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Editorial

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

Dear readers

With great pleasure we are handing over this forth 
issue of Volume III of Journal on General Engineering.

Day- by- day  the water  crisis is becoming  severe and 
severe, all over the world. There is a great need of 
reform in, water management system and revival of 
traditional systems. Traditionally it is been practiced 
in India with Bawaries, step wells, jhiries, lakes, tanks 
etc. In India really speaking we are blessed with lots 
of rain water. But almost in all major cities, we are 
allowing the major part of this rain water to get 
waste  and unused, without any proper and organized 
system to store it for future. Hence this issue, we are 
starting with Rainwater harvesting concept and its 
practical  implementation, to face the problem of 
water shortages.

India is observing strong urbanization trends for 
quite a long time. Existing infrastructure in cities are 
overloaded and on the verge of collapse. We are 
listening a lot about Smart cities from our leaders, 
town planners and their various proposals. Let us 
study what does a smart city really mean . In the next 
article we are trying readers to get idea about smart 
cities. And how, we in India need to plan and work for 
developing our cities in to smart ones.

Today we are observing lot of faulty constructed 
buildings are getting collapsed, causing casualties 
and pains to the residents. Government, time to 
time, has  imposed number of rules and regulations 
to ensure that proper and safe structures are being 
erected. We are not aware of all such rules, while 
we intend to purchase a property or go for building a 

house ourselves and land into problems and delays.  
We are giving such very important and  handy 
information in our third article on  “Permissions 
required for development of bungalow/ apartment.” 
Readers will find it very useful if you are looking for a 
new property.

Modern manufacturing industries are using many 
types of manufacturing processes for verity of 
Products. Increasing demand of the high quality 
products at lower cost has always set new challenges 
for the manufacturing industry to improve their 
processes to accomplish their market demand. 
Human being has first encountered with metals way 
back, may be in 5,000-6,000 B.C.  Somewhere  2000 
B.C Iron was discovered. And  since @ 200 TO 300 
B.C. man has learnt to make agricultural instruments 
by casting process. But modern casting process 
was evolved from 1750 when Benjamin Huntsman 
reinvents it, in England.

In this Article we shall see the details of  this  
casting process,  an ancient but very much used 
manufacturing process even today.

And at the end, in the article “The Next Big Thing is 
Really Small”, we are discussing a very interesting 
technology of today’s world, of course it is Nano 
technology

Nanotechnology is often considered as an emerging 
technology. It is capable of revolutionizing our 
approaches to common problems. We have 
discussed this concept earlier in our Exponent Group 
of Journal, which introduced us to Nanotechnology 
and the general benefits. This article will give us 
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further insight to Nano-technology and Nano-
manufacturing.

Dear friends, we hope, you are finding the subjects 
interesting, informative and helpful to you.

We anxiously await your contribution and feedback 

to make this journal more interesting and meaningful 
to all of us.

Hari Om. 
We are Ambadnya.
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Urban rain Water Harvesting

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

Abstract

As  the water crisis continues to become severe, 
all over the world, there is a dire need of reform in 
water management system and revival of traditional 
systems. System of collection of rainwater and 
conserving for future needs has traditionally been 
practiced in India such as  Bawaries, step wells, 
jhiries, lakes, tanks etc. Hence Rainwater harvesting 
is the best option.

Rainwater harvesting is the accumulation and 
deposition of rainwater for reuse on-site, rather than 
allowing it to run off and can be collected from roofs 
or redirected to a deep pit, well, shaft, borehole etc. 
It can be further used either as drinking water, longer 
term storage or for any other purposes  Rain water 
systems also enables to sustain ground water levels 
. It is often used to supplement the main supply. It 
provides water when there is a drought. There are 
many methods to store rain water like Storage tanks, 
Recharge Pit, abandoned dug wells Trenches etc.

In this paper the issue of urban rain water harvesting. 
it’s policy & details of various components, factors 
for designing the system etc. is covered in brief. 

Introduction

Fresh water today is a scarce resources, and it is 
being felt the world over. The reality of water crisis 
cannot be ignored. The demand for water is already 
outstripping the supply. In spite of the municipal 
water supply, it is not surprising to find people using 
private tube well to supplement their daily water 

needs. Recently, the ‘World Resources Institutes’ 
(WRI) has published a report about the ‘World’s 
most water stressed countries in 2040’. The news 
related to this report was reported on 31th August 
2015 in the daily ‘Pratyaksha’ (Marathi new paper).  
The report says that more than a billion people 
currently live in water scare regions, and as many as 
3.5 billions could experience water scarcity by 2025. 
Increasing pollution degrades fresh water and coastal 
aquatic ecosystems. And climate change is poised to 
shift precipitation patterns and speed glacial melt, 
altering water suppliers and intensifying floods and 
drought.

The WRI studied the situation in 167 countries and 
found that 33 countries face extremely high water 
stress in 2040. This means that businesses, farms 
and communities in these countries in particular may 
be more vulnerable to scarcity than they are today.  
‘Extremely high water stress creates an environment 
in which companies, farms and residents are 
highly dependent on limited amount of water and 
vulnerable to the slightest change in supply. Such 
situation severely threaten national water security 
and economic growth. 

Rain-water harvesting (RWH) is a great way of 
reducing your consumption of municipality treated 
water by using what Mother Nature provides to 
us for free. In rainwater harvesting system, we are 
harvesting the rainwater either from the roof or the 
open space or on a watershed scale. As far as rooftop 
catchment is concerned, we consider the roof top as 
the catchment and we capture this water and collect 
it and then either store it for the direct use. The 
harvested rainwater can be stored in storage tanks 
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to meet the household needs directly, especially in dry region, arid region or semi-arid regions or coastal 
regions or islands, so where water problem is there, or we can also recharge to the subsurface, as ground 
water. It will be recharged to the ground water system by adopting the artificial recharge techniques.

What is rain water harvesting ?

Rainwater harvesting is the collection and storage of rain for later use. It is an ancient practice, dating back 
thousands of years, and is still commonly used in many rural places throughout the world. Today, rainwater 
harvesting is making a comeback in urban centres as an additional source of water for a range of uses in and 
around the home. The relationship between impervious cover and runoff is shown in Fig.1.

    

Figure 1 Relationship between impervious cover and runoff (Source: US EPA).

At its simplest, rainwater harvesting consists of a rain barrel placed below your home’s downspout to collect 
water you can then use to water your plants and lawn. A rainwater harvesting system requires: 
• a catchment area, typically the roof (but not paved or landscaped areas) to capture the rainfall 
•  a conveyance system (eavestroughs and downspouts) to move this water to the rainwater 
    storage tank (also known as a cistern); 
•  a storage system (rain barrel, cistern, tank) to safely store the rainwater; and 
•  a distribution system (plumbing) or outlet in order to use the rainwater for its intended 
    purpose, like irrigation or toilet flushing 
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Figure 2  Integration of a rainwater harvesting system into a household plumbing system.

Policy & Practice

The Govt. of India, Ministry of Water Resources has framed a ‘National Water Policy (2012)’. Almost all 
states in India have legislated to make RWH mandatory in cities; these legislations that mostly apply to new 
building some city municipalities have moved forward and devised penalty clauses and even institutionalized 
financial incentives and disincentives to induce people to take up rainwater harvesting.

Chennai, in Tamil Nadu, was one of the earliest cities to take up RWH on a large-scale. During 2001-02, 
the Govt. amended the ‘Chennai Metropolitan Area Ground water (Regulation) Act, 1987 that the whole 
city of Chennai and 243 revenue villages around it to make RWH compulsory for all buildings, old and new. 
To enforce this rule, the Tamil Nadu Municipal Law’s ordinance was passed in July 2003, under which all 
buildings would have to install RWH  system. The Chennai Metropolitan Development Authority (CMDA) 
has also provided detailed guidelines and specifications on rainwater collection for buildings as part of the 
Development Regulations of the second Master Plan of the Chennai Metropolitan Area 2026.

A household survey conducted by Centre for Science and Environment (CSE) revealed that 92% of the city’s 
household had implemented RWH. The Corporation of Chennai has constructed RWH structures as listed in 
Table 1.

Type of construction Number
Corporation owned buildings 1,344
Fly-overs and bridges 29
Open low-lying areas 242
Road margins 945
Streets 2,698
Ponds 1
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Temple tanks 16
R e s i d e n t i a l / c o m m e r c i a l 
institutional buildings.

329,959

http://www.chennaicorporat ion.gov. in/
departments/storm-water-drains/ introduction. 
htm as viewed in November 2011

Table 3 : Rain harvesting structures, Chennai

The Bengaluru, Karnataka has offered incentive of 
2 per cent on property tax for five years beginning 
2011. The Karnataka govt. also announced a 20 per 
cent rebate on property tax for those constructing 
systems in rural areas. The Hydrabad, Andhra 
Pradesh has also offered a rebate of 10 per cent in 
property tax will be given to those who undertake 
both RWH and waste water recycling.

It is observed that there is no motivation for citizen 
to take up RWH or recycle their waste water, they 
continue to use water wastefully. Not a single city 
has any rule or disincentive that will discourage 
wasteful use of water, It is needed to frame laws 
or financial disincentives to be put in place to 
discourage wastage of water. It is also necessary to 
focus on implementing RWH in all public buildings, 
large public areas such as parks.

Rain Water Harvesting Structures in Urban 
Environment

A typical Roof top Rainwater Harvesting System 
comprises of

a) Roof catchment
b) Gutters
c) Downpipes
d) Rain water/Storm water drains
e) Filter chamber
f) Ground water recharge structures like pit, 
trench, tubewell or combination of above 
structures.

Methods of Ground Water Recharge

1. Storage tanks
For harvesting the roof top rainwater, the storage 
tanks may be used. These tanks may be constructed 
on the surface as well as under ground by utilizing 
local material. The size of tank depends upon 
availability of runoff and water demand. After proper 
chlorination, the stored water may be used for 
drinking purpose.

2. Recharge Pits
Recharge pits are constructed for recharging the 
shallow aquifers. These are constructed 1 to 2m. 
wide and 2 to 3 m. deep which are back filled with 
boulders, gravels & coarse sand.

3. Trenches
These are constructed when the permeable strata 
is available at shallow depths. Trench may be 0.5 to 
1 m. wide, 1 to 1.5 m. deep and 10 to 20 m. long 
depending upon availability of water. These are 
back filled with filter materials. In case of clay layer 
encountered at shallow depth, the number of auger 
holes may be constructed and back filled with fine 
gravels.

4. Abandoned Dug wells
Existing abandoned dug wells may be utilized as 
recharge structure after cleaning and desilting the 
same. For removing the silt contents, the runoff 
water should either pass through a desilting chamber 
or filter chamber.

5. Abandoned Hand pumps
The existing abandoned hand pumps may be used 
for recharging the shallow / deep aquifers, if the 
availability of water is limited. Water should pass 
through filter media before diverting it into hand 
pumps.

6. Abandoned tube well
Abandoned tubewell may be used for recharging the 
shallow / deep aquifers. These tube wells should be 
redeveloped before use as recharge structure. Water 
should pass through filter media before diverting it 
into recharge tube well
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7. Recharge wells
Recharge wells of 100 to 300 mm. diameter are 
generally constructed for recharging the deeper 
aquifers and roof top rain water is diverted to 
recharge well for recharge to ground water. The 
runoff water may be passed through filter media to 
avoid choking of recharge wells.

8. Vertical Recharge Shafts
For recharging the shallow aquifers which are located 
below clayey surface at a depth of about 10 to 15 m, 
recharge shafts of 0.5 to 3 m. diameter and 10 to 15 
m. deep are constructed depending upon availability 
of runoff. These are back filled with boulders, gravels 
and coarse sand.

9. Shaft with recharge well
If the aquifer is available at greater depth say 20 or 
30 m, in that case a shallow shaft of 2 to 5 m diameter 
and 5 to 6 m deep may be constructed depending 
upon availability of runoff. Inside the shaft, a recharge 
well of 100 to 300 mm diameter is constructed for 
recharging the available water to deeper aquifer. At 
the bottom of the shaft, a filter media is provided to 
avoid choking of the recharge well.

10. Lateral trench with bore wells
For recharging the upper as well as deeper aquifers, 
lateral trench of 1.5 to 3 m. wide and 10 to 30 m. 
long depending upon availability of water with one 
or more bore wells may be constructed. The lateral 
trench is back filled with boulders, gravels and coarse 
sand.

Above design is specific to location. Size of storage 
cum filter tank varies from place to place and 
depending upon the available runoff water from the 
catchment. Depth of the tubewell also varies from 
place to place and is normally taken down to the first 
granular saturated sandy formation. 

Recharge trench with tube well under construction. 
After the construction trench can be covered with 
detachable slabs. Vehicles can move over it and 
children can play without fear or lawn can be grown 
over after putting soil over the slabs leaving provision 
for periodical cleaning.

Design of the System

To have a rainwater harvesting system that works 
efficiently and meets your needs, it is important to 
consider how each of its components can affect the 
performance of the system as a whole. The following 
section discusses common system components and 
features and provides design and installation factors 
to consider when planning your system.

Key system components
1) Roof
Roofing materials can impact the quantity and 
quality of rainwater collected during rainfalls. Some 
roofing materials can add harmful contaminants to 
rainwater as it flows over the roof surface making 
it unsuitable for use as drinking water. Potential 
contaminants from common roofing materials are 
outlined in table 2 . More porous types of materials, 
such as asbestos shingles, clay or concrete tiles, or 
wood shingles, result in greater water loss.

Figure 3 Roofing material, such as wood shingles, can 
impact the quantity and quality of  rainwater you can 
collect.

Roofing materials Potential contaminants
Asbestos-cement Asbestos fibres
Terracotta tiles Coating materials, 

colour
Paints and other 
coatings

Lead, acrylic leachates, 
b i t u m e n - b a s e d 
contaminants
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Wood shingles Pesticides, pressure-
treated wood, creosote

Metal roofing Zinc

Figure 4 - Contaminants from common roofing 
materials :- 

Metal and slate roofing materials offer reduced 
water-loss potential thanks to their smooth surfaces, 
and both can be coated in non-toxic materials, 
making them appropriate for rainwater systems 
used to provide drinking water.

Care should be taken to ensure that metals used for 
roofing, flashing and eavestroughs are compatible 
with any materials used for the rainwater cistern. 
For instance, lead flashing should not be used for 
systems providing drinking water or water to irrigate 
edible plants.

2) Eavestroughs and downspouts
Collecting rainwater depends on having properly sized 
eavestroughs and the correct number of downspouts. 
Water that overflows from eavestroughs in heavy 
rains can’t be captured and stored. Also, as the 
overflow can run down the building and pool against 
the foundation there is also a potential for moisture 
damage to the home.

Check local regulations to see if there are any building 
requirements that specify gutter and downspout 
size as well as the number of and distance between 
downspouts.

Failure to maintain (clean out) gutters and 
downspouts may cause overflows and water loss. 
Debris accumulated in the gutters, downspouts and 
any other part of the rainwater conveyance system 
may also be washed into the storage tank during large 
rainfalls—which can negatively impact the quality of 
the rainwater supplied by the harvesting system. It’s 
important to add appropriate pre-filtration devices 
to protect the systems and maintain them regularly. 

3) Rainwater conveyance network piping
The conveyance network includes all plumbing used 
to take rainwater from the roof catchment area to 

the tank. Pipe materials, sizes and slope are governed 
by local and provincial codes. Make sure that all 
above-ground piping is UV-resistant and that the 
appropriate piping type is used for above-or below-
ground installations.

4) Tank
Tanks can be located above ground, below ground 
or even inside the home, shed or garage. Rainwater 
storage tank sizes can start anywhere from less than 
one hundred litres to tens of thousands of litres for 
residential systems.

Your choice of rainwater cistern or tank depends on:
the amount of water you wish to store;

• the size of your catchment area;
• the tank’s location (above ground, below 

ground, inside the home/ garage/shed);
• the intended water use (year-round use or 

seasonal use);
• local weather conditions (for example, in areas 

with freezing temperatures during winter, the 
tank will need to be protected from frost or 
drained during the winter);

• the availability of space for access and 
installation;

• local bylaws and building code requirements;
• aesthetics; and
• costs.

Tank materials and structural integrity are regulated 
through building codes and standards.

The two most commonly utilized materials for 
rainwater storage are plastic tanks (polyethylene/
polypropylene) and concrete tanks (pre-cast 
concrete or cast-in-place concrete). Other materials 
that are available though less commonly used for 
residential systems are fiberglass, metal, wood and 
flexible storage bags. 

Polyethylene or polypropylene tanks are most 
common. Durable and lightweight, they are 
available in a range of size, shape and colour options. 
Depending on the model, these plastic tanks are 
typically suitable for above- or below-ground 
installation. When purchasing a plastic tank, choose 
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a pigmented tank as paint does not adhere well on 
polyethylene or polypropylene surfaces.

Concrete tanks are typically only used in below-
ground systems. Cast-in-place tanks are usually 
formed as a part of a building’s foundation. Although 
there’s a potential risk of cracks or leaks, concrete 
tanks are reparable and typically offer a lower cost 
per litre than plastic tanks at larger storage capacities 
of 10,000 L or more. 

Fiberglass tanks are lightweight compared to 
concrete or plastic alternatives. They can last for 
decades without deterioration, can be painted 
and are easily repaired. Depending on the model, 
fiberglass tanks can be used above or below ground. 

Galvanized steel tanks are low-cost and are used in 
above-ground installations only. They can be lined to 
reduce corrosion. 

Stainless steel tanks offer good corrosion resistance. 
They are more costly and are for above-ground 
installation only.
Credit: Bob Burgess (

Metal tanks are generally lightweight, easy to 
transport and to relocate and are for above-ground 
installation only. Use an approved liner as there is 
a potential for rusting and leaching of zinc in tanks 
made of an aluminum-zinc combination. 

Figure 5 Concrete underground rainwater tank 

(10,600 L) being lowered into place

Wood tanks are for above-ground use only. They 
are often constructed from redwood, cedar, pine, or 
cypress wrapped in steel cables and lined with plastic. 
Durable, decay-resistant, aesthetically pleasing, 
wood tanks offer good insulation properties and can 
be dismantled and moved.

Flexible bags or bladders are made of heavy duty 
flexible geotextile fabric that fill via the top or 
side and can include a steel frame. They are used 
in above-ground installations and can be used in 
confined spaces, like crawl spaces. They are more 
difficult to clean than conventional tanks but can be 
easily drained and stored during the winter.

5) Distribution system
The distribution system includes the pipes that 
transport rainwater from the tank to the fixtures 
connected to harvesting system. These pipes need 
to be  selected and installed so that they are suitable 
for handling water under pressure, and are the 
appropriate size based upon the number of fixtures 
connected and the flow rates they need. The choice 
of pipe size and material is regulated by the local and 
provincial codes. Protection from overflow damage 
During periods of heavy rain, or low water usage, the 
tank may overflow. Rainwater cisterns should always 
have an overflow pipe that is larger than, or at least 
the same size as, the inlet pipe to ensure that the 
excess water does not back up into, and overflow, 
the tank.  If the rainwater  harvesting system has a 
top-up system, it is important that the overflows be 
discharged at a lower elevation than the air gap in 
the top-up system. If the overflow pipe is higher than 
the air gap, rainwater may back up into the top-up 
pipe and discharge through the air gap—which can 
potentially cause water damage in your basement. 
To protect home from moisture damage, all overflow 
water should be discharged in an appropriate location 
away from foundations and other structures.

6) Backflow prevention
Backflow prevention devices are used to ensure 
that non-potable water cannot flow backwards into 
a potable water system and contaminate it. These 
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devices are required for non-potable systems.

Further requirements for maintenance, testing and 
inspection of backflow prevention devices may also 
be required under local bylaws to ensure that these 
devices are in good working order. For rainwater 
systems with a top-up water supply, the easiest 
way to prevent contamination is to utilize an air gap 
between the highest water level in the rainwater 
tank and the potable water point of supply.

Backflow prevention devices may also be used to 
isolate the house’s water from its well or municipal 
water supply, and to separate supplies of non-
potable and potable water inside the house.

What optional system components should I consider?

7) Pre-filtration devices
Depending on location of building a variety of 
contaminants like:
• leaves,
• twigs,
• atmospheric dust,
• pollens,
• pesticide residues, and
• insect, animal and bird waste.

Contamination will vary depending on agriculture or 
industrial activities in the area, the number of dry 
days between rainfalls, the location of freeways, the 
presence of overhanging trees and the season. Pre-
filtration devices (located in the conveyance system 
prior to the tank) can help remove these contaminants 
that may collect on the roof. Depending on the size 
of your roof, some pre-filtration devices may be 
more economical than others 

The most commonly used pre-filtration components 
include the following:
• Gutter guards attached over the top of eaves 

troughs to prevent debris from entering,     
accumulating in and blocking the gutters.

• Downspout filters installed in line with each 
downspout connected to the rainwater 
harvesting system. An alternative, or addition, 

to gutter guards, downspout filters catch debris 
after it enters eaves troughs and prevents it from 
entering the tank. Depending on the filter model, 
they can be attached to the top of the downspout 
(in the eaves trough), anywhere along the length 
of the downspout, or in the ground below the 
downspout.

• First-flush devices installed in line with every 
downspout connected to the harvesting system. 
They divert or flush away the first several litres 
of rainwater containing dust, pollen and animal 
waste washed from the roof during rainfall. The 
simplest device is a diverter system that relies 
on a standpipe that fills with contaminated 
rainwater and then, once it is full, allows the 
cleaner rainwater that follows to flow into the 
storage system.

The actual amount of water to be diverted 
will depend on a range of considerations. Few 
Manuals on Rainwater Harvesting suggests 
that approximately 40 L of rainwater should be 
diverted for every 100 m2 of catchment (roof) 
area.

• Pre-tank filters attached to eaves troughs, 
downspouts or to the storage tank (depending on 
the device). These are a more complex version of 
the downspout filter, made up of one or more fine 
mesh screens to prevent finer debris from entering 
the rainwater storage tank. Pre-tank filters provide 
higher-quality rainwater that may be used for 
drinking and drip  irrigation purposes.

Credit: Bob Burgess (www.rainwaterconnection.
com) 
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Figure 6 Downspout filters prevent debris entering 
the tank

8) Pump and pressure tank 
If you intend to use your rainwater harvesting 
system for anything other than filling a watering can 
to water plants, you will probably need some form of 
pumping system to more quickly move the rainwater 
to where you need it, and to provide it at a typical 
household water pressure.

Consult a pump expert, engineer or rainwater 
harvesting system designer with consultation of   you 
can choose the right pump for your system. Before 
making a choice, you will need to discuss the pump 
size (flow rate), type and intended location, as well 
as the required water pressure.
Key points to consider when choosing a pump are: 
• the cistern location; 
• the pump type and location (for example, a 

submersible pump located inside the cistern or a 
jet pump located near the tank); 

• the motor configuration (constant speed, 
variable-speed drive or variable-frequency drive); 

• the number of plumbing fixtures and the 
respective flow rates of all applications using 

   rainwater; 
• the number of occupants in your household; 
• the number of storeys of your house; and 
• the maximum pumping distance (from the 

pump to the furthest fixture connected to the    
rainwater system). 

Look for a quiet, energy-efficient pump. Make sure 
the pump has automatic pressure controls that start 
and stop the pump as needed and prevent it from 
running when the cistern is empty.

A pressure tank may also be needed to maintain 
water pressure and minimize pump operation. This 
should be considered during the rainwater system 
design and pump selection.

Table 7 Typical flow rates of residential plumbing 
fixtures

Advantages of Rainwater Harvesting

1. To meet the ever increasing demand for water. 
Water harvesting to recharge the groundwater 
enhances the availability of groundwater at specific 
place and time and thus assures a continuous and 
reliable access to groundwater.

2. To reduce the runoff which chokes storm drains 
and to avoid flooding of roads.

3. To reduce groundwater pollution and to improve 
the quality of groundwater  through   dilution when 
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recharged to groundwater thereby providing high 
quality water, soft and low in minerals.

4. Provides self-sufficiency to your water supply and 
to supplement domestic water requirement during 
summer and drought conditions.

5. It reduces the rate of power consumption for 
pumping of groundwater. For every 1 m rise in water 
level, there is a saving of 0.4 KWH of electricity.

6. Reduces soil erosion in urban areas

7. The rooftop rainwater harvesting is less expensive, 
easy to construct, operate and maintain.

8. In saline or coastal areas, rainwater provides good 
quality water and when recharged to ground water, 
it reduces salinity and helps in maintaining balance 
between the fresh-saline water interface.

9. In Islands, due to limited extent of fresh water 
aquifers, rainwater harvesting is the most preferred 
source of water for domestic use.

10. In desert, where rainfall is low, rainwater 
harvesting has been providing relief to people.

Agencies actively involved in Rainwater 
Harvesting

1. Central Ground Water Board (CGWB)
Established in 1954, the Central Ground Water Board 
(CGWB), a National apex organisation, functions 
under the Ministry of Water Resources. The Central 
Ground Water Board has been entrusted with the 
responsibilities to carry out scientific research, 
surveys, exploration, monitoring of development, 
management and regulation of country’s vast ground 
water resources for irrigation, drinking, domestic 
and industrial needs.

The Central Ground Water Authority (CGWA) was 
set up in 1997 under sub-section (3) of  Section 3 of 
the Environment (Protection) Act, 1986 (Act of 1986) 
and has been given the mandate for the “Regulation 

and Control of Ground Water Development and 
Management” in the country.

2. Centre for Science and Environment (CSE)
The Centre for Science and Environment is a public 
interest research and advocacy organization, which 
promotes environmentally sound and equitable 
development strategies. CSE has been involved in 
raising awareness about the need of community 
based water management for a number of years. A 
water crisis that has come about because rain, as a 
source of water has been ignored. As a technological 
solution CSE is therefore promoting the concept of 
community and household based water harvesting 
as this decentralized technology can be adopted 
by all concerned and also promote a participatory 
paradigm of water management.

Manual & Guide on Artificial Recharge to 
Ground Water

CGWB – Central Ground Water Board Ministry of 
Water resources has prepared manuals. The manual 
covers following topics :-
• Guidelines on 
• Investigation techniques for selection of sites 
• Planning & design of artificial recharge  structures 
• Impact Assessment, economic evaluation &  

Operation and Maintenance of recharge  facility. 
• It is of immense use to States/ U.Ts. in planning 

and implementation of recharge schemes for 
augmentation of ground water  in various parts 
of the country. 
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Case Studies

C.S.E. had collected more than 80 case studies from 
across the country’s details of few case studies are 
available in a book & catch Water Where it fall’s – 
2013. & the remaining case studies are available web 
site www.cseindia.org

Conclusions

It is no denying that sustaining and recharging the 
groundwater along with judicious use of the limited 
fresh water resources is the need of the hour. If 
sufficient measures are not taken up immediately, 
we will face a crisis which will be detrimental to 
the very survival of mankind. Efficient management 
of water resources and education about judicious 
utilization of water resources along with measures 
of harnessing, recharging and maintaining the 
quality of water and water bodies has to be taken 
up on war footing. One of the most logical steps 
towards this goal would be acknowledging the 
importance of rainwater harvesting. This should not 
only encompass rooftop rainwater harvesting but 
also storm water harvesting systems. Storm water 
harvesting is yet to be acknowledged as a better 
alternative over rooftop water harvesting. One of 
the major hurdles in storm water harvesting is the 
poor state of storm water drain systems in India. A 
planned approach is hence needed in order to fully 
utilise the potential of rainwater to adequately meet 
our water requirements. Hence, an equal and positive 
thrust is needed in developing and encouraging both 
the types of water harvesting systems. We have to 
catch water in every possible way and every possible 
place it falls.
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Concept of Smart Cities  and their 
developments  in India

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

Smart Cities are centre for sustainable growth and quality life; which is the proven fact worldwide. Let us 
understand the concept and initial steps taken by The Government of India.

Smart City - A city in which investments in human and social capital and modern ICT infrastructure and 
e-services fuel sustainable growth and quality of life, enabled by a wise management of natural resources and 
through a participative government. A smart city is built on the four pillars of comprehensive development 
– institutional, physical, social and economic.

Four Pillars of a Smart City

Why India need new smart cities?

India is observing strong urbanization trends for quite a long time. Existing infrastructure in cities are 
overloaded and on the verge of collapse. Improper or no planning in city development led the Indian cities 
towards failure of infrastructure services. India need to improve existing cities and plan new cities with smart 
infrastructure.
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Smart City Features

Some typical features of comprehensive development in Smart Cities are described below.

i. Promoting mixed land use in area based developments–planning for ‘unplanned areas’ containing a range 
of compatible activities and land uses close to one another in order to make land use more efficient. The 
States will enable some flexibility in land use and building bye-laws to adapt to change;

ii. Housing and inclusiveness - expand housing opportunities for all;

iii. Creating walkable localities –reduce congestion, air pollution and resource depletion, boost local economy, 
promote interactions and ensure security. The road network is created or refurbished not only for vehicles 
and public transport, but also for pedestrians and cyclists, and necessary administrative services are offered 
within walking or cycling distance;

iv. Preserving and developing open spaces - parks, playgrounds, and recreational spaces in order to enhance 
the quality of life of citizens, reduce the urban heat effects in Areas and generally promote eco-balance;

v. Promoting a variety of transport options - Transit Oriented Development (TOD), public transport and last 
mile para-transport connectivity;

vi. Making governance citizen-friendly and cost effective - increasingly rely on online services to bring about 
accountability and transparency, especially using mobiles to reduce cost of services and providing services 
without having to go to municipal offices. Forming e-groups to listen to people and obtain feedback and use 
online monitoring of programs and activities with the aid of cyber tour of worksites;

vii. Giving an identity to the city - based on its main economic activity, such as local cuisine, health, education, 
arts and craft, culture, sports goods, furniture, hosiery, textile, dairy, etc;

viii. Applying Smart Solutions to infrastructure and services in area-based development in order to make 
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them better. For example, making areas less vulnerable to disasters, using fewer resources, and providing 
cheaper services.

Typical Smart City components cover areas across housing, energy, mobility, water and waste management 
and E-Governance

Today, we have very unreliable statistics and data on public Infrastructure usage. No agency is in position 
to give exact figures of public transport, water resources and utilization, waste management, fire fighting, 
parking spaces, traffic control, city information, and so on. Smart city shall have City Command and Control 
Centre. This shall help in controlling infrastructure services and producing data for monitoring and planning.

----------------------------------------------------------------------------------------------------------------------------------
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Smart Transportation - Integrated Multimodal 
Transport

Accessibility and travel to jobs, services, etc. enables 
a citizen to earn and spend, is critical to income 
generation and economic growth. This provides 
effective accessibility for citizens to travel and 
multiple options – affordability.

Multimodal Transport Features to integrate:
• Surface Roads (4+4 lane)
• Pedestrian path ways & emergency vehicle roads  
• Bridges
• Public Transport System (BRTS/MRTS/PRTS)
• Travalletors
• Intelligent Transport System
• Transportation and Logistic Nodes

Custom Gates & Logistics Center
• Serve to receive – store – distribute supplies to 

the city
• To prevent entry of hazardous goods/chemicals 

& HMV
• To provide all facilities like; Parking, Boarding, 

Fuel Station, etc. to visitors, transporters, tourists 
and commuters, etc.

Multi Level Parking Hubs
To enable support for envisaged modal split of 90:10 
Internal MLP Hubs 

MAP showing indicative Planning of a sample 
Smart City

Traffic Solutions

When we see congestion visually outside our 
home or on our urban roads, we see all modes 
(slow and fast), hawkers, and pedestrians in the 
area and on carriageway, thus reducing the road 
capacity. Further, the traffic congestion is associated 
with many other factors starting from road cross 
sections, infrastructures, engineering, road 
manners/education, government policies and their 
enforcement etc.
 
The smart and workable solution to solve traffic 
problems, arising out of above basic reasons, is 
to ‘Organize Road Cross Section’ and will involve 
methodical and professional studies of the different 
areas and aesthetically planning “road cross 
sections” as per the road side activities and providing 
and maintaining road infrastructures which include 
“continuous” footpaths, cycle paths, road crossing, 
motor vehicle lanes, parking and hawker area. All 
these infrastructures are interrelated and one weak 
link can cause failure in dealing with congestion. This 
solution, if implemented, would result in the last 
mile connectivity via foot or cycle and also organize 
the designated areas for different users, on the road 
cross section, thus enhancing the road capacity 
and creating clean, pollution free and healthy 
environment.

Modal shift from private to public transport and 
retaining public transport users are two big challenges 
which the Government need to successfully meet. 
The proposed solution advocates the introduction of 
variable tax-free allowances for commuting expenses 
on travel by public transport (bus & metro train) vis-
a-vis, travel by private vehicles, taxis and autos. For 
government, the proposed tax measures provide an 
effective lever to stimulate public transport demand 
and capture the bottom-line benefits associated with 
reduced urban congestion. This is called as “RIDE n 
SAVE”.

The proposed system can be implemented in a 
SMART CITY with a common SMART CARD. This 
card has to be a photo ID card linked with PAN card 
(registered with Income Tax Department) and would 
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be a common public transport card which can be used in all Public Transport modes available in the city. 
At the time of IT returns all the expenditure made on use of public transport can be accessed to avail TAX 
REBATE. Riding on Public transport would not only be encouraged but also lead to tax saving. This vast 
data can be further utilised by city planners, government departments for improving the operations, setting 
out short and long term planning goals and also authorities to monitor the data. Whereas, it is difficult to 
implement levying congestion charges, higher private vehicle taxes etc. in metropolitan cities, this ‘RIDE & 
SAVE’ provides adequate incentives for use of public transport and would benefit the lower middle class and 
higher class of the community.

 The above two innovative ideas, if implemented, it would surely make the public transport very beneficial as 
well as comfortable in terms of accessibility and mode choice. Next comes the public transport operations. 
Operations would cover the safe travelling, comfort and reliability. This can be better achieved by introducing 
app based (which is currently in place in some metropolitan cities) bus tracking which needs to be further 
improved in terms of accuracy and detailed information. The innovative technologies can be used for 
introducing “Integrated SMART Cards” for paperless and quick operations, regular monitoring of the up-
keep and maintenance of buses, organizing bus staff grooming programs, off board ticketing, and using pax 
boarding/alighting data to improve the bus routes.

For safety of bus users the Smart card can be linked with the mobile number (emergency number) through 
internet and smart application, the boarding and alighting time of the passenger can be automatically 
updated/sent along with the bus driver phone number, bus number and conductor details to a family 
member. This would make public transport a safe mode of travel.
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Smart Water Infrastructure

Guaranteeing water supply, quality and quantity, is a critical need for citizens’ living. Treating waste water 
removes a key contributor to contamination of water sources, ensuring quality, and becomes an additional 
water supply source, ensuring quantity. 

District Cooling System
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Solid Waste Management

Waste to Compost: Almost 70% of household waste is organic and hence a system of waste composting 
rather than collection would make the city cleaner, greener and healthier. Vermiculture is one of the smart 
option.

Automated Solid Waste Management
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Smart Water Treatment Plant

Smart Power Infrastructure

Renewable Energy
 
Core issues on energy are energy security and greenhouse gas emissions, largely due to fossil fuel dependence 
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and use. Energy efficiency reduces the impact but may still be derived from fossil fuels. Renewable energy is 
the best option towards minimizing these issues. 

Utility Tunnels

Smart Healthcare

• On suspecting a disease outbreak, interrogative, sentimental, contextual analysis of big social forum data 
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together with hospital data can identify the pattern, source of the outbreak. 
• Hospital facilities, bed availability, appointments etc. can be tracked. 
• Using birth data for immunization drive of the young ones with automated alerts to the parents. 

Smart Revenue Collection and Utilization

• Big data from bank transactions, applications such as vehicle permits, house permit application etc. gives 
more insights into what a person owes and prevent false tax return filing.

• Tracking of fund for various citizen programs can be made easily using big data analysis. 

Smart Fire Safety Measures
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An Entertainment Zone

• Food courts: Restaurants, Eateries, Dining
• Gathering spaces for concerts and events, Promenades
• Water sport activities
• Retail Facilities
• Walkers paradise: jogging track, viewing points
• Light and Sound show, Fountains, Water Shows

Information and Communication Technology

Central Command and Control
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Some Smart Cities

Helsinki is one of the most successful stories in 
the smart city space because of a very ‘smart’ idea 
to make open data sets and information related to 
the metrics of a city for its citizens. By making such 
information open, any citizen, can use these data sets 
to create products and services that provide better 
options to citizens in terms of providing information 
or utilizing better services. It is not just transparency 
to show open data sets of the city’s functioning, 
Helsinki also sponsors hackathons to encourage 
developers to create tech products derived from 
these data sets. 

This ‘smart’ idea allows for improvements and 
solutions that help citizens to be developed by citizens 
who know how things function and operate at the 
ground-level. Municipal governments can only do so 
much in supporting citizens to a variety of constraints 
including resource availability, manpower, etc. but 
making such information available to citizens means 
the responsibility is shared. 

It is also attractive for citizens to utilize them 
as there is a potential to develop products and 
services, and entire businesses, from this data and 
information that defines the city, helping to promote 
entrepreneurship that drives job creation, greater 
income creation, and diversify the economic growth 
potential for the smart city, all while benefitting the 
city, without the municipal corporation having to 
devote significant funds.

Belo Horizonte, a city in Brazil that changed food 
from being a commodity to a basic right of every 
citizen. This city created a food system that worked 
cross-sectorally and engaged civic society to attain 
food security. The city set up a special department 
to coordinate the programme, linked with farmers to 
provide fresh produce that was then sold at highly 
subsidized costs for the poor. Urban agriculture 
in public spaces and parks was encouraged; giving 
livelihood opportunity to the city’s poorest. A free 
meal programme was set up for school children 
along with public restaurants that sold meals at 
very affordable costs to the poor citizens and the 

priority was ensuring that the meal was hygienic, 
balanced and nutritious. Food banks were set up that 
collected excess perishable food from restaurants, 
shops and markets and then distributed to the poor. 
The programme not only resulted in every citizen 
having access to food, it also generated incomes 
and empowered farmers and local workers. It also 
resulted in a generally healthier population. Statistics 
showed lower rates of child mortality and reduced 
malnutrition.

This simple solution to hunger and malnutrition can 
easily be implemented in any Indian city where food 
wastage and hunger are both high. By doing so and 
employing the poor in the activities, we could not 
only reduce hunger and poverty but also empower 
the poor, generate awareness about food security 
and health and increase the general wellbeing of the 
city itself.

Strategy of Indian Government

The strategic components of area-based development 
in the Smart Cities Mission are city improvement 
(retrofitting), city renewal (redevelopment) and 
city extension (greenfield development) plus a Pan-
city initiative in which Smart Solutions are applied 
covering larger parts of the city. Below are given 
the descriptions of the three models of Area-based 
smart city development:

1.1 Retrofitting will introduce planning in an existing 
built-up area to achieve smart city objectives, along 
with other objectives, to make the existing area 
more efficient and liveable. In retrofitting, an area 
consisting of more than 500 acres will be identified 
by the city in consultation with citizens. Depending 
on the existing level of infrastructure services in 
the identified area and the vision of the residents, 
the cities will prepare a strategy to become smart. 
Since existing structures are largely to remain intact 
in this model, it is expected that more intensive 
infrastructure service levels and a large number of 
smart applications will be packed into the retrofitted 
smart city. This strategy may also be completed in 
a shorter time frame, leading to its replication in 
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another part of the city.

1.2 Redevelopment will effect a replacement of the existing built-up environment and enable co-creation 
of a new layout with enhanced infrastructure using mixed land use and increased density. Redevelopment 
envisages an area of more than 50 acres, identified by Urban Local Bodies (ULBs) in consultation with citizens. 
For instance, a new layout plan of the identified area will be prepared with mixed land-use, higher FSI and 
high ground coverage. Two examples of the redevelopment model are the Saifee Burhani Up-liftment Project 
in Mumbai (also called the Bhendi Bazaar Project) and the redevelopment of East Kidwai Nagar in New Delhi 
being undertaken by the National Building Construction Corporation.

1.3 Greenfield development will introduce most of the Smart Solutions in a previously vacant area (more than 
250 acres) using innovative planning, plan financing and plan implementation tools (e.g. land pooling/ land 
reconstitution) with provision for affordable housing, especially for the poor. Greenfield developments are 
required around cities in order to address the needs of the expanding population. One well known example 
is the GIFT City in Gujarat. Unlike retrofitting and redevelopment, Greenfield developments could be located 
either within the limits of the ULB or within the limits of the local Urban Development Authority (UDA).

1.4 Pan-city development envisages application of selected Smart Solutions to the existing city-wide 
infrastructure. Application of Smart Solutions will involve the use of technology, information and data to 
make infrastructure and services better. For example, applying Smart Solutions in the transport sector 
(intelligent traffic management system) and reducing average commute time or cost of citizens will have 
positive effects on productivity and quality of life of citizens. Another example can be waste water recycling 
and smart metering which can make a huge contribution to better water management in the city.

The smart city proposal of each shortlisted city is expected to encapsulate either a retrofitting or 
redevelopment or Greenfield development model, or a mix thereof and a Pan-city feature with Smart 
Solution(s). It is important to note that pan-city is an additional feature to be provided. Since smart city is 
taking a compact area approach, it is necessary that all the city residents feel there is something in it for 
them also. Therefore, the additional requirement of some (at least one) city-wide smart solution has been 
put in the scheme to make it inclusive.

For North Eastern and Himalayan States, the area proposed to be developed will be one-half of what is 
prescribed for any of the alternative models - retrofitting, redevelopment or greenfield development.
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The policy mandates each Smart City to have these common mandatory elements across the 3 models

Over & above the common mandatory elements, each of the three models have individual mandatory 
elements

The total number of 100 smart cities have been distributed among the States and UTs on the basis of an 
equitable criteria. The formula gives equal weightage (50:50) to urban population of the State/UT and the 
number of statutory towns in the State/UT. Based on this formula, each State/UT will, therefore, have a 
certain number of potential smart cities, with each State/UT having at least one. This distribution is given 
below. The number of potential Smart Cities from each State/UT will be capped at the indicated number. 
(This distribution formula has also been used for allocation of funds under Atal Mission for Rejuvenation and 
Urban Transformation - AMRUT). 
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The distribution of smart cities will be reviewed after two years of the implementation of the Mission. Based 
on an assessment of the performance of States/ULBs in the Challenge, some re-allocation of the remaining 
potential smart cities among States may be required to be done by MoUD. 

Uttar Pradesh, Tamil Nadu, Maharashtra, Madhya Pradesh, Gujarat and Karnataka have received 
considerable smart city nominations
• These nominations have been decided by the MoUD
• Allocation is done by giving equal weightage to

• Urban population
• No. of mandatory towns in the state

States
No. of 

SMART CITY 
nominations

Urban Population (%) Party in Power

Delhi 1 97.5 Aam Aadmi Party
Chandigarh 1 97.25 Union Territory
Lakshadweep 1 78.06 Union Territory
Daman and Diu 1 75.17 Union Territory
Puducherry 1 68.33
Goa 1 62.17 BJP
Tamil Nadu 12 48.39 AIADMK
Kerala 1 47.7 United Democratic Front
Dadra and Nagar 
Haveli 1 46.72 Union Territory
Maharashtra 10 45.22 BJP
Gujarat 6 42.59 BJP
Karnataka 6 38.67 Congress
Andaman and 
Nicobar Islands 1 37.7 Union Territory
Punjab 3 37.48 BJP
Haryana 2 34.87 BJP
Andhra Pradesh 3 33.36 Telugu Desam Party
Telangana 2 33.36 Telangana Rashtra Samithi
West Bengal 4 31.87 Trinamool Congress
Uttarakhand 1 30.23 Congress
Manipur 1 29.2 Congress
Nagaland 1 28.85 Nagalanad People's Front
Madhya Pradesh 7 27.63 BJP-TDP
Jammu and Kashmir 1 27.37 BJP
Tripura 1 26.16 CPM
Sikkim 1 25.15 Sikkim Democratic Front
Rajasthan 4 24.87 BJP
Jharkhand 1 24.04 BJP
Mizoram 1 24.04 Congress
Chattisgarh 2 23.24 BJP
Arunachal Pradesh 1 22.93 Congress
Uttar Pradesh 13 22.26 Samajwadi Party
Meghlaya 1 20.06 Congress
Odisha 2 16.68
Assam 1 14.09 Congress
Bihar 3 11.29 Janata Dal (United)
Himachal Pradesh 1 10.03 Congress
Total 100

Source: Ministry of Urban Development
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A two-stage process would be adopted to select the smart cities

In Stage 1, an intra-state identification of cities would be undertaken, based on defined evaluation criteria

1State Mission Director and the State-level High Powered Steering Committee (HPSC)
In Stage 2, the top 20 cities for 2015-16 will be prioritized out of the 100 shortlisted based on a “City 
Challenge”
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An Apex Committee headed by the Secretary, MoUD has been constituted for monitoring the mission
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An SPV structure has been proposed for city-wise implementation

Apart from the Central & State Govt. funding, other sources of funds & monetization mechanisms are 
being evaluated

-----------------------------------------------------------------------------------------------------------------------------------
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Global Benchmarking and Gujarat International Finance Tec-City (GIFT)

Govt. of India approved GIFT Multi Services SEZ as an International Finance Services Centre.
GIFT is the only approved IFSC in India.
-----------------------------------------------------------------------------------------------------------------------------
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The Majority of people have ambition of dream house 
in their life. He/she is struggling throughout their 
life to achieve it. In metros, grade ‘A’ cities (Urban 
Places) mostly apartments are available. In grade 
‘B’ cities & semi-urban areas people purchase plots 
and construct bungalows as per their requirements. 
Due to fast urbanization, people from every part of 
country prefer flats But Is it easy? Lot of approvals 
are required to be sought before you commence 
the construction. One must know the rules and 
procedures for that. Here we give brief guidelines for 
the same. 

Very first consideration is the budget, an important 
factor for an individual or developer/construction 
company. Generally individual, take housing loan and 
repay it throughout their life. Therefore people are 
very much frustrated of the entire process. Because 
of its lengthy and tedious process which starts 
from purchase of flats/plots, various construction 
permissions from more than 35 departments. 
(Approximately) The completion certificates, 
occupation certificate, water connection and if it is a 
building the society formation etc.

The layman does not understand the whole process. 
As the entire process of development of plot or 

construction of a building, residential / commercial 
complex is very much complex, hectic and consuming 
also. It is not possible for every individual to know 
the entire process in detail. In such case for a layman 
at least minimum basic knowledge is required. Just 
to begin with, following steps are to be kept in mind. 

Size of Plot/bungalow/Flat
Before going for purchase / book of flat or to have 
bungalow it is necessary to fix up your requirements 
according to size of your family and the amenities to 
be finalized. Accordingly buyer will be in the position 
to finalize his budget for his/her dream house. If 
buyer go for flat in metro city, 2 BHK and 3 BHK flats 
are available under construction / ready possession, 
in semi-urban area 1 BHK & 2 BHK flats are available.

Revenue Department
Before going to purchase / book flat the status of plot 
(ownership) is to be confirmed from the Land Records 
Departments. In this case the property register card 
(P.R.) is most essential and important document. It 
determines area of plot, the owner of the plot, last 
transaction made if any are incorporated in the P.R. 
card. If any land owner has mortgaged the plot / 
property the entry of the same will be appeared in 
the P.R. card. The P.R. card can be read with C.T.S. 
plan (Scale 1: 500). It shows the boundaries of 
plot and also defines whether the plot is vacant or 
occupied by any structure. Before going ahead for 
any dealing of plot/flat it is necessary to confirm the 
status of plot and same shall be known through the 
search report of plot. There are many professional 
legal consultant who study various documents / old 
records related to the plot and prepare search report 
which is inclusive of entire history   of property for 

Permissions Required for Development 
of bungalow / apartment

- Raghvendra V Kulkarni
E-mail: rvkulkarni83@gmail.com
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last 60 years. 

C.T.S.PLAN
Procedure for construction of bungalow on owned 

plot/purchase of flat

If someone wants to build bungalow / own house on 
plot following procedure be adopted. 
i) 7/12 & 6/12 extract to be obtained from the 
concerned Talathi. In these extracts entire past all 
entries are taken.

ii) If the plot is non-agricultural (N.A.) it’s fine, 
otherwise N.A. permission to be sought from the 
competent authority of Revenue Department.

iii) Once N.A. order is issued on that basis the matter 
is to be referred to the concerned taluka/Deputy 
Superintend of Land Records Department to take 
ownership entry in the P.R. card. 

iv) Before that the plot is to be got demarcated 
/ surveyed from the concerned taluka / Deputy 
Superintend of Land Records Department, 
accordingly new P.R. card and C.T.S. plan to be taken. 
Thereafter compound wall along the boundaries of 
plot be constructed. 

v) After getting all details about land / plot, a reputed 
a Architect is to be appointed. He/She will take 
entire responsibility for the development of plot. The 
owner / client should give detailed requirement of 
amenities etc, to the Architect. Accordingly planning 
will be done by him/her.

Muncipal Corporation / Local Authority

D.P. Remarks
The development plan (D.P.) remarks are to be 
obtained from the D.P. Department of Municipal 
Corporation or local town planning authority. To 
obtain the D.P. remarks 3 copies of C.T.S. plan 
with request letter is to be submitted. The D.P. 
department offer their remarks whether the plot is 
having any reservations like P.G., R.G., R, N.D. etc. 
‘R’ means residential zone where bunglow house 
apartment complex etc. can be developed. P.G. – 
reserve for play ground, ‘C’ – Commercial zone, I, - 
industrial zone. N.D. – no development zone where 
no any development takes place. Likewise other 
zones details are mentioned in D.C.R. 

F.S.I. Calculation
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F.S.I. means floor space index. The F.S.I. is fixed by 
the urban development department. It varies from 
urban – semi urban likewise in south Mumbai it is 
1.33, in Mumbai suburban it is 1.00.

-: Permissible F.S.I. = Plot Area x 1.33 or 1.00
If plot area         = 1000 x 1.33 or 1000 x 1.00
         = 1330 sq. mtr. or 1000.00 sq mtr

If plot area is 1000 sq. mtr., the 1330.00 sq. mtr. 
area’s construction can be done. About detailed F.S.I. 
calculations how it is worked out entire description is 
given in Development Control Rule (D.C.R.).

The plot potential is worked out considering F.S.I., 
Reservation if any set back in road widening garden, 
P.G., R.G. etc. that much area to be deducted and 
the said area to be handed over to local authority 
or corporation for development. Considering the 
requirement of client and plot potential, Architect 
prepares plan in detail i.e. Lay – out plan section – 
elevation all details are given in these drawings. 
These drawings are submitted to building proposal 
or equivalent department for approval. They 
immediately issue I.O.D./N.O.C comprising the 
deficiencies in the planning. Like lay – out open 
spaces F.S. I., etc.

a) The Architect has to comply all conditions laid 
down in I.O.D. If local authority / corporation 
fulfills these compliances after making payment / 
premium etc. The authority issue commencement 
certificate (C.C.) upto plinth level. Once the C.C. 
upto plinth level is issued construction work can 
be taken immediately.

b) While issuing C.C. they put various conditions 

to take remarks of other related departments the 
following are the various departments. 

i) The water department – The required water 
for this project will be made available by local 
authority / corporation their remarks to be 
taken.

ii) The sewerage department : - whether 
existing sewer line is available it is to be verified. 
Otherwise connection can be taken from 
proposed D.P. road. The necessary premium is 
to be paid to local authority / corporation.

iii) Before above, the lay – out plan C.T.S. plan is 
to be submitted for taking remarks from survey 
department / D.P. department they offer 
remarks about road set back for considering 
subsequent S.W. drain, street lighting garden, 
recreation, sewerage etc.
• If set back is earmarked for road widening 

then the set back portion is either developed 
as per specifications of corporation by 
client or pay     pro-rata charges towards 
the same. That area is to be handed over 
to the road department. That much area to 
be deducted from the client’s P.R. card. The 
same area’s new P.R. card to be generated 
in the name of corporation /  local authority. 
That much set back area F.S.I. used in this 
project depend upon the plot potential or 
generated area can be treated as Transfer 
of development rights (T.D.R.) it can be 
exploded north side of plot in Mumbai. In 
other places their parameters are different.

GARDEN
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PLAY GROUND
• If some portion of the plot is earmarked for 

garden, P.G. or R.G. So it can be developed 
as per local authorities / corporations 
norms. That much area is to be handed 
over to local authority or corporation. The 
necessary changes may be made in the  P.R. 
card of client. Local authority / corporations. 
P.R card separately be generated. The F.S.I. 
generated is called TDR. It can be utilized 
north side of Mumbai.

• In the D.P. remarks it is also mentioned 
sewer line, S.W. accordingly respective 
departments remarks are taken e.g. if the 
set back portion is shown in D.P. along the 
set back S.W. drain is to be constructed as 
per local authority or corporation’s norms.

• On similar basis if proposed sewer line 
is earmarked along the road necessary 
pro-rata charges are to be paid to the 
concerned department.

• If the plot is abutting D.P. Road traffic 
and co-ordination department remarks 
are essential the pay pro-rata charges in 
lieu of street light etc. to be paid to local 
authority / corporation.

If the proposed structure’s height is more than 25.00 
meters fire deptt’s remarks are to be taken. These 
are to be complied as per instructions laid down in 
the manual of fire safety and after carrying out work 
as per N.O.C., completion certificate to be obtained 
from the fire deptt.

RUNWAY

• If the proposed structure is in the vicinity 
of airport. The necessary permission / 
N.O.C. to be taken from the respective Civil 
Aviation Deptt. They may put up height 
restriction, according zoning point of view.

TREES
• If the tree/s are obstructing the 

development, proposal for removing tree/s 
shall be submitted to the Tree / Garden 
Deptt. of respective corporation / local 
authorities. In lieu of this tree plantation 
is done as per authority’s remarks. The 
necessary completion certification to be 
taken from the concerned authority.

• In case the access to the property if 
required from Highway or its Service road 
the necessary permission from Highway 
authority / P.W.D. shall be taken. The 
property shall be 125 feet away from 
central verge in Mumbai Region and other 
parts of Maharashtra it is 60.00 m from the 



40 The Exponent Group of Journals For General Engineering, Volume 3, Number 4, Sep 2015 - Nov 2015

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

central Verge.

• During or before construction, Licensed 
plumber shall be appointed by the client 
who shall prepare drainage and water 
supply lay-out. The said lay-out shall be got 
approved from the water and sewerage 
deptt of Corporation / Local Authority. 
The necessary sewerage benefit tax, water   
charges be paid by the developer .As per 
approved. Layout the works are to  be 
executed. The ‘P’  form shall be obtained 
form the concerned water Deptt.

                  

BUILDING UNDER CONSTRUCTION

• Before commencement of work developer 
shall appoint R.C.C. consultant who shall 
be registered with the corporation, shall 
prepare R.C.C. design and drawing as per 
is Is-456-2000 provision, R.C.C. consultant 
shall engage Licensed Site Engineer who 
should supervise, works which are carried 
out as per plans prepared by Architect and 
design prepared by R.C.C. Consultant. Its his 
whole responsibility about quality to work.

             

COASTAL LINE

• In case property falls in the vicinity of tide 
line in coastal area in such cases the N.O.C. 
from Coastal Zone Management Authority 
is to be sought. If the project cost is less than 
5.00 crore  then state Govt is empowered. 
Abouve 5.00 crore corst central Govt is 
empowered.

• In case the mangroves are there or nearby in 
that case no permission is granted. In such 
cases no construction activity is allowed. 

                 

ELECTRIC SUB-STATION.

• The proposal shall be submitted to the 
local electric supply authority for want of 
electric supply to this project. In case if 
Sub-Station is reserved in this property. 
The sub-station as per requirement of 
electric supply shall be constructed as per 
authority’s requirement and hand-over to 
them. Then completion certificate shall be 
taken from them.

• All such types of N.O.C. from Assessment 
Deptt. Street Lightning. Traffic Deptt. 
Rainwater Harvesting etc., shall be obtained 
as per their remarks. The respective 
work shall be carried out and completion 
certificate shall be also obtained from 
them.

All above NOC and completion certificates shall be 
obtained from respective deptt.

Entire procedure of sewer line connections and 
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water supply shall be got completed from the 
licensed plumber. The drainage line shall be joined 
to the nearest man hole with the permission from 
local maintenance deptt, and obtain the drainage 
completion certificate (D.C.C.)

After completing all above and completion of entire 
work satisfactory. The Architect shall submit proposal 
for Occupation Certificate (O.C) with his completion 
certificate and RCC consultants structural stability 
certificate to the building proposal. The B.P. Engineer 
will inspect the work with approved drawing and 
compliance made with reference to  CC  and with the 
respective deptt’s NOC and completion certificate. If 
everything is found in order they will issue occupation 
certificates (OC) sometime OC is issued on some 
conditions, it depends on compliances.

After getting OC, water deptt may be requested for 
water connection before that water deptt’s remarks 
shall be complied.

After fulfillment of conditions mentioned in OC the 
proposal for building completion certificate (BCC) 
shall be submitted. Once the BCC is issued then the 
project is completed in all respects.

Summary

After going to all this complex procedure it is not 

possible to individual to follow all the formalities.  
In such case before buying or booking flat builder 
shall be asked to furnish copy of approved from 
local planning authority, copy of commencement 
certificate, title clearance certificate, approved plan 
showing the flat which buyer desires to buy shall be 
properly verified.

For buying ready possession flat the builders/
developers shall be asked for copy of O.C and 
permission of water connection.  In case buying plot/
land copy of the remarks affecting the plot under 
reference from competent authority from seller/
builder.

References

• Proposed draft Development Control Rule (DCR) 
and proposed draft development plan 2034. 

• Fire Safety Manual 
• Practioner of Engineers, Architects and Town 

Planner Associations (PEATA) Hand Book
• National Building Code ( N.B.C). Manual 
• IS 456 - 2000 for RCC work
• Water supply and sewerage manual of 

corporation / Local authority or Licenses Plumber 
Associations Hand book.
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Modern manufacturing industries are using many 
types of manufacturing processes for verity of 
Products. Increasing demand of the high quality 
products at lower cost has always set new challenges 
for the manufacturing industry to improve their 
processes to accomplish their market demand.

Most of the manufacturing processes which were 
known in the past today have changed their form 
and method of manufacturing, new materials have 
been introduced and engineers are still working to 
improve the processes.

Casting is one of the basic and common manufacturing 
processes which is used in METAL industry.

In this Article we shall see the details of casting 
processes.

Casting is a manufacturing process by which a molten 
material such as metal or plastic is introduced into 
a mould, allowed to solidify within the mould, and 
then ejected or broken out to make a fabricated 
part. Casting used for making parts of complex shape 
that would be difficult or uneconomical to make by 
other methods, such as cutting from solid material. 
[Campbell, 2003] 

Fig. (1)

History and Development of Metal Casting 
Technologies

Human being has first encountered with metals back 
in 5,000-6,000 B.C. when people were processing 
natural gold/silver/copper by hand beating.

3200 B.C A copper frog, the oldest known casting in 
existence, was cast in Mesopotamia 
2000 B.C   Iron is discovered. 
800-700 B.C. First Chinese production of cast iron 
645 B.C. Earliest known sand molding (Chinese)
233 B.C. Cast iron plowshares are poured in China. 
500 A.D. Cast crucible steel is first produced in India, 
but the process is lost until 1750 when Benjamin 
Huntsman reinvents it in England. 

Fig. (2)

Middle Ages to 1800
1455 Dillenburg Castle in Germany is the first to use 
cast iron pipe to transport water. 

1480 Birth of Vannoccio Biringuccio (1480-1539), the 
“father of the foundry industry,” in Italy. He is the 
first man to document the foundry process in writing. 

1642 Saugus Iron Works, America’s first iron foundry 
(and second industrial plant), is established near 

Casting Technology

- Prasad Magar
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Lynn, Massachusetts. The first American iron casting, 
the Saugus pot, is poured there.

1709 Englishman Abraham Darby creates the first 
true foundry flask for sand and loam molding. 

1720 Rene Antoine de Reaumur develops the 
first malleable iron, known today as “European 
Whiteheart.” 

1730  Abraham Darby is the first to use coke as fuel in 
his melting furnace in Coalbrookdale, England. 

1750 Benjamin Huntsman reinvents the process of 
cast crucible steel in England. This process is the first, 
in which the steel is completely melted, producing 
a uniform composition within the melt. Since the 
metal is completely molten, it also allows for alloy 
steel production, as the additional elements in the 
alloy can be added to the crucible during melting. 
Prior steel production was accomplished by a 
combination of forging and tempering, and the metal 
never reached a molten state.

1776 Foundrymen Charles Carroll, James Smith, 
George Taylor, James Wilson, George Ross, Philip 
Livingston and Stephen Hopkins sign the American 
Declaration of Independence.

1794 First use of the Cupola in iron founding. 
Invented by John Wilkinson of England, the original 
had metal-cladding and utilized a steam engine to 
provide the air blast. 

The 19th Century
1809 Centrifugal casting is developed by A. G. 
Eckhardt of Soho, England

1815 The cupola is introduced in the United States in 
Baltimore, MD.

1818 First cast steel produced by the crucible process 
in the U.S. at the Valley Forge Foundry.

1825 Aluminum, the most common metal in the 
earth’s crust, is isolated

1826 Seth Boyden of Newark, NJ, is the first to 
develop a process for and produce “blackheart” 
malleable iron. 

1831 In Cincinnati, OH, William Garrard establishes 
the first commercial crucible steel operation in the 
U.S. 

1837 First dependable molding machine is marketed 
and used by the S. Jarvis Adams Company in Pittsburg. 

1845 The open hearth furnace is developed. 

1851 Sir Henry Bessemer and William Kelly both 
invent a simple converter that uses blasts of air to 
burn out the impurities, silicon, manganese and 
excess carbon in pig iron. Although Kelly is the first to 
use a converter, Bessemer obtains the U.S. patents. 
Kelly proves patent priority in 1857.

1863 Metallography, the etching, polishing, 
and microscopic evaluation of metal surfaces, is 
developed by Henry C. Sarby of Sheffield, England. It 
is the first process to physically examine the surface 
of castings for quality analysis.

1867 James Nasmythe develops a gear-tilted foundry 
ladle, increasing worker safety and operational 
economy

1870 Sandblasting is first used to clean large castings 
by R. E. Tilghman of Philadelphia.

1880-1887 The Sly tumbling mill is developed. It is 
the first cleaning machine for small castings. This mill 
greatly reduced the time needed for hand-cleaning 
operations and produced a finer finished product. 

1896 American Foundrymen’s Association (renamed 
American Foundrymen’s Society in 1948 and now 
called the American Foundry Society) is formed.

1897 Investment casting is rediscovered by B.F. 
Philbrook of Iowa. He uses it to cast dental inlays. 

Early 20th Century
1906 First electric arc furnace is used in the U.S. at 
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Holcomb Steel Co. in Syracuse, NY.

1913 First true stainless steel melted by Harry 
Brearley in Sheffield, England.

1913 Crucible Steel Casting Co.’s Lansdown, PA plant 
installs the first low-frequency electric furnace for 
special melting.

1923 Formation of the International Committee of 
Foundry Technical Associations in Zurich, Switzerland. 

1924 Dr. W.H. Hatfield invents 18/8 stainless steel 
(18% chromium, 8% nickel).

1930s University of Michigan professors pioneer 
Spectrography for metal analysis.

1930 First high-frequency coreless electric induction 
furnace in the U.S. is installed in the Lebanon Steel 
Foundry in Lebanon, PA.

1940 Wood flour is introduced into foundry practice 
as a sand additive.

1947 The Shell Process, invented by J. Croning of 
Germany during WWII, is discovered by U.S. officials 
and made public.

1948 Development of ductile iron, a cast iron with a 
fully spheriodal graphite structure. 

1949 U.S. patent granted to K.D. Millis, A.P. Gagnebin 
and N.B. Pilling of International Nickel Company for 
developing ductile iron.

1953 The Hotbox system of making and curing cores 
in one operation is developed, eliminating the need 
for dielectric drying ovens.

1958 H.F. Shroyer is granted a patent for the full mold 
process, the forerunner of the expendable pattern 
(lost foam) casting process.

1960s Compactibility and methylene blue clay tests 
are developed for green sand control. Also developed 
at this time are high-pressure molding processes and 

fast-setting no bake binders for sand. 

1964 The first Disamatic molding machine is 
introduced.

1965 The Scanning Electron Microscope is invented 
by the Cambridge University Engineering Department 
in England.

1965 Cast metal matrix composites are first poured 
at International Nickel Company in Sterling Forest, 
NY, by Pradeep Rohatgi.

1968 The Cold Box Process is introduced by L. Toriello 
and J. Robins for high production core 

Late 20th Century
Early 1970s The Semi-Solid Metalworking (SSM) 
process is conceived of at Massachusetts Institute 
of Technology. It combines aspects of casting with 
aspects of forging.

1971 The Japanese develop V-Process molding. This 
method uses unbonded sand and a vacuum.

1971 Rheocasting is developed at Massachusetts 
Institute of Technology

1971 U.S. Congress passes the Clean Air Act and 
OSHA, the Occupational Health and Safety Act.

1972 The first production Austempered Ductile Iron 
(ADI) component is produced by Wagner Castings 
Company.

1974 Fiat introduces the in-mold process for ductile 
iron treatment.

1976 Compacted graphite iron (CGI), an iron with 
elongated graphite particles with rounded edges and 
roughened surfaces, is developed in the U.K. It has 
characteristics of both gray and ductile iron.

1982 The Warm Box binder system is introduced

1993 First foundry application of a plasma ladle 
refiner (melting and refining in one vessel) occurs at 
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Maynard Steel Casting Company in Milwaukee, WI.

1995 Babcock and Wilcox, Barberton, OH, patent 
a lost foam vacuum casting process to produce 
stainless steel castings with low carbon content.

1996 Cast metal matrix composites are first used in a 
production model automobile in the brake rotors for 
the Lotus Elise.

1997 Electromagnetic casting processes developed 
by Argonne and Inland Steel Corporation. 
Electromagnetic edge containment greatly reduces 
cost and energy expenditures in steel production. 

Basics of casting processes

The modern casting process is subdivided into two 
main categories: expendable and non-expendable 
casting. It is further broken down by the mold 
material, such as sand or metal, and pouring method, 
such as gravity, vacuum, or low pressure.

Different Metals used for Casting Production

Table. (1)
)

Capabilities and Advantages of Casting 
Process

• Any complex shape can be easily produced.
• Practically any type of material can be casted.
• Properties of casting are same in all the direction. 
• Any size of casting can be produced like from few 

grams up to 200 tones
• Casting is cheapest and most direct way 

of producing a shape with certain desired 
mechanical properties

• Certain metal can only be casted
• For some of the parts it’s easy to produce them 

by casting rather than fabrication

Applications Casting Processes

It is worthwhile here to mention that 90% of all 
the manufactured goods and all manufacturing 
machinery have casting applications.
 
Casting enables pieces to be combined into a single 
part, eliminating, assembly and inventory. Compared 
to machined parts, costs are much less. Virtually any 
metal that can be melted can be casted.

The size can be from a few grams (for example a 
watch case) to several tones (Marine Diesel Engine) 
the shape from simple (Manhole cover) to complex (6 
Cylinder Engine block).Order size from one-off (Paper 
mill crusher) to massive production (Automobile 
Piston).

Castings are used virtually everywhere. The transport 
sector and heavy equipment is the predominant 
consumer (For farming, construction and Mining 
(taking up over 50% of castings produced.

A sector wise casting consumption is given below 
which highlights the importance if casting in any 
industrial set up.

Transport- Automobile, Aerospace, Railways and 
Shipping

Heavy Equipment- Construction, Farming, Mining

Machine tools- Machining, Casting, Plastic molding, 
Forging, Extrusion and Forming

Plant machinery- Chemical, Petroleum, Paper, Sugar, 
Textile, Steel and thermal plants

Defense- Vehicle, Artillery, Ammunition, Storage and 
supporting equipment

Electrical Equipment machines- Motors, Generators 
and Pumps and compressors

Hardware-Plumbing industries pipes, Joints, Valves 
and Fittings
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Household- Appliances, Kitchen and Gardening 
equipment’s, furniture and fittings

Art Objects- Idols, Sculptures, Furniture’s, Lamp 
stand and decorative items.

Below are the photos of castings made for various 
types of Industrial products. 

Fig. (3)

Below are the types of today’s commonly used 
casting processes,

Each of these processes are used for a specific type of 
Products (Based on the size and shape of the product, 
number of parts to be produced etc), below are the 
comparison between the various casting processes.
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Sand casting Sand casting Shell mould 
casting

Gravity die 
casting

Low Pressure 
die casting

Pressure die 
casting

Weight of the 
Part, kg

0.1 … 500 0.1 … 15 0.01 … 50 1 … 70 0.01 … 30

Annual volume, 
i.e. No. of parts

1 … 5000 50 … 10000 100 … 50000 100 … 10000 5000 …1000000

Pattern / tooling 
cost

Relatively low Relat. low / 
moderate

Moderate Moderate High

Cost of changes Low Relat. low / 
moderate

Moderate Moderate High

Flexibility of 
design

Very high High High Relatively high Relatively high

Minimum wall 
thickness of 
parts, in mm

4 … 6 2 … 4 3 … 4 3 … 4 0.8 … 1.5

D i m e n s i o n 
accuracy

Fairly good Good Good Good Very good

Possible surface 
roughness, Ra

>6,3-12,3 >6,3 ≥ 3.2 (2.5) ≥ 3.2 ≥ 1.6 (0.8)

Table (2)

Before we see the details of casting processes, let us see the components that are used for various casting 
processes. 
1) Sand Casting, Mould and Pattern Making

Fig. (4)
Pattern: In sand casting, the mold cavity formed by means of a pattern, which is usually made of wood, metal, 
plastic or other material and has the shape of the part to be cast. Pattern is the exact replica of the part 
to be casted. The making of patterns, called Patternmaking (sometimes styled pattern-making or pattern 
making), is a skilled operation that is related to the trades of tool and die making and mold making, but also 
often incorporates elements of fine woodworking.
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The pattern usually made oversized to allow for 
shrinkage of the metal as it solidifies and cools. 
Internal surfaces are determined by means of a core, 
a form placed inside the mould cavity to define the 
interior geometry of the part.

Typically, materials used for pattern making are 
wood, metal or plastics. Wax and Plaster of Paris are 
also used, but only for specialized applications. 
Mahogany is the most commonly used material for 
patterns, primarily because it is soft, light, and easy 
to work, but also once properly cured it is about as 
stable as any wood available, not subject to warping 
or curling. Once the pattern is built the foundry 
does not want it changing shape. The downside 
is that it wears out fast, and is prone to moisture 
attack. Metal patterns are more long lasting, and do 
not succumb to moisture, but they are heavier and 
difficult to repair once damaged. Wax patterns are 
used in a casting process called investment casting. A 
combination of paraffin wax, bees wax and carnauba 
wax is used for this purpose.Plaster of paris is usually 
used in making master dies and molds, as it gains 
hardness quickly, with a lot of flexibility when in the 
setting stage.

Mold: Casting is a manufacturing process by which a 
liquid material is usually poured into a mold, which 
contains a hollow 

cavity of the desired shape, and then allowed to 
solidify. The solidified part is also known as a casting, 
which is ejected or broken out of the mold to 
complete the process.

Fig. (5)

A core is a device used 
in casting and molding processes to produce internal 
cavities and reentrant angles. The core is normally 

a disposable item that is destroyed to get it out of 
the piece.[1] They are most commonly used in sand 
casting.

To create the cores a core box needs to built, which 
is the negative of the core itself. Tooling features 
includes different elements of tooling and their 
features: pattern, mould, core box, undercut, parting 
line, core with its support (or print), pouring basis, 
sprue, runner, ingate, feeder, feeder connection (or 
neck) and various feed aids such as chill, insulation 
and exothermic. Many of these, including pattern, 
mould, core and core box derived from the part 
geometry, followed by modification to incorporate 
various allowances.

Fig. (6)

In this article we will see the Sand casting and 
Permanent mould casting processes in details:

1) Sand Casting Process: Sand casting is relatively 
cheap and sufficiently refractory even for steel 
foundry use, also it is used for Aluminium castings as 
well. In this method, the mould is made of specially 
processed Sand.

The Liquid metals is poured in to the mould cavity 
(Manually or by means of robotic ladle in case of big 
size Casting part), then it is allowed to cool down and 
solidify.

Sand mould is broken out and the casting part is 
ready for further process.
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Fig. (7)

Above are the examples of the Small and Big size casting parts made from Sand Casting methodCast iron, 
Cast steel parts and Aluminium parts are commonly made with this type of method. 

2) Permanent mold casting process
Permanent mold casting is a metal casting process that shares similarities to both sand casting and die 
casting. As in sand casting, molten metal is poured into a mold which is clamped shut until the material cools 
and solidifies into the desired part shape. However, sand casting uses an expendable mold which is destroyed 
after each cycle. Permanent mold casting, like die casting, uses a metal mold (die) that is typically made from 
steel or cast iron and can be reused for several thousand cycles. Because the molten metal is poured into the 
die and not forcibly injected, permanent mold casting is often referred to as gravity die casting.

Permanent mold casting is typically used for high-volume production of small, simple metal parts with 
uniform wall thickness. Non-ferrous metals are typically used in this process, such as aluminum alloys, 
magnesium alloys, and copper alloys. However, irons and steels can also be cast using graphite molds. 
Common permanent mold parts include gears and gear housings, pipe fittings, and other automotive and 
aircraft components such as pistons, impellers, and wheels.

The permanent mold casting process consists of the following steps

Mold preparation - First, the mold is pre-heated to around 300-500°F (150-260°C) to allow better metal flow 
and reduce defects. Then, a ceramic coating is applied to the mold cavity surfaces to facilitate part removal 
and increase the mold lifetime.

Mold assembly - The mold consists of at least two parts - the two mold halves and any cores used to form 
complex features. Such cores are typically made from iron or steel, but expendable sand cores are sometimes 
used. In this step, the cores are inserted and the mold halves are clamped together.

Pouring - The molten metal is poured at a slow rate from a ladle into the mold through a sprue at the top of 
the mold. The metal flows through a runner system and enters the mold cavity.
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Cooling - The molten metal is allowed to cool and 
solidify in the mold.

Mold opening - After the metal has solidified, the two 
mold halves are opened and the casting is removed.
Trimming - During cooling, the metal in the runner 
system and sprue solidify attached to the casting. 
This excess material is now cut away.
Typical parts include gears, splines, wheels, gear 
housings, pipe fittings, fuel injection housings, and 
automotive engine pistons. 

Fig. (8)

3) Permanent mold casting process- Gravity Process
The gravity process begins by preheating the mold to 
150-200 °C (300-400 °F) to ease the flow and reduce 
thermal damage to the casting. The mold cavity 
is then coated with refractory material or a mold 
wash, which prevents the casting from sticking 
to the mold and prolongs the mold life. Any sand 
or metal cores are then installed and the mold is 
clamped shut. Molten metal is then poured into the 
mold. Soon after solidification the mold is opened 
and the casting removed to reduce chances of hot 
tears. The process is then started all over again, but 
preheating is not required because the heat from 
the previous casting is adequate and the refractory 
coating should last several castings. Because this 
process is usually carried out on large production run 
work-pieces automated equipment is used to coat 
the mold, pour the metal, and remove the casting.

The metal is poured at the lowest practical 

temperature in order to minimize cracks and 
porosity. The pouring temperature can range greatly 
depending on the casting material; for instance zinc 
alloys are poured at approximately 370 °C (698 °F), 
while Gray iron is poured at approximately 1,370 °C 
(2,500 °F). 

Fig. (9)

Fig. (10)
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Above is the photo of Castings made by Gravity die 
casting process.

The surface finish of the part made by Gravity casting 
is smoother as compared to the part made by Sand 
casting part.

After the part is casted, casting can undergo various 
surface finishing operations like Shot blasting, 
Anodizing, Painting etc.

Sand Casting and Gravity Die casting processes have 
been in use for long time. As mentioned in the Table 
no. 2 based on various factors the processes of 
casting is selected.

In the next article we will see the Pressure Die casting 
processes.
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The Next Big Thing is Really Small 
An Insight to Nano-technology and Nano-manufacturing

- Saiprasad Jadhav
E-mail: saiprasdj@rediffmail.com

Foreword

Nanotechnology is often considered as an emerging 
technology. It is capable of revolutionizing our 
approaches to common problems. It is not a new 
field, but the latest development has warranted us to 
focus on the benefit it has on the universe around us. 
As a result, to reap the benefits,  it is also necessary 
to understand the various the methods developed 
for nano-manufacturing.

Introduction

Nanotechnology is sometimes referred to as a 
general-purpose technology. That is because it has 
profound impact on the industry as well as all areas 
of the society. eg: Materials lighter than writing 
chalk but ten times stronger than a turtle’s shell or a 
medical device that can identify and destroy clusters 
of cancerous cell. Like computers and electricity 
before it, nanotech brought about very levels of 
efficiency in almost all facets of life. But, it can also 
have dual use. One for commercial use and other 
for military use, leading to benefits for society along 
with grave risks for humanity.

Like computers and electricity before it, 
nanotechnology is seen as the next industrial 
revolution. A computer can effortlessly make as 
many copies as you wish at a fragment of the cost 
of conventional copier and store the same in a chip 
as against the giant storage space required. Building 
products of higher efficacy and which are cleaner, 
safer, stronger and smarter for communications, 
healthcare, transportation, agriculture, education 
and for industry in general, is the real meaning of 

Nanotechnology.

We have had various articles, in our Exponent Group 
of Journal which introduce us to Nanotechnology and 
discuss the general benefits as well as manufacturing 
of nano-particles or Nano-manufacturing.  In this  
article we will briefly understand Nanotechnology 
and various methods of Nano –manufacturing .

Nanotechnology

Nanotechnology is a multi-engineering discipline 
field which has simultaneous involvement of areas 
of materials science, chemistry, physics, and biology. 
Nanotechnology commonly refers to the fabrication, 
study, and manipulation of structures having sizes 
in the range from one to one hundred nanometers 
(a nanometer is a billionth of a meter). Indeed, it is 
all about generating new solutions based on atomic- 
and molecular-scale manipulations.

The field is loosely divided into four categories: 

a) Micro and nano-instruments: 
This addresses some of the most far-reaching yet 
practical applications of miniature instruments for 
measuring atoms or molecules in chemical, clinical, 
or biochemical analysis; in biotechnology for agent 
detection; and environmental analysis.

b) Nano-electronics:  
It concerns the development of systems and 
materials required for the electronics industry to go 
beyond current technological limits, featuring high-
performance microprocessor chip. It will also involve 
a new generation of electronics based on plastics, 
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with applications ranging from smart cards to tube-
like computers.

c) Nano-biosystems: 
Its described as molecular manipulation of 
biomaterials and the associated miniaturization of 
analytical devices such as DNA, peptide, protein, and 
cell chips.

d)  Nano-engineered materials: 
These are advanced materials including nano-
crystalline materials and nano-powders used in 
electronics and photonics applications, as catalysts 
in automobiles, in the food and pharmaceutical 
industries, as membranes for fuel cells, and for 
industrial-scale polymers.

Nanotechnology Development stages:
The phase wise stages can be described as four 
generations of nanotechnology development, as 
given below.

The first generation is that of passive nanostructures, 
wherein materials were designed to perform one task. 
The second phase, introduced active nanostructures 
for multitasking; eg:  drug delivery devices and 
sensors. The third generation featured nano-systems 
with thousands of interacting components and the 
fourth generation will unveil the first integrated 
nano-systems, functioning similar to a mammalian 
cell with hierarchical systems within systems. Experts 
are of the opinion that nanotechnology will refer to  
control and restructuring of matter at the nanoscale.

Nano–Manufacturing:
Top-down and bottom-up:

Michel Angelo was a top-down artist. He took one 
big, raw block of Carrara marble and chiseling away 
produced a spectacular statue like David. In the 
process he reduced the original block of marble to 
half its original volume and left the other half as 
waste. 

This is the nanotechnology equivalent of lithography 
and other top-down methods where you start by 
taking a block of material and remove the bits and 
pieces you don’t want until you get the shape and 
size you do want. In the process you spend (relatively 
much) energy, use (sometimes very toxic) chemicals, 
produce (often quite a bit of) waste, need a lot of 
patience (these processes are relatively slow) and 
often the results are quite unique and not easily 
replicable.

Marble - before and after Michelangelo’s top-down 
approach.

Bottom-up methods are much more elegant and 
efficient. Example:  lego blocks, build more or less 
anything you want with them. Replace your hands 
with a (tiny) machine, or some other assembly 
process, and the legos with atoms or molecules and 
you have molecular assembly. Unfortunately, this 
analogy is too simplistic. 

Within the top-down and bottom-up categories of 
nano-manufacturing, there are a growing number of 
new processes that enable nano-manufacturing. 
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Among these are:
I) Chemical vapor deposition (CVD):

In this approach, vapor phase precursors are brought 
into a hot-wall reactor under conditions that favor 
nucleation of particles in the vapor phase rather 
than deposition of a film on the wall. This method 
has tremendous flexibility in producing a wide range 
of materials and can take advantage of the huge 
database of precursor chemistries. The precursors 
can be solid, liquid or gas at ambient conditions, but 
are delivered to the reactor as a vapour.

Another key feature of chemical vapor synthesis is 
that it allows formation of doped or multi-component 
nanoparticles by use of multiple precursors. 

Eg: nano-crystalline europium doped yttria 
(Y2O3:Eu3+)from organometallic yttrium and 
europium precursors.  Nano-particles of indium oxide, 
tin oxide, and indium oxide doped with tin oxide 
(ITO) by chemical vapor synthesis for the applications 
as transparent conducting oxides, catalysts and gas 
sensors.    

The as synthesized oxide nano-belts are pure, 
structurally uniform, single crystalline and most of 
them free from defects and dislocations. The nano-
belt materials were recently applied to make the 
world’s first field effect transistor and single wire 
sensors. The latest breakthrough is the success of 
first piezoelectric nano-belts and nano-rings for 
applications as sensors, transducers and actuators in 
micro and nano-electromechanical systems.  

(A) Low-magnification SEM image of the as-
synthesized ZnO  nano rings. (B) High magnification 
SEM image of a freestanding single-crystal ZnO  
nano ring, showing uniform and perfect geometrical 
shape. The ring diameter is 1 to 4 µm, the thickness 
of the ring is 10 to 30 nm, and the width of the ring 
shell is 0.2 to 1 µm.

These metal oxide nano-belts, nanowires, nano-
diskettes, and nanoribbons are highly promising 
candidates for gas sensing materials

II) Molecular beam epitaxy: 

Molecular Beam Epitaxy (MBE) is an advanced 
ultra-high-vacuum facility to make compound 
semiconductor materials with great precision and 
purity. To make a new crystal using MBE, a base 
material called a substrate, which could be a familiar 
semiconductor material such as silicon, germanium, 
or gallium arsenide, is fired upon by precise beams 
of molecules (heated up so they’re in gas form) at 
the substrate from “guns” called effusion cells. You 
need one “gun” for each different beam, shooting 
a different kind of molecule at the substrate, 
depending on the nature of the crystal you’re trying 
to create. The molecules land on the surface of the 
substrate, condense, and build up very slowly and 
systematically in ultra-thin layers, so the complex, 
single crystal you’re after grows one atomic layer at 
a time. Epitaxial  simply means “arranged on top of,” 
so all molecular beam epitaxy really means is using 
beams of molecules to build up layers on top of a 
substrate.
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Photo: Molecular beam epitaxy (MBE) means 
creating a single crystal by building up orderly layers 

of molecules on top of a substrate (base layer).

Schematic of the deposition process used for MBE

III.   Atomic layer epitaxy (ALE):

It is a specialized form of epitaxy that typically deposit 
alternating monolayers of two elements onto a 
substrate. ALE is based on introducing one gas that 
will absorb only a single atomic layer on the surface 
and following it with another gas that reacts with the 
preceding layer. The crystal lattice structure achieved 
is thin, uniform, and aligned with the structure of the 
substrate. The reactants are brought to the substrate 
as alternating pulses with “dead” times in between. 
The dead times are used to flush the excess material. 

It is mostly used in semiconductor fabrication to grow 
thin films of thickness of the atomic order.  

ALE introduces two complementary precursors (e.g. 
Al(CH3)3 and H2O) alternatively into the reaction 
chamber. Typically, one of the precursors will 
adsorb onto the substrate surface until it saturates 
the surface and further growth cannot occur until 
the second precursor is introduced. Thus the film 
thickness is controlled by the number of precursor 
cycles rather than the deposition time as is the case 
for conventional CVD processes. 

ALE allows for extremely precise control of film 
thickness and uniformity.

1.IV.IV. Dip pen nanolithography (DPN):

DPN is a technique where an atomic force microscope 
(AFM) tip is used to create patterns on scales of under 
100 nanometers directly on a range of substances with 
a variety of inks. DPN is the nanotechnology analog 
of the dip pen (also called the quill pen), where the 
tip of an atomic force microscope cantilever acts as a 
“pen,” which is coated with or dipped into a chemical 
compound or mixture acting as an “ink,” and put in 
contact with a substrate, the “paper.” It enables direct 
deposition of nanoscale materials onto a substrate in 
a flexible manner. 

Inks:

a) Molecular inks
Molecular inks are composed of small molecules 
which are coated onto a DPN tip. In order to coat the 
tips, one can either vapor coat the tip or dip the tips 
into a dilute solution containing the molecular ink.
   
b) Liquid inks
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Liquid ink deposition mechanism

Liquid inks can be any material that is liquid at 
deposition conditions. The liquid deposition 
properties are determined by the interactions 
between the liquid and the tip, the liquid and the 
surface, and the viscosity of the liquid itself. Unlike 
molecular inks, it is possible to perform multiplexed 
depositions using a carrier liquid. Eg: Protein, peptide 
and DNA patterning.

Applications: 

Cantilever biosensor functionalized with 4 different 
proteins

1. Biosensor Functionalization - Directly place 
multiple capture domains on a single biosensor 
device

2. Nanoscale Sensor Fabrication - Small, high-value 
sensors that can detect multiple target

3. Nanoscale Protein Chips - High-density protein 
arrays with increased sensitivity 

4. Cell engineering -  for manipulating cells at 

subcellular resolution
5. Rapid prototyping - Plasmonics and Metamaterials

SEM image of DPN fabricated gold metastructure 
arrays.

Nanoimprint lithography (NIL):

It is a process for creating nano scale patterns by 
mechanical deformation of imprint resist by heat 
or UV light and subsequent processes.It is a novel 
method for fabricating nano scale imprints at  low 
cost, high throughput and with high resolution on 
various substrates, e.g., silicon wafers, glass plates, 
flexible polymer films, and even nonplanar substrates.     

Types of NIL:

The three most important types are:  
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1) Thermoplastic nanoimprint lithography (T-NIL):

In T-NIL process, a thin layer of thermoplastic polymer is spin coated onto the sample substrate to form a 
mold, which is brought into contact with the sample and they are pressed together under certain pressure. 
After heating above the glass transition temperature of the polymer, the pattern on the mold is pressed into 
the softened thermoplastic (resist). After cooling, the mold is separated from the sample and the pattern 
resist is left on the substrate.

2)  Photo nanoimprint lithography (P-NIL)

In  P-NIL, a photo(UV) curable liquid resist is applied to the sample substrate and the mold is normally made 
of transparent material like fused silica. After the mold and the substrate are pressed together, the resist is 
cured in UV light and becomes solid. After mold separation, a similar pattern transfer process can be used to 
transfer the pattern in resist onto the underneath material.

3) Resist-free direct thermal nanoimprint lithography:

This method does not require an extra etching step to transfer patterns from imprint resists to the device layer.  
A single-step nanoimprint directly molds thin film materials into desired device geometries under pressure 
at elevated temperatures. The imprinted materials should have suitable softening characteristics in order to 
fill up the pattern. Amorphous semiconductors (for example Chalcogenide glass[5][6]) demonstrating high 
refractive index and wide transparent window are ideal materials for the imprint of optical/photonic device.

Various Schemes 

Full wafer nanoimprint :

In a full wafer nanoimprint scheme, all the patterns are contained in a single nanoimprint field and will be 
transferred in a single imprint step. This allows a high throughput and uniformity. An at least 8-inch (203 mm) 
diameter full-wafer nanoimprint with high fidelity is possible.

To ensure the pressure and pattern uniformities of full wafer nanoimprint processes and prolong the mold 
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lifetime, a pressing method utilizing isotropic fluid pressure, named Air Cushion Press (ACP)[8] by its inventors, 
is developed and being used by commercial nanoimprint systems.

Step and repeat nanoimprint:

Nanoimprint can be performed in a way similar to the step and repeat optical lithography. The imprint field 
(die) is typically much smaller than the full wafer nanoimprint field. The die is repeatedly imprinted to the 
substrate with certain step size. This scheme is good for nanoimprint mold creation.

Applications:

Nanoimprint lithography has been used to fabricate devices for electrical, optical, photonic and biological 
applications. For electronics devices, NIL has been used to fabricate MOSFET, O-TFT, single electron memory. 
For optics and photonics, intensive study has been conducted in fabrication of subwavelength resonant 
grating filter, polarizers, wave plate, anti-reflective structures, integrated photonics circuit and plasmonic 
devices by NIL. sub-10 nm nano-fluidic channels had been fabricated using NIL and used in DNA stretching 
experiment. Currently, NIL is used to shrink the size of bio-molecular sorting device an order of magnitude 
smaller and more efficient.

V. Self-assembly:

It describes the process in which a group of components come together to form an ordered structure, with 
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or without outside direction.

 In self-assembly the key is designing the components 
that are required to self-assemble into desired 
patterns and functions by a controlled and directed 
fabrication process. 

The spatial arrangements of these self-assembled 
nanoparticles are used to build complex structures, 
helping in making a wide variety of materials that can 
be used for different purposes.

An example of self-assembly of nanoparticles in 
a solution. In this diagram, it can be seen that a 
disordered system formed an organized structure 
which can be due to specific interactions among the 
particles. 

Thermodynamics:

Self-assembly focuses on achieving equilibrium 
between the assembled components and the 
individual components resulting in minimization of 
Gibbs free energy. The minimization of Gibbs free 
energy is possible by maximizing attractive and 
minimizing repulsive molecular interactions.

The thermodynamics of the self-assembly process 
can be represented by a simple Gibbs free energy 
equation:

where if   is negative, self-assembly is a 
spontaneous process.   is the enthalpy change 

of the process.  is the change in entropy 
associated with the formation of the ordered 
arrangement .

The self-assembly is governed by the normal 
processes of nucleation and growth. The Gibbs free 
energy continues to decrease until the assembly 
becomes stable. 

Processing:

Nanoparticles will self-assemble mainly due to:

• molecular interactions
• external direction. .
• Self Assembly by Molecular Interactions

Nanoparticles tend to assemble chemically through 
covalent or noncovalent interactions with their  
terminal functional group(s), known as capping 
ligands. Self-assembly in nanoparticles can be made 
simple by synthesizing efficient functional groups.

Intermolecular Forces

Nanoparticles can self-assemble as a result of 
their intermolecular forces. As systems look to 
minimize their free energy, self-assembly is one 
option for the system to achieve its lowest free 
energy thermodynamically. Nanoparticles can be 
programmed to self-assemble by changing the 
functionality of their side groups. The various factors 
affecting the interparticle interactions are Van der 
Waals forces, hydrophobicity or hydrophilicity and 
external factors such as solvent concentration, 
temperature and pH.

b) Externally Directed Self Assembly:

1. Electric and Magnetic Fields:  Electric and magnetic 
fields are the most common directors inducing 
interactions to align / assemble the nanoparticles 
by taking advantage of the polarizability of the 
nanoparticle and its functional groups.   

2. Macroscopic Viscous Flow: Macroscopic 
viscous flow fields can direct self-assembly of 
a random solution of particles into ordered 
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crystals. However, the assembled particles tend 
to disassemble when the flow is stopped or 
removed. Flow can induce anisotropic viscoelastic 
stresses, which helps to overcome the matrix and 
cause self-assembly.

c) Interfaces:

1) Solid Interfaces

Templates made of microstructures like carbon 
nanotubes or block polymers can be embedded 
with active sites to direct nanoparticle deposition 
in self assembly. Nanoparticles often self-assemble 
within nanometers or over macroscopic distances, 
depending on the templates used.  

2) Liquid Interfaces

Pickering emulsions, as shown in the figure below, 
are formed from the self-assembly of colloidal /solid 
particles like iron oxide and silicon dioxide in two-
part liquid systems, such as oil-water systems.  

Self-assembly of solid nanoparticles at oil-water 
interface.

The contact angle θ between the solid and the oil/
water interface determines its wettability. As shown 
in the figure below, a contact angle θ greater than 90° 
favors a water-in-oil emersion while a contact angle 
θ less than 90° favors oil-in-water emulsion. These 
contact angles affect the stability of the emulsion.

Effects of contact angle on wettability.

A maximum desorption energy peak is observed at 
a contact angle of 90°. When the contact angle is 
greater than or less than this point, the  desorption 
energy gradually decreases; thus, the stability of the 
emulsion decreases as well.

Applications: 

Electronics:

Model of multidimensional array of nano-particles. 
Particle could have two spins, spin up or down. Based 
on the spin directions, nano-particles will be able to 
store 0 and 1. Therefore, nano-structural material has 
a great potential for future use in electronic devices.
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Biological: Drug Delivery:

Block copolymers offer the ability to self-assemble 
into uniform, nanosized micelles[10][11]and 
accumulate in tumors via the enhanced permeability 
and retention effect.[12] Polymer composition can be 
chosen to control the micelle size and compatibility 
with the drug of choice 

Word of caution:

Nanotechnology has direct beneficial applications 
for medicine and the environment, but like all 
technologies there are pros and cons. Today 
everybody talks of the benefits, but the technology 
may have unintended effects that can adversely 
impact the environment, both within the human body 
and within the natural ecosystem. Nano particles 
can get through skin, digestive intake or respiration 
and cause call damage or cross blood brain barrier. 
In military applications, nano-bomb can use viruses 
to wipe out civilizations. The replicating behaviour of 
Nanobots can result in Gray-Goo.
Thus while taking advantage of this new technology 
for health, environmental, and sustainability benefits, 

science needs to examine the environmental and 
health implications and plan on how to resolve them. 
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