extraction to last use and disposal. This process of 
resource efficiency can address sustainability.

Polluter pays principle
 
The Polluter pays principle is a principle where the 
polluting party pays for the impact caused to the 
environment. With respect to waste management, 
this generally refers to the requirement for a waste 
generator to pay for appropriate disposal of the 
unrecoverable material.

Disposal Solutions
 
Before the 1980s most of the waste generated was 
either landfilled or burned. More than 90% of the 
municipal solid waste was landfilled or disposed with 
less than 7% materials recovery during the 1960s 
and 70s. This trend started changing after the 1980s 
when landfill disposal declined to about 54% and 
resource recovery increased to more than 33%. The 
most recent numbers from the EPA indicate that in 
2012 the US municipal solid waste recycle rate was 
34.5%. This section describes the common methods 
of solid waste disposal practiced in United States and 
worldwide.  

1. Landfills: These are technically designed areas 
where waste is disposed scientifically. They are 
characterized by liners that prevent seepage 
of leachates into the groundwater. There are 
different designs for landfills used for municipal 
solid waste or household waste, construction 
& demolition waste, and hazardous waste. 
The Central pollution Control Board (CPCB) 
published a booklet on Guidelines and Checklist 

for evaluation of Municipal Solid Waste (MSW). 
Landfill proposal with information on existing 
landfills in August, 2008.

The Municipal Solid wastes (Management & Handling) 
Rules, 2000 specify relevant points with regard to site 
selection for proposed landfill site, facilities requires 
at landfill site, specification for landfilling pollution 
prevention, water quality monitoring, ambient air 
quality monitoring, plantation at landfill site, closure 
of landfill site / post closure, etc.

Fig. 5 Landfill

The landfill site should be away from habitation 
clusters, forest areas, water bodies, monuments, 
national Parks, Wetlands and places of important 
cultural, historical or religious interest.

2. Combustion or incineration: Combustion or 
incineration of waste reduces the amount of 
landfill space needing by burning waste in a 
controlled manner and also generates electricity 
through waste-to-energy technologies such 
as gasification, pyrolysis, anaerobic digestion, 
fermentation, etc.

This process reduces the volumes of solid waste to 
20 to 30 per cent of the original volume. Incineration 
and other high temperature waste treatment systems 
are sometimes described as “thermal treatment”. 
Incinerators convert waste materials into heat, gas, 
steam and ash.
Incineration is carried out both on a small scale by 
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individuals and on a large scale by industry. It is 
used to dispose of solid, liquid and gaseous waste. 
It is recognized as a practical method of disposing of 
certain hazardous waste materials (such as biological 
medical waste). Incineration is a controversial method 
of waste disposal, due to issues such as emission of 
gaseous pollutants.

Incineration is common in countries such 

Fig. 6 Incineration Plant
as Japan where land is more scare, as these facilities 
generally do not require as much area as landfills. 
Waste-to-Energy(WtE) or Energy-from-Waste(EfW)
isbroad term for facilities that burn waste in a furnace 
or boiler to generate heat, steam or electricity.

3. Transfer Stations: Transfer stations are 
intermediate facilities where the collected 
municipal solid waste is unloaded from collection 
trucks, compacted to reduce the volume of 
the waste, and held for a short time before it 
is reloaded onto larger, long-distance trucks 
or containers for shipment to landfills or other 
treatment and disposal facilities.

4. Recovery & Recycling: Wastes are also good 
sources of raw materials. Recovery and recycling 
of wastes can help to reduce the use of virgin 
materials for producing new goods. Recycling 
construction & demolition waste can also save the 
space in landfills and large amounts of materials 

like metals, glass, plastics, and cardboards can be 
recovered.

In some communities, the owner of the waste is 
required to separate the materials into different bins 
(e.g. for paper, plastic, metals) prior to its collection. 
In other communities, all recyclable materials are 
placed in a single bin for collection, and the sorting is 
handled later at a central facility. The latter method 
is known as “single-stream recycling”.

Fig. 7 Separation of material in different bins

5. Composting or reuse: Composting is a way to 
return nutrients back into the environment by 
allowing microorganisms to turn the waste into 
manure. Applying this manure to agricultural 
land can improve the fertility of the soil providing 
it essential nutrients. It is estimated that 27.8% 
of the municipal solid waste generated in United 
States in 2009 was organic waste consisting 
of yard trimmings and food waste that is 
compostable. The agricultural and animal waste 
generated can also be composted and used as 
manure. For example, it is estimated that Acow  
dairy  produces approximately 40 pounds of 
waste (dung, urine) per day which can be dried 
and used as manure. This manure can also be 
used in digesters to produce biogas (methane 
gas) or electricity, and other biofuels like ethanol.

6. Waste to energy : Energy recovery from waste is 
the conversion of non-recyclable waste materials 
into usable heat, electricity, or fuel through 
a variety of processes, including combustion, 
gasification, pyrolyzation,  anaerobic digestion, 
and landfill gas recovery. This process is often 
called waste-to-energy. Energy recovery from 
waste is part of the non-hazardous waste 
management hierarchy. Using energy recovery 
to convert non-recyclable waste materials into 
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electricity and heat, generates a renewable 
energy source and can reduce carbon emissions 
by offsetting the need for energy from fossil 
sources as well as reduce methane generation 
from landfills. Globally, waste-to-energy accounts 
for 16% of waste management.

International waste movement
 
While waste transport within a given country 
falls under national regulations, trans-boundary 
movement of waste is often subject to international 
treaties. A major concern to many countries in 
the world has been hazardous waste. The Basel 
Convention, ratified by 172 countries deprecates 
movement of hazardous waste from developed 
to less developed countries. The provisions of the 
Basel convention have been integrated into the EU 
waste shipment regulation. Nuclear waste, although 
considered hazardous, does not fall under the 
jurisdiction of the Basel Convention.

Innovative techniques in solid waste management
 
These techniques will improve public health and 
safely achieve non-toxic gases, which are created, 
are stored in special containers (gas cylinders) and 
used as fuel and energy creators. Method takes place 
in a close system without releasing ashes, waste 
remnants, dust and toxic gases into environment.

1. Bioreactor Landfill:  Bioreactor landfill is 
an emerging viable option for solid waste 
management. Sanitary landfilling in the United 
States has made monumental strides in the last 
20 years moving from open dumps with little 
or no control to “state of the art” controlled 
facilities with sophisticated containment systems, 
environmental monitoring, improved operational 
practices and increased regulation. The modern 
sanitary landfill is truly an important component 
of today’s integrated solid waste management 
system. However, in order to advance the field 
of solid waste management, new and innovative 
ways of managing solid waste disposal need to 
be continually evaluated. One idea that has 
gained significant attention in the last several 
years is the “bioreactor landfill.” The concept is 
seen as a way to significantly increase the extent 
of waste decomposition, conversion rates and 
process effectiveness over what would otherwise 

occur within the landfill. Other benefits include 
maximization of landfill gas (LFG) capture for 
environmental recovery projects; increased 
landfill capacity; improved opportunities for 
leachate treatment and storage; reduction 
of post-closure activities; and abatement of 
greenhouse gases.

 
Fig.8Bioreactorlandfill
 
Abioreactor landfill is a sanitary landfill that uses 
enhanced microbiological processes to transform and 
stabilize the readily and moderately decomposable 
organic waste constituents within 5 to 10 years of 
bioreactor process implementation.

1.1 Potential benefits of the Bioreactor Landfill:   

Numerous benefits can be derived from the bioreactor 
landfill. These are situation-dependent and can 
affect different parties or stakeholders in different 
ways. They can accrue in the form of environmental, 
regulatory, monetary and social benefits. Some of 
the key benefits include:

1.2 Rapid organic waste conversion / stabilization

• Rapid settlement – volume reduced and stabilized 
within 5 to 10 years of bioreactor process 
implementation.

• Increased gas unit yield, total yield and flow 
rate – almost all of the rapid and moderately 
decomposable organic constituents will be 
degraded within 5 to 10 years of closure.

• Improved leachate quality – stabilizes within 3 to 
10 years after closure.

• Early land use possible following closure.
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Fig.9 Bioversestraditional Landfill Life cycle

1.3 Maximizing of landfill gas capture for energy 
recovery projects

• Significant increase in total gas available for 
energy use, which provides entrepreneurial 
opportunities.

• Potential increase in total landfill gas extraction 
efficiency (enabled over a shorter generation 
period).

• Increased greenhouse gas reduction from 
lessened emissions.

• Increase in fossil fuel offsets due to increased gas 
energy sales.

• Assistance in defraying landfill gas non-funded 
environmental costs.

• Significant economy of scale advantage due to 
high generation rate over relatively short time.

1.4 Increased landfill space capacity reuse due 
to rapid settlement during operational time period

• Increase in the amount of waste that can be 
placed into the permitted landfill airspace 
(effective density increase)

• Extension of landfill life through additional waste 
placement.

• Deferred capital and financing costs needed to 
locate, permit and construct replacement landfill 
results in capital and interest savings.

• Significant increase in realized waste disposal 
revenues.

1.5   Improved leachate treatment and storage

• Low cost partial or complete treatment; significant 
biological and chemical transformation of both 
organic and inorganic constituents, although 

mostly relevant to the organic constituents.
• Reintroduction of all leachate over most of 

the operational and post-closure care period 
significantly reduces leachate disposal costs.

• Absorption of leachate within landfill available up 
to field capacity.

1.6  Reduction in post-closure care, maintenance 
and risk

• Rapid waste stabilization (within 5 to 10 years) 
minimizes environmental risk and liability due to 
settlement, leachate and gas.

• Landfill operation and maintenance activities are 
considerably reduced.

• Landfill monitoring activities can be reduced.
• Reduction of financial package requirement.
• In the event of partial liner failure, there should 

be no risk of increased gas generation, worsening 
leachate quality, increased settlement rate or 
magnitude.

 
It is now time to seriously consider acceptance and 
adoption of the bioreactor landfill as a key strategy 
for depriving short and long term environmental, 
regulatory, monetary and societal benefits. The 
bioreactor option is a direct result of engineering and 
building a new generation of environmentally sound 
landfills; it provides environmental security while 
permitting and encouraging rapid stabilization of the 
readily and moderately decomposable organic waste 
components. It is hoped that the emerging bioreactor 
landfill technology will point our solid waste industry 
towards taking a new look at a very effective option 
to manage our waste disposal.

2. Solid and Liquid Resource Management 
(SLRM) – Vellore Model:
 
To achieve 100% SLRM, garbage must be collected 
within 12 hours i.e.
• Residential area Less than 12 Hrs.
• Hotels/Restaurants / Marriage Halls: Every 6 Hrs.
• Vegetable Market/ Fruit shops / Bulk generators: 

Every 4 Hrs.
• Non-Veg items Markets / Shops: Every 3 Hrs.
 
1. SLRM means generated (Unwanted) Material 

from houses, shops, hotels collected in less than 
12 hours’ time. It is called resource.

2. Everything looks Odourless, Fresh Raw Material
3. Compulsory 2 times collection per day.
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4. Any BPL/APL/Low income groups/ well educated 
are ready to work.

5. We are not exposing our people on dirty and 
stinking materials. They are handling fresh items.

6. Volunteers / Workers are happy to work here.
7. Here, it is very easy to process because only fresh 

material is handled.
8. Here, if you miss one time collection you can 

collect it in the same evening or morning.
9. We are forcing people to hand over the unwanted 

material to our SHG/Ty-cycle. We are not giving 
any chance to throw the waste and monitor it 
very closely.

10. But here everything looks fresh. So cattle are 
happy to eat.

11. Everything looks fresh, clean and neat and so 
fetches good income.

12. Here, because of two times collection system 
(7.30 am to 11.30 am and 3:30 pm to 7:30 pm) in 
between 11:30 am to 3:30 pm SHGs are getting 
enough time to take care of their family activities 
like washing clothes, ration, cooking, shopping, 
take care of children’s, banking, etc. are very 
much possible.

13. In SLRM, because most of the items are eaten by 
the cattle and reduced to 1/4thof its volume and 
gets converted as dung. Same day it goes to Bio-
gas Plant and vermin-composting process and 
on the 5th day evening (maximum) vermin-cast 
(NPK value rich – Black Gold) is ready.”

14. Most of the waste gets eaten by cattle and 
become vermin-cast. So, number of aerobic 
composting beds is less in composting shed.

15. This vermi-cast has very rich NPK (Nitrogen, 
Phosphorous and Potassium) values.

16. Through SLRM, we are getting more income 
through vermi-wash, earthworms, vermi-cast etc.

17. We can handle all unwanted material (waste) in 
each ward itself in a decentralized method.

18. Transportation cost is very less but income is 
more, due to decentralized method.

19. All local area people are willing to involve 
themselves in SLRM in their own wards or nearby. 
So getting man power is easy in each and every 
locality itself. For them it is a walk-able distance

20. Less area is required to handle SLRM project in 
each ward.

21. Unwanted material (Waste): 60% in morning 
collection and 40% in evening collection with small 
vehicles and handled by SHGs. So small vehicles 
(tri-cycle) are enough for waste collection.

 

Fig. 10 Vellore Model

2.1  Advantages of SLRM – Vellore model:
 
All over the world, ZWM has been accepted (and is 
being practiced) as the best solution to the problem 
of waste, for the following reasons: 

1. Waste is segregated and resources are recovered 
through composting of organic waste and 
recycling of inorganic waste.

2. Compost generated through ZWM is used to 
promote organic farming, bringing down the use 
of chemicals in agriculture.

3. ZWM helps reduce the rate of virgin raw material 
extraction and resource depletion.

4. ZWM minimizes waste disposal at dumpsites and 
reduces pollution of air, ground water and soil 
that result from dumping.

5. ZWM provides income generation opportunities 
for the below poverty line people.

6. Waste is a misplaced resource and unorganized 
wealth. Waste is not Waste.

7. Don’t waste money on waste. Make money from 
waste.

 
3. Recycling Technology of Japan
 
There is a word in Japan: Mottainai. It encompasses 
the practice of treasuring and using all things as 
long as possible. While economics continue to grow, 
this spirit of Mottainai restrained the generation of 
waste and motivated the development of technology 
for reuse, recycling and effective use through heat 
recovery.

Ministry of Environment, Japan published a booklet 
which introduces some of leading Japanese waste 
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disposal and recycling technologies. It covers 
following technologies.
• Technology for efficient waste transport.
• Safe and sound municipal waste incineration and 

high-efficiency power generation.
• Medical waste disposal technology
• PET bottle recycling technology
• Home appliance recycling technology
• Biomass utilization technology
• Landfill disposal technology that enables the 

stabilization of waste in a short time. 

The most advanced technologies and systems based 
on their experience and achievement may assist to 
preserve the environment and recycle resources on 
a global level.

1. Technology for efficient waste transport
 
The transfer station method commonly adopted in 
Japan is the compactor container transfer station 
shown below.

It would be more efficient in many of Asian countries 
to use small collection trucks because of narrow 
roads. Transfer to large trucks at transport stations 
improves transport efficiency and reduces fuel 
consumption by transport vehicles per garbage 
volume.
 

Fig. 11 Transfer station 

2. Municipal Waste incineration technology
 
From about 1960, Japan began disposing urban 
garbage by incineration, and today, Japan possesses 
the world’s leading garbage incineration facilities. In 
the fiscal year 2009, there were 1243 incineration 
facilities in Japan, incinerating garbage using several 
methods – stoker furnaces, fluidized bed furnaces, 
and gasification fusion resource furnaces with the 
objective of ash recycling. Stoker furnaces account 
for 70% of all furnaces and improvement of this type 
of furnace is progressing rapidly.

 
The news stoker furnace technology is low air 
incineration that aims for high-efficiency power 
generation, which is already under construction 
in Japan. One example of the latest technology: a 
facility exhibiting high pollution prevention and high-
efficiency power generation capacity.

 
Fig. 12 Incineration Plant, Osaka

3. Safe and appropriate disposal of medical waste
 
Some waste generated from medical institutes may 
be contagious. In the past, Japan has experienced 
cases of medical accidents in which medical staff 
were infected by hepatitis B with needles used on 
hepatitis patients which eventually caused death. 
Such accidents attracted public attention and made 
people aware of the need for the sterilization of 
medical waste. Today, there are laws regulating 
methods of medical waste disposal. The risk of 
contaminated waste being mixed with general 
waste and increasing the possibility of the spread of 
contamination highlights the need for appropriate 
treatment and disposal.
 
The number of hospitals in Asia and Africa has 
increased, yet there are only few treatment facilities 
for medical waste, causing the risk of infection 
through contact with contagious waste. Appropriate 
treatment and disposal of medical waste is strongly 
advised.
 
Other than harmful bacteria and viruses, medical 
waste contains vinyl chloride and organochlorine 
chemicals, and simple incineration may generate 
hydrogen chloride and dioxin. Japan has strict 
regulations regarding the generation of dioxin 
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and measures are taken to reduce dioxin through 
incinerator structure, operation methods, and dioxin 
elimination systems and incinerators specifically for 
medical waste are used to reduce dioxin content in 
the gas emissions.

4. PET bottle recycling technology.
 
Under the 3R policy (Reduce, Reuse, Recycle), Japan 
has been collecting PET bottles, food trays and cans 
separately for reuse as recycle resources in the 
manufacturing of new products. PET bottles are 
collected in accordance with the Act on the Promotion 
of Sorted Collection and Recycling Containers and 
Packaging, and they are used to make a variety of 
textile products, etc. Relatively high-grade PET bottles 
are collected and remade into PET bottles or carpets 
with the high technology possessed by Japan.

5. Home appliance recycling technology in Japan
      
Home appliance recycling technologies in Japan focus 
on the effective utilization of resources and the safe 
treatment of hazardous material, and methods and 
operations becoming more and more sophisticated. 
Japan has many outstanding recycling achievements 
and may recycling facilities are operated stably.

The prevailing method of handling used home 
appliances in the past was to first break them 
apart with a simple machine and then sort out the 
recyclable parts using magnets. Today, recycling has 
become more sophisticated. To improve the purity of 
recovered resources, appliances are first taken apart 
and sorted manually, then compacted. The operation 
is efficient in that not only metallic material but also 
plastic parts are recovered for recycling.

Refrigerators and air conditioners contain 
chlorofluorocarbons that damage the earth’s 
ozone layer.  These hazardous chlorofluorocarbon 
and chlorofluorocarbon in insulating material 
are recovered for proper disposal. Furthermore, 
consideration is given for the safety of workers and 
protection of the environment of surrounding areas.

6. Biomass utilization technology
 
Waste generated in cities and villages includes 
combustible waste with low moisture content, such 
as paper, plastic and wood debris; and waste with 
high moisture content, such as food production 

waste, kitchen waste, manure, sewage sludge, 
biomass and other organic sludge. Waste with high 
moisture content will generate methane gas and 
hydrogen sulphide when buried without treatment, 
causing environmental pollution. Incineration of 
high moisture waste required sub-material to assist 
with the incineration. Cooking oil waste with low 
moisture content may be effectively recycled as 
BDF, and energy can be recovered from wood debris 
incineration. Waste treatment, such as composting, 
methane fermentation, and use as animal feed, 
that best suit the features of the locale is selected. 
Aiming for the structuring of a recycling society, food 
production waste and kitchen waste from homes, 
barn animal manure, sludge and other biomass 
are treated independently or in combination with 
incineration.

7. Enabling early use of land with a semi-aerobic 
landfill structure

 
In many Asian cities waste landfill sites, waste is 
dumped and burned openly. Japan used to be the 
same; however, a joint research by Fukuoka University 
and Fukuoka City in 1970 produced and applied a 
semi-aerobic landfill structure for landfills that is 
sanitary and presents no environmental problem.
 
Compared to anaerobic landfill, the semi-aerobic 
landfill technology quickly stabilizes landfill sites after 
the land has completed its role as landfill, enabling it 
to be used for parks and open space for sports. This 
technology was accredited as CDM methodology by 
the UN CDM Executive Board.
 
4. Integrated Community Development Approach.
 
Hand in Hand is an Indian Public Charitable Trust, 
registered in the year 2002 and has been in operation 
since 1988 in the Kancheepuram district of Tamil 
Nadu with an initial focus on eliminating child labour 
through education.
 
Hand in Hand India implements a holistic 
development approach referred to as the Five 
Pillar Programme that combines the key areas of 
Microfinance, Education, Health, Environment and 
IT & Governance to address the factors pertaining 
to poverty and strengthen the community. Hand 
in Hand India’s work has expanded to 30 districts 
across Tamil Nadu, Karnataka, Madhya Pradesh, 
Odisha, Maharashtra, Rajasthan, Uttar Pradesh and 
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Puducherry. The NGO has plans to expand further in 
the North and North East India. Hand in Hand India’s 
model has been replicated in Afghanistan, South 
Africa, Kenya, Brazil and Guatemala. Recently the 
organization has started operations in Cambodia and 
is working to initiate intervention in Myanmar.
 
“With a little community awareness and participation 
from local people it is possible to enjoy a cleaner 
environment.” Hand in Hand India’s Solid Waste 
Management (SWM) project works in partnership 
with the local government and communities to build 
an environmentally and economically sustainable 
system. Local bodies provide land, buildings and 
collection vehicles, household spaces, while the 
organization provides training and implementation. 
Awareness is built through street plays, informational 
pamphlets, hoardings, board advertisements and 
other Information, Education and Communication 
(IEC) activities.

Handbooks:
 
Handbooks on Solid Waste Management are 
available. We can refer these handbooks for detailed 
study.
• Solid Waste Management: Principles and Practice 
By RameshaChandrappa, Jeff Brown.
• Handbook of Solid Waste Management 
By George Tchobanoglous, Frank Kreith
• Handbook of Solid Waste Management and 

Waste Minimization Technologies 
By Nicholas P. CheremisinoffHandbook of 
Environment & Waste Management 
By Yung-Tse Hung, Lawarence K Wang, Nazih K. 
Shammas.
 
Under Swachh Maharashtra Mission, Municipal 
Corporations and Municipal Councils have to work on 
two concepts – open defecation free and solid waste 
management. It has been observed that technologies 
to treat and use solid waste are not available for small 
cities and towns.
 
To help Municipal Corporations and Municipal 
Councils in solid waste management, the state 
government plans to prepare a ‘Handbook of 
Technologies.’  A three-member committee has been 
formed to prepare this handbook.
 
To resolve the issue, the government will prepare 
the handbook of technologies suggesting technology 

according to the type and quantity of garbage. The 
three-member committee, comprising Director of 
NEERI, SatishWate, Joint advisor of Ministry of Urban 
Development, V.K. Chaurasia and representative of 
IIT Mumbai, Anurag Garg, will prepare and submit 
the handbook of technologies within six weeks.

Conclusion:

• Land is precious. Due to dumping of garbage, 
the land, water resources and total environment 
get polluted. Hence it is suggested that waste 
management without using landfills should be 
encouraged. 

• Municipal Corporations, Municipalities, Town 
Panchayats and State Pollution Control Board 
should enforce strictly the rules/laws on waste 
management. 

• The segregation of various wastes is an important 
step in the management of solid waste. In 
converting waste to energy generation, inert 
materials like silica are a big hurdle.

• Different NGOs are practicing different models in 
different places. A common platform has to be set 
up for NGOs, in order to share their experiences 
and success stories. 

• The standard principles can be developed 
individually and each local body can develop 
their own SWM policy keeping in account their 
ground realities.

We hope to create a material- recycle society that 
generates as little waste as possible and recycles 
and reuses waste as resources using advanced 
technologies.
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