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CHAPTER 1 - PROJECT AT A GLANCE
1. Project concept – Detailed feasibility analysis on roto-moulded plastic containers
and other products. The project envisages the manufacture of
overhead water storage tanks and various other containers in
plastics by roto moulding process.

2. Location -

Overhead water storage tanks are required for all new buildings
as well as for replacement in the old buildings. The plastic tanks
have a variety of applications like septic tanks, storage bins, drum
and barrels, etc. Location of the proposed unit should preferably
in the vicinity of the major sites of construction as well as sources
of raw materials.
Punakha, Wangdue, Thimphu, Samdrup,
Phuentsholing, Gelephu and Paro happen to be the main towns
and would constitute the major sites of construction and
consequently would constitute a major market for plastic tanks.
Besides, Wangdue being the site of biggest ongoing power
projects has also tremendous potential for construction activities.
In Punakha power project, there is a provision for construction of a
residential colony, a general hospital, building for office complex
and a club building. Besides, there would be lot of construction
activities in the private sector due to setting up of the hydro
electric power project. The per unit cost of the transport of
overhead water tanks and containers is quite high in view of the
high weight to volume ratio. It would therefore be desirable if the
proposed unit is setup at a location central to major towns.
Keeping in view, the various parameters, these sites have been
short listed in the order of preference.
Location
Punakha
Wangdue
Thimphu
Samdrup
Phuentsholing
Gelephu
Paro

Overall rating
48
44
44
41
39
36
36

It is recommended that the unit be setup at Punakha as a part of the cluster for
units for the manufacture of construction materials.

3. Markets -

The water storage tanks are widely used in the buildings due to
their light weight, ease of handling and long term durability.
Beside, there are a number of other products viz septic tanks,
trash bins, drums, barrels, etc. which could be manufactured by
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the unit and have good market potential in Bhutan. Presently, the
entire requirement of these tanks is being met through imports
and this involves heavy transport cost. Indigenous production is
likely to result in heavy cost reductions and advantage to the
consumers. Besides water storage tanks, the unit has to
concentrate on a wide range of products viz septic tanks, storage
bins, trash bins and various other roto moulded products to
achieve economy in the production.

4. Annual production
capacity
120 lacs litres of overhead water containers in various sizes
recommended -

5. Land and
building
requirement

Plot area 3000 sq mts
Built up area 250 sq mts
Industrial shed 800 sq mts

6. Power
requirement

172 KWH

7. Main machinery

Three arm carousel rotational molding machine
Pulverizer
Extrusion unit
Turbo mixer
Scrap grinder

8. Manpower
requirement

Manager
Engineer / production in-charge
Marketing executive
Office staff
Operators/skilled workers
Unskilled workers

9. Total project
cost

Rs. 254.64 lacs

10. Project
implementation
period

11-12 months

–1
–1
–2
–2
–6
– 14
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11. Means of
finance

Debt Equity -

Rs. 178.25 lacs (70%)
Rs. 76.39 lacs (30%)

12. Break up of
cost of project

Machinery
Construction cost
Misc. fixed assets
Pre-operative exp.
Training expenses
Interest
Working capital
Total

13. Annual sales
turnover

Rs. 540 lacs

14. Financial
analysis

IRR – 35% on equity
IRR – 23% on investment
NPV – Rs. 162.20 lacs (12% discount rate)
Pay back period – 3 years
Project break-even – 51%

-

Rs. 137.24 lacs
Rs. 43.00 lacs
Rs. 5.00 lacs
Rs. 7.00 lacs
Rs. 1.37 lacs
Rs. 23.23 lacs
Rs. 37.79 lacs
Rs. 254.64 lacs
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CHAPTER 2 – JUSTIFICATION OF THE PROJECT
2.1 Project Concept
The project is for carrying out detailed feasibility analysis for setting up a
manufacturing unit in Bhutan for the production of overhead water storage tanks, septic
tanks, storage bins, trash bins, etc. in plastics by using roto-moulding process.

2.2 Project Justification
It is estimated that the construction sector accounts for nearly 25 per cent
contribution to Bhutan GDP. The fact remains that in a developing economy like Bhutan,
the construction becomes the major activity in various spheres of developments be it
power, road, urban infrastructure and housing, education health, communication, etc.
The construction industry covers a wide range of sectors of economy, the most
important in the context of Bhutan being hydroelectric power generation and distribution,
roads and bridges, urban infrastructure development, housing, government and private
building complexes, expansion of health and education facilities viz. construction of
hospitals and schools. With the growth in economy, there has been a boom in
construction industry in Bhutan and consequently, the demand for various construction
materials has become substantial.
With a view to cut down the cost of raw materials in construction industries and
also to accelerate the pace of industrialization in Bhutan, the government is keen to
promote industrial units for manufacture of construction materials. Setting up of such
industries would help in easy availability of construction materials at economic prices,
generation of employment opportunities, optimum use of natural and human resources
and above all accelerating the pace of industrialization in the country. A wide range of
plastic products are used in the construction of buildings.
Plastics are modern materials of constriction and they find extensive applications
in every field ranging from consumer items to industrial products. Construction industry
happens to be one of the major sector where plastic products like overhead water tanks,
pipes, wires and cables are extensively used. Over last low decades there has been an
unprecedented growth of plastic industry both in terms of production of polymer raw
materials as well in the field of plastic conversion industry which convert the polymer raw
materials to finished products. While the production of polymer raw material is
essentially a high capital intensive industry located mainly in the developed countries,
the plastic processing industry has expanded throughout the world.
The plastic raw materials are converted to finished products by using various
processing techniques viz. extrusion injection moulding, blow moulding, rotational
moulding, calendaring etc. The choice of process depends on the produce intended to
be manufactured. Most of processing operations are carried out with the use of semi
automatic / automatic machines which can be easily installed and operated at any
industrial site. In most of the plastic processing industries there are no emissions of
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gaseous, liquid or solid effluents and the plastic conversion industry by and large does
not have any adverse impact on the environment.
Like any other developing economy, Bhutan also offers excellent scope for
development of plastic processing industry specially to meet the requirement of
consumer items, construction industry, water supply & sewage, disposal, packaging of
agricultural and industrial products, parts, components & sub-assemblies for industrial
applications, rural electrification etc. Few industrial units for the manufacture of
polythene pipes, PVC pipes, insulated, wires and cables, woven sacks and water bottles
have already been set up in Bhutan.
In view of their inherent advantages viz. case of process ability, light weight,
relatively much larger life case of installation, the plastic goods are ideally suited for
application in hilly terrain regions like Bhutan. Moreover keeping in view the boom in
construction industry and emphasis on development urban infrastructure the
requirement of plastic goods is bound to increase manifold.
The project has been drawn to set up industrial units for the manufacture of
various types of plastic products with Roto-moulding technique. These products are
essentially used for water supply, sewage disposal as well in industrial applications.
Bhutan does not have facilities for the production of plastic raw materials however these
can be easily imported from India or any other country. The processing machines and
mould also need to be imported. The details of products range and technology used are
described in subsequent chapters.
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CHAPTER 3 – MARKET ANALYSIS
3.1 Demand and supply
3.1.1 International Scenario
Rotational molding, traditionally best known for the manufacture of tasks has
recently received wide acceptance the world over for the production of wide range of
products with advantages certain to attract both manufacturers and users, roto molding
offers useful as imaginative products ranges. The option to create one piece, seamless
and stress free plastic products with superior surface finish are the added advantages.
Roto molding can be used for production of small or gigantic size products in every
conceivable shape and in utilitarian or even exotic design.
It is difficult to get precise figures for the size of the rotational molding market due
to the large number of small and medium companies in the sector. In 1995, the North
American market was estimated to be about 800 million pounds (364 ktons) with a value
of US$1250 million. The corresponding 1995 figure for Europe was a consumption of
101 ktons, and this had risen to 170 ktons by 1998. In 1997, the North American market
had a value of about US$ 1650 million and for most of the 1990s, the U.S. market grew
at 10% to 15% per year, spurred on primarily by outdoor products such as chemical
tanks, children’s play furniture, kayaks, canoes, and mailboxes. In the latter part of the
1990s the North American market growth slowed to single figures. Independent analysts
saw this as a temporary dip and explained it in terms of a readjustment of market sectors
and increasing competition from other sectors.
The following figure depicts the market sectors by product type, produced by roto
molding during the year 1999 in North American:

Others
10%

Hous ehold
2%

Tanks
18%

Toys
40%

Containers
9%
Materials Handling
3%

Industrial
16%

Playground
2%
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In Europe the nature of market has been different, with containers and tanks
accounting for major share in roto molded products.

Transport
8%
Traffic
7%

Others
9%

Automotive
15%

Toys
5%

Home / Garden
8%

Industrial
17%
Food /Agriculture
27%

Leisure
4%

Currently, the rotational molding industry is in an exciting stage in its
development. The past decade has seen important technical advances, and new types
of machines, molds, and materials are becoming available. The industry has attracted
attention from many of the major suppliers and this has resulted in significant
investment. Important new market sectors are opening up as rotational molders are able
to deliver high quality parts at competitive prices. More universities than ever are taking
an interest in the process, and technical forums all over the world provide an opportunity
for rotational molding to take its place alongside the other major manufacturing methods
for plastics.

3.1.2 Demand and supply scenario in Bhutan
With the acceleration in the process of urbanization, and consequently, the rapid
growth in urban population, the urban infrastructure and public amenities need to be
strengthened to address the emerging urban requirement. There are urban plans for
setting up 31 towns of which implementation plans of 17 are in various stages of
finalization. Similarly, there are ambitious targets for strengthening road and bridges
sector. This scenario will result in providing a boost to construction industry.
A large hydroelectric power project with capacity of 1100 MW in the first phase
and 1000 MW in the second phase in being setup at Lobeysa in Wangdue. The work on
the project has already started. There is a provision for constructing a residential colony
with around 700 residential units for the project personnel. A general hospital, building
for office complex and a club building is also planned to be constructed. Besides there
would be lot of construction activities in private sector due to setting up of the
hydroelectric power project. Besides cement and steel there would be a large demand
for stone aggregates, stone dust and cement products.
These all developments would lead to higher demand of construction materials
including various plastic products like PVC pipes, overhead water tanks, septic tanks,
dust bins, etc. Presently, it is estimated that the construction sector accounts for nearly
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25 per cent contribution to Bhutan’s GDP and with the overall economic development of
Bhutan, this situation is likely to continue for many years.
Almost every building would requires minimum 1-2 overhead water storage tanks
for water storage. There would be a requirement of large size tanks for institutional
supply like hospitals, schools, industrial units and office complexes. Besides, these
tanks would be required for storage of grains, etc in rural areas and transportation of
water to scarcity areas. Taking into considerations, the financial allocation of 10th plan
for urban development and considering 2% expenses on water storage, the requirement
of tanks would work out to be around 12 crores. In addition to this, there would be a
requirement from the construction activities in power projects and this could be
estimated to be around Rs. 3 crores. There would an additional requirement from
private sector construction activities, storage of grains and water transportation which
could be estimated at Rs. 5 crores. The project has inbuilt provision for the manufacture
of various other items viz large sized garbage bins, telephone booths, dispensing units,
etc and the requirement could be around Rs. 3 crores. Thus, the total estimated
demand over a period of 5 years would be approximately Rs. 23 crores. This would lead
to a demand level of over Rs. 4.5 crores per year. Considering an export target of Rs. 1
crore per year due to competitive advantages in terms of low transportation cost, the unit
should be able to utilize its full plant capacity of production being around Rs. 5.5 crores
per annum, in terms of turnover.

3.2 Competitive Advantages
The main product proposed to the manufactured by the unit is over-head water
tank. These tanks are used in all type of buildings for storage of water. Besides, the
unit would manufacture a wide range of products viz septic tanks, storage tanks, storage
bins, chemical storage tanks, tanks for grain storage and a range of other products as
given earlier. These tanks could also be used for storage of water, storage of grains and
many other applications in rural areas also. The possibility of introducing many more
innovative applications vis large size dustbins, dispensing counters, wheel trolleys and
sewage tanks, which could be manufactured by this unit also need to be explored. The
unit also has to look for the possibilities for exporting their products to neighboring
markets. The main competitive advantage factors of the indigenously produced tanks
over the imported product can be summarized as under:  Huge reduction in transport costs.
 Production of tanks and containers in sizes, shapes and designs suiting to
various other local requirement viz storage of water, storage of grains and other
applications in urban and rural areas.
 Direct purchase of plastic raw materials from manufacturing unit resulting in
lower input cost.
 Lower input costs in terms of power, transport and labour.
 Flexibility in production both in terms of type of the tank and container and the
volume of production.
 Value addition leading to saving of foreign exchange.
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In view of these advantage factors, it is envisaged that the unit should be able to
successfully compete with the imported tanks and containers.

3.3 Marketing strategy
The plastic storage tanks are widely used due to their light weight, ease of
handling and long term durability. Presently, the entire requirement of these tanks is
being met through imports. Keeping in view, the tremendous growth in the construction
industry in Bhutan, it is expected that the demand for plastic tanks for various
applications in buildings could grow many folds. The unit needs to adopt the following
strategy for better access to market:  Direct sales to hardware stores in major cities as majority of the tanks are
purchased from hardware stores.
 Long-term contract with large construction project viz hydro-electric power project
in Wangdue for supplying their requirements of tanks and containers.
 Long-term contract with concerned government authorities viz SPBD, Ministry of
Education, Government of Bhutan to supply their requirement for schools and
institutions.
 Direct sales to large construction project in private sector.

3.4 Product description and product mix
The project envisages the manufacture of holder containers and other products
by using roto-moulding technique mainly based on polythene raw material. The most
important items in the context of Bhutan being water storage tanks, sewage tanks,
manhole covers, trash cans etc. All these products are proposed to be manufactured
from Linear Low Density Polythene (LLDPE).
Commercial products manufactured by rotational moulding are made from
thermoplastics, although thermosetting materials can also be used. The majority of
thermoplastics processed by rotational molding are semi-crystalline, and the polyolefin
dominate the market worldwide. The different types of products as under:
Tanks:
Overhead water storage tank
Septic tanks
Oil tanks
Water treatment tanks
Chemical storage tanks
Fuel tanks
Shipping tanks
Containers
Reusable containers
Drums / barrels
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Airline containers
Refrigerated boxes
Materials handling
Pallets
Trash cans
Carrying cases for paramedics
Fish bins
Packaging
Automotive
Door armrests
Traffic signs / barriers
Fuel tanks
Instrument panels
Ducting
Wheel arches
Miscellaneous
Manhole covers
Housings for cleaning equipment
Point of sale advertising
Tools boxes
Dental chairs
Agricultural / garden equipment
Toys and Leisure
Playhouses
Balls
Ride-on-toys
Outdoor furniture
Hobby horses
Doll heads and body parts
Marine Industry
Duck floats
Pool liner
Docking fenders
Leisure craft /boats
Kayaks
Life belts
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3.5 Rotational molding offers – useful and imaginative product
range
The modern rotational molding process is characterized as being a nearly
atmospheric pressure process that begins with fine powder and produces nearly stressfree parts. It is also an essential requirement that the polymer withstand elevated
temperatures for relatively long periods of time. Owing to the absence of pressure,
rotational molds usually have relatively thin walls and can be relatively inexpensive to
fabricate. For relatively simple parts, mold delivery times can be days or weeks.
Modern, multi-armed machines allow multiple molds of different size and shape to be run
at the same time. With proper mold design, complex parts that are difficult or impossible
to mold any other way, such as double-walled five sided boxes, can be rotationally
molded. With proper mold design and correct process control, the wall thickness of
rotationally molded parts is quite uniform, unlike structural blow molding or twin sheet
thermoforming. And unlike these competitive processes, rotational molding has no pinch
off seams or weld lines that must be post mold trimmed or other wise finished. The
process allows for in mold decoration and in situ inserts of all types.
Although the rotational molding process has numerous attractive features it is
also limited in many ways. The most significant limitation is the dearth of suitable
materials. This is primarily due to the severe time temperature demand placed on the
polymer, but it is also due to the relatively small existing market for non-polyolefin.
Where special resins have been made available, the material prices are high, due to the
development costs that are passed through to the user, and the additional cost of small
scale grinding of the plastic granules to powder. In addition, the inherent thermal and
economic characteristic of the process favor production of few, relatively large, relatively
bulky part such as chemical tanks.
The main advantages of rotational molding











A hollow part can be made in one piece with no weld lines or joints.
The end product is essentially stress free.
The molds are relatively inexpensive.
The lead time for the manufacture of a mold is relatively short
Short production runs can be economically viable.
There is no material wastage in that the full charge of material is normally
consumed in making the part.
It is possible to make multilayer products.
Different types of product can be molded together on the one machine
Inserts are relatively easy to mold.
High quality graphics can be molded.

Some limitations of rotational molding:



The manufacturing times are long.
The choice of molding materials is limited.
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The material costs are relatively high due to the need for special additive
packages and the fact that the material must be ground to a fine powder.
Some geometrical features (such as ribs) are difficult to mold.

The following table depicts the comparison of various characteristics of various
other process viz blow moulding & thermo forming that are used to produce hollow
containers vis-à-vis rotational moulding.
Table- Comparison of characteristics achievable in blow molding, thermoforming
and Rotational Molding.
Factor
Blow Molding
101 - 106
Typical
product
3
volume range (cm )
Plastic available
Limited
Feedstock
Pellets
Raw
material
None
preparation cost
Reinforcing fibers
Yes
Mold materials
Steel / aluminum
Mold pressure
<1 MPa
Mold cost
High
Wall
thickness
10% -20%
tolerance
Wall
thickness
Tends to be nonuniformity
uniform
Inserts
Feasible
Orientation in part
High
Residual stress
Moderate
Part detailing
Very good
In-mold graphics
Yes
Cycle time
Fast
Labor intensive
No

Thermo Forming
5x100 – 5x106

Rotational molding
101 – 108

Broad
Sheet
Up to +100%

Limited
Powder/ liquid
Up to 100%

Yes
aluminum
<0.3 MPa
moderate
10% -20%

Yes, very difficult
Steel / aluminum
<0.1 MPa
Moderate
10% -20%

Tends to be nonuniform
No
Very high
High
Good, with pressure
Possible
Fast
moderate

Uniformity possible
Yes
None
Low
Adequate
Yes
Slow
Yes

3.6 Quality standards for rotational moulded water storage tanks
Keeping in view, the widespread use of rotational moulded polyethylene tanks for
storage of potable water, Bureau of Indian Standards have brought out IS-12701 2006
for this product. The standard defines various parameters relating to raw materials for
the construction of the tank, design and dimensions parameters of cylindrical vertical
tank and rectangular loft tank. The standard also defines the performance requirement
viz resistance to deformations, impact, load resistance, tensile strength, flexural modulus
as well as sampling and testing methods. The main parameters relating to design and
dimensions of cylindrical vertical tanks and rectangular loft tank are as given below: A). Cylindrical vertical tank: The design parameters and typical details of cylindrical
vertical tank are as under:
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The dimensions, net and gross capacities and weight of the tank shall be as
given in table below: Sl. No

Minimum
Net
Capacity Up
to effective
height

Overall
Diameter
Range
(mm)

Overall
Height
range
(mm)

1.
2.
3.
4.

200
300
400
500

490-690
700-900
700-950
625-1025

5.

700

800-1100

6.

1000

7.

1500

8.

1700

9.

2000

10.

2500

11.

3000

12.

4000

650-850
650-850
700-980
8001140
9001140
10001200
10801450
13001500
13651500
13801610
14101800
1450-

Minimum
Internal
Diameter
ManHole/Hand
Hole (mm)
265
265
265
370

10501350
11501590
12601650
14001700
14001810
16402150
1750-

Minimum
Wall and
of Bottom
Thickness

Minimum
Weight of
tank
(Without
lid)

3.0
3.0
3.5
4.0

7.8
9.0
15.0
18.0

370

4.4

23.0

370

4.5

33.0

370

4.5

47.0

370

4.5

54.0

450

5.4

64.0

450

7.7

81.0

450

8.1

96.0

450

10.4

147.0
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13.

5000

14.

6000

15.

7500

16.

10000

17.

15000

18.

20000

1920
18002110
18002200
18902250
19002680
21002680
21003150

2400
18002100
20652800
21002930
24003740
31004000
31905000

450

10.7

180.0

450

10.7

205.0

450

10.7

239.0

450

11.5

319.0

450

11.5

408.0

450

13.2

566.0

B). Rectangular loft tank: The dimensions, net and gross capacities of the rectangular
loft tank shall be as given in the table below.

Sl.
No

Minimum Overall
Net
length
capacity

Overall
width

1.

150

620-820

2.

200

3.

300

4.

400

5.

500

620820
9301130
9951200
11501350
11501500

620-820
620-820
8551150
9001200

Overall Minimum Minimum wall
Thickness
height internal
Diameter (Measured on)
of Hand Rectangular
Vertical
Port
Hole
and
Bottom
Thickness
285300
2.75
485
285300
2.75
485
285300
2.75
485
335300
2.75
535
335300
2.75
535

Minimum
Weight
of Tank
(Without
Lid)

6.6
7.7
11.0
13.0
17.5
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Wall thickness: Owing to limitations of rotational moulding process, the wall thickness
of the water storage tank at bottom, top and cylindrical sides at the bottom and top
edges where the shape of tank changes is usually found to be much greater than the
wall thickness at other surfaces. For cylindrical vertical tanks the wall thickness upto the
effective height of the tank shall not be less than the values given in table and the wall
thickness above the effective height of the tank shall be not less than 75 per cent of the
values given in table. For rectangular loft tanks the wall thickness shall be in
accordance with the values. The wall thickness shall be measured on the sides, top and
bottom. Thickness measurement on lid shall be made at least in four well-distributed
locations.
Dimensions: The dimensions refer to finished empty tanks. Measurement shall be
made after 48 hours of moulding. The wall thickness may be measured with a dial
gauge micrometer fitted with spherical anvils. The overall diameter, height and other
dimensions may be measured with steel rule or steel tape of desired accuracy by placing
the empty tank on a flat surface.
Multi layer wall tanks: Rotational moulded polyethylene water storage tanks may be
manufactured in single layer or double layers, inner layer being white in colour. The
outer layer shall be black in colour and its thickness shall be minimum 50 percent of the
total thickness of the wall.
The finish: The internal and external surface of the water storage tank shall be smooth,
clean and free from other hidden internal defects, such as air bubbles, pits and metallic
or other foreign material inclusions. The mould parting line and excess material near the
top rim of the tank shall be cut and finished to the required level. Defects like air bubbles
and pits are mould parting line and at top rim of the main-man-hole shall be repaired by
hot-air filler rod welding method.

3.7 Target market and marketing strategy
Construction of sites of the new building, areas of major construction activities
shall be the target markets for overhead water tanks. Normally, overhead water tanks
are marketed through building hardware stores. However, in case of large building
complexes, sometimes orders for supply of tanks are placed directly with the
manufacturing company. Semi-urban and rural areas would be the major target markets
for septic tanks. Commercial complexes, hospitals, schools, institutions and offices
would constitute a major market segment for dustbins and other containers. The unit
also needs to tap the rural market for supplying containers for storage, handling and
transport of agricultural and horticultural products.
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CHAPTER 4 – RESOURCES
4.1 Main resources
The main resources required for the project include the following.
-

Land and building
Plant and machinery
Raw materials vis linear low density polyethylene (LLDPE) granules,
carbon black, pigment and colors
Power
Skilled and non-skilled workers

4.2 Raw materials – consumption pattern
Polyethylene in its many forms accounts for over 85-90% of all the polymers
which are rotationally moulded. Among polyethylene also Linear Low Density
Polyethylene (LLDPE) accounts for major share. PVC plastisols make up for about 12%
of the world consumption. Poly carbonate, nylon, polypropylene, unsaturated polyesters,
ABS, polyacetal, acrylics, polystyrene, celluloses, epoxies, fluorocarbons, phenolies,
Polybutylenes, polyurethanes and silicone accounts for the rest of consumption.

4.3 Grinding and coloring of LLDPE prior to moulding
The polyethylene materials used for rotational molding is always in the form of
powder or micro pellets. Micro pellets form is a relatively recent development and
although it has many attractive features powder still accounts for over 95% of
polyethylene used in roto molding, powder is produced by pulverization some time also
called grinding or attrition mill. Most commonly used grinding machines use the principle
of high speed rotating metal plates.
As in case of all plastic molding processes, imparting the required colour to the
product is an essential part of roto molding process also. There are a number of
methods to impart colour to the raw material / end product. The processes used for
imparting colour to the raw material include the following:

4.3.1 Dry Blending
Dry blending is the most popular method of colouring rotational molding grade
plastic powders. It is attractive because cost savings can be made by purchasing bulk
quantities of natural material and colouring this as required prior to molding. The
following types of blenders are commonly used for blending colors with plastic powder:
-

Ribbon blending
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-

Henschet Mixer

The effectiveness of blending in this process depends on many factors such as
particle size distribution bulk density, the true densities of the ingredients, particle shape,
surface characteristics, flow characteristic such as angle of repose and dry flow rate of
the ingredients, friability, state of agglomerate moisture content and temperature.

4.3.2 Compounding
In compounding the pigment or colour concentrates are mixed with the natural
plastic granules and these are melt extruded and strands are chopped as granules so as
to achieve uniform distribution of pigment. These coloured granules are then pulverized
in a suitable pulverizing mill.
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4.3.3 Comparison of Coloring Techniques





Dry Blending
Cost effective process, plastic powder in
natural colour can be purchased &
pigmented as desired.
Pigment is not thoroughly homogenized
with polymer
Physical characteristics of the product
area sight affected with higher amount of
pigment loading
Deposit of the mold called plate out or
steaming could occur during roto
molding.

Compounding
 Plastic powder is move expensive,
additional cost of extrusion equipment
and granules mill.
 Pigment is thoroughly homogenized
during melt extrusion process
 No such effect on physical properties
 No such defect is encountered

Keeping in view, the above and the facts that main products envisaged to be
manufactured are black coloured water tanks wherein pigments loading are higher and
physical characteristics are of immense importance, the compounding process has been
selected for preparation pigmented plastic powders. The following depicts the process
flow chart for roto molding:

Stages in the grinding of powders for rotational molding
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4.4 Comparative analysis of sources and prices of critical inputs
& consumables
As mentioned earlier, various raw materials required for manufacture of overhead
water storage tanks and containers include the following: 




Linear low density polyethylene (LLDPE)
Carbon black
Color master batches
Pigments and colors

The major raw material required for the project is LLDPE. As there is no
indigenous production of LLDPE in Bhutan, this needs to be imported from overseas
manufacturers in India and other countries. Polyethylene color master batches of
requisite grade, carbon black and pigment and colors also need to be imported
depending on the requirement.

4.5 Recommended sources
A list of raw material supplier has been given in the Annexure II. It would be
more economical to purchase the major raw material viz LLDPE directly from the
manufacturing companies.

4.6 Annual requirement of raw materials
The annual requirement of various raw materials along with their prices have
been given in the chapter 9 relating to cost presentation.

21

Register eDocPrinter PDF Pro Online Now!!

Register to Remove Trial Watermark!!

CHAPTER 5 – THE PLANT
5.1 Roto moulding technologies and machines
The basic principle of rotational molding involves heating of plastic inside a
hollow shall like mold which is rotate so that the molten plastic forms a coating on the
inside surface of the mold. The rotating mold is then cooled so that the plastic solidifies
to the desired shape and the molded part is removed. There are many methods/
technologies that can be used to achieve the essential requirement of mold rotation,
heating & cooling. Accordingly a number of technologies / commercial molding machines
have been developed and are used in the industry. We shall focus on a few that have
seen mainstream commercial application in the roto molding industry. The varieties of
machines that are available are as under:










Rock and Roll machines
Rock and Roll machine with rocking oven
Clamshell machines
Vertical machine
Shuttle machines
Carousel, turret or rotary machine
Independent arm machine
Oil Jacketed machine
Electrically heated machine

5.1.1 Rock-and-Roll Machine:
This design concept of a rocking action about one axis (“rock”) and a full 3600
rotation about a perpendicular axis (“roll”) as one of the earliest used for rotational
molding. This type of machine is shown a schematic in below. It has been generally
accepted that machines that are capable of providing full 360 0 rotation about two
perpendicular axes have superseded the “rock-and-roll” concept. For a long time it has
been thought that rock-and-roll machines are best suited to end products that are
approximately symmetrical about a central axis, such as lamp-posts, canoes, and
kayaks. However, in recent years there has been a renewed interest in rock-and-roll
machines because they offer simplicity in design and have the major advantage that it is
easier to get services to and from the mold. It has also been found that the control over
te wall thickness distribution can be just as good as that achieved on a biaxial rotation
machine, for the vast majority of mold shapes.
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In a rock-and-roll machine, usually a single mold is mounted in the mold frame,
the rotational speed is low (typically 4 rev/ min), and the rocking angle is less than 450.
Direct gas impingement is an effective method of heating for sheet-metal molds and is
often used in rock-and-mold machines. If the gas jets are played against the bottom or
lower portion of the mold assembly, a simple sheet-metal shroud over the top portion of
the mold assembly is sufficient to carry away combustion products. The proximity of the
gas jets to the metal mold is an important factor in mold heating. The gas gets should
always be a fixed distance from the outside surface of the mold to avoid hot spots.
Obviously this is easiest to achieve in cylindrical molds.

5.1.2 Rock and Roll machine with rocking oven
Rock and Roll machine with rocking oven machine the mold is surrounded by an
oven, heated by hot air, and the oven rocks with the mold as shown below. The rocking
oven must contain appropriate burner assemblies, ducting and blowers, as well as an
adequate shroud. In some cases the mold assembly is mounted on a rail carriage, so
that it can be rolled from the oven chamber to the cooling area. Frequently the cooling
area is also the servicing station. For smaller rock-and-roll machines, the oven can be
shuttled, or crane-lifted, over the mold assembly. For larger machines, the oven is
stationary and the mold assembly is moved into it through a single door.

5.1.3 Clamshell Machine
This machine is characterized by an oven that closes in a “clamshell” action over
the mold. These machines have the attraction of a small floor footprint. The machine
provides full biaxial rotation and has the advantage that the horizontal shaft can be
supported at both ends. The molds are located on assemblies that are in turn mounted
on turntables geared through the main shaft / axle.

23

Register eDocPrinter PDF Pro Online Now!!

Register to Remove Trial Watermark!!

5.1.4 Vertical Machines
In this novel type of machine design there is a central horizontal axis and the
molds are on arms that radiate out as shown below. At appropriate times, the central
axis indexes the molds through 1200 so that they move into the oven, the cooling area,
and the service zone in sequence. The advantages of this design are that high volume
production of small parts is possible in a small floor space.

5.1.5 Shuttle Machine
Shuttle machines were developed as an attempt to conserve floor space. There
are many types of shuttle machine designs. In one type of machine, the mold assembly,
mounted on a rail carriage, is shuttled from the servicing /cooling station to the oven
station, and back again to the servicing / cooling station, as shown in figure below. The
efficiency of the shuttle machine is improved by using a dual-carriage design, whereby
the oven is always occupied by the heating of mold while the mold on the other carriage
is being cooled /serviced. If the cooling / servicing time for the mold equals the heating
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time, then this system can approach the optimum in terms of maximum output rates. The
key to longevity of this machine is the protection of the drive engine from the high oven
temperatures and the corrosiveness of the cooling water. Since the scheduling of time in
the oven is at the discretion of the operator, the dual-carriage machine is more versatile
than the fixed-arm carousel or rotary machine sometimes.

5.1.6 Carousel, Turret or Rotary Machine
The carousel, turret, or rotary machine was developed for long production runs of
medium to moderately large parts. It is now one of the most common types of machine
in the industry. The earliest machines had three arms 1200 apart that were driven from a
single turret. All arms rotate together on fixed-arm machines. One arm is at each of the
three stations -heating, cooling, servicing- at all items, as shown in figure below. The
carousel machine exemplifies the advantages of the rotational molding process in that
different molds, and perhaps different materials can be run on each arm. It is possible to
change the combinations of molds on one arm or on the other arms at regular intervals
so that there is great versatility in production schedules. A disadvantage of the fixed-arm
machines is that for optimum use, heating, cooling, and servicing times have to be
matched. If they are not, then the cycle time is dictated by the slowest event and time is
wasted in the other areas. This disadvantage has been overcome extent with the
development of the independent arm carousel machine discussed subsequently.
Four-arm fixed-arm machines, with the arm 900 apart, are also available. Usually
the fourth arm resides in an auxiliary cooling station when the other three are in heating,
cooling and servicing stations. As a result, four-arm machines are popular when the
process is controlled by the cooling cycle.
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5.1.7 Independent-Arm Machine
Recently, independent-arm machines have been developed in an effort to
improve the versatility of rotary machines. The current machines have five designated
stations, and can have two, three, or four arms that sequence independently of one
another. The first key to versatility is having fewer arms than stations. This allows the
operator to designate the “empty” stations as auxiliary oven stations, auxiliary-cooling
stations, and/or to separate the loading and unloading steps in the servicing stations.
Figure shows on configuration, a four-arm machine with an auxiliary cooling station.
Although these machines are more expensive than the other machine designs discussed
above, they are ideal for custom rotational molding operations and now dominate the
market for new machine sales.

5.1.8. Oil Jacketed Machines
Direct heating of mold with liquid is much more efficient than heating by air in an
oven. It is not surprising therefore that the heating of molds by circulating a fluid in a
jacket surrounding the mold has been attempted and is being used commercially in a
small number of specialized application areas. It is particularly attractive where the
material has to be heated to high temperatures. For example, with polycarbonate, mold
temperatures over 3000 (5720 F) are needed and heated oil jacketed molds have been
found to be very successful with this material.

5.1.9 Electrically Heated Machines
One of the most innovative types of rotational molding machine too have
emerged in recent years is an electrically heated system in which a network of fine
electrical wires are embedded in a cast, nonmetallic mold. The machine, illustrated in
figure, provides full biaxial rotational and the power supply to the heating elements is by
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means of slop rings in the rotating joints. Cooling is provided by blowing air through
channels that are cast into the mold, as shown in figure. This machine concept has the
advantage of direct heating of the mold and so it is very energy efficient. It is claimed
that up 80% of the energy being input to the system is used to melt the plastic,
compared with about 10% to 40% on a hot air oven machine.
As the electrical machine does not use an oven, it also facilitates easy access to
the mold for instrumentation, extra charges of material, etc. The disadvantages are that
the molds cannot easily be modified and cycle times are long since heating, cooling and
servicing take place sequentially rather than in parallel as in shuttle or carousel machine.

5.2 Selection of technology
As mentioned above, various types of technologies and machines are used for
production of overhead water containers and tanks. Conventionally rock and roll
machines where being used for the production of overhead water tanks. However, these
have now being replaced by turret machines which lead to better quality of production
and much lesser environmental pollution.

5.2.1 Factors influencing the choice of technology
A number of factors need to be taken into considerations while deciding the
choice in favour of a process technology. These factors mainly include








Factor inputs
Market findings viz size of market and recurrence of repeat demand
Purchasing power of consumers and prevailing price spectrum
Future projections of market demand
Availability of skilled manpower and support facilities
Availability of infrastructure and transport facilities
Environmental considerations

5.2.2 Technology recommended
As the main product proposed to be manufactured in the unit would be the over
head water storage tanks it is recommended that free arm turret machine with a molding
capacity of around 1.5 to 2.0 million liters per month being installed alongwith turbo
mixture, extruder, pulverizer and scrap grinder of matching capacity. Keeping in view
that the color mixing and strength characteristics in polythene materials are best
achieved by using of process of execution followed by pulverizing, installation of mixture
unit, extruder and pulverizer unit is being recommended. A scrap grinding unit is also
recommended to be installed in order to re-grind the scrap produced during the process.
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5.3 Production Capacity
The project has been designed mainly for the production of containers. These
containers are manufactured in a wide range of sizes starting from 500 litres to few
thousand litres capacity. Smaller containers could also be manufactured. In the project,
the provision has been made for moulds ranging from 500 litres to 3000 litres capacity.
Normally, the production capacity of rotational moulding is defined in terms of litres of
containers moulded in a month. The capacity could vary depending on the number of
shift of operations i.e., total working hours per day. In the feasibility analysis, working of
single shift of 8 hours, 25 days a month has been taken into consideration and the
capacity calculation have been made on this basis. The production capacity has been
calculated on the basis of 80% utilization of the capacity of the machine installed. The
capacity could be increased by extending the working hours.
Rotational moulding machine is the major machine and the capacity of the unit
would depend on the size and specifications of the roto moulding machine. In the
context of present feasibility analysis, a medium capacity roto moulding has been
recommended. This machine has a capacity of moulding around 10 lacs litres volume of
containers per month on single shift working. Accordingly, the installed capacity of the
unit would be as under:
Production capacity

-

120 lacs litres of overhead water
Containers in various sizes

5.4 Details and specification of main machine and equipment
A). Three Arm Carousel Rotational Moulding Machine
Turret: A heavy duty turret designed to carry each of the arms and housing the six
independent variable speed A.C. drives. The indexing motor is located at the base of the
turret provides controlled indexing of motion for arm without jerks.
Arms: Three arms of robust construction with heavy-duty bearing housing having duty
taper roller bearings for supporting the heaviest moulds. Drives to each axis of rotation
are transmitted through chain sprocket mechanism and bevel gears A.C variable speed
drives.
Heating Chamber: A moveable double skin Stainless Steel Construction heating
having 150 mm thickness with insulation material in between two layers. Heating is
achieved by burner with automatic control suitable to run on oil/gas or both. (Electrical
heating is also possible). Heating chamber is equipped with high velocity re-circulation
fans for fast heat transfer. Round corner chamber gives air guidance and relatively
economical energy consumption.
Heating Chamber doors are driven by a direct drive A.C. Motor with Soft & Stop and are
equipped with pneumatic clamps to minimize heat loss.
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Cooling Chamber: Totally enclosed Cooling Chamber with stainless steel water
collection pan, adjustable water spray jets, High Volume Cooling fans and water pump
and an axial exhaust fan.
Cooling is achieved by air/air and water mist water spray for the programmed time for
getting proper cooling.
Control System: A free standing dust tight Control Panel housing variable speed A.C
drives (Frequency Converters) capable of smoothly adjustable the speed of motors in
either direction for Arm & Plate, starter with Soft Start/Soft for cart drives, Heating
Chamber drive and heating chamber doors. All the drives have3 necessary self
diagnostic features Indication and annunciations for ease of operation. Programmable
drives are programmed torque and have in built features like overload trip, short circuit
protection etc.
All the other control along with operator dialogue console filled with a coloured
graphic screen are housed in main control panel. Microprocessor based control
provides capabilities for:






Multiple time and temperature steps for each arm
Multiple Rotation Speeds for each arm and plate
Multiple Cooling steps for each arm
Display of machine faults
Moulds recipes for heating time, temperature, speed & cooling times

A remote control unit is provided with necessary push buttons for switching
processes which are necessary operation of machine.
TECHNICAL SPECIFICATION:
Machine Type
No. of Arms
Max. Swing Dia
Type of Arm
Arms
Burner Capacity
Burner Type
Heat Medium
Separate Temp. Control for each Arm
Max. Oven Temperature
Oven Fan CFM
Cooling Exhaust Fan KW
Cooling Fan
Water Cooling
Individual Arm Temp control
Arm Drive
Gas/Air Injection
Reverse Rotation
Cooling Water Circulation

-----

Turret
Three
2700 MM
Two Straight One Offset

---------------

10,00,000 BTU/hr
Gas/oil
Air
Standard
400 Degree C
20,000 CFM
3.6 KW
1.5 KW x 4
Standard
Standard
Direct
Optional
Standard
Standard
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Reverse Turret Index
CONTROL

---

Detailed Technical Specification
Arm I
-Arm Drive
Drive Motor
Output speed
Output Torque
Brake Control
Brake Torque

--

Final Arm Speed

Standard
Electronic/Electronic/PLC

Offset Arm
Helical Geared Motor with Brake
-2.2 KW
-17 R P M
-1240 (Nm)
-Electronic
-40 (Nm)
--

15 RPM

Drive from Gear Motor to Major Shaft - Gear
Plate I
Plate Drive
Drive Motor
Output Torque
Output Speed
Brake Control
Brake Torque
Final Plate Speed

--------

Helical Geared Motor with Brake
1.5 KW
1410 (Nm)
23 R P M
Electronic
20 (Nm)
20 R P M

Drive from Gear Motor to Minor Shaft - Gear
Arm II
Arm Drive
Drive Motor
Output speed
Output Torque
Brake Control
Brake Torque
Final Arm Speed

--

Straight Arm
-Helical Geared Motor with Brake
-2.2 K.W
-17 R P M
-1240 (Nm)
-Electronic
-40 (Nm)
-15 RPM

Drive from Gear Motor to Major Shaft - Gear
Plate II
Plate Drive
Drive Motor
Output Torque
Output Speed
Brake Control
Brake Torque
Final Plate Speed

--------

Helical Geared Motor with Brake
1.5 KW
1410 Nm
23 R P M
Electronic
20 (Nm)
20 R P M

Drive from Gear Motor to Minor Shaft – Gear
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Arm III
Arm Drive
Drive Motor
Output Speed
Output Torque
Brake Control
Brake Torque
Final Plate Speed

---

Straight Arm
Helical Geared Motor with Brake
-2.2 KW
-17 R P M
-1240 (Nm)
-Electronic
-40 (Nm)
-15 R P M

Drive from Gear Motor to Minor Shaft – Gear
Plate III
Plate Drive
Drive Power
Output Torque
Output Speed
Brake Control
Brake Torque
Final Plate Speed

--------

Helical Geared Motor with Brake
1.5 KW
1410 (Nm)
23 R P M
Electronic
20 (Nm)
20 R P M

Drive from Gear Motor to Minor Shaft – Gear
Heating Chamber
Traverse
Drive Motor
Reduction Gear
Gear Ratio
Sprocket Gear box
Sprocket Drive Shaft

------

1.1 KW
Helical
40:1
3/4” Pitch Duplex
3/4 Pitch Duplex

Heating Chamber Doors
Drive Motor KW
Reduction Gear
Gear Ratio
G.B Output Speed
Sprocket G.B output shaft
Sprocket Drive Shaft

-------

.75 KW
Helical
70:1
20.5 RPM
3/4”
3/4

Recirculation Blower
Recirculation Blower CFM
Drive Motor
Blower CFM
Burner Type
Burner capacity

------

20,000 CFM
11 KW
2000 CFM
PACKAGE
10,00,000 BTU/hr.
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Cooling Chamber
Drive Motor
Gear Box
Gear Box Ratio
Gear Box output speed
Chain Sprocket Gear:
Box Shaft
Cooling Fan
Cooling Exhaust Fan Drive
Water Pump

CONTROL SYSTEM:

--

-----

0.37 KW (Two Nos.)
Helical
30:1
48 RPM

-----

3/4”
1.5 KW x 4
1.5 KW
3.6 KW

Electronic Control/Electronic/PLC

B). PULVERIZER
TECHNICAL SPECIFICATION:
Feed Material
Nature of Feed Material
Capacity in Kgs/hr/operation
for - 30 MESH product size
Total Horse Power for the complete plant

:
:

LLDPE / LDPE
Granules

:
:

150 Kgs/hr
57 HP

C). PLASTIC GRINDING PLANT: Plastic Grinding Mill complete as per standard supply
with 1 set of grinding media parts suitable Plastic Grinding, Sturdy bearing housing, alloy
steel shaft, set of bearings, V-pulley, water cooling jacket for the machine & grinding
tracks, Magnetic device etc.
 Vibratory feeder with hopper of 150 Kgs storage capacity E.M. Vibrator, mounting
brackets and adjustable feed controlling gate.
 Auto servo control system for regulating feed rate of increase, decrease of load and /
or temperature within grinding mill to achieve optimum efficiency as well minimize
jamming problem.
 M.S. structural frame for mounting machine and its motor with cross type slide Rails
and outlet chute.
 Cyclone collector completely fabricated out of 12 -14 SWG M.S. sheet as per
standard supply with flanges.
 Blower unit with balanced impeller and mounting frame.
 Suitable electronic motor for the above blower unit.
 Set of filter bags with clamps.
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 Set of V- pulley(s) with finished bore and keyway duly balanced suitable for
recommended motor(s).
 Sheet metal guards for drive system(s).
 Set of V- belts.
 Anti vibration mounting pads for blower units.
 Simple and compact structure for mounting of above fabricated components.
 Rotary Air Lock Valve with cast / fabricated body, rotor duly fitted on alloy steel shaft,
wear resistance replaceable Teflon tips for rotor vanes, bearing housing, flanges at
feed and discharge ends complete as per our standard supply with following
accessories:
 Mounting and supporting M.S. structural frame for mounting rotary valve and geared
motor / motor & gear box.
 Set of drive accessories like chain sprockets / coupling / V- belts etc., as may be
applicable.
 Sheet metal guards.
 Geared Motor OR Separate Motor and gearbox duly coupled.
 Vibratory Sieve Separator with single deck arrangement duly fitted with 30 mesh
sieve as per standard supply fabricated out of M.S. sheet and sections, pan work,
over-size and under size outlets, mesh frame, quick release clamps, rubber mounts,
amplitude selector, rigid M.S. stand with adjustable mounting frame for motor,
coupling etc.

STANDARD ELECTRIC CONTROL PANEL: Electric Control Panel complete with
relays, contactors, fuses of suitable rating, volt meter with selector switch and RYB
indicating lamps, trip indicating lamps, load indicating ampere meter for basic grinding
lamps, sequence stop push button, emergency OFF switch, auto / manual mode painted
M.S. Cabinet. This does not include incoming and outgoing cables for the respective
motors.
Electric Motors: TEFC, Foot mounted, Class "B" insulation suitable for 415 V / 50
cycles / 3 Phase / A.C. supply Electric Induction Motor of standard good quality make.
For Main Drive
For Blower Unit
For Rotary valve
For Sieve Separator

:
:
:
:

50 HP
5 HP
1 HP
1 HP
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D). EQUIPMENT FOR MAKING OF COLOURED PELLETS (GRANULES) COMPLETE
WITH
Extruder: The Extruder is mounted on a steel frame of welded construction to make it
sturdy. The construction is such so as to facilitate easy accessibility to various parts for
better maintenance. The main drive motor complete with reduction gear box is mounted
on base frame.
Drive: The drive to the screw is through a A.C. Motor. The extruder screw is coupled to
a Helical reduction gear unit having in built thrust bearing. Drive from motor to gear box
is through Rubber Belts & Pulleys. The load is transmitted by screw to this thrust bearing
sleeve housed in large capacity roller bearing. Complete thrust housing is dipped in oil.
The complete drive system is provided with safety devices to ensure a trouble free and
smooth performance. Indicators for current, voltage etc. are also provided.
Barrel: Single piece construction barrel made of alloy steel duly nitrated and honed to
close tolerance. The barrel has a central feed opening for the raw material.
Screw: Made of alloy duly nitrated and hard chrome plated to ensure efficient conveying
and smooth flow condition for the raw material being processed.
Barrel Heating: The barrel is heated by ceramic Band Electrical resistance heaters in
different zone. The heating parameter in each zone is controlled separately. The Control
Panel houses the temperature indicating controllers for each zone.
Cooling System: Depending upon the characteristics of the polymer to be processed, the
feed zone, barrel are provided different means of cooling.
Control Desk: Various controls are housed in separate controlled cabinet. The cabinet
houses various controls including:





Temperature Controllers.
Ammeter with select switch.
Temperature Scanner.
Other necessary electrical components such as fuse units / MCB.
o
o
o
o
o
o

Contactors
Relays
Push Buttons
Indicating Lamps
Voltmeter etc.
Variable Speed A.C. Drive for main 30 K.W. A.C. motor & Pelletiser motor
with screw speed indicator

Cross Head and Die: One of Cross Head with 8 Nos. of strands with swiveling
arrangement.
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Cooling Tank: One No. of 2.5 meter long cooling tank with adjustable height & guide
rollers.
Dryer: Hot air dryer used to remove the strands from the outer surface at the strands
before being fed to the Pelletising unit.
Pelletising Unit: Pelletising Unit with independent variable speed A.C. Drive Unit
consist of feed rollers and a set of cutting blades. Rotating Cutting blades are bolted in
rotor for easy regrinding blades. Pellets pass through a chute to collection tray.
TECHNICAL DATA:
EXTRUDER:
ID of Barrel

-

75 MM

L/D Ratio

-

30:1

Main Drive Motor

-

30 KW A.C. Variable Speed Drive.

Heating Zone for Barrel

-

4

Barrel Heating Load

-

20 KW

Barrel Cooling

-

Air

Die No. of Strands

-

10

Die Heating Load

-

2 KW

Cooling Tank Length

-

2.5 meters

Air Dryer
Heating Load -

1 K.W.

Blower

-

0.5 KW

Drive

-

A.C. Variable Speed Drive

Motor

-

1.5 KW

PELLETISER:

TOTAL CONNECTED LOAD

-

59 KW

MAXIMUM OUTPUT

-

100-130 kg /hr. LDPE/LLDPE

E). TURBO MIXER
TECHNICAL SPECIFICATIONS: Turbo Mixer capacity 50 Kgs/batch suitable for mixing
polymers and other ingredients, consist of Stainless Steel Vessel, Mixing Tool and
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mechanical discharge control cabinet and other accessories as detailed in this
specification.
SPECIFICATIONS
Mixing Vessel: 5 MM thick Stainless Steel Vessel having outer jacket fabricated from
6mm thick Mild Steel Plate. Top cover lid is fabricated having various opening for
material feed. Complete vessel is mounted on heavy cast iron bearing housing on a
sturdy frame of fabricated steel structure.
Bearing Housing: Bearing Housing is fitted directly on the frame below the vessel
having main drive shaft with two nos. of ball bearings. Resin leakage to bearings is
prevented by mechanical rotary shaft seal and gasket.
Mixing Tools: Four blades of special alloy steel (hardened and hardchrome plated)
dynamically balanced to avoid vibration and are mounted on the main shaft driven by a
motor. Distance between blades can be changed by spacers provided.
Drive: 15 H.P. A.C. motor single speed drives the main shaft. (For LLDPE Powder
Mixing)
Capacity
Mixing Time

:
:

50 Kgs/batch
10 to 12 minutes approx. (For LLDPE Powder)

Electrical Equipments: All Controls are mounted in a combined switching control
combined. It includes Ammeter, Voltmeter, Temperature Indicator with Thermocouple,
Starter for Drive Motor and other electrical equipments.
Utility Services:
Electric Supply

:

415 Volts 3 Phase
50 C/S A.C.

V. SCARP GRINDER
TECHNICAL SEPECIFICATIONS
Cutting Blades
Drive Motor
Out Put

: 5
: 11.25 K W.
: 170 Kg /hr

Housing: The main housing is fabricated of heavy mild steel plates & section in two
parts. The top cover has hinged type openable arrangement for cleaning and is
adjustable by bolts. The screen is fitted as the lower part of the housing which can be
taken out easily for cleaning.
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Rotor: Dynamically balanced rotor made from alloy steel which insures fast grinding and
good output. The Rotor blades are of alloy steel, hardened & grounded for long life. The
blades cutting angle is such, which accepts even lamps for grinding.
Blades: All the stationary and rotating blades are made of alloy steel, hardened and
grounded for long life. The blades cutting angle is such, which accepts even lamps for
grinding.
DRIVE: 1440 RPM 50 Cycle A.C. Motor Drives the main rotor shaft. Transmission from
motor to drive shaft is via ‘V’ Pulley and belts.
HOPPER: Hopper is fabricated from mild steel sheet. This is designed in such a way
that ground particles do not come out from hopper side.

5.4 Process of manufacture
Roto-moulding process is simple in concept. The process utilities powdered
plastic resins as raw materials. Heat is applied to melt and fuse the powdered plastic
resin in moulds which are rotated along the two axis. The moulded product is formed
inside a closed mould rotating biaxially inn two planes perpendicular to each other. Roto
moulding process does not require any injection pressure like plastic conversion
processes viz. injection moulding, blow moulding and extrusion process.
The process concept: the principle of rotational moulding of plastics is simple and the
process involves the following four stages:
5.4.1 Mould Charging: The first step involves the loading of requisite amount of
powdered plastic resin in to hollow, shall like mould.

5.4.2 Mould Heating: The mould is rotated and / or rocked about two principal axis at
relatively low speed. Simultaneously the mould is also heated so that the plastic powder
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enclosed in the mould adheres to and forms as monolithic layer against the mould
surface.

5.4.3 Mould Cooling:- Mould is then cooled. The mould rotation continues during the
cooling phase also so that the plastic layer retains its shape and it solidifies.

5.4.4 Product ejection: when the plastic layer along the mould is sufficiently rigid the
cooling and mould rotation is stopped and the moulded product is removed from the
mould. The process is repeated to produce the required quantity of the product.
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.5.4.5 Process flow chart

Following is the flow diagram of grinding of polyethylene and roto moulding.

Cyclone
separator
Granules

Oversize
particles

Rotary gate
Dust
Collector

Sieves

Grinding
Head

Powder

Bag

Blower

Rotomoulder

5.4.5 Plant Layout
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5.5 Technical know-how
The process of manufacture involved in the production of overhead water
containers is essentially a plastic conversion process. The stages of production involve
grinding and coloring of plastic raw materials followed by roto moulding. All process
operations are carried out by the use of machines. Guidance and assistance on various
operations including operation of machines is provided by the machine manufacturer.
The machine manufacturer usually extend the facility for training of operators and skilled
workers during erection and commissioning of the plant. In the initial period, production
engineer and some skilled workers having experience in such plants may need to be
employed. Over a period of time, the local staff would be able to operate majority of the
machines after gaining experience. As a commercial practice, most of the rotational
moulding machine manufacturers in India assist their clients in training of the operators
and the skilled workers on their machines.

5.6 Requirement of power and fuel
The estimated requirement for power would be 172 KWH power connection.
Besides, there would a requirement of around 100 litres of LDO per day for heating of
the molds.

5.7 Manpower requirement
The production capacity and the financial projections are based on single shift
operation. There would be a requirement of 5 managerial staff including the works
manager, 2 office staff and 2 marketing executives. In the production section, there
would a requirement of 1 engineer / production in-charge, 6 operators / skilled workers
and 14 unskilled workers. In addition to this, there would be a requirement of contract
workers during construction phase of the factory and installation, erection and
commissioning of the machinery and equipment.
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5.8 Organization Chart
Manager
(Overall head of the factory operations)

Production
Section
Engineer /
Production
Incharge – 1

Administration
and accounts
Accounts and
administration
staff – 2 nos

Marketing
Department
Marketing
Executive – 2
nos

Operators /
Skilled workers
–6
Unskilled
workers – 14
The project has a good employment potential for skilled and unskilled workers,
which would be employed in the production unit. Beside the project would generate
employment potential in marketing & sales of its produce, transport of raw materials and
finished products. The project would thus create opportunity both for direct & indirect
employment.
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CHAPTER 6 – PLANT LOCATION AND INFRASTRUCTURE
6.1 Potential Locations
The transport of overhead water containers involves heavy cost due to high
weight to volume ratio of the tanks. It is, therefore, desirable that the location of the
manufacturing unit for overhead water tanks should preferably in the vicinity of the major
sites of construction. Thimphu, Phuentsholing, Punakha, Wangdue, Gelephu, Samdrup
and Paro happen to be the main towns and would constitute the major sites of
construction. Besides, Wangdue being the site of biggest ongoing power projects has
also tremendous potential for construction activities. In India also, such units are located
in the vicinity of major cities so as to minimize the transport costs.

6.2 Selection of suitable locations
In order to select the suitable location for the manufacturing plant, various
parameters viz availability of land, environmental conditions, investments considerations,
operational logistics, future development possibilities, socio-economic factors including
availability of services like transport and communication facilities etc. have been taken
into consideration for ranking the locations. The table below shows the ranking of
locations:
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Ranking of possible locations based on various parameters
Weightage of location related parameters

S.
Locations
No.
1
2
3
4
5
6
7

Punakha
Wangdue
Thimphu
Paro
Phuentsholing
Gelephu
Samdrup

Land
Environmental Socio
Investment
Operational Future
Overall
access
Conditions
economic Consideration Logistics
development Rating
conditions
factors
possibilities
7
7
7
7
7
7
7

7
7
7
7
7
7
7

8
7
7
6
6
5
5

9
8
9
7
5
5
5

8
8
7
7
7
5
5

9
7
7
7
7
7
7

It is therefore proposed that the unit be located near Punakha. The requisite
infrastructure like land, power, road transport and communication facilities required for
the proposed unit are available in Punakha and the infrastructure is likely to be further
strengthen in view of the upcoming hydro-electric power project at Lobeysa in Wangdue.
The project has been conceptualized in totality and all the manufacturing operations are
proposed to be carried out in the unit itself. The project has an inbuilt provision for spare
parts, components and tools and the cost for the same has been incorporated. There
may be some requirement of minor mechanical or electric repairs which could be taken
care of by the skilled workers of the unit. Alternatively, the assistance could be taken of
from the existing mechanical and electrical repair workshops.
Further, it may be stated that on the considerations of market demand, all major
towns and sites of big projects constitute the potential market for the plastic tanks and
containers since these products happen to be the main requirement for any building.
Punakha has been recommended as the selected location for the project since there
would be lot of construction activities in near future both for the project requirement and
support facilities for the project as well as due to construction of private buildings in order
to meet the growing requirement of housing and commercial establishments.
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CHAPTER 7 – ENVIRONMENTAL IMPACT
7.1 Environmental aspect of manufacturing process
The manufacturing process employed by the unit is essentially a plastic
processing operation wherein polythene material would be converted into powder form
and then the polythene powder would be moulded in the form of tanks and other
products. No gaseous or liquid effluents are discharged during the process of moulding.
Some solid scrap is generated during the manufacturing process in the form of
incomplete mouldings or defective mouldings. A provision has been made for a scrap
grinder in the list of machines, so that, the above said scrap generated during the
process is ground and re-processed.
In the manufacturing process, the mould has to be heated in the heating
chamber. The heating chamber has a provision of burners, which are run on LDO for
heating the chamber. The provision of exhaust has been provided for removing the hot
gases and fumes, however, if need be some additional ducts need to be installed for
taking away the hot gases and fumes. Alternatively, the heating of the chamber could
be switched over to another less polluting fuel viz LPG.

7.2 Waste generated and mitigation measures
In the manufacturing process of roto moulded plastic containers, no liquid or
gaseous effluents are generated. However, as mentioned above, some solid plastic
scrap is generated during the roto moulding process in the form of incomplete mouldings
or defective mouldings. A provision has been made for a scrap grinder to reprocess this
waste which can again be used for molding of containers. The moulds would be heated
by using LDO and provision of exhaust has been made for removal of hot gases.
Besides, there would be some waste of metal scrap, wooden scrap, broken bricks, stone
aggregates, etc during construction phase of the project. The waste generated during
construction phase is mainly used for earth filling & flooring. The details of the waste
generated during construction phase and project operation phase along with mitigation
measures are given below in subsequent paras.

7.2.1 Waste generated during construction phase and mitigation modes
The details of the waste generated during construction phase and the mitigation
measures are as under: S. No.
1.

Type of waste / scrap
Metal scrap

Quantity

Mitigation measures

to
Around 2-3 % Sold
of the steel channels
used
in reprocessing.
construction

Impact on
Environment
trade No adverse
for impact
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2.

3.

4.

Wooden scrap

Around 5-7% of
the wood used
in construction.
Clay stones, mounds
Depending
upon on the
topography of
the construction
site.
Brick stone cement 5%
of
the
aggregate
quantity used

Used as fuel.

No adverse
impact

Used for earth filling.

No adverse
impact.

Used for flooring No adverse
and earth filling.
impact

7.2.2 Waste generated during project operation phase and mitigation modes
The details of the waste generated and the mitigation measures are as under:
S. No.

Type of waste

Quantity

1.

Liquid effluents

Nil

2.

Gaseous
effluents
Solid effluents

Nil

3.

Some
plastic
waste
is
generated
in
the
form
of
incomplete or
defective
moldings

Mitigation measures

Impact
on
environment
Not applicable
No
adverse
impact
Not applicable
No
adverse
impact
Provision has been No
adverse
made
for
scrap impact
grinder to reprocess
the waste which can
again be used for
molding
of
containers in the unit

As mentioned above, there is no significant pollution angle in the manufacturing
process and adequate safeguards provisions have been included in the list of machinery
to ensure the protection of environment. The project is therefore considered quite safe
from environmental considerations.
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CHAPTER 8 – IMPLEMENTATION SCHEDULE
8.1 Implementation schedule – table
Implementation Schedule for manufacture of Overhead Tanks & Pipes
Particular
Arrangement of Funds through Bank/
Own

From

To Total Weeks

1

8

8

Procurement of Land

1

7

7

Procurement of Tech. know how/
transfer of technology

1

18

18

Finalization of Building Contracts

6

11

5

Placement of Orders for Building
Material

7

14

7

Placement of Orders for Machinery

9

19

10

Construction of Manufacturing
premises

13

43

30

Delivery of Machinery

27

43

16

Erection, Commissioning of Plant &
Machinery & Utilities

41

46

5

Procurement of Raw Material and
Trial Runs

46

48

2

Training for workers

48

51

3

Commercial Production

51

52

1
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8.2 Implementation schedule – Graphic view
Implementation Schedule
Manufacture of Overhead Tanks and Pipes
Week
Activity

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52

Arrangement of Funds through Bank/ Own

Procurement of Land

Procurement of Tech. know how/ transfer
of technology
Finalization of Building Contracts

Placement of Orders for Building Material

Placement of Orders for Machinery

Construction of Manufacturing premises

Delivery of Machinery

Erection, Commissioning of Plant &
Machinery & Utilities
Procurement of Raw Material and Trial
Runs
Training for workers

Commercial Production
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CHAPTER 9 – COST PRESENTATION
9.1 Capital cost
9.1.1 Cost of land and building
A). Plot and built up area
Total land requirement
Constructed area for godown & office
Industrial shed for installation of machine
B). Cost of Construction
Office & godown (250 X 6000)
Industrial shed 800 X 3500
Total

-

3000 sq. mt
250 sq. mt.
800 sq. mt.

-

Rs. 15,00,000/Rs. 28,00,000/Rs. 43,00,000/-

C) Land on lease @ Rs. 10/- per sq. mt / annum
Break up of cost of Land & Building

Office & godow n
Industrial shed

9.1.2 Cost of Machines & Equipments
1.
2.
3.
4.
5.

Rotational Moulding Machine
Pulveriser
Extrusion Unit
Turbo Mixer
Scrap Grinder
Sub-Total

1 No.
1 No.
1 No
1 No.
1 No

Rs. 61,50,000.00
Rs. 14,50,000.00
Rs. 12,50,000.00
Rs. 3,00,000.00
Rs. 3,00,000.00
Rs. 94,50,000.00
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B) Stainless Steel Fabricated Moulds
3000 Ltrs.
2000 Ltrs.
1500 Ltrs.
1000 Ltrs.
500 Ltrs.
300 Ltrs.

1 No.
1 No.
1 No.
1 No.
2 No.
4 No.

Rs, 1,50,000.00
Rs, 1,00,000.00
Rs. 84,000.00
Rs. 63,000.00
Rs. 1,00,000.00
Rs. 1,52,000.00

MOULD FOR THREADED LID
DIA 400MM
6 Nos

Rs. 1,80,000.00

Sub-total

Rs. 8,29,000.00

Total (A+B)

Rs. 1,02,79,000/-

9.2 Operating costs
9.2.1 Cost of Raw materials
Linear Low Density Polythene (LLDP)
336 mt. tonnes @ Rs. 1.05 lac per tonne

= 352.8 lacs

Master Batch and colours = 10 mt. @ Rs. 150 per kg

= 15 lac

Total

-

Rs. 367.8 lacs
Break up of cost of raw materials

Linear low density
polyethylene
Master batch and colours
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9.2.2 Salary and wages
Works Manager
Engineer / Production Incharge
Marketing Executive
Office’s staff
Operators / Skilled workers
Unskilled workers
Sub-Total

-

1
1
2
2
6
14

-

-

Rs. 25,000/Rs. 15,000/Rs. 24,000/Rs. 24,000/Rs. 60,000/Rs. 98,000/Rs. 2,46,000/-

Break up of Salary and wages
Works manager
Engineer / Production
Incharge
Marketing Executive
Of f ice staf f
Operators / skilled w orkers
Unskilled w orkers

9.2.3 Cost of Power & Fuel


Power
Rotational Moulding Machine
Pulveriser
Extrusion unit
Turbo mixer
Scrap grinder
General lighting
Total connected load

Total cost of Power per annum


Fuel Consumption
LDO @
Total fuel cost

-

45 KWH
40 KWH
55 KWH
12 KWH
10 KWH
10 KWH
172 KWH

-

Rs. 4,49,000/-

-

12 litres / hour
Rs. 12 lakhs per annum
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Break up of cost of power and fuel

Cost of pow er per annum
Cost of fuel per annum

9.2.4 Annual Turnover
Overhead water containers
300 litres
500 litres
1000 litres
1500 litres
2000 litres
3000 litres

8000 nos
7200 nos
2400 nos
1600 nos
300 nos
200 nos

@ Rs. 1350/@ Rs. 2250/@ Rs. 4500/@ Rs. 6750/@ Rs. 9000/@ Rs. 13,800/-

Total Annual Turnover

Rs. 108 lacs
Rs. 162 lacs
Rs. 108 lacs
Rs. 108 lacs
Rs. 27 lacs
Rs. 27 lacs
Rs. 540 lacs

Break up of Annual Turnover

300 litres
500 litres
1000 litres
1500 litres
2000 litres
3000 litres
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CHAPTER 10 – FINANCIAL ANALYSIS
10.1 Project Assumptions
Assumptions at a Glance
S. No
1
2
3
4
5
6
7
8
9
10
11
12
13
14

Particulars
Total Project Cost (Rs. Lacs)
Debt
Equity
Rate of Interest
Depreciation (Building)
Depreciation (Machinery)
Tax
Construction Cost (Building) Rs. per sq mt
Construction Cost (Shed) per Rs. Per Sq mt
Repayment period of Debt
Moratorium period
Installed Capacity (lacs litres)
Capacity Utilization
Working Capital Cycle

254.64
70%
30%
12%
SLM 10 years
SLM 20 years
30%
6000
3500
8 yrs
1 year
150
80%
1 month

10.2 Total Project Cost
Total Project cost (Rs. Lacs)
1
2
3
4
5
6
7

Machinery
Construction Cost
Miscellaneous Fixed Assets
Pre operating Expenses
Training Expense
Interest
Working Capital

137.24
43.00
5.00
7.00
1.37
23.23
35.99

Total

252.84
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Break up of Total Project Cost

Machinery
Construction cost
Miscellaneous fixed assets
Pre operating assets
Training expenses
Interest
Working capital

10.3 Means of Finance

Debt
Equity
Total

Means of Finance
(In Rs. Lacs)
(In Percentage)
176.99
70%
75.85
30%
252.84
100%
Bre ak up of Me ans of Finance

Debt
Equity
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10.4 Investment on Machinery and Equipments
MACHINERY

Add
Add
Add
Add

1. Rotational Moulding Machine
2. Pulveriser
3. Extrusion Unit
4. Turbo Mixer
5. Scrap Grinder
Sub Total
Packaging,Forwarding,Transport and Insurance @ 11%
Installation,Erection and Comissioning @ 8%
Duty and Taxes @ 10%
Spare Parts @ 5%
Total

6150000
1,450,000
1,250,000
300,000
300,000
9450000
1039500
756000
945000
472500
12663000

6. Price schedule for moulds

Add
Add
Add
Add

A) STAINLESS STEEL FABRICATED MOULDS
3000 Litres (1)
2000 Litres (1)
1500 Litres (1)
1000 Litres (1)
500 Litres (2)
300 Litres (4)
B) MOULD FOR THREADED LID
DIA 400MM (6)
Sub Total
Packaging,Forwarding,Transport and Insurance @ 11%
Installation,Erection and Comissioning @ 2%
Duty and Taxes @ 10%
Spare Parts @ 5%
Total
Total Cost

150,000
100,000
84,000
63,000
100,000
152,000
180,000
829,000
91190
16580
82900
41450
1,061,120
13,724,120

Break up of cost of machinery

Machinery
Packaging to Insurance
Installation to Commissioning
Duty and taxes
Spare parts
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10.5 Cost of Construction
Construction Cost
Constructed Area (250 Sq mtr @ Rs. 6000per Sq mtr)

1500000

Shed (800 Sq mtr @ Rs. 3500 per Sq mtr)

2800000

Total

4300000
Break up of Construction cost

Constructed area
Industrial shed

10.6 Cost Break up
Particulars
Raw Material & Consumables
Utilities & Fuel
Wages & Salaries
Indirect Expenses

Amount (In lacs)
367.80
16.49
33.95
50.81
Cost Breakup

Raw Material & Consumables
Utilities & Fueles
Wages & Salaries
Indirect Expenses
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10.7 Expenses incurred
Expenses (in Rs.)
1 Salary and Wages
Type of Employees
Works Manager
Marketing Executive
Engineer/ Production Incharge
Operator/ Skilled Workers
Unskilled Workers
Office's Staffs
Total
Total wages with Perks
2 Training and Development Cost ( 1% of Machinery)
Power ( 215HP @ .75per hour,80% utilisation,
3 8hrs/day,25days/month)

No. of Employees
1
2
1
6
14
2

Per month
Per Annum
Total
25000
300000
3
12000
144000
2.88
15000
180000
1.8
10000
120000
7.2
7000
84000
11.76
12000
144000
2.88
29.52
33.95
1.37

Rate=1.45/unit

4 Diesel
5 Selling Expenses ( Publicity and Marketing Expense)

5% of Sales

Total
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37410

4.49

100000

12
5.4
57.21
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10.8 Cost of Raw materials

Categories
300 Litres
500 Litres
1000 Litres
1500 Litres
2000 Litres
3000 Litres
Total

LLDP

Units
8.4
14
28
42
56
84

8000
7200
2400
1600
300
200

Rate (In Rs.) LLDP Cost
105
7056000
105 10584000
105
7056000
105
7056000
105
1764000
105
1764000
35280000

Master
Batch
LLDP In
Colours
Tons
Units
67.2
0.25
100.8
0.42
67.2
0.83
67.2
1.25
16.8
1.67
16.8
2.50
336

Total (in Thousand Litres)

Master
Batch
Colours
8000
7200
2400
1600
300
200

2
3
2
2
0.5
0.5
10

Rate in (Rs.)
150
150
150
150
150
150

Master
Batch
Colours
Cost
300000
450000
300000
300000
75000
75000
1500000
367.8
12000

10.9 Annual Turnover
Turnover
Particulars
300 Litres
500 Litres
1000 Litres
1500 Litres
2000 Litres
3000 Litres
Total

Total Unit
8000
7200
2400
1600
300
200
19700

Rate/ Unit Total Turn over
1350
108
2250
162
4500
108
6750
108
9000
27
13500
27
540
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10.10 Income statement
Income Statement
Operating years

1

2

3

4

5

6

7

8

9

10

15000.00
80%

15000.00
80%

15000.00
80%

15000.00
80%

15000.00
80%

15000.00
80%

15000.00
80%

15000.00
80%

15000.00
80%

15000.00
80%

PRODUCTION

12000

12000

12000

12000

12000

12000

12000

12000

12000

12000

Sales Revenue

540.00

540.00

540.00

540.00

540.00

540.00

540.00

540.00

540.00

540.00

Raw Material & Consumables
Utilities & Fueles
Power
Water, Diesel, etc
Sub Total
Wages & Salaries

367.80

367.80

367.80

367.80

367.80

367.80

367.80

367.80

367.80

367.80

4.49
12.00
16.49
33.95

4.49
12.00
16.49
33.95

4.49
12.00
16.49
33.95

4.49
12.00
16.49
33.95

4.49
12.00
16.49
33.95

4.49
12.00
16.49
33.95

4.49
12.00
16.49
33.95

4.49
12.00
16.49
33.95

4.49
12.00
16.49
33.95

4.49
12.00
16.49
33.95

Factory Overheads
General Overheads
Lease
Land
Estimated Cost of Production
Selling Expenses
Cost of Sales

5.00
3.00

5.00
3.00

5.00
3.00

5.00
3.00

5.00
3.00

5.00
3.00

5.00
3.00

5.00
3.00

5.00
3.00

5.00
3.00

0.30
426.54
27.00
453.54

0.30
426.54
27.00
453.54

0.30
426.54
27.00
453.54

0.30
426.54
27.00
453.54

0.30
426.54
27.00
453.54

0.30
426.54
27.00
453.54

0.30
426.54
27.00
453.54

0.30
426.54
27.00
453.54

0.30
426.54
27.00
453.54

0.30
426.54
27.00
453.54

86.46
21.39
15.87
49.20
14.76
34.44

86.46
18.72
15.87
51.87
15.56
36.31

86.46
16.04
15.87
54.55
16.36
38.18

86.46
13.37
15.87
57.22
17.17
40.05

86.46
10.69
15.87
59.89
17.97
41.93

86.46
8.02
15.87
62.57
18.77
43.80

86.46
5.35
15.87
65.24
19.57
45.67

86.46
2.67
15.87
67.91
20.37
47.54

86.46
0.00
15.87
70.59
21.18
49.41

86.46
0.00
15.87
70.59
21.18
49.41

Capacity
Installed Capacity (Thousands Litres)
Capacity Utilisation

EBITDA
Interest
Depreciation
PBT
Taxation
PAT

It would be seen from table above that the PBT in the 1 st year of operation in Rs. 49.20 lacs which works to be 9% of the total sales. In the 10th
year the %age of PBT would be 13%. Similarly PAT in the 1st yr is Rs. 34.44 lacs accounting for 6% of total turnover. PAT in 10th would rise to
9%. These figures could vary depending upon change in tax structure.
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10.11 Repayment of Interest schedule
Repayment and Interest Schedule for Loans
252.84
Operating Years
Rate of Interest
Loan (Outstanding)
Interest
Moratorium
Repayment
Closing Balance

176.99 22.12368

1
12%
176.99
21.24

2

3

4

5

6

7

8

9

10

154.87
18.58

132.74
15.93

110.62
13.27

88.49
10.62

66.37
7.96

44.25
5.31

22.12
2.65

0.00
0.00

0.00
0.00

22.12
154.87

22.12
132.74

22.12
110.62

22.12
88.49

22.12
66.37

22.12
44.25

22.12
22.12

22.12
0.00

0.00
0.00

0.00
0.00

10.12 Depreciation
Depreciation

Operating Years

1

2

3

4

5

6

7

8

9

Machinery @ 10%
Construction Cost @ 5%

13.72
2.15

13.72
2.15

13.72
2.15

13.72
2.15

13.72
2.15

13.72
2.15

13.72
2.15

13.72
2.15

13.72
2.15

13.72
2.15

Total

15.87

15.87

15.87

15.87

15.87

15.87

15.87

15.87

15.87

15.87
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10.13 Projected fund flow statement
Projected Funds Flow Statement
Construction Period
Years

1

SOURCES OF FUNDS
Equity
Debt
PBDIT
Total Sources

2

3

4

7

8

9

10

108.06

108.06

108.06

108.06

108.06

108.06

108.06

108.06

108.06

108.06

108.06

108.06

108.06

108.06

108.06

108.06

108.06

108.06

108.06

108.06

22.12
21.24
21.28

22.12
18.58
22.08

22.12
15.93
22.88

22.12
13.27
23.67

22.12
10.62
24.47

22.12
7.96
25.27

22.12
5.31
26.06

22.12
2.65
26.86

0.00
0.00
27.66

0.00
0.00
27.66

252.84

64.65

62.79

60.93

59.07

57.21

55.36

53.50

51.64

27.66

27.66

0.00

43.42
0.00
43.42

45.27
43.42
88.69

47.13
88.69
135.82

48.99
135.82
184.81

50.85
184.81
235.66

52.71
235.66
288.37

54.57
288.37
342.93

56.42
342.93
399.36

80.41
399.36
479.76

80.41
479.76
560.17

75.85
176.99

A

APPLICATION OF FUNDS
Fixed Assets Purchase
Miscellaneous Fixed Assets
Increase in Current Assets
Repayment of Loan Payment
Payment of Interest on Term Loan
Taxation

252.84

211.85
5.00
35.99

Total Application
SURPLUS/(DEFICIT)
OPENING CASH & BANK BALANCES
CLOSING CASH & BANK BALANCES

Operation period
5
6

1

B
A-B

0.00
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10.14 Projected cash flow statement
Discounted Cash flow statement (Total Investment)

Years
Inflows
Net Cash Accruals After Interest &
Tax
Less: Change in Working Capital
Add back financial Expenses
Terminal value
Total inflow
Outflows
Investment
Bridge Loan
Total outflow
Net Cashflow
IRR on Investment (%)
NPV (12% Discount Rate)
Pay Back Period

Construction Period
t=0

t=1

216.85
0
216.85
-216.85
27%
Rs. 231.63

35.99
0
35.99
-35.99

Operation Period
5
6

1

2

3

4

7

8

9

10

65.54
0
21.24

67.40
0
18.58

69.26
0
15.93

71.11
0
13.27

72.97
0
10.62

74.83
0
7.96

76.69
0
5.31

78.55
0
2.65

80.41
0
0.00

83.59

82.80

82.00

81.20

80.41

80.41
0
0.00
295
375.41

86.78

85.98

85.18

84.39

86.78

85.98

85.18

84.39

83.59

82.80

82.00

81.20

80.41

375.41

1

2

3

4

5

6

7

8

9

10

65.54
0
22.12

67.40
0
22.12

69.26
0
22.12

71.11
0
22.12

72.97
0
22.12

74.83
0
22.12

76.69
0
22.12

78.55
0
22.12

80.41
0
0.00

43.42

45.27

47.13

48.99

50.85

52.71

54.57

56.42

80.41

80.41
0
0.00
195
275.41

43.42

45.27

47.13

48.99

50.85

52.71

54.57

56.42

80.41

275.41

3 years
Discounted Cashflow Statement (Equity)

Years
Inflows
Net Cash Accruals After Interest &
Tax
Less: Change in Working Capital
Less: Loan Repayment
Terminal Value
Total Inflow
Outflows
Equity
Total Outflow
Net Cash Flow
IRR on Equity

t=o

t=1

65.05
65.05
-65.05
46%

10.80
10.80
-10.80

The IRR on investment is 27% it is quite positive indication about the financial health of the project because the cost of borrowing is 12%.
Similarly IRR on equity is 46% which again is a positive indicator. The NPV @ 12% on investment is Rs. 231.63 lacs which is quite good for any
investment.

Register eDocPrinter PDF Pro Online Now!!

61

10.15 Projected Balance sheet
Projected Balance Sheet

Sn

Description

1.1 Equity
1.2 General Reserves
1.3 Debt
Total Liabilities
2 Assets
2.1 Gross Fixed Assets
2.2 Accumulated Depreciation
2.3 Net Fixed Assets
2.4 Working Capital Assets
2.5 Cash & Bank Balances
Total Assets

Construction
Period
Operati0on Period
1
1
75.85
176.99
252.84
216.85
216.85
35.99
0
252.84

2

3

4

5

6

7

8

9

10

75.85
49.66
154.87
280.38

75.85
101.19
132.74
309.78

75.85
154.57
110.62
341.04

75.85
209.81
88.49
374.16

75.85
266.91
66.37
409.13

75.85
325.87
44.25
445.97

75.85
386.68
22.12
484.66

75.85
449.35
0.00
525.21

75.85
513.89
0.00
589.74

75.85
578.42
0.00
654.27

216.85
15.87
200.97
35.99
43.42
280.38

216.85
31.75
185.10
35.99
88.69
309.78

216.85
47.62
169.22
35.99
135.82
341.04

216.85
63.50
153.35
35.99
184.81
374.16

216.85
79.37
137.48
35.99
235.66
409.13

216.85
95.24
121.60
35.99
288.37
445.97

216.85
111.12
105.73
35.99
342.93
484.66

216.85
126.99
89.85
35.99
399.36
525.21

216.85
142.87
73.98
35.99
479.76
589.74

216.85
158.74
58.11
35.99
560.17
654.27
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10.16 Break even point and sensitivity analysis
B r e a k E v e n P o in t A n d S e n s t i v i t y A n a l y s i s
N orm al
V a ria b le C o st (R s. La c s )
R a w m a t e r ia l & C o n s u m a b le S t o r e s
U t ilit ie s
T o t a l V a r i a b le C o s t
A v e r a g e V a r ia b le C o s t ( R s . / T h o u s a n d L i t r e s )
F ix e d C o s t (R s . L a c s )
W a g e s & S a la r ie s
R e p a ir s & M a in t e n a n c e
G e n e ra l O v e rh e a d s
L e a se ch a rge s
F in a n c ia l E x p e n s e s
D e p r e c ia t io n
T o t a l F ix e d C o s t ( R s . L a c s )
A v e r a g e F ix e d C o s t ( R s . p e r T h o u s a n d s L i t r e s )
A v e r a g e S e l li n g P r ic e
P r o je c t B r e a k E v e n P o in t ( t )
P r o je c t B r e a k E v e n
C a s h B r e a k E v e n P o in t
C a sh B re a k Ev e n

C ase
C ase
C ase
C ase

1
2
3
4

-

10%
10%
10%
10%
5%
5%

C ase1

C ase2

C ase3

C a se 4

3 6 7 .8 0
1 6 .4 9
3 8 4 .2 9

4 0 4 .5 8
1 8 .1 4
4 2 2 .7 2

3 6 7 .8 0
1 6 .4 9
3 8 4 .2 9

3 6 7 .8 0
1 6 .4 9
3 8 4 .2 9

4 0 4 .5 8
1 8 .1 4
4 2 2 .7 2

3 2 0 2 .4 1

3 5 2 2 .6 5

3 2 0 2 .4 1

3 2 0 2 .4 1

3 5 2 2 .6 5

3 3 .9 5
5 .0 0
3 .0 0
0 .3 0
2 1 .2 4
1 5 .8 7
7 9 .3 6
6 6 1 .3 4
########
5 .8 9
0%
4 .7 1
0%

3 3 .9 5
3 7 .3 4
3 3 .9 5
3 5 .6 5
5 .0 0
5 .5 0
5 .0 0
5 .2 5
3 .0 0
3 .3 0
3 .0 0
3 .1 5
0 .3 0
0 .3 3
0 .3 0
0 .3 2
2 1 .2 4
2 3 .3 6
2 3 .3 6
2 4 .5 3
1 5 .8 7
1 7 .4 6
1 7 .4 6
1 8 .3 3
7 9 .3 6
8 7 .3 0
8 3 .0 7
8 7 .2 3
6 6 1 .3 4
7 2 7 .4 7
6 9 2 .2 7
7 2 6 .8 8
1 3 5 0 0 0 0 .0 0 # # # # # # # # # # # # # # # # # # # # # # # #
5 .8 9
6 .4 8
6 .1 7
6 .8 2
0%
0%
0%
0%
4 .7 2
5 .1 9
4 .8 7
5 .3 9
0%
0%
0%
0%

In c r e a s e in V a r ia b le C o s t
In c r e a s e in f ix e d C o s t
In c r e a s e in P r o je c t C o s t
In c r e a s e in V a r ia b le C o s t a n d F ix e d C o s t
In c r e a s e in F ix e d C o s t
D c r e a s e in S e llin g P r ic e

The project break even in normal case is 66% i.e. after achieving 66% of the projected turn over the unit would be in be in the profit zone.
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10.17 Ratio Analysis
Ratio Analysis
1
2
3
4

Return on Assets
Return on Equity
Debt-Equity Ratio
Interest coverage Ratio

20%
65%
2.33%
5

10.18 Foreign exchange implications
The foreign exchange requirement for the project would be mainly on three
accounts viz.
 For the import of machines, equipments and accessories at a value of around
Rs. 137 lacs during setting up of the project.
 Approximately, Rs. 10 lacs worth of foreign exchange would be required for
incidental expenses such as training, travel, etc in the first year.
 For the import of raw materials at a value of Rs. 367 lacs per annum.
Thus, the total foreign exchange requirement for a period of 5 years would be
around Rs. 515 lacs. Against this, the foreign exchange earning from export and foreign
exchange saving due to import substitution is envisaged at Rs. 2700 lacs.
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CHAPTER 11 – ECONOMIC ANALYSIS
11.1 Economic Rate of Return (ERR)
Economic Rate of Return is the interest rate at which the cost and benefits of a
project, discounted over its life, and equal. ERR differs from Financial Rate of Return in
that it takes into account the effects of factors such as Price Controls, Subsidies and Tax
breaks from local government, to compute the actual cost of the project to the economy.
The economic rate of return also includes indirect benefits to the economy that
are likely to be ploughed back to the investors, people, government and other
government or non-government agencies, over a longer period of time.

11.2 Relevance of ERR to the project
It may be mentioned that the concept of ERR is more relevant for big projects
involving large capital deployment.
For small projects, like the project under
consideration, there may not be significant difference between Financial Rate of Return
and Economic Rate of Return, as, while formulating the project, factors like Price
Controls, Subsidies and Tax breaks from local government and also socio-economic
benefits, have not been taken into account.

11.3 Socio-economic impact of the project
As state above, the concept of ERR is not quite relevant for this project and the
impact of the proposed unit would not be quite significant on the overall economic
scenario of Bhutan. However, over a long time horizon and setting up of a number of
similar plastic processing units would result into following socio-economic benefits for
the country.
 Indigenous production of roto-moulded products & other plastic items
would lead to self-reliance for these products in the field of construction
industry. This would also provide a boost to construction sector through
making available the indigenous products at competitive prices.
 Local production of roto-moulded products would lead to import
substitution which would result in saving of foreign exchange. Setting
up of more plastic processing units to meet the requirement of
construction industry would have a multiplier effect on the growth of
construction industry in Bhutan.
 There are possibilities of export of the plastic products to eastern and
north-eastern parts of India and other neighboring markets. This would
lead to earning to foreign exchange for the country.
 There are not many medium and small scale units manufacturing units in
Bhutan. Setting up of this unit would have a catalytic effect on growth of
entrepreneurship in medium and small scale sector.
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 The setting up of the project would lead to generation of direct and
indirect employment, both for skilled and unskilled workers which would
result into economic upliftment of local population. This would also lead
to upgradation of skills.
 There are employment opportunities in the project for persons with
managerial, technical, financial and marketing capabilities.
The
employment of such people in the local industry would provide them an
option to have an employment in private sector in Bhutan and also reduce
the migration of qualified manpower.
 There would be revenue generation for the local government by way of
excise, sales tax/VAT and income tax from the unit as well as from its
promoters.
 Finally, the project would lead to enhancement of economic activities in
the field of construction, transport of raw materials and finished goods,
marketing and trade, repairs and maintenance, etc.
It is important here to mention that above benefits can only be listed but these
cannot be quantified based on a single unit with in small investment. However, as
mentioned above, if a number of such units in construction material sector or any other
sector of economy are setup, these would have a significant impact on overall economy
of Bhutan.
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Annexures
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Annexure I
List of Machines suppliers
1.

M/s M Plast (India) Ltd.
A - 15, Sector-60, Phase-III,
Noida - 201 307 (U.P.) INDIA
Tel.: +91-120-2581087, 2581089

2.

M/s Ashwin Engineers India ltd.
Plot No, 155-156/3, Phase-2, Opp-Deepak Oil Mill,
GIDC, Naroda, Ahmedabad,
Pin- 382 330, India,
Tel : +91 79 2281 1879/ 2281 3670,
Fax- 2281 1879,

3.

M/s Fixopan machines Pvt. Ltd.,
71, Nehru Place
New Delhi - 110-019, (India)
Tel: (91)-(129)-2237212

4.

M/s Mac Coating Pvt. Ltd.,
H-35 A, Kirti Nagar,
New Delhi-15
Tel: 011-25413247

5.

M/s K. L. Thermo Former Pvt. Ltd.,
C-67/2, Okhla Industrial Area,
Phase –I, New Delhi-20
Tel: 011-51631348
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Annexure II
List of Raw Materials suppliers
1.

M/s Sahin Trade Company
Istanbul, Kucukyali, Turkey

2.

M/s Indian Petro Chemical Ltd.,
Nandesari,
Baroda, Gujarat

3.

M/s DuPont
11350 Tomahawk Creek Parkway
Suite 200 Leawood, KS 66211
Phone: 913-338-2559 Fax: 913-338-0003

4.

System Plast
2/108, Kanchi Ma Nagar, Vilankurichi P. O.
Coimbatore - 641 035, Tamil Nadu, India
Phone: + (91)-(422)-6539529
Fax: + (91)-(422)-2665872

5.

M/S Industrial Resins Mfg. Co
6 Gaiwadi Industrial Estate, S.V. Road
Sidhapura Ind. Estate
Lane, Goregaon (West), Mumbai - 400062
Maharashtra, India
Tel No: 28742951,

6.

M/s Reliance Industries Limited
Maker Chambers-IV, Nariman Point
Mumbai-400021
Tel: 30322100
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Annexure III

List of lab testing equipment suppliers
1. M/s Imperial Lab Equipment
Address: 109, Vardhman Plaza Tower, H-3, Netaji Subhash Place
District Center, PitamPura, New Delhi, Delhi
Phone(s): 91-11-65154406 / 42470203
Fax(s): 91-11-27352924

2. M/s Scientific Engineering Corp
Address: 3280, Arya Pura Old Subzi Mandi, Delhi – 110007
Phone(s): 91-011-23829918 / 23823794
Mobile: 9811569035
Fax(s): 91-011-23829918 / 23823794

3. M/s Toshniwal Brother Pvt. Ltd.
388 Udyog Vihar Phase 3
Gurgaon – 122006
Haryana
Ph +91-124-4003629 / 4003985
Fax no +91-124-4003986
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