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Executive Summary 

Introduction - International Technologies Consultants, Inc. (ITC) has prepared this 
report to document the results of its feasibility study to assess the viability of establishing a 
float glass manufacturing plant in Manitoba. The report presents realistic economic, 
marketing and technical analyses and information based upon an extensive collection of 
data derived from pertinent glass industry, consumer, service, and governmental sources. 
Considerable care has been taken to ensure that all input data and assumptions are 
accurate and conservative, and that sources are documented. All figures are reported in 
Canadian dollars and metric dimensions unless otherwise indicated. 

Financial Results - ITC has developed a detailed Economic Model for the study, which is 
presented in Section 2. Analyses based upon this model indicate that a new float glass 
manufacturing facility located in southern Manitoba is financially viable. This is true both 
in terms of profitability and rentability. 

• 	 Profitability - Net income is positive from the fist year ofoperation and averages more 
than $22 million annually over 15 years yielding a return on total investment of 15%. 

• 	 Rentability - The project will pay for itself within 10 years of initial production. Net 
income will support the level ofdebt obtained to finance construction and initial 
operations and provide the owner with an attractive dividend resulting in a return on 
owner's equity investment of49%. 

Marketing Results - The market outlook is favorable for new manufacturing capacity in 
North America in general and for Canada in particular. Demand for flat glass through 
1998 is forecast to rise by 4.2% per year in North America and by 5.3% per year in 
Canada, compared to the long term average of4%. To keep supply and demand in 
balance, this means the addition of production equivalent to nearly two new float lines per 
year. A manufacturing plant located in southern Manitoba would be able to target and 
serve multiple market areas in both Canada and the United States. Thus, a Manitoba plant 
producing 140,000 metric tons ofglass per year (400 tons / day) would not need to 
dominate any particular market in order to successfully sell its full production. 

Technical Results - Sufficient quantities of raw materials of proper quality for float glass 
manufacture exist either in or relatively near to southern Manitoba. A number of 
satisfactory plant site locations, properly zoned and with good transportation facility 
access, exist in the area, including Selkirk to the north ofWinnipeg and Morden / Winkler 
to the south. All required utility services are readily available in these locations and, 
generally, throughout the area. Construction and engineering companies as well as labor, 
both skilled and unskilled, needed to design, build and operate a new plant exist in the 
area. Most construction materials, such as fabricated steel and concrete, and a portion of 
the necessary capital equipment are available locally. Local and Provincial governments 
are supportive of industry and will facilitate the necessary permitting for plant construction 
and operation. Accordingly, it is lTC's belief that there is no technical reason which 
would prevent or significantly hinder the construction and operation ofa float glass 
manufacturing facility in southern Manitoba. 
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Environmental Results - A float glass manufacturing plant is a quiet, clean, safe facility. 
There are no emissions which cannot be controlled within limits acceptable to Canadian 
environmental regulations. Jobs created are jobs which will pay a competitive wage for 
unskilled, self-reliant operators who will be trained on the job. It is common for float 
glass factories to work for millions of man-hours before experiencing a lost-time accident. 
Most of the raw materials and a portion of the finished product will be transported by rail, 
keeping truck traffic in and out of the facility to a minimum. 

Consultant's Conclusion - Based upon the study results, it is lTC's conclusion that the 
establishment ofa new float glass manufacturing facility in Manitoba is clearly feasible and 
viable. An investor should find the combination of a high potential financial reward and 
the reduced risk offered by a location central and accessible to multiple growing markets 
to be quite attractive. 

With this as a premise, there are two principal ways for obtaining the necessary technology 
and project management to gain entry into the float glass manufacturing industry. The 
first is via an arrangement with one of a small number ofglobal production firms 
dominating the industry who may be willing to provide entry by charging payment of 
either licensing fees, profit sharing, royalties on production and sales, or a combination. 
The second is to become an independent producer by obtaining the technology and 
management assistance from a qualified design and services company which is not a glass 
producer. This second, independent approach is much the more financially attractive 
method due to lower capital costs and the ability ofthe owner to keep all operating 
profits. For this reason, it is the independent approach which is used as the basis for the 
Economic Model results contained in this report. 

It is lTC's opinion that a prospective investor seeking new entry in the float glass 
manufacturing business will find the added profitability and independence of this approach 
highly desirable. 
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Study Objective 

The Manitoba Provincial Government, via the Ministry ofIndustry, Trade and Tourism, 
and the Federal Government ofCanada, via Natural Resources Canada, (the "Client") has 
contracted with International Technologies Consultants, Inc. (lTC, the "Consultant") to 
conduct a feasibility study with the objective to assess the viability ofestablishing a float 
glass manufacturing plant in Manitoba. 

In addition, the Client has specified certain desired parameters and outputs for the study, 
including: 

• 	 Identification of the required raw materials and review of the acceptability of 
locally available raw materials. 

• 	 Establishment of a recommended plant size and location. 

• 	 Definition of the structure and direction of float glass industry. 

• 	 Estimation ofthe present and future demand for float glass and ofthe market 
share available to a new manufacturer located in Manitoba. 

• 	 Estimation ofthe capital and operating costs, and expected profitability, for the 
proposed plant. 

To satisfY these goals, ITC has made a fact finding visit to southern Manitoba and has held 
discussions in the offices of the Manitoba Ministry ofIndustry, Trade and Tourism. ITC 
has contacted a collection of regional float glass manufacturers, customers, provincial 
government agencies, capital equipment suppliers, and utility and transportation service 
companies. The information gained from these efforts, as well as that in lTC's extensive 
library, provide a sound basis for the data, statements and conclusions in the study report. 

The report is presented in four sections: 

• 	 Section 1 - Report Summary and Conclusions 

Contains the highlights of the more detailed information which appears in the 

remaining sections, as well as lTC's conclusions. 


• 	 Section 2 - Economic Model Results 

Contains a detailed financial analysis of the pro forma results ofthe first fifteen years 
of plant operation. Information is provided concerning expected income, costs, 
pricing, markets, rate of return on investment (ROI), and ROI sensitivity. 

• 	 Section 3 - Flat Glass Marketing and Production 

Contains a detailed discussion of flat glass producers and consumers, industry 

structure, market trends, and the expected target market for a Manitoba plant. 


• 	 Section 4 - General and Background Information 

Contains supporting information including the Economic Model inputs and 
assumptions, project cost analysis, typical float plant characteristics, and a general 
discussion offloat glass manufacturing technology. 
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Financial Summary 

Analysis Method - lTC's approach to all aspects of the financial analysis has been to be 
realistic and conservative. This means that all of the inputs and assumptions used in the 
Economic Model are derived from authoritative and representative sources, are timely and 
accurate wherever possible, and are conservative ifbased upon estimations or a range of 
possible values. All figures are reported in Canadian dollars and metric dimensions unless 
otherwise indicated. Economic Model inputs and references are presented in Section 4. 

Capital Cost and Project Budget - The total capital cost for construction ofa float plant 
with a melting capacity of 500 metric tons / day is estimated to be $115.875 million. This 
cost can be broken down into major components as follows: 

• 	 Land, Civil Works, Buildings and Utility Systems $31.798 million. 

• 	 Process Equipment $74.256 

• Project Administration, Engineering, Interest $ 9.821 

The above costs are based upon a project budget developed by ITC using information 
gathered during the course of the study and from information contained in lTC's database 
of project and equipment pricing. Details ofthe project budget are presented in Section 4. 

Project Financing - For purposes ofthe Economic Model, it has been assumed that the 
plant's owner will contribute an equity investment equal to 20% of the total capital cost 
less interest during construction ($22.136 million). The 80% balance ($93.739 million) is 
assumed to be funded by a commercial bank loan with a repayment period of ten years 
beginning with the first full year of plant operation. This is a rather conservative approach 
to project financing, since it is likely that a more attractive debt structure than straight 
commercial borrowing can be arranged for an actual project. A number of local, federal 
and provincial government economic development programs exist which may provide 
grants or part of the necessary debt funding at subsidized rates. 

Project Income - The Economic Model calculates anticipated net income from plant 
operations over a 15 year period. (The results are presented in the Income Statement on 
page 6 of Section 2). The Model shows an average annual net income ofover $22 million 
on a non-inflation adjusted basis, with positive net income being generated in every year of 
operations. Net income (profitability) averages more than $140 per ton ofglass and is 
determined by the following considerations: 
• 	 Sales Revenue - The Economic Model assumes the plant will operate at a yield of 

80% of melting capacity with 350 production days per year. These are realistic factors 
which allow for normal operational and warehouse product losses. Net production, 
then, is initially 140,000 metric tons per year (less in a rebuild year and greater after a 
rebuild due to the potential for increased capacity). Gross sales revenues are based 
upon an average glass selling price ofapproximately $660 per metric ton. Net sales 
revenue of approximately $560 per ton is determined after allowances for freight costs 
and returns, averaging $90 and $10 per ton respectively. Freight costs are based upon 
trucking rates. Utilization of some railcar transport would lower overall freight costs. 



Section 1 Page 5 

• 	 Production, Sales and Financial Costs - The cost of production includes such fixed 
and variable costs as Raw Materials, Utilities, and Personnel. The Economic Model 
calculates these costs to be about $235 per metric ton ofglass. Sales cost, which 
includes the costs of sales personnel and expenses as well as sales commissions to 
outside sales agents, is estimated at 2.5% ofgross sales revenue, or about $16 per ton. 
Financial cost, which includes rebuild allowance, taxation, debt interest and debt 
repayment, averages about $166 per ton. (The Cost Structure Analysis is presented 
on page 13 of Section 2). 

Net Cash Flow and Dividends - The Economic Model assumes that all of net income is 
applied to dividends payable to the owner after repayment of short-term working capital 
debt. This debt is paid down as quickly as possible to reduce short-term interest expense. 
Annual dividends average over $21 million and are paid in every year except the first. 

Return on Owner's Equity and on Total Investment - The Economic Model calculates 
an internal rate of return (ROI) on the owner's equity of49% after tax (61 % before). The 
ROlon the total project investment amount is calculated at 15% after tax (22% before). 

Plant Size Considerations - ITC has calculated, based upon its database, that a float 
plant with a melting capacity of300 metric tons per day would have a capital cost of 
approximately $93 million. In other words, a plant with 60% ofthe production capacity 
of the proposed 500 ton per day size would carry a cost of 80% as much. Assuming the 
same percentage debt financing, results of the Economic Model for this size plant shows 
after tax ROJ's of 13% and 2% on owner's equity and total plant investment respectively. 
Thus, considering the marketing view showing the ability to sell the full production of a 
500 ton per day plant, it is not economically attractive to construct a smaller size plant. 

Financial Conclusions 

ITC believes that the study's financial results demonstrate that the proposed float glass 
project is financially viable, providing attractive levels of positive net income, cash flow 
and investment return to the owner from the beginning ofproduction, with the ability to 
repay all financing costs from normal revenues within ten years of production. 

Detailed financial results from the Economic Model are presented in Section 2. 
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Marketing Summary 

Market Structure - The North American flat glass market is one of the largest regional 
markets in the world, accounting for over 30% of the world's production. Currently, 
there are a total of46 operating float production lines owned by 6 producer companies. 
Of these lines, 39 are located in the United States, 4 in Mexico and 3 in Canada. 

Market Trends - According to independent market research statistics, Canadian flat glass 
demand is forecast to grow at a rate of5.3% through 1998, while that in North America is 
forecast to increase at a 4.2% rate. The current Canadian production of400,000 metric 
tons per year is only about half the estimated 1998 Canadian demand of 775,000 tons. 

Considering the current number of46 operating float lines, and the many recent articles 
appearing in glass industry trade magazines describing the current glass shortage, two 
things can be reasonably concluded: 

• that supply and demand are currently in balance 

• that the equivalent of 1.8 new float lines must be built in North America on 
average every year in order to maintain the balance of supply and demand. 

In fact, only 10 new float lines have been added and 3 removed from the North American 
supply in the last 10 years. This past rate ofglass production increase is far from what 
will be needed in the future given the market demand trends. 

Target Markets for a Manitoba Plant - ITC has analyzed the potential markets 
surrounding a southern Manitoba plant location. By considering population, glass 
consumption and existing supply by geographic area, the anticipated market is as follows: 

Area Sales (Tons per Year) Market Percentage 
Canadian Prairie Provinces 17,000 25% 
British Columbia 11,000 20% 
Central and Mountain US States 85,000 7% 
North Western US States 17,000 13% 

Market Pricing - ITC has conducted a survey by telephone, telefax and personal 
interview ofglass manufacturers, glass consumers and trade organizations in order to 
establish realistic glass prices for a Manitoba float manufacturing facility. Although some 
difference in price by location was found, as expected, the result was an average selling 
price of $660 per metric ton. 

Marketing Conclusions 

ITC believes that additional float glass manufacturing capacity is needed to serve the 
market and, considering the already serious trade imbalance in flat glass between Canada 
and the United States, that at least one additional 500 ton per day float plant in the central 
or western provinces is justified. 
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Construction and Technical Summary 

ITC has visited the Winnipeg and surrounding areas ofManitoba, conducting an 
assessment of potential float plant site locations, support and transportation facilities. In 
addition, ITC has reviewed information provided by the Energy and Mines and Industry 
Development departments of the Manitoba provincial government concerning raw material 
quality and availability, as well as engineering, construction and manufacturing labor 
availability. 

It is apparent that sufficient quantities of raw materials of proper quality for float glass 
manufacture exist either in or relatively near to southern Manitoba. A number of 
satisfactory plant site locations, properly zoned and with good transportation facility 
access, exist in the area, including Selkirk to the north ofWinnipeg and Morden / Winkler 
to the south. All required utility services are readily available in these locations and, 
generally, throughout the area. Construction and engineering companies as well as labor, 
both skilled and unskilled, needed to design, build and operate a new plant exist in the 
area. Most construction materials, such as fabricated steel and concrete, and a portion of 
the necessary capital equipment are available locally. Local and Provincial governments 
are supportive of industry and will facilitate the necessary permitting for plant construction 
and operation. 

Technical Conclusion 

It is lTC's belief that it is technically feasible to establish a modem, high quality float glass 
manufacturing facility in southern Manitoba, and that there is no apparent technical reason 
presenting a significant deterrent to the construction or operation of such a facility. 
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Capital Cost 

ITC has calculated the estimated capital cost to construct a new 500 metric TID float glass 
manufacturing plant located in southern Manitoba utilizing the highest quality industry 
standard facilities and equipment. The detailed analysis showing this estimate is presented 
in Section 4. All amounts are in Canadian dollars unless otherwise indicated. 

A total capital cost of$115.875 million has 
been estimated with an expected 
distribution as follows: 

• Land 
• Bldgs. & Utilities 
• Process Equipment 
• Admin. & Interest 

$ 1.370 mil 
$ 30.428 
$ 74 .256 
$ 9.821 

Local versus Imported Content 

The total capital cost can be further 
categorized by items likely to be imported and 
those supplied locally. Generally, items which 
would be imported include: 

• Specialized technology & equipment 
• Most refractories 
• Project management & consultants 

Locally supplied items would include: 

• Civil Works & Construction Labor 
• Buildings & Fabricated Steel 
• Some refractories 
• Non-specialized equipment and services 

Investment (Millions of $) 
Total = 
115.875 

Admin. & Int. Land 

8% 1% =--­ - Bldgs. & Utils, 

Process 

64% 

Import Vs. Local Capital Cost 


Total = 115.875 


Local 

43% 

Imported 
57% 

The distribution of imported and local procurement is roughly estimated as follows : 

• Imported Content $49.340 mil 
• Local (All Canada) Content $66.535 mil 
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Project Financing 

For the Economic Model, a conservative financial structure assuming no cash grants or 
subsidized debt has been assumed regarding the funding of the project's capital cost: 

• Owner's Equity Investment = 20% of Capital Cost (before constr. interest) 
• Commercial Debt = 80% 

It is likely, however, that more favorable Finance (Millions of $) 

debt financing than straight commercial 
22.136 Equity

borrowing can be arranged for an actual Senior Debt 19% 

project. A number of local, federal and 81% 

provincial government economic 
development programs exist which may 
provide part of the necessary debt funding at 
subsidized rates. 93.739 

This conservative financial structure results Total = 115.875 

in the following funding levels: 

FINANCING 

EQUITY Percent 

19.1% 22.136Investors 

22 .136Total Share Capital 

0.0% 0.000Cash Grants 

22.136Total Equity 

( 5 yr ) 0.0% 0.000Export Credit 
(1 0 yr) 0.0% 0.000Subsidized Loan 

8.50% (10 yr) 76.4% 88.547Commerial Debt 
8.50% (10 yr) 4.5% 5.192(Inc. Constr. Int.) 

93.739Total Debt 

100.0% 115.875Project Total 

9.50% (Credit Line) 13.470Working Capital ** 
(Years 1-2) 

9.50% (Credit Line) 5.000Working Captial ** 

(Later Years) 


** Actual Working Capital Needs Depend on Cash Flow 
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Project Budget 

The estimated capital cost stems from the following project budget breakdown: 

CAPITAL PROJECT BUDGET 


Item Description 

1 Land 
2 Site Works: 

10 Utilities: 

20 Buildings: 

Grading, Drainage, Excavation 
Foundations, Concrete Works 
Roads, Improvements, Fencing 
Electrical Power 
Compressed Air 
Water - Cooling & Treatment 
Water - Fire, Potable, Sewage 
Fuel Oil & Storage 
HVAC 
Control System 
Batch House 
Furnace 
Tin Bath 
Lehr 
Cutting Line 
Warehouse / 
Power House 

(Bldg. Cover) 

Shipping Dock 
/ Utilities 

Office / Raw Materials / Misc. 
30 Batch Plant:Design & Equipment 

35 Cullet: 

40 Furnace: 

50 Float Bath: 

Structural Steel & Silos 
Material Handling & Conveyors 
Shipping, Install, Supervision 
Design & Equipment 
Shipping, Install, supervision 
Design & Equipment 
Emmissions 
Refractories 
Steel & Ductwork 
Chimney 
Shipping, Install, Supervision 
Design & Equipment 
Refractories 
Steel 
Tin 
Shipping, Install, Supervision 

60 Atmosphere: Nitrogen & Hydrogen 
70 Lehr: Design & Equipment 

Shipping, Install, Supervision 
80 cutting: Design & Equipment 

Shipping, Install, Supervision 
85 Material: 	 Raw Materials 

Finished Products 
Misc. Vehicles 

90 Equipment: 	 Admin., Maint., Lab. 
Subtotal Plant & Equipment 

95 Project Management, Engr., Consultants 
96 Client Staff & Development 
99 Heat-Up Services 

Subtotal Administration 
Total Capital Cost Less Interest 
Interest During Construction 

Total Capital Cost of the Facility 

Cost 

1.370 
1.878 

10.017 
0.435 
2.950 
0.545 
1.275 
0.540 
0.400 
0.112 
0.534 
0.236 
1.061 
0.471 
0.796 
0.794 
3.571 
0.972 
1. 489 
2.040 
1. 843 
0.157 
0.411 
1.056 
0.153 
5.038 
2.750 
9.405 
1.010 
1.210 
4.436 
5.300 
1.900 
1.863 
1.370 
2.303 
0.480 
4.958 
0.533 
5.973 
1. 947 
0.685 
1.302 
0.144 
1. 774 

2.255 
2.000 
0.374 

Mil C$ 
Mil C$ 
Mil C$ 
Mil C$ 
Mil US$ 
Mil US$ 
Mil US$ 
Mil US$ 
Mil US$ 
Mil US$ 
Mil US$ 
Mil C$ 
Mil C$ 
Mil C$ 
Mil C$ 
Mil C$ 
Mil C$ 
Mil C$ 
Mil C$ 
Mil US$ 
Mil C$ 
Mil C$ 
Mil C$ 
Mil US$ 
Mil C$ 
Mil US$ 
Mil US$ 
Mil US$ 
Mil C$ 
Mil C$ 
Mil C$ 
Mil US$ 
Mil US$ 
Mil C$ 
Mil C$ 
Mil C$ 
Mil C$ 
Mil US$ 
Mil C$ 
Mil US$ 
Mil C$ 
Mil C$ 
Mil C$ 
Mil C$ 
Mil C$ 

Mil C$ 
Mil C$ 
Mil C$ 

1.370 
1.878 

10.017 
0.435 
4.042 
0.747 
1. 747 
0.740 
0.548 
0.153 
0.732 
0.236 
1.061 
0.471 
0.796 
0.794 
3.571 
0.972 
1.489 
2.795 
1.843 
0.157 
0.411 
1.447 
0.153 
6.902 
3.768 

12.885 
1.010 
1.210 
4.436 
7.261 
2.603 
1.863 
1.370 
2.303 
0.480 
6.792 
0.533 
8.183 
1. 947 
0.685 
1.302 
0.144 
1.774 

106.054 
2.255 
2.000 
0.374 
4.629 

110.683 
5.192 

115.875 
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Explanation of Budget Items (See Section 4 for additional details) 

Item 1 - Land: Purchase price for project site. 

Item 2 - Site Works: Cost of site improvements, excavation, foundations, and concrete works. 

Item 10 - Utilities: Installed costs for all necessary utility systems, including piping, tubing and 
wiring as well as connections to outside utility providers. Connection to the electrical grid, natural gas, 
water and sewer services is assumed. Emergency back-up power generation for critical loads is included. 

Item 20 - Buildings: Construction cost of all site buildings. Pre-engineered buildings are generally 

cost effective. Minimum on-site storage facilities for raw materials is assumed. 

Item 30 - Batch Plant: Installed cost of silos, material handling and mixing equipment with 
sufficient elevated storage for 10 days supply of raw material and to weigh and mix the daily plant raw 
material requirements. Detailed engineering, critical controls, feeders, mixer, and load cells are likely to 
be imported with all other concrete and steel construction performed locally under supervision of the 
specialist contractor. 

Item 35 - Cullet System: Installed cost of equipment for collection ofcullet at Cutting Line and 
return to Batch Plant. 

Item 40 - Melting Furnace, Emission Controls and Chimney: Installed cost of a 
regenerative melting furnace with state of the art natural gas fuel combustion controls. Includes 
electrostatic precipitator for emission control and a concrete chimney. Most furnace refractories are likely 
to be imported as well as the detailed design, specialized equipment and controls. Steel fabrication, 
piping, blowers and installation are assumed to be local. 

Item 50 - Float Bath: Installed cost of a float bath by lTC, complete with all casings, refractories, 
flat roof, bottom cooling, electrical and mechanical equipment, and controls. Most items are likely to be 
imported, except for support steel and installation labor. 

Item 60 - Atmosphere: Installed cost of hydrogen and nitrogen mixing and distribution. Supply of 
these gasses is assumed by contract purchase from an industrial gases supplier operating his own facility 
on-site. Supply cost is included in Operating fixed costs. 

Item 70 - Annealing Lehr: Installed cost of annealing lehr for controlled glass cooling. The lehr 
modules, rolls, lineshaft drive, fans and controls are likely to be imported as a package including design. 
Installation is local under the supervision of the lehr contractor. 

Item 80 - Cutting Line: Installed cost of a computerized glass cutting and stacking system capable 
of handling the full range of anticipated product sizes and glass thicknesses. This package system is 
imported. Installation is local under the contractor's supervision. 

Item 85 - Material Handling: Cost for finished glass storage racks, shipping frames, lift trucks, 
and raw material handling vehicles and equipment. All is assumed to be locally procured. 

Item 90 - Other Equipment: Cost ofoffice equipment and furnishings, maintenance equipment 
and tools, and laboratory equipment. 

Item 95 - Project Management, Engineering, and Consultants: Cost of non-staff project 
management and construction personnel, engineering design services, and consultants. 

Item 96 - Client Staff & Development: Capitalized cost ofearly hire administrative, 

management, operations and maintenance personnel participating in project activities. 

Item 99 - Heat-Up Services: Cost of specialized furnace and float bath heat-up work. 
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Cash Flow During Construction 

Cash Flow During Coostructlon 

~ 

Land 
Site~. 

~ BuilProcess . 
~ 1'80/0)
Tin metal 

~~?-
Heat-up Services 

Fin.an:ial & Legal
Interest F.x.penSe 

Total Expenses
Cumulative 

Soun:e 

~uity (Sbareholda's)
aishGi'ant 
~Cnrlit
SU 'dized Loon 
Comme.rcial Dett 

Total Revenue 

--.:2 
1. 370 

14.577 
-1.458 

0.226 
0.200 

0.000 

14.915 
14.915 

14.915 

0.000 

14.915 

~ 

4.110 
2.177 
2.348 

-0.864 

0.226 
0.200 

0.000 

8.197 
23.112 

7.221 

0.976 

8.197 

Quarter Prior to PrOOuction Start 

-=1 

4.110 4.110 
2.177 1.088 1.088 
2.348 1.174 1.174 
7.289 7.289 14.577 

-1.592 -1.366 -1.684 

0.226 0.226 0.451 
0.200 0.200 0.400 

0.320 0.604 0.964 

15.078 13.325 16.970 
38.190 51.515 68.485 

0.000 0.000 

15.078 13.325 16.970 

15.078 13.325 16.970 

1.088 
1.174 

14.577 
-1. 684 

0.451 
0.400 

1.333 

17 .339 
85.824 

17 .339 

17 .339 

Start 

1.088 
1.174 

14.577 
8.648 
1.370 
0.451 
0.400 
0.374 

1.971 

30.053 
115.877 

0.000 

30.053 

30.053 

Total 

1. 370 
12.330 

8.706 
9.392 

72.886 
0.000 
1.370 
2.257 
2.000 
0.374 

0.000 
5.192 

115.877 

22.136 
0.000 
0.000 
0.000 

93.741 

115.877 

Loan Balances:

ECnrlit'dizedLoon 
Colmtrccial Dett 

Rate 

0.00% 
0.00% 
8.50% 

Interest: 

14.915 

0.000 

22.136 

0.000 

22.136 

15.078 

0.320 

22.136 

28.403 

0.604 

22.136 

45.373 

0.964 

22.136 

62.712 

1.333 

22.136 

92.765 

1.971 

Million $ 

120 

MANITOBA FLOAT PROJECT 

Capital Spending Curve 
115.875 
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Section 2 Page 7 

Explanation of Income Lines 

Line 1 - Tons Sold: From line 4, Net TonslDay calculation, Production and Sales Volume (page 18). 
An 80% yield ofTonslDay melted for 350 DayslYear is realistic and conservative, taking into account 
time lost for thickness changes, defects, breakdowns, and normal operational and warehouse losses. 
Production is assumed to begin in July 1998. 

Line 2 - Gross Sales: From line 33, Total Sales calculation, Production and Sales Volume (page 18). 

Line 3 - Freight Cost: Calculated from average freight cost per ton, Net Selling Price (page 9), 

applied to glass tons shipped, line 8 Production and Sales Volume (page 18). 


Line 4 - Returns and Allowances: Equal to 1.5% of gross sales (line 2). 


Line 5 - Ex-Works Sales: Equal to line 2 less lines 3 & 4. 


Line 6 - Inventory Change: Equal to tons of inventory built, line 6 Production and Sales Volume 

(page 18), applied to inventory value per ton, which is the sum of fixed and variable costs per ton. 


Line 7 - Plant Turnover: Equal to line 5 plus line 6. 


Line 8 - Raw Material: Equal to total raw material cost per ton, from Raw Material Cost (page 14), 

applied to annual production tonnage, line 5 Production and Sales Volume (page 18), 

Lines 9, 10 ,11 ,12 - Variable Costs: Equal to associated variable cost per ton, from Cost 

Structure (page 13), applied to annual production tonnage, line 5 Production and Sales Volume (page 18). 


Line 13 - Royalty Expense: Not applicable due to independent manufacturing approach. 


Line 14- Total Variable Cost: Equal to sum oflines 9 to 13. 


Lines 15, 16, 17, 18 - Fixed Costs: Equal to fixed costs per year, from Cost Structure (page 13). 


Line 19 - Total Fixed Cost: Equal to sum oflines 15 to 18. 


Line 20 - Total Operating Cost: Equal to line 14 plus line 19. 


Line 21 - Operating Profit: Equal to line 7 less line 20. 


Line 22 - Selling Expense: Equal to 2.5% of gross sales (line 2). This represents the cost of sales 

personnel and expenses as well as sales commissions to outside sales agents. 


Line 23 - Depreciation: Depreciation allowance as calculated on Depreciation Schedule (page 16). 


Line 24 - Interest Expense: Interest cost on long-term debt and on working capital less interest 

earned on cash. From line 28 Balance Sheet (Page 11). 


Line 25 - Taxable Income: Equal to line 21 less the sum oflines 22 to 26. 


Line 26 - Income Tax: Combined federal and provincial corporate income tax at 39.12% ofline 27. 


Line 27 - Debt Service: Cost of repayment of long-term debt over 10 years beginning in first full 

year of operation (Year 2). 


Line 28 - Rebuild Cost: Cost in year 10 for furnace and bath rebuild and misc. plant refurbishing. 


Line 30 - Net Income: Net income (profitability). Equal to line 25 less lines 26,27,28 plus line 29. 


Line 31 - Dividend Payable: Equal to net income available after payment of working capital debt. 


Lines 32, 33 - ROI: Rates of return on owner's equity and on total investment before and after tax. 




Section 2 Page 8 

Cash Flow and Income Distribution Charts 
Breakdown of Income 
From Annual Sales 

MANITOBA FLOAT PROJECT 

Cash Flow 
Millon $ 
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Distribution ofEach 
Sales Income Dollar 

Income Distribution (%) 
Year 5 

Total = 
Misc. S. G. &A. 

Dividend 92.78 
1%7% 

Freight 

14% 5% Interest 

10% Debt 
RepayLabor 

9% 

Material 18% 
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Selling Price 

NET SELLING PRICE 

(8ru;ed 00 Best Buyer's Prices) 

1. 37 CAD / USD 

Cash Net Net Net 

Custcmer Toos %of Gross Local Discoont Price Price Distance Freight Freight X Wcrks 

Location !Year Total Price'TG Cur % (Local) (CAD) Km rrlKm rroo Price 

Eastern Canada 10,000 7. 1% 633 . 00 CAD 3 . 0% 614.01 614.01 2, 250 0 . 0267 60.13 553.88 

(Montreal / Toronto) 

Central Canada 17 , 000 12 .1 % 723 . 00 CAD 3.0% 701. 31 70 1. 31 300 0 .11 69 35 . 07 666 . 24 

(Wumipeg / So. MB & SIC) 

Western Canada 11,000 7 . 9% 700.00 CAD 3.0% 679 . 00 679.00 2,300 0.0403 92 . 69 586 .31 

(Vancoover / So. 8C 

Central USA 50,000 35 . 7% 473.99 USD 3 . 0% 459 . 77 629 . 88 1, 100 0 . 077 4 85 . 18 544.70 

(Oticago / Minneapolis) 

Moontain USA 35, 000 25.0% 507 . 05 USD 3.0% 491. 84 673 . 82 1, 900 0 . 0659 125 . 26 548.56 

(Denver / Sal t Lake City) 

North Western USA 17,000 12 . 1% 51 2 .57 USD 3.0% 497. 19 68 1. 15 2, 400 0 . 0428 102.71 578.44 

(Seattle / Pcrtland) 

140,000 100% WeighttXI Average = 657.84 1, 536 0.0685 89 . 99 567.85 

Average Price / Too = 657.84 CAD/Ton 596.79 CAD/sTon 

Average Distance To Cust. = 1536 I<M 

Average Freight Cost = 89 . 99 CAD/Ton 81. 64 CAD/sTon 

Sales by Country (Tons per Year) 

Tota l = 140,000 

73% 
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Sales Mix Forecast 

SALES FORECAST 

Sales/Year Sales Net Price 
Price Package Freight Per Ton Kg. per N et 

Percent 1000 Tons ~ Market ill..gJ:,i Cost /Ton Per Ton Delivered ~ Sale s Value 

Thin Glass 0 .00 o Pic ture 3 ,53 5 ,00 89,99 611.01 5 .00 
AutoOpen 15 .0 21.00 3360 Auto OEM 4 . 11 5,00 89 ,99 562,61 6,25 11,814,810 

0 .00 o AutoAfterMarket 4.11 5 ,00 89,99 562 ,61 6,25 o 
Open Window 25.0 35.00 6364 Window Market 4,11 5 ,00 89 .99 652 .28 5.50 22,829 ,800 

40 .0 56.00 9724 4 .11 5,00 89,99 618 .65 5.78 34,644,610 

Auto Box 0 .00 o Export Market 4 .32 40,00 89.99 561,21 6,25 o 
Wind ow Box 0 .00 o Light Cases B+5% 4 ,32 40,00 89.99 561,21 6 ,25 a 

0 .0 0.00 o 0.00 0 .00 0.00 0 .00 0,00 

Tern pered 
3mmTemp. 0.00 o Storm Doors 4,75 40 .00 89.99 503,34 7.5 0 
4mmTemp 0 .00 o Com m ercial 4 ,75 40,00 89 .99 345.01 10 .00 o 

0.0 0 .00 o 0 .00 0.00 0,00 0 ,00 0,00 o 

3m m Open 10.0 14 .00 18 67 Window 4 ,93 5 .00 89.99 562 .34 7.50 7,872,7 60 
Glass 10 .0 14.00 1867 Com m ercial 4 .93 5 .00 89,99 562,34 7.50 7,872,760 

0.00 o End Cap 5 .08 15 ,00 89.99 572.34 7.50 o 

20,0 28.00 3733 4 .93 5 .00 89 .99 562.34 7 .5 0 15,745,520 

3m m Box 0,00 o Export ­ B 5,08 40 .00 89 ,99 547 .34 7.50 
& Export 0 ,00 o Light Cases B+5% 5.18 40 .00 89,99 560 .68 7.50 o 

0 .0 0 ,00 o 0 .00 0.00 0 .00 0,00 0 .00 o 

4,5& 6 m m 30 .0 42 ,00 4200 Jum bo Size (4m m) 6 .58 5.00 99.99 553,01 10 ,00 23,226,420 
Glass 0 .00 Disp osable Racks 6,91 40 .00 89.99 561.01 10 ,00 o 

0 .00 Box Glass +5 % 6.91 40 .00 89.99 561.01 10 .0 0 

30 ,0 42.00 4200 6.58 5.00 99 .99 553 .01 10,00 23,226,420 

Heavy 10 ,0 14 .00 93 3 Jum bo Size 7.40 5.00 99 .99 388 .3 4 15 .00 5,436,760 

Gla.. 0 .00 o Lehr end size 7 .40 40.00 89,99 363.3 4 15 .00 o 
0 .00 o Box Gla.. +5% 7,77 40,00 89.99 388 .01 15,00 

10.0 14.00 933 7,40 5 .00 99,99 388 .34 1 5 ,00 5,436,760 

6mm Temp 0 .0 0.00 Tern pered 8.14 40 ,00 89.99 412.68 15 .00 

100.0 % 18590 (1000) Sq.M.lYear 5.34 5.00 93,99 564.67 79 ,053,310 

140 .0 (1000) Tons/Year 7,000 Truck Load s I Year 

Sales by Product (1000 Tons per Year) 

T olal 140.00 

Heavy 
10% 14 .00 Thin + Aulo 

--=== 40% 

4,5&6mm 
30% 

42 .00 

3mm 28,00 
20% 
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Cost Structure 

COST STRUCTURE 

140,000 Tons/Year 

I. Variable Cost - Production Mil $Near $!fon Percent 

a. Raw Material 12.11 86.51 13.05 

b. Melting Fuel 
1600 Kcal/Kg @0.1289 $/M3 3.24 23.14 3.49 

c. Water 
400 M3 @ 0.6003 $/M3 0.09 0.64 0.10 

d. Sewer 
100 M3 @ 0.8087 $/M3 0.03 0.21 0.03 

e. Packing Materials 0.70 5.00 0.75 

f. Production Personnel 6.38 45.57 6.88 

Subtotal 22.55 161. 07 24.30 

2. Variable Cost - Sales 

a. Freight Cost 12.60 89.99 13.58 

b. Returns and Allowances 1.39 9.93 1. 50 

c. Royalty Expense 0.00 0.00 0.00 

Total Variable Cost 36.54 260.99 39.38 

3. Fixed Cost 

a. Fixed Electricity 
24.455 MKWH/Yr @0.0201 $/KWH 0.49 3.50 0.53 

4100 KW (Peak) @7 . 0890 $/KW/Mo. 0.35 2.50 0.38 

b. Atmosphere (N2 & H2) 3.50 25.00 3.77 

c. Moving & Changing & Misc. 0.70 5.00 0.75 

d. Plant Admin. & General 5.35 38.24 5.77 

10.39 74.24 11.20 

4. Total Cost Before Interest, Debt, Tax & Sales Exn. 46.93 335.23 50.58 

Interest, Debt & Tax (Average) 23.19 165.64 24.99 

Selling Exp. @ 2 . 5 % ofGross Sales 2.32 16.57 2.50 

Total Cash Cost 72.44 517.44 78.08 
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Raw Material Cost 

Raw Material 
Ingredient 

Sand 

Soda Ash 

Dolomite 

Limestone 

Neph. Syen./Feldspar 

Salt Cake 

RAW MATERIAL COST 

Price Freight Total Fonnula 
$ I Ton $/Ton $/Ton I Ton 

21. 00 5.00 26.00 0.692 

158.56 77.16 235.72 0.210 

33 .47 16.53 50.00 0.177 

30.00 18.00 48.00 0.054 

35.04 47.62 82.66 0.057 

102.23 22.60 124.83 0.012 

Subtotal 

Misc. (Carbon, Rouge) 


Total 


Raw Material Cost ('!oj 

Salt Cake 

Neph. Syen.lFeldspar 2% Other 

5% 2% 
Sand 21% 

Dolomite 10% 

Soda Ash 57% 

Cost/Ton 

Glass 

$/TG 

17.99 

49.50 

8.85 

2.59 

4.71 

1. 50 

85.14 

1. 37 

86.51 
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Administrative, General and Personnel Costs 

ADMINISTRATIVE AND GENERAL COST 

Travel and Entertainment 

Bank Charges 

Accounting and D.P. Equip. 

Property Tax 

Insurance 
Legal and Auditing Services 

Salaried Personnel 

Total 

Total selling expenses are assumed to be equal to 2.5% 

ofGross Sales in line 22 of the Income Statement 

PERSONNEL COST 

Salary Fringe 
per Year Percent 

Production 30,677 25.0% 

Maintenance 33,744 25.0% 

Total Hourly 
Salaried 

24,000 25.0% 

Supervisory 36,000 25.0% 

Engineers 42,000 25.0% 

Dept. Heads 54,000 25.0% 

Scheduling 36,000 25.0% 

Plant Manager 84,000 25.0% 

Clerical 

Total Salaried 

Total Personnel 

Quantity 

140 

24 

164 

9 

19 

6 

7 

3 

1 

45 

209 

MIL $ 

0.70 

0.50 

0.55 

0.35 

0.50 

0.60 

2.15 

5.35 

Annual 

Cost 


MIL $ 


5.368 

1. 012 

6.380 

0.270 

0.855 

0.315 

0.473 

0.135 

0.105 

2.153 

8.533 
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Cost Chart 

Selling Cost Distribution per Ton 

Total = 100.00% 

Material 

Profit 
17.57% 

5.77% Admin. 

0.75% 2.50% 


Improve. Selling 
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Production Distribution 

MANITOBA FLOAT PROJECT 
Sales Mix by Product 

Tons per Year (1000) 

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 

Year 

• Thin + Auto III 3mm • 4,5&6mm !]I] Heavy 

Production Capacity - The tonnage calculation on Page 18 is straightforward and 
assumes operating at a normal, full capacity with the following considerations: 

• 	 In the first (partial) year of operation, a lower than normal operating efficiency is 
assumed in anticipation of a learning curve for the new facility and personnel. 

• 	 Inventory is built up to a level equal to slightly more than one month's production. 
More inventory is added just prior to the plant rebuild in year 10 to cover the time out 
of service. 

• 	 Production tonnage increases by 20% starting in year 11 after the rebuild. 

Translation of tonnage into sales mix and sales revenue uses distribution and pricing 
shown on pages 9 and 10. 

Capacity Reduction - If necessary, it is possible to reduce production by: 

• 	 Reducing the melt rate (up to 25%) from nominal. 

• 	 Reverting to a "soak" condition where the melter is maintained at an intermediate 
temperature. Time to recover is approximately one week. 

• 	 Draining and cooling the furnace . Variable costs may be substantially reduced. Time 
to recover is approximately one month. 
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Working Capital Estimate 

WORKING CAPITAL ESTIMATE 

EXPENSES 

Heat-up Energy and Expense 
Glass-Maker Consultants 
Start-up Expense (Misc.) 

ASSETS 

Receivables (55 Day Payment Terms) 
Payables (1 month) 

Inventories 

0.60 
0.45 
0.30 

1.35 

11.02 
-2.75 

Dif: 8.27 

Inventory: 10,000 T/Day @ $ 235.31 2.35 

Raw Mat1 Inventory (30 Days) 1. 01 

Subtotal Inventory Items 3.36 

Total Working Capital Line Required (Years 1 - 2) 12.98 

Cost ofWorking Cap.Credit Line @ 1.0% 0.13 

Total Working Capital Line Required (Later Years) 5.00 

Cost ofWorking Cap.Credit Line@ 1.0% 0.05 

Working Capital Requirements - Actual cash flow and working capital usage are 
calculated in the income statement and the balance sheet. Actual cash flow application 
towards dividends and working capital debt repayment will depend upon the terms 
negotiated with lenders and the corporate policy on dividends. In order to allow for 
adequate reserves, however, an over-draft facility or credit line ofapproximately $5 
million is assumed for all years beyond the second. 
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Inflation Factors 

MANITOBA FLOAT PROJECT 


MJltipUer Inflation Factors 


2.40 

Variable Cost2.20 

2.00 
1.80 

1.60 

1.40 

1.20+1.00k&~~::=:==: 

1998 1999 2000 2001 2002 2003 2004 2005 2006 200l 2008 2009 2010 2011 2012 2013 

Year 

-ll-Sa1es (3'11.) -II-Var. Cost (5'11.) -ll-Fixed Cost (2'11.) 

InDation Assumptions 

In order to estimate the affect of inflation on the financial results of the Economic Model, 
the following assumptions were made: 

• 	 All variable cost items are subject to a compounded annual inflation rate of 5%, 

effective in the first year of operation. 


• 	 All fixed costs are subject to a compounded annual inflation rate of2%, effective in 
the first year ofoperation. 

• 	 The average selling price ofglass does not increase until the third year ofoperation, 
and then is subject to a compounded annual inflation rate ofjust 3%. Thus, an 
allowance is made for price competition or special introductory discounts. 

Calculation of the internal rate of return (ROJ) on owner's equity indicates nearly the same 
result as before inflation. Thus, the investment return is not particularly sensitive to 
reasonable inflation which is fairly matched between costs and selling price. 
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Sensitivity Analysis 

MANITOBA FLOAT PROJECT 


Sensitivity Analysis 


After Tax Rate of Retum 

60% 

55% 

50% 

45% 

40% 

35% 

~%+-------------+-------------~------------~----------~ 

·10% ·5% Base 5% 10% 

Change from Base 

-II-Sales Price-+- Volume ......... Plant Cost 


Base Case - In the above chart, the internal rate of return on owner's equity (49% )is 
recalculated for a variety ofexcursions from the Base Case for glass Sales Price, 
Production Volume, and Capital Cost as presented in the earlier pages of this section. 

Sales Price Sensitivity - The average glass selling price is allowed to change by -10%, ­
5%, +5% and + 1 0% from the Base Case with a new internal rate of return calculated for 
each change. The line marked "Sales Price" plots the results indicating a positive slope. 
For a price change of5% from the anticipated price, the owner's ROI changes by 5%. 

Volume Sensitivity - When the production volume is varied, a similar positive slope 
results. For a volume change of 5%, the owner's ROI changes by 5%. 

Capital Cost Sensitivity - When the project's capital cost is varied, it is assumed that the 
percentage of the new amount funded by the owner stays constant. The results show an 
expected negative slope. For a cost change of 5%, the owner's ROI changes by 2.5%. 
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Section 3 Page 1 

Flat Glass Market 

World Wide Market 

Flat glass is a necessary, basic component in the construction of dwellings, commercial 
buildings, interior furnishings, and vehicles. Since glass is relatively heavy and fragile, it is 
difficult to transport economically over large distances. As a result, the manufacturing 
facilities for glass world-wide are generally distributed in the same pattern as the end users 
are themselves distributed. 

Essentially all flat glass consumed in the developed countries of the world is produced by 
the float glass forming technique described in Section 4 of this report. A typical float glass 
manufacturing line makes about 500 tons of molten glass per day, yielding about 140,000 
tons of finished product per year. Assuming normal product mixes, the typical facility 
makes approximately 15 million square meters of glass annually. 

ITC maintains a database which lists the float glass manufacturing facilities around the 
world. From this list one may see that about 170 float glass lines are in production world­
wide making about 18 million metric tons ofglass annually. 

World Float Glass Capacity 
by Company 

Russia 
6% Pilkington 

17% 

SI. Gobain 
11% 

Others 

20% 


10%Guardian 
Asahi

10°,(, 
16% 

As one can see from the above chart of market share by producer, the float glass market is 
dominated by 5 large producers. Pilkington, Asahi, Saint Gobain, PPG and Guardian 
control about 65% of the world's supply of float glass. If the glass produced by local 
companies in China and in Russia (neither of which is traded on the world flat glass 
market) is removed from consideration, the market share of the five large companies 
jumps to about 80%. 
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North American Market 
The flat glass market in North America is served by 46 production lines, owned by 6 
different companies. The plants are geographically located as shown on the map below. 

IllUJ 

The North American market is one of the 
largest regional markets in the world, 
accounting for over 30 percent of the 
world's glass production. The market is 
dominated by four large companies who 
enjoy a large share of the world-wide 
market described above. Pilkington owns 
80% ofLibbey-Ow ens-Ford and holds a 
large interest in Vidrio Plano in Mexico. 
AFG Industries in the United States and 
Glaverbec in Quebec are owned by the 
Japanese company, Asahi . 

The chart at the right illustrates the market 
shares held by each producer. Together, 
they operate 46 production lines. Thirty 
nine of these lines are located in the 
United States, four in Mexico, and three in Canada. 

North American Flat Glass Market 

Cardinal
Fad Pilkington 

4% 
13% 22% 
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Canadian Market 

Ofthe three float glass manufacturing facilities located in Canada, two are owned by Asahi 
and operated by Asahi's United States subsidiary company, AFG Industries. One of these 
facilities in located in Scarborough, Ontario. This plant was originally built and operated 
as a two line facility by Pilkington in about 1967. Pilkington sold the plant to Ford Motor 
Company's glass division, who in turn, sold it to AFG. The second Asahi line was built in 
St. Augustine, Quebec in 1991 by Glaverbel, the Belgian subsidiary ofAsahi. AFG 
announced about two years ago that the marketing and operating control ofboth plants 
would be consolidated under their direction. 

The only other float glass manufacturing facility in Canada is located in Owen Sound, 
Ontario. It was built by PPG in 1978 and remains under their ownership and operation. 

According to statistics published by the Freedonia Group, a Cleveland, Ohio based market 
research company, the total flat glass demand in Canada stood at 64 million square meters 
in 1993. Canadian flat glass demand is forecast to grow at a rate of5.3% (compared to 
the long-term growth rate of4% in the United States) reaching a level of 83 million square 
meters in 1998. 

The three production facilities in Canada only manufacture about 400,000 tons, equivalent 
to approximately 45 million square meters ofglass annually. The short fall is equivalent to 
the combined output ofover two Canadian float glass manufacturing facilities. Statistics 
Canada confirms that the vast majority oftrade in glass is done with the United States. 
Imports into Canada from the United States for safety glass alone were valued at 
$372,051,000 in 1993 compared to exports of $239,738,000 for a shortfall ofover 
$130,000,000. Trade in mirrors were reported to have a similar deficit of $130,000,000 
with the United States. 
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Industry Structure 

The graphic below shows the principal pattern ofdistribution of flat glass products. Since 
very little glass is used by the end consumer without being further worked, the first step is 
to fabricate the raw glass into a value-added product such as: 

• Insulated Glass for Windows 
• Laminated Glass for Windshields 
• Tempered Body Glass for Vehicles 
• Tempered Patio Doors 
• Reflective Coated Glass 

• Mirrors 
• Edge Ground Glass for Furniture 
• Bent Architectural Glass 

Sometimes this fabricating step is carried out by the same company who manufactures the 
raw glass and sometimes it is done by an independent fabricator who buys raw glass from 
the glass manufacturer then further works it. 

The final glass product is then sold either directly to the end user or to a wholesaler or 
distributor for future sale to the end user. 

Float Glass 

Manufacturer 


1 1 
Glass Mfg. Value Independent 
Added Fabrication Glass Fabricator 

1 1 
Insulated, Laminated, 


Tempered, Mirror, and other 

Fabricated Glass Products 


I 

1 1 
Glass Distributors I 

Glass Customers: Glazing Contractor, Window 
Manufacturers, Automakers, etc. 



Consumers of Glass 

The most significant end uses ofglass are 
for glazing and for use in vehicles. The pie 
chart at the right shows the make-up of the 
flat glass market as reported by a widely 
quoted industry expert, Rick Cunningham 
from AFG Industries. Another way to look 
at the market is to list the consumption by 
product type as shown in the table below: 

Tempered Glass 
Insulated Glass 
Laminated Glass 
GraylBronze 
Reflective 
Low-E 
Mirror 
Automotive 
Other 

17% 
18% 
2% 
5% 
2% 
3% 
8% 

26% 
19% 
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Makeup of Flat Glass Market 

Specialty & 

Mirror 

200/0 

Residential 

39% 

Commercial 

Glazing 

15% 

The preceding discussion on market format makes it obvious that manufacturers of flat 
glass are often in competition with their customers at the value-added level and at the 
distributor level. This situation often creates some conflict between the parties and has 
resulted in a demand for an independent supplier of flat glass in the market place. 

Another factor which influences 
the market structure and patterns 
of use is the relative 
development of a technical 
consumers' society. 
Consumption ofglass in North 
America is in excess of 1 sq.m. 
per capita per annum. The 
market in other areas is only 
capable of absorbing a fraction 
of this amount. 

The percentage of value added 
products such as coated glass, 
tempered and automotive 
products is also a function of the 
level of technological 
development. 

ANNUAL CONSUMPTION 

FLAT GLASS/PERSON 

NORTH 


AMERICA EUROPE 


0 .97 SO .M . 1 .3 SO .M . 

AFRICA -+­

S . AMERICA 

0 . 1 SO .M . 



Market Trends 

The trend line for growth in the North 
American flat glass market has averaged 
about 4% per year for many years. 
Considerable fluctuation around this trend 
has been caused by cyclical variation in 
the number of housing starts, automotive 
manufacturing, and other macro economic 
factors. 

The Freedonia Group predicts that flat 
glass demand in North America will rise 
4.2 percent per year to 645 million square 
meters in 1998. Considering that 46 float 
glass production lines are currently in 
operation in North America, and further 
considering that many articles have 
appeared in glass industry trade magazines 
lamenting the current glass shortage, one 
may assume two things: 
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U.S. Flat Glass Consumption 

Billion Sq .Fl 

Year 

• 	 that supply and demand are currently in balance 
• 	 that the equivalent of 1.8 new float lines must be built in North America on 

average every year in order to maintain the balance of supply and demand 

In fact, relatively few float glass lines have been erected in North America during the last 
few years. The most recent plants constructed and idled are listed below: 

New Float Lines Constructed 

Cardinal Glass, Portage, WI 1996 
Guardian Industries, Dewitt, IA 1996 
Vidrio Plano, Mexico City, 1996 
Vidrio Plan, Monterrey, 1993 
Cardinal Glass, Menomonie, WI 1992 
Glaverbec, St. Augustin, Quebec, 1991 
PPG Industries, Perry GA 1989 
AFG Industries, Spring Hill, KA 1989 
AFG Industries, Victorville, CA 1988 
Guardian Industries, Richburg, SC 1988 

Float Lines Permanently Idled 

PPG Industries, Chehalis, W A 1991 
PPG Industries, Crystal City, MO 1991 
PPG Industries, Cumberland, MD 1988 

From the table above, one can see that 10 new lines have been added and three removed 
from the North American flat glass supply during the last 10 years. This is far from the 
15-18 lines of new capacity indicated by the long-established growth trend line. 
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Market Prices 

ITC has conducted a survey by telephone, telefax, and personal interview ofglass 
manufacturers, glass consumers, and trade organizations in the industry. While some of 
those surveyed declined to reveal typical glass pricing infonnation, enough reliable, 
comparable responses were obtained to yield a satisfactory result for the Economic Model. 

Individual respondents were promised that the infonnation which they supplied would be 
maintained in confidence and not attributed to any specific person or finn. Representative 
results are shown below: 

Single Strength 2.3mm window glass 0.23-0.27 USD 1sq.ft =: avg. 404 USD 1ston 
3mm clear glass for tempering 0.33-0.36 USD 1sq.ft. = avg. 454 USD 1ston 
6mm clear glass in architectural sizes 0.56-0.63 USD 1sq.ft. = avg. 430 USD 1ston 
3/8 in. (lOmm) glass in furniture sizes 1.30-1.40 USD 1sq.ft. = avg. 445 USD Iston 
Canadian Statistics Import Information 563.70 CAD 1mton =equiv. 411 USD 1ston 

Some difference in price by location was found, as expected. In general, the price 
premium in the Canadian Prairie Provinces, in British Colombia, and in the NW United 
States is equal to the additional cost of freight from the location ofthe producers in the 
central U.S. and in California, respectively. 

ITC has concluded, therefore, that additional float glass facilities are needed to serve the 
market and, considering the already serious trade imbalance in flat glass between Canada 
and the United States, that at least one additional float glass plant in the Central or 
Western Provinces ofCanada is justified. 

http:1.30-1.40
http:0.56-0.63
http:0.33-0.36
http:0.23-0.27
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Tafl!:et Markets for Manitoba 

The map on page two of this section shows the location of existing float glass plants in 
North America. Clearly, the proposed float glass line in Manitoba would have a freight 
cost advantage for customers located in the Central and Western Provinces of Canada. In 
addition, the Manitoba facility would be located within two days trucking of the major 
cities in the mid-west and mountain states of the United States. 

When the map showing location of existing producers is compared with the effective 
service area shown above, one may conclude that a deficiency of production capacity 
exists to serve glass consumers in Manitoba and surrounding areas. ITC has concluded 
that the following markets may be advantageously targeted by the Manitoba facility : 

1. Canadian Prairie Provinces 

By comparing the population of both Canada and the United States to the number of float 
glass manufacturing lines one may see that 7.3 million persons per float line exists in the 
United States at present and 9.3 million persons per float glass line in Canada. This may 
used as a simple index to compare existing float glass manufacturing capacity with the 
consuming population on a region by region basis. 
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Manitoba, Alberta, and Saskatchewan have a combined population of4.6 million. Using 
the index of 8 million in population for each float line, a rough estimate of potential glass 
consumption of 60-80,000 tons per year may be estimated for this region. While the 
proposed facility in Manitoba would have an absolute transportation advantage over 
competing facilities, we have assumed that a market share of only 25% will be reached to 
avoid undo pricing pressure on the local market and considering that some locally based 
glass consumers are owned or controlled by competing glass companies. This market 
share is equivalent to 17,000 metric tons per year. 

2. Central and Mountain States 

The major U.S. Cities ofMinneapolislSt. Paul, Denver, Kansas City, and Chicago are all 
bases for companies who are large consumers ofglass. In addition, the states of 
Wisconsin, Minnesota and Iowa are the home bases for the largest wooden window 
manufacturers in North America. 
Considering the population of the region ofalmost 70 million and the fact the Manitoba 
facility would be able to serve the region at least as well as the relatively few existing float 
glass manufacturing facilities located within a reasonable shipping distance, we have 
assumed a market share of 7% equivalent to 85,000 tons per year. 

3. British Columbia 

The rapidly growing city ofVancouver and its surrounding region is the most remote 
North American population center from any existing source offloat glass. With a 
population ofover 3 million and considering the excellent rail and road connection 
between Manitoba and British Columbia, we have considered that the Manitoba facility 
would be able to enjoy a 20% share of this small, but profitable glass market. This market 
share is equivalent to 11,000 tons per year. 

4. Washington and Oregon States 

ITC is aware that several glass manufacturers have considered locating manufacturing 
facilities in the northwestern United States. PPG did, if fact, build a small, highly complex 
float glass facility in Chehalis, Washington in 1988 but abandoned it because of technical 
difficulties with an experimental melting furnace a couple ofyears later. The problem with 
building a typical 500 ton per day float glass line in this market area is that the market is 
only large enough to reasonably accommodate a production facility about one-half as large 
as is considered economically feasible. Any amount ofglass in excess ofthat reduced 
volume must be hauled east across the mountains to compete with mid-western based 
facilities. 

The states ofWashington, Oregon, and Idaho are the homes ofa number ofwindow 
manufacturers and boast a population ofnearly 9 million. We expect that the Manitoba 
facility may obtain a 13% market share equivalent to 17,000 tons per year. 
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MANITOBA FLOAT PROJECT FEASIBIUTY STUDY 

DATA INPUTS & ASSUMPTIONS FOR ECONOMIC MODEL 


VALUE REF. I RESPONSIBIUTY 
lINEI INPUT I ASSUMPTION for UNITS CODE i COMMENT 

5OOTIO ITC Manitoba 

COSTS: 

C~ital: 
1 Land 1.370 1 MilCS 23 . 43 Acres @ C$31,860/Acre X X 


Sub-Total 1,000 MilUSS 

Site Works: ! 


2: Grading, Drair'lage, Excavation 1.878 MilCS 1 X 

3 Foundations, Concrete Works 10.017 MilCS 1 X 

41 Roads,improvements,Fencing 0.435 MilCS 1 X 1 


Sub-Total 12.330 MilCS 

Sub-Total 9.000 MilUS$ 


Utility Systems: 

5 Electrical Power 2.950 MilUSS 1 X 

6 
7i Water - Cooling & Treatment 1.275 Mil USS 1 X 

8 1 Water - Fire, Potable, Sewage 1 X 


Compressed Air 0.545 MiIUS$ 1 X
=MiIUS$
9 i Fuel Oil & Storage O. $ 1 	 ! X 


10 . HVAC 0.112 MiIUS$ 1 X 

11 i Control Sistem 1 X
005341 MWS$

Sub-Total 8. 

Sub-Total 6. 


! Buildings: 

12 Batch House (Bldg. Cover) 1 X
~ICS 
13 . Fumace 1. IICS 1 X 

14 Tin Bath 0.471 MUCS 1 1 X 

15 Lehr I 0.796 MilCS 1 X 

16 Cutting Line 0.794 MilCS 1 i X 

17 Warehouse I Shipping Dock 3.571 MilCS 1 X 

18 Power House I Utilities 0.9n MilCS 1 X 

19 OffICe I Raw Materials I Misc. 1.489 MilCS 1 X 


Sub-Total 9.390 MUCS 

Sub-Total 6.854 MilUSS 


Batch Plant: 

20 Design & Equipment 2.040 MilUSS 1 X 

21 Structural Steel & Silos 1.843 MilCS 1 X 

22 Material Handling & Conveyors 0.157 MilCS 1 X 

23 Shipping, Instan, Supervision 0.411 i M~CS 1 X 


Sub-Total 5.206 MilCS ! 

Sub-Total 3.800 MilUS$ 
Cullet Retum: 


24 Design & Equipment 1.056 MilUSS 1 X 

25 Shipping, Install, Supervision 0.153 MilCS 1 ! X 


Sub-Total 1.600 MilCS 

Sub-Total 1.168 MilUSS 


Furnace, Emmisions & Chimney: 

26 Design & Equipment MiIUS$ 1 X 

27 I Emmissions MilUSS 1 X 

28 Refractories 9.405 MilUS$ 1 X 
= 29 Steel & Ductwork 1.010 MUCS 1 n X 

30 Chimney 1.210 MilCS 1 X 
.. 

Sub-Total 22.051 MHUSS 


31 	 Shipping, Install, Su 4.436 MilCS 1 

Sub-Total 30.210 MilCS ~X 


International Technologies Consultants, Inc. 
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MANITOBA FLOAT PROJECT FEASIBILITY STUDY 

DATA INPUTS & ASSUMPTIONS FOR ECONOMIC MODEL 


VALUE REF. RESPONSIBILITY 
LINE INPUT I ASSUMPTION for UNITS CODE COMMENT 

5OOTIO ITC Manitoba 

32 Design & Equipment 5.300 MilUSS 1 X 

33 Refractories &Roof 1.900 MilUSS 1 X 

34 Steel 1.863 MilCS 1 X 

35 Tin 1.370 MilCS 1 X 

36. 	 Shipping, Install, Supervision 2.303 MiIC$ 1 X 


Sub-Total 15.400 MilCS 

Sub-Total 11.241 MilUSS 


! Atmosphere: 

37 i Nitrogen & Hydrogen 0.480 MilCS 1 X 


Sub-Total US$ 

Lehr: 


38 Design & Equipment §Of 
 X 

39 Shipping, Install, Supervision X 


Sub-Total 
Sub-Total 

Cutting Line: 

40 Design & Equipment 5.973 MilUSS 1 X 

41 Shipping, Install, Supervision 1.947 MilCS 1 X 


Sub-Total 10.130 MilCS 

Sub-Total 7.394 MilUSS 


Material Handling & Other Equipment: 

42 Raw Materials 0.685 MilCS 1 X 

43 Finished Products 1.302 MilCS 1 X 

44 Misc. Vehicles 0.144 MilCS 1 X 

45 Equip. - Admin., Maintenance, Lab. 1.n4 MilCS 1 X 


Sub-Total MilCS 

Sub-Total MiIUS$
~ 

46 
47 Client Staff & Development 1 

48 

Project Management, Engr., Consultants 1


§II 	 1~Heat-Up Services 1 

Sub-Total 
Sub-Total 	 3. 

Total Capital Cost 110.683 

Total Capital Cost 80.790 Mil USS 


Construction Labor: 

49 Skilled 21.47 CS/Hr 24 High Wage + 5% + Burden X 

50 Unskilled 7.43 C$/Hr 24 Min. Wage + 10% + Burden X 


100000tina Nariable): 

Raw Material Price (per Ton): 


51 Sand 
 21.~F"m ..,.... MB 
52 	 Soda Ash 158.56 From Green j~
53 Dolomite 33.47 From Hilbre or Inwood, MB 

54 Umestone . From Faulkner, MB X X 

55 Nepheline Syenite I Feldspar 35.04 C$I T 21 From Pet ... X X 

56 Salt Cake 110.23 C$IT 21 From Chaplin, SK X X 

57 Misc. (per Ton Glass) 1.37 C$/TG 2 Delivered Price X 


International Technologies Consultants, Inc. 
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MANITOBA FLOAT PROJECT FEASIBIUTY STUDY 

DATA INPUTS & ASSUMPTIONS FOR ECONOMIC MODEL 


VALUE REF. I RESPONSIBIUTY1 
UNE INPUT I ASSUMPTION for UNITS CODE I COMMENT 

500 TID ITC Manitoba 

58 Sand i From Selkirk, MB X5.~Rm=t 22 

59 Soda Ash 1 n.16 22 • From Green River, WY X 

60 Dolomite 16.53 C$/T 22 From Hilbre or Inwood, MB X 

61 Limestone 18.001 C$/T 22 From Faulkner, MB X 

62, Nephelin~ Syenite I Feldspar 47,62 C$/T 22 From Peterborou!3h, ON X 

631 Salt Cake 22.60 C$/T 22 From Chaplin, SK X 


Raw Material Formula (per Ton Glass): 

64 Sand 0.692 T/TG 3 X 

65 Soda Ash 0.210 T/TG 3 X 

661 Dolomite 0.1n T/TG 3 X I 


67 Limestone 0.054 T/TG 3 X 

68 Nepheline Syenite I Feldspar 0.057 T/TG 3 X 

69 Salt Cake 0.012 T/TG 3 X 


Fuel I Furnace: 

70 Natural Gas Price 0,1289 C$/M3 25 X 

71 CalorifIC Value 8,900 Kcal/M3 25 X 

72 Melter EffICiency 1,600 Kcall Kg 4 X 

73 Raw Water Price 0.60031 C$/M3 26 + C$0.80S7 I M3 Sewer X 


Personnel Salaries (per Year): 

74 Production 3D,6n C$/Yr C$13.28 I Hr + 10% X 


Maintenance 33,744 C$/Yr 27 iC$13.28/Hr + 20% X
75 • 

Personnel Quantities: 


76 Production 140 Persons 5 X 

ni Maintenance 24 Persons 5 X 

78 1 Benefits Factor (Hourly Emp.) 25.0 % 27 X 


Sales Nariable): 

791 Returns & Allowances Factor 1.5 % 6 X 

80 Selling Expense (% of Gross Sales) 2.5 % 6 X 


Ooeratina (Fixed\: 
Electricity: 


81 AVQ. Cost (per KWH) 0.0201 C$ I KwH 28 + C$7.0891 Kw{Peak) I Mo. X 

821 Consumption~Yea~ 24,455 MKwHlYr 7 X 


Atmosphere: 

83 
84 1 Moving I Changing I Misc. Cost 0.700 MC$/Yr X 


N2 & H2 (per Year) 3. $/Yr X
83

Administration & General Cost: 


85 Travel & Entertainment 1 0.700 MC$/Yr 9 X 

86i Bank Char!3e5 0.500 MC$/Yr 9 X 

87 Accounting I Computer Equipment 0.550 MC$/Yr 9 X 

88 Property Tax 0.350 MC$/Yr 9 X 

89 Insurance 0.500 MC$/Yr 9 

90 Le!3al & Auditing Services 0.600 MC$/Yr 9 
 ti

Personnel Salaries (per Year): 

91 Clerical 24,000 C$/Yr 29 X X 

92 SU""",v;"""'r 36,000 C$/Yr 29 X X 

93 Engineers 42,000 C$/Yr 29 X X 

94 Dept. Heads 54,000 C$/Yr 29 X X 

95 ScheduHng 36,000 C$/Yr 129 X X 

96 Plant Manager 84,000 C$/Yr 29 X X 


International Technologies Consultants, Inc. 
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MANITOBA FLOAT PROJECT FEASIBILITY STUDY 

DATA INPUTS & ASSUMPTIONS FOR ECONOMIC MODEL 


! 

VALUE REF. RESPONSIBILITY 
LINE INPUT I ASSUMPTION for UNITS CODE COMMENT 

5OOTIO ITe Manitoba 
Personnel Quantities: 

97. Clerical 9 Persons 10 X 

------. 

98. Supervisory 19 Persons 10 X 

99 Engineers 6 Persons 10 X 


100 Dept. Heads 7 Persons 10 i X 

101 • Scheduling 3 Persons 10 ! X 

102 Plant Manager 1 Person 10 X 


!103 Benefits Factor (Management Emp.l 25.0 % 27 X 

Depreciation Rates: 

i--
! 

104 Buildings 4. %/Yr 11 CCAClass 1 X 

105 Buildings· Constr. Interest 4 %/Yr 11 ·CCAClass 1 X 

106 Site Improvements 10 %/Yr 11 CCA Class 6 X 

107 Site Improvements· Constr. Interest 10 %/Yr 11 CCAClass6 X 

108 Equipment, Utilities, Admin. 30 %/Yr 11 CCA Class 43 X 

109 Equipment - Constr. Interest 30 %/Yr 11 ICCA Class 43 X 

110 i Financial & Legal 30 % IYr 11 ICCA Class 43 i X 

111 Rebuild 30 %/Yr 11 CCAClass43 I X 

112 Rebuild Allowance 20.000· MilC$ 12 X 


• Financial I Production Assumotions: I 


113 Income Tax Rate 39.12 % 30 Federal + Provincial Rate I X 

114 Interest Rate Earned on Cash 4.0 % 30 X 


Tons Melted (per Day): 
115 Year 1 (6 Months) 400 TIDay 13 i X 

116 Years 2 ·10 500 T I Day 14 X 

117 Years 11 ·16 I 600 T I Day 15 X 


Line Yield: 
118 I Year 1 (6 Months) 75 % 13 X 

119 • Years 2·16 80 % 14 X 

120 Tempering Yield N/A % I 16 X 


Inventory Change (1000 TG I Yr): 
121 I Year 1 (6 Months) 0 TG/Yr 13 X 

122 Year 2 10 TG/Yr 14 X 

123 • Year 3 4 TG/Yr 14 i X 

124 I Year 10 5 TG/Yr 15 X 

125 Year 11 ·5 TG/Yr 15 X 


INCOME: 

!Sales: 
Amount by Customer Location: 

126 I Eastern Canada 10,000 TG/Yr 31 Montreal I Toronto X 

127 Central Canada 17,000 TG/Yr 31 Winnipeg I So. MB & SK X 

128 Westem Canada 11.000 TG/Yr 31 Vancouver I So. BC X 

129 Central US 50,0001 TG/Yr 31 ChicaQo I MinneaPOlis X 

130 Mountain US 35,000 TG/Yr 31 Denver I Salt Lake City X 

131 North Western US 17,000 TG/Yr 31 Seattle I Portland X 


Price (Gross 4mm) by Customer location: 
132 i Eastem Canada ~oo! C$/TG 31 Per Metric Ton of Glass X
. . ..133 Central Canada .00 C$/TG 31 M X
. .. .. ..134 Western Canada 700.00 C$JTG 31 X 

135 Central US I 430.00 US$/sTG 31 Per Short Ton of Glass X 


International Technologies Consultants, Inc. 
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MANITOBA FLOAT PROJECT FEASIBIUTY STUDY 

DATA INPUTS &ASSUMPTIONS FOR ECONOMIC MODEL 


I 

LlNEI 

136 
137 

138 
139 
140 
141 
142 
143 

144 
145 
146 
147 
148 
149 

150 

151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 

171 
172 
173 
174 
175 

176 

177 

INPUT I ASSUMPTION 

North Westem US 
Distance by Customer location: 

Eastem Canada 
Central Canada 
Westem Canada 
Central US 
Mountain US 
North Westem US 

Freight Cost by Customer Location: 
Eastem Canada 
Central Canada 
Westem Canada 
Central US 
Mountain US 
North Westem US 

Cash Sales Price Discount 

Product Mix Forecast: 
Thin Glass 
Auto Open (for OEM) 
Auto Open (for After Market) 
Window Open 
Auto Box 
Window Box 
Tempered - 3mm 
Tempered - 3mm 
3 mm Open (for Window) 
3 mm Open (for Commercial) 
3 mm Open (for End Cap) 
3 mm Box (for Export) 
3 mm Box (for light Cases) 
4, 5, 6mm (Jumbo Size 4mm) 
4, 5, 6mm (Disposable Racks) 
4, 5, 6mm (Box Glass) 
Heavy Glass (Jumbo Size) 
Heavy Glass (lehr End Size) 
Heavy Glass (Box Glass) 
Tempered - 6mm 

Packaging Cost: 
Open 
Open (for End Cap) 
Box, Disp. Racks, Lehr End 

Packing Material per Ton Glass 
Glass Delivery Truck Size 

alue (per Ton Glass) 

Exchanae Rates: 
USD I CAD 

VALUE REF. 
for UNITS CODE 

5OOTIO 

~US$'STG 31 
31 

2250 Km 32 
300 Km 32 

2300 Km 32 
1100 Km 32 
1900 Km 32 
2400 Km 32 

60.13 C$/TG 32 
35.07 C$/TG 32 
92.69 C$/TG 32 
85.18 C$/TG 32 

125.26 C$/TG 32 
102.71 C$/TG 32 

3.0 % 17 

% 33 
15 % 33 

I % 33 
25 % 33 

% 33 
33 
16 
16 

1 33 

% 33 
% 16 

5.00 C$/TG 34 
15.00 C$/TG 34 
40.00 C$/TG 34 
125 	 KglTG 18 

20 T I Truck 18 

- C$ITG 19 

1.37 US$/C$ 20 

COMMENT 

.. .. . .. 

.. .. .. .. 

Montreal'Toronto 
Winnipeg' So. MB & SK 
Vancouver I So. BC 
Chicago I Minneapolis 
Denver I Salt lake City 
Seattle' Portland 

Montreal I Toronto 
Winnipeg I So. MB & SK 
Vancouver I So. BC 
Chicago I Minneapolis 
Denver I Salt lake City 
Seattle I Portland 

Calculated Value 

RESPONSIBILITY 

ITC Manitoba 
X 
X 

X 

X 

X 

X 

X 

X 


X 
X 

X 

X 

X 

X 


X 

X 
X 
X 
X 
X 

X 

X 

X 
X 

X 

X 

X 

X 
X 
X 
X 
X 

If±] 
X 

X 

X 

X 

X 


X 

X 

International Technologies Consultants, Inc. 
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MANITOBA FLOAT PROJECT FEASIBILITY STUDY 

DATA INPUTS & ASSUMPTIONS FOR ECONOMIC MODEL 


VALUE REF. RESPONSIBILITY 
LINE INPUT I ASSUMPTION for UNITS CODE COMMENT 

5OOTIO ITC Manitoba 
I Financing: 

Equity: 

178 • Investor "A" I 22.136 MiIC$ 35 20% of Total Capital Cost X 

179· Investor "B" O. MilCS 35 X 

180 Cash Grants 0 MilCS 35 X 


Debt: 

181 Export Credit (5 Yrj 0 MilCS 35 X 

182 Subsidized Loan (10 Yr) 0 MilC$ 35 X 

183. Commercial Debt (10 Yr) 93.739 MilCS 35 Inc. Interest During Constr. X ! 

Interest Rates (% APR): 

184 • E~rtCredit % NfA X 

185 Subsidized Loan % NfA X 

186 Commercial Debt 8.50 % 36 Canada Prime + 1.0 % X 

187 Working Capital Debt 9.50 % 36 Canada Prime + 2.0 % X 


International Technologies Consultants, Inc. 
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MANITOBA FLOAT PROJECT FEASIBILITY STUDY 
SOURCE I REFERENCE FOR DATA INPUTS & ASSUMPTIONS 

REFERENCE 
CODE REFERENCEISOURCE 

ITC Library: Estimated Values from Actual Vendor Quotes & Project Costs Dated Jun 1993 to Dec 1994. 

2 ITC Estimate of US$1.00 I Ton Glass for Rouge, Carbon. 

3 Actual Float Plant Batch Composition Calculation Dated Sep 1992. 

4 Typical Melter Efficiency Specification as Guaranteed by a Fumace Supplier. 

5 ITC Recommended Production I Maintenance Employee Staffing Based Upon Four Shifts at 42 Hrs per Week. 

6 ITC Library: Typical Float Plant Sales Factors. 

7 ITC Library: Estimate Based Upon 67,000 KwH Average Consumption per Day per 365 Day Year. 

8 ITC Estimate Based Upon Typical Fixed Delivery Supply Contract 

9 ITC Library: Typical Float Plant Administrative and General Costs. 

10 ITC Library: Typical Salaried Staffing Levels. 

Manitoba Department of Finance - January 30, 1996. Canadian Capital Cost Allowance Rates. 

12 ITC Estimated Cost for Furnace I Bath Rebuild with a 20% Capacity Increase. 

13 Assumed Production Start in July 1998 (6 Months) at a Reduced Start-Up Yield and No Inventory Build. 

14 Assumed 10 Year Campaign at a Standard Yield with Inventory Build of 25 Days inYear 2 plus 10 Days in Year 3. 

15 Assumed 20% Production Capacity Increase After Rebuild with Corresponding Inventory Build and Drawdown. 

16 Assumed No Tempering Process. 

17 Typical Industry Cash Sale Discount. 

18 Typical Packing Material Weight Factor and North American Truck Size. 

19 Calculated as Equal to the Average Variable and Fixed Costs of Production per Ton Glass. 

20 Commercial Bank Exchange Rate Dated 11 Dec 1995. 

21 Prices per Manitoba Energy & Mines Letter (01123J96) on Raw Material Prices and per Supplier Quotations. 

22 Quoted and Estimated Shipping Costs from Various Transport Companies. 

23 The Manitoba Advantage Report, 1995 (3rd Edition) - Production Costs, Page 29. ITC Estimated Land Size. 

24 The Manitoba Advantage Report, 1995 (3rd Edition) - Human Resources, Pages 39-40. 

25 Natural Gas Price and CalorifIC Value per Centra Gas Ltd. - January 30, 1996. 

26 The Manitoba Advantage Report. 1995 (3rd Edition) - Production Costs, Page 22. 

International Technologies Consultants. Inc. 
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MANITOBA FLOAT PROJECT FEASIBILITY STUDY 

SOURCE I REFERENCE FOR DATA INPUTS &ASSUMPTIONS 


REFERENCE 
CODE REFERENCE/SOURCE 

27 The Manitoba Advantage Report, 1995 (3rCl Edition) - Human Resources, Page 34. 

28 Electricity Price and Demand Charge per Manitoba Hydro Ltd. - January 30, 1996. 

29 ITC Estimates Based Upon The Manitoba Advantage Report, 1995 (3rd Edition) - Human Resources, Page 40. 

30 Manitoba Department of Finance - January 30, 1996. 

31 ITC Estimates for Glass Sales and Pricing Based Upon Customer Surveys, Dec 1995 - Jan 1996 

32 ITC IdenUfied Market Nodes and Shipping Costs Based Upon Supplier Quotes 

33 ITC Estimate of Product Mix Based Upon Identified Market and Customer Surveys 

34 ITC Library: Typical Packaging Costs 

35 Financing Based Upon Assumption of 20% Investor Equity with Balance as 10Yr Commercial Bank Loan 

36 Interest Rates Suggested by Manitoba Department of Finance - January 30, 1996. 

International TechnoJogies Consultants, Inc. 
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~TOBAFLOATPLANTSTUDY ESTIMATE 

Budget Summary 

Item Description 
Civil & Infrastructure 

00 Land & Civil Works 
10 Utilities 
20 Buildings 

Subtotal 
Procell Equipment 

30 Batch Plant 
35 Cullet Return System 
40 Melting Furnace & Emmissions 
49 Chimney 
50 Float Bath 
60 Atmosphere Supply 
70 Annealing Lehr 
80 Cutting Line 
85 Material Handling Equipment 
90 Administration Equipment 
91 Maintenance Equipment 
92 Laboratory Equipment 
93 Misc. Vehicles 

Subtotal 
Management & Adminstration 

95 Project Management 
96 Client Staff& Development 
97 Civil, M&E Design Engr. 
98 Heat-Up Equip. & Services 
99 Consultants! Tech. Assist. 

Subtotal 
Subtotal Project 

Financial Costs 
410 Interest During Construction 
420 Contingency 

Subtotal 

TOTAL BUDGET 

Local Source 
(CAD) 

$13,700,000 
4,856,930 
9,390,000 

$27,946,930 

$2,191,000 
273,840 

4,164,640 
1,190,820 
4,508,500 

480,000 
365,400 

1.231.165 
890,500 
143,000 
320,000 

9,500 
144,000 

$15,912,365 

$0 
2,000,000 

150,000 
100.000 
50,000 

S2,300,OOO 
$46,159,295 

S5,192,OOO 
0 

S5,192,OOO 
S51,351,295 

Imported 
(USD) 

$0 
2,811,000 

0 
$2,811,000 

$2,200,000 
968,000 

18,128,000 
14,000 

7,950.000 
0 

5,080.000 
6,495,500 

800,000 
0 
0 

950,000 
0 

$42,585,500 

$1,500,000 
0 
0 

200,000 
0 

SI,700,OOO 
$47,096,500 

SO 
0 

SO 
S47,096,500 

Budget Summary 

TOTAL TOTAL 
(CAD) USD 

$13,700,000 $10,000,000 
8,708,000 6,356,204 
9,390,000 6,854,015 

$31,798,000 $23,210,219 

S5,205,000 $3,799,270 
1,600,000 1,167,883 

29,000,000 21,167,883 
1,210.000 883,212 

15,400,000 11.240.876 
480,000 350,365 

7,325,000 5,346,715 
10,130,000 7,394,161 
1,986,500 1,450,000 

143,000 104,380 
320,000 233,577 

1,311.000 956.934 
144,000 105,109 

$74,254,500 $54,200,365 

S2.055,000 SI.500,000 
2,000,000 1,459,854 

150.000 109,489 
374,000 272,993 
50.000 36,496 

S4,629,OOO S3,378,832 
S110,681,500 S80,789,416 

S5,192,000 S3,789,781 
0 0 

S5,192,000 S3,789,781 
5115,873,500 $84,579,197 I 

International Technologies Consultants, Inc. 
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MAMTOBAFLOAT PLANT STUDY ESTIMATE 

BASE DATA 
Interest Rate I Equity Pet. 8.50% 20.00% 
Equity Amount CAD $22,136,000 
Local Tax Rate N/A 
Calculate Local Costs in CAD 
Local Currency Abbreviation CAD 
Local Currency Name Dollars 
Country Name Canada 
Local Labor Factor 100% (productivity) 
Project Number 227 

LOCAL COSTS CAD USD 
Unskilled Manhour 7.43 5.42 
Skilled Manhour 21.47 15.67 
Technician Manhour 30.00 21.90 
Supervision Daily Expenses 62.00 45.26 
Supervision Air Farcs 1,000.00 729.93 

CURRENCY EXCHANGE per USD DATE 
BEF 
USD 2·Jan-96 
FRF 
DEM 
CAD 1.37 2-Jan-95 
SIN 
YEN 
AUS 

NW 
STR 
HKD 
CHF 
LIR 

International Technologies Consultants, Inc. 
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MANITOBA FLOAT PLANT STUDY ESTIMATE 

30 Batcb Plant 

Supplier 
Quotation Date 

Foreign Content 
oI Contract Package 

Bid 1 

15-Nov-94 
USD 

$1,980,000 

Bid 2 Bid 3 Sel 
Batcb Plant 
Selected 

Bid 

CAD 
$2,712,600 

02 Site Supervision 160,000 219,200 

03 Spare Parts 60,000 82,200 

Subtotal $2,200,000 53,014,000 I 

Local Content CAD CAD 
11 Steel Fabrication & Erection SI,394,660 SI,394,660 

12 Wear Plates 376,750 376,750 

13 Engineering 71,240 71,240 

14 Conveyors 73,980 73,980 

15 Raw Material Handling 83,022 83,022 

41 Shipping/Importation Costs 26,400 26,400 
42 Installation Materials 13,700 13,700 
43 Installation Labor 109,600 109,600 
44 Supervision Travel & Living 41,648 41,648 

Subtotal $2,191,000 $2,191,000 I 

Unskilled Manhour 4,731 

Skilled. Manhour 2.366 

Tec1mician Manhour 789 


Batcb Plant Total CAD 55,205,000 

International Technologies Consultants, Inc. 
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~TOBAFLOATPLANTSTUDY ESTIMATE 

35 CuUet Return System CuUet Return System 
Bid 1 Bid 2 Bid 3 Sel Selected 

Supplier Bid 
otation Date 28-Nov-94 

Foreign Content USD CAD 
01 Basic Contract $438,000 $600,060 

02 Conveyors 480,000 657,600 

03 Spare Parts 30,000 41,100 

04 Site Supervision 20,000 27,400 

Subtotal $968,000 $1,326,160 i 

Local Content CAD CAD 
11 Contractor $82,000 $82,000 

12 Wear Plates 65,760 65,760 

41 Shipping/Importation Costs 19,180 19,180 
42 lnstalIation Materials 27,400 27,400 
43 Installation Labor 65,800 65,800 
44 Su ervision Travel & Livin 13,700 13,700 

Subtotal $273,840 . $273,840 

Unskilled Manhour 2,840 

Skilled Manbour .• 1,420 

T eohnician Manhour 473 


CuUet Return Sy.tem Total CAD $1,600,000 

International Technologies Consultants, Inc. 



Manitoba Float Project Feasibility Study 

MANITOBA FLOAT PLANT STUDY 

40 Melting Furnace & Emmissions 

Supplier 
otation Date 

Foreign Cootent 
01 Contract Package 

02 Refractories 

03 Steel 

04 Process Equipment 

05 Site Supervision 

06 Emmission Controls (ESP) 

07 S are Parts & Tools 
Subtotal 

Local Content 
11 Refractories 

12 Steel 

13 Tools 

14 Ductwork 

15 Equipment Rental 

16 Special Installation Material 

41 Shipping/Importation Costs 
42 Installation Materials 
43 Installation Labor 
44 Su ervision Travel & Livin 

Subtotal 

Unskilled Manhour 
Skilled Maultour 
Tecbnician Maultour 

Melting Furnace & Emmil8ion. Total 

Bid I Bid 2 

7-Oct-94 
USD 

$4,400,000 

9,020,000 


385,000 


225,500 


935,000 


2,750,000 

412,500 
$ 18, 128,000 

CAD 
$527,450 


331,540 


105,490 


150,700 


170,560 


126,650 


685,000 

75,350 


1,827,500 

164,400 


$4,164,640 


78,891 

39,445 

13,148 


Section 4 Page 13 

ESTIMATE 

Melting Furnace & Emmissions 
Bid 3 Sel Selccted 

Bid 

CAD 
$6,028,000 

12,357,400 

527,450 

308,935 

1.280,950 

3,767,500 

565,125 
$24,835,360 

CAD 
$527,450 

331,540 

105,490 

150,700 

170,560 

126,650 

685,000 
75,350 

1,827,500 
164,400 

$4,164,640 

CAD $29,000,000 

InteJ1Ultionai Technologies Consultants, Inc. 
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~TOBAFLOATPLANTSTUDY ESTIMATE 

49 Chimney 

Supplier 
Quotation Date 

Foreign Content 
01 Engineering 

Bid 1 

18-Nov-94 
USD 

$14,000 

Bid 2 Bid 3 Sel 
Chimney 

Selected 

Bid 

CAD 
$19,180 

Subtotal $14,000 $19,180 I 

Local Contcnt 
11 Chimney Concrete 

CAD 
$548,000 

CAD 
$548,000 

12 Chimney Lining 274,000 274,000 

13 Electrical 122,600 122,600 

14 Installation & Equipment 246,220 246,220 

4 J ShippinglImportation Costs 
42 Installation Materials 
43 Installation Labor 
44 Su rvision Travel & Livin 

Subtotal 

o 
o 

$1.190,820 

o 
o 
o 
o 

$1,190,820 

VnskiUed Manhour 

Skilled Manhour 
Technician Manbour 

o 
o 

·0 

Chimney Total CAD 51,210,000 

International Technologies Consultants, Inc. 
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MANITOBA FLOAT PLANT STUDY ESTIMATE 

50 Float Bath 

Supplier 
uotation Date 

Foreign Content 
oI Contract Package & Design 

02 Refractories, Canal, Roof 

03 Mechical, Electrical & lnstr. 

04 Spare Parts 

OS Site Supervision 

Subtotal 

Local Content 

] 1 Fabricated Steel 


12 Side Seals 

13 Tools 

14 Installation Materia] & Equip 

]5 Tin 

41 Shipping/Importation Costs 
42 Installation Materials 
43 Installation Labor 
44 Supervision Travel & Living 

Subtotal 

Unskilled Manbour 
Skilled Maohour 
Tecbnician Manbour 

F10at Bath Total 

Bid 1 
ITC 

18-Dec-95 
USD 

53,000,000 

Bid 2 Bid 3 ScI 
Float Bath 

Selected 
Bid 

CAD 
54,110,000 

51,900,000 2,603,000 

2,200,000 3,014,000 

]00,000 137,000 

750,000 1.027,500 

57,950,000 $]0,891,500 

CAD 
51,822,]00 

CAD 
$],822,100 

4],100 4],100 

68,500 68,500 

440,000 440,000 

1,370,000 1,370,000 

137,000 
30,000 

494,000 
105,800 

$4,508,500 

137,000 
30,000 

494,000 
105,800 

$4,508,500 I 

21,325 
10,663 
3,554 

CAD $15,400.000 

International Technologies Consultants, Inc. 
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M~TOBAFLOATPLANTSTUDY ESTIMATE 

60 Atmosphere Supply 

Supplier 
otation Date 

Foreign Content 
01 

Bid 1 

5·Ma ·95 
USD 

Bid 2 Bid3 
Atmospbere Supply 

ScI Selected 
Bid 

CAD 
$0 

Subtotal $0 $0 

Local Content 
II N2 & H2 Supply Contract 

CAD 
$205,500 1 

CAD 
$205,500 

12 Piping & Electrical $164,400 164,400 

13 Instrumentation 54,800 54,800 

41 Shipping/lmportation Costs 0 
42 Installation Materials 7,350 1 7,350 
43 Installation Labor 47,950 1 47,950 
44 Supervision Travel & Living 0 0 

Subtotal $480,000 $480,000 1• 

Unskilled Manhour 2,070 

Skilled Manhour 1,035 

Technician Manhour 345 


Atmoll!here SU!!!!ll Total CAD 5480,000 

International Technologies Consultants, Inc. 
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~TOBAFLOATPLANTSTUDY ESTIMATE 

70 Annealing Lebr 

Supplier 
uotation Date 

Foreign Content 
01 Contract Package & Equip. 

Bid I 

5-Nov-94 
USD 

$2,460,000 

Bid 2 Bid 3 Sci 
Annealing Lebr 

Selected 
Bid 

CAD 
$3,370,200 

02 Lebr Drive 870,000 1,191,900 

03 Lebr Rollers 1,272,000 1,742,640 

04 Speed Control Panel 144,000 197,280 

05 Instrumentation 90,000 123,300 

06 Site Supervision 144,000 197,280 

07 S are Parts 
Subtotal 

100,000 
$5,080,000 

137,000 
$6,959,600 

Local Content 
11 Ductwork 

CAD 
$13,700 

CAD 
$13,700 

12 Insulation 6,850 6,850 

13 Grease and Oils 9,590 9,590 

41 Shipping/Importation Costs 
42 Installation Materials 
43 Installation Labor 
44 Supervision Travel & Living 

Subtotal 

137,000 
20,550 

150,310 
27,400 

$365,400 

137,000 
20,550 

150,310 
27,400 

$365,400 I 

Unskilled Manbour 
Skilled Manbour 
Technician Manbour 

6,489 
3,244 
1,081 

Annealing Lebr Total CAD 57,325,000 

International Tcchnologies Consultants, Inc. 
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MANITOBA FLOAT PLANT STUDY ESTIMATE 

80 Cutting Line 

Supplier 
Quotation Date 

Foreign Content 
01 Contract Package 

02 Site Supervision 

03 Thickness Measuring 

04 Spare Parts 

Bid I 

5-Nov-94 
USD 

$5,335,000 

522,500 

517,000 

121,000 

Bid 2 Bid 3 Sel 

1 

1 

Cutting Line 
Selected 

Bid 

CAD 
$7,308,950 

715,825 

708,290 

165,770 

Local Content 
11 Control Room 

Subtotal $6,495,500 

CAD 
$34,250 

$8,898,835 I 

CAD 
$34,250 

12 Steel Structure 20,550 20,550 

41 Shipping/lmportation Costs 750,000 750,000 

42 Installation Materials 36,365 36,365 

43 Installation Labor 375,000 375,000 

44 Supervision Travel &. Living 15,000 15,000 

Subtotal $1,231,165 . $1,231,165 I 

Unskilled Manhour 16,188 

Skilled Manbour 8.094 

Tecbnician Manbour 2,698 


Cutting Line Total CAD 510,130,000 

International Technologies Consultants, Inc. 
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~TOBAFLOATPLANTSTUDY ESTIMATE 

85 Material Handling Equipment 

Supplier 
uotation Date 

Foreign Content 
oI Overhead Cranes 

02 Front End Loaders 

03 Fork1rucks 

Subtotal 

Local Content 
11 Storage and Handling Racks 

12 Local Assembly 

41.00 Shipping/lmportation Costs 
42.00 Installation Materials 
43.00 Installation Labor 
44.00 Supervision Travel & Living 

Subtotal 

Unskilled Manhour 
Skilled Manhour 
Technician Manhour 

Material Handlinl Eguil!ment Total 

Bid I Bid 2 

I·Dcc·94 
USD 
$300,000 

250,000 

250,000 

$800,000 

CAD 

800,000 


$90,500 

0 

0 


$890,500 


0 
0 
0 

Material Handling Equipment 
Bid 3 Sci Selected 

Bid 

CAD 
$41 LOOO 

342,500 

342,500 

$1,096,000 i 

CAD 
$800,000 

90,500 

0 
0 

1 0 
I 0 

$890,500 • 

CAD 51.986,500 

International Technologies Consultants, Inc. 
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MANITOBA FLOAT PLANT STUDY ESTIMATE 

Equipment Summary Equipment Summary 

Item Descri lion 
Local Source 

(CAD) 
Imported 

(USD) 
TOTAL 

CAD 
TOTAL 

USD 

90 Administration Equipment $143,000 $0 143,000 $104,380 

91 Maintenance Equipment 320,000 0 320,000 233,577 

92 Laboratory Equipment 9,500 950,000 1,311,000 956,934 

93 Misc. Vehicles 144,000 0 144,000 105,109 

TOTAL $616,500 $950,000 1,918,000 $] ,400,000 

International Technologies Consultants, Inc. 



Manitoba Float Project Feasibility Study Section 4 Page 21 

MANITOBA FLOAT PLANT STUDY ESTIMATE 

90 Administration Equipment Administration Equipment 

Bid I Bid 2 Bid 3 ScI Selected 
Supplier Bid 

Quotation Date 26-Se -94 
Foreign Content USD CAD 

01 $0 

Subtotal $0 

Local Content CAD CAD 
11 Office Furniture $23,000 $23,000 

12 Computer Equipment 60,000 60,000 

13 Telephone Equipment 30,000 30,000 

14 Office Equipment 30,000 30,000 

41 Shippingllmportation Costs 

42 Installation Materials ° 

43 Installation Labor ° 
° ° 44 Supervision Travel & Living 

Subtotal. $143,000° $143,000° 1 

Unskilled Manhour 

Skilled Manhour . ° 
° Technician Manhour ° 
Administration Equipment Total $143,000 

International Technologies Consultants, Inc. 
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MANITOBA FLOAT PLANT STUDY ESTIMATE 

91 Maintenance Equipment Maintenance Equipment 

Supplier 
Quotation Date 

Foreign Content 
01 Maintenance Machinery 

Subtotal 

Local Content 
II Maintenance Equipment 

12 Maintenance Tools 

41 Shipping/Importation Costs 
42 Installation Materials 
43 Installation Labor 
44 Supervision Travel & Living 

Subtotal 

Unskilled Manhour 

Skilled Manhour 

Technician Manhour 


Maintenance Equipment Total 

Bid 1 

I-Dec-94 
usn 

$0 

Bid2 Bid3 Sel Selected 
Bid 

CAD 
$0 

$0 

CAD 
$270,000 1 

CAD 
$270,000 

50,000 50,000 

o 
o 

$320,000 

1 

o 
o 
o 
o 

$320,000 J 

° °o 

$320,000 

International Technologies Consultants, Inc. 
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MANITOBA FLOAT PLANT STUDY 	 ESTIMATE 


92 Laboratory Equipment 

Supplier 
Quotation Date 

Foreign Content 
01 Lab Equipment 

Subtotal 

Local Content 
II 

41 ShippinglImportation Costs 
42 Installation Materials 
43 Installation Labor 
44 Supervision Travel & Living 

Subtotal 

Unskilled Manhour 

Skilled Manhour 

Technician Manhour 


Laboratory Equipment Total 

Laboratory Equipment 

Bid 1 Bid 2 Bid 3 Sel Selected 

Bid 


I-Dec-94 
USD CAD 
$950,000 1 $1,301,500 

i 

$950,000 	 $1,301,500 I 

CAD CAD 
$0 

9,500 	 1 9,500 
1 0 

o 	 1 i 0 
o 0 

$9,500 $9,500 

o 

o 

o 


$1,311,000 

International Technologies Consultants, Inc. 



Manitoba Float Project Feasibility Study Section 4 Page 24 

~OBAFLOATPLANTSTUDY ESTIMATE 

93 Misc. Vehicles Misc. Vehicles 

Supplier 
Quotation Date 

Foreign Content 
01 

Bid I 

II-Nov-94 
USD 

Bid 2 Bid3 Set Selected 
Bid 

CAD 
$0 

Subtotal $0 $0 I 

Local Content 
II Water Tank Truck 

CAD 
$60,000 

CAD 
$60,000 

12 Car / Van 50,000 50,000 

13 Handtrucks 34,000 34,000 

41 Shippingllmportation Costs 0 
42 Installation Materials I 0 
43 Installation Labor 0 I 0 
44 Supervision Travel & Living 0 1- 0 

-----'------S-u-b-to=tal--S:-I-44-,OO-0------------''-- I $144,000 i 

Unskilled Manhour o 
Skilled Manhour o 
Technician Manhour o 

Misc. Vehicles Total 

International Technologies Consultants, Inc. 
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MANITOBA FLOAT PLANT STUDY ESTIMATE 

Civil Works Summary Civil Works Summary 

Item Description 

oI Cost of Land 

02 Clearing and Grading 

03 Fencing 

04 Roadways 

05 Drainage 

06 Excavation 

07 Piling 

08 Excavation Protection 

09 Basements RC Work 

10 Imported Soil 

II Chimney Foundation 

12 Cullet Tunnels 

13 Building Foundations 

14 Floor Slabs 

15 Material Storage RC Work 

16 Cullet Storage RC Work 

Local Source 
(CAD) 

$1,370,000 

121,200 

22,500 

412,500 

544,500 

813,400 

1,335,000 

61,400 

3,529,800 

337,600 

84,200 

848,000 

1,412,500 

2,148,300 

374,800 

284,300 

SI3,700,000 

Imported 
(USD) 

SO 

TOTAL TOTAL 
CAD USD 

1,370,000 $1,000,000 

121,200 88,467 

22,500 16,423 

412,500 301,095 

544,500 397,445 

813,400 593,723 

1,335,000 974,453 

61,400 44,818 

3,529,800 2,576,496 

337,600 246,423 

84,200 61,460 

848,000 618,978 

1,412,500 1,031,022 

2,148,300 1,568,102 

374,800 273,577 

284,300 207,518 

$13.700,000 $10,000,000 

International Technologies Consultants, Inc. 
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MANITOBA FLOAT PLANT STUDY ESTIMATE 

Buildings Summary Buildings Summary 

Local Source Imported TOTAL TOTAL 
Item Descri tion (CAD) (USD) I CAD USD 

21 Utilities Buildings $972,000 $0 972,000 $709,489 

22 Officel Raw Materialsl Mise 1,489,000 0 1,489,000 1,086,861 

23 Batch House 236,000 0 236,000 172,263 

24 Furnace Building 1,061,000 0 1,061,000 774,453 

25 Bath Building 471,000 0 471,000 343,796 

26 0 0 0 0 

27 Lchr Building 796,000 0 796,000 581,022 

28 Cutting Line Building 794,000 0 794,000 579,562 

29 Warehouse/Shipping 3,571,000 0 3,571,000 2,606,568 

TOTAL $9,390,000 $0 9,390,000 0 $6,854,014 

International Technologies Consultants, Inc. 
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MANITOBA FLOAT PLANT STUDY ESTIMATE 

Utilities Summary Utilities Summary 

Local Source Imported TOTAL TOTAL 
Item Description (CAD) (USD) CAD USD 

10 Electric Systems $2,616,700 $1,040,000 4,041,500 $2,950,000 

11 Compressed Air System 369,900 275,000 746,650 545,000 

12 Cooling Water 787,750 700,000 1,746,750 1,275,000 

13 0 0 

14 Potable Watcrrrreatmcnt 141,110 200,000 415,110 303,000 

15 Fuel Systems 489,090 43,000 548,000 400,000 

16 Fire Protection 117,820 20,000 145,220 106,000 

17 Drainage and Sewage 131,800 35,000 179,750 131,204 
(Not Including Civil Works) 

18 HVAC 153,440 ° 153,440 112,000 

19 Plant Control System 49,320 498,000 731,580 534,000 

TOTAL $4,856,930 $2,811,000 I 8,708,000 $6,356,204 

International Technologies Consultants, Inc. 
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Process Flow Diagram 

82,000 to 92,000 Std M3/Hr 
@ 260 Degrees C 

Containing: 
128 Kg/Hr Nox 

14 Kg/Hr S02 

Electrostatic Precipitator 

10 Kg/Hr Particulate 

(Na2S04) 


Electrical Power: (2 Sources) 
Connected: 7.1 00 't<JN 
Peak Load: 4,100 't<JN 
Consumption: 67,000 't<JNH/Day 
20,000 Volts, 3 Phase, 60 Hz 

Water: 
Consumption: 400 M3/Day 
Sewage Outflow: 100 M3/Day 

Neph. 
Salt Cake Syen. 

1 % ~ 5% limestone 
5% 

Dolomite
Sand 

15% 
57% 

Batch 
481 Tons/Day 

(500 x 0.80 10.832) 

Batch Plant 

Melting Furnace 

Float Bath 

Annealing Lehr 

Soda Ash 
17% 

1,600 KcallKg 
Furnace Efficiency 

90,000 to 120,000 
M3/Day Natural Gas 
@ 8,900 Kcal/M3 

20% Cullet 
Return 

500 Ton/Day Glass 

Cutting Line 

Packaging 

400 Ton I Day Finished Goods 

Shipping 
International Technologies Consultants, Inc. 



~ :::s
 

@
B

at
ch

 C
om

po
ne

nt
s 

In
 %

 fo
r 

F
la

t G
la

ss
 P

ro
du

ct
io

n 
	

~ 
S

ep
.1

99
2 

	
~

1
tC

 	
~ ~
 

.9
. 

M
aI

8f
ill

 
C

he
m

ic
al

 
B

at
ch

 
P

rim
e 

8i
02

 
A1

20
3 

F
e2

0
3

 
C

eO
 

M
gO

 
N

a2
0

 
K

2
0

 
S

0
3

 
T

i0
2 

B
aO

 
81

0 
LO

.1
. 

To
tIl

 
O

es
io

na
tio

n 
C

on
te

nt
 

SO
l 

a
P

20
5 

N
 

F 
C

O
2 

	
H

2O
 

N
aC

I 
M

in
or

 
L

O
.!

"" 
~ 

S
an

d 
Si

02
 

57
,5

0 
99

,4
73

 
99

,4
73

 
0,

20
0 

0.
02

5 
0.

Q
20

 
0.

10
0 

0,
10

0 
0.

05
0 

0.
02

2 
	

0,
10

0 
0.

10
0 

'" 

; 
~
.
 

- iii 
[ 

S
od

II 
A

sh
 

N
a2

C
0

3
 

17
,5

0 
99

,2
00

 
0.

00
7 

0.
01

1 
0,

00
5 

5
8

0
1

8
 	

0,
01

1 
41

.1
90

 
0,

19
8 

0.
56

0 
41

.9
59

 

E
[ 

00
I0

m
iII

I 
C

aM
g

C
0

3
 

14
,7

0 
98

,0
00

 
0,

24
0 

0,
05

0 
0.

23
0 

30
,5

00
 

21
.2

00
 	

46
,3

00
 

1.
00

0 
0.

48
0 

47
,7

80
 

~ [ 
N

ep
he

lin
e 
~
i
I
l
I
 

S
i0

2-
A

12
03

 
4.

70
 

56
,0

00
 

56
.0

00
 

23
.8

00
 

0,
10

0 
1,

30
0 

7,
90

0 
9.

00
0 

0.
10

0 
0

3
0

0
 

0.
30

0 
0.

10
0 

0.
00

4 
0

0
1

6
 

1,
08

0 
1.

20
0 




I ~.
 


~
 

U
m

es
ID

ne
 

C
aC

0
3

 
4,

50
 

98
,0

00
 

0.
42

0 
0.

11
0 

0.
09

0 
54

,9
10

 
0.

47
0 

0.
04

0 
43

.1
00

 
0,

86
0 

44
.0

00
 


S
al

t C
ak

e 
N

a2
S

0
4

 
1,

03
 

99
,8

00
 

0,
00

3 
0,

00
3 

0.
00

2 
43

,5
42

 
22

,5
24

 
33

.5
85

 	
0.

10
0 

0.
10

0 
33

.7
85

 

R
ou

ge
 

F
e2

0
3

 
0,

04
 

97
,5

00
 

1.
50

0 
0,

70
0 

97
,5

00
 

0.
02

0 
0,

02
0 

0,
05

0 
	

0.
21

0 
0.

21
0 

~ 

0.
80

0 
1.

00
0 

	
98

.2
00

 
10

0,
00

0
C

ar
bo

n 
C

 	
0,

03
 

98
,2

00
 

a 
e

.t
ch

 (f
ic

Ii
tu

ou
s)

 
10

0.
00

 
59

,8
84

 
1,

24
6 

0.
09

7 
7

0
2

9
 

3.
19

6 
11

.0
30

 
0,

45
2 

0,
23

2 
0,

01
7 

0,
01

4 
0

0
1

4
 

0,
35

0 
0.

00
5 

0.
00

03
 

0,
00

02
 

15
,9

83
 

0,
14

6 
0,

03
6 

0,
31

6 
16

.8
39

 
o· :::s

"" 
~
 

e
.t

ch
 (C

OI
IY

IM
1e

CI
) 

12
0.

25
 

72
01

1 
1.

49
8 

0.
11

7 
8.

45
2 

3.
84

3 
13

.2
64

 
0.

54
4 

0.
27

9 
0

0
2

0
 

0,
01

7 
0.

01
7 

0.
42

1 
0.

00
6 

0.
00

04
 

0.
00

02
 

19
.2

20
 

0,
17

8 
0,

04
3 

0,
38

0 
20

.2
49

 
;;?

 
~
 

"" 
C

\)
 

e
.t

ch
 

T
/D

a
y 

46
1.

00
 

28
8.

04
 

5,
99

2 
0.

46
8 

33
.8

08
 

15
.3

72
 

53
.0

56
 

2.
17

6 
1.

11
6 

0,
08

0 
0.

06
8 

0.
06

8 
1.

68
4 

0.
02

4 
0.

00
2 

0,
00

1 
76

,8
60

 
0,

71
2 

0.
17

2 
1,

52
0 

80
,9

95
 

N
 
~
 



Manitoba Float Project Feasibility Study Section 4 Page 33 

Float Batch Ph~sical Characteristics 

Material 

5and (5i02) 

50da Ash (Na2C03} 

Dolomite (CaO, MgO} 

Limestone {CaC03} 

Aragonite (CaC031 

Salt Cake (Na2S04} 

5i02 
A1203 
Fe203 
Ti02 
Cr 
CaO 
MgO 

Na2C03 
Na20 
NaCI 
Na2504 
Fe 
H2O 

CaO 
MgO 
5i02 
Fe203 
A1203 

CaO 
MgO 
5i02 
Al203 
Fe203 
503 
Na20 
K20 
Ti02 

CaO 
5i02 
Fe203 
A1203 
MgO 
Mn 
Sr 
S 
NaCI 

Na02 
ZnO 
NaCI 
NaHC03 
Na2C03 
MgO 
H2O 

% (Typical) 
Composition 

99,71 
0,1OS 
0.109 
0.012 

0,008 
0,004 

99.7 
58.4 
0,002 
0.003 
2 ppm 
0,15 

30.81 
21.04 
0,18 
0,06 
0.05 

54.7 
0.58 
0.45 
0,17 
O,OS 
O.OS 
0,04 
0,03 
0,02 

54.3 
0.04 
0.02 
0.02 
0.23 
0.005 

0.1 - 1.0 
0.14 
0.25 

43.62 
0.142 
0,033 
0,037 
0,038 
0.005 
0.018 

Sieve % 
Analysis Retained 

20 
30 0,5 
40 4.9 
50 17,6 
70 32.7 
100 28.3 
140 12.4 
200 2,8 
Pan 0,8 

20 0.24 
30 1,2 
40 14,55 
70 
100 

60,86
17,n 

200 1,64 
Pan 0,91 

10 o,n 
12 7.59 
16 35.4 
20 29.45 
30 13.79 
40 4,22 
70 5,51 
100 1.27 
140 0.69 
200 0,56 
Pan 0,86 

16 0,18 
20 6.25 
50 58,57 
100 23,74 
200 9,73 
Pan 1.53 

20 2,0 
30 3,0 
40 15,0 
50 18,0 
70 20.0 
100 20.0 
140 15,0 
200 6.0 
Pan 1,0 

20 0.7 
40 0.8 
60 0.7 
100 11.7 
200 41.7 
Pan 44,4 

International Technologies Consultants, Inc. 
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Float glass tnanufacturing 


History of glass 
Ifone were 10 lake a handful of dirt, apply 
enough heat to cause it to melt, then 
allow it to cool, a crude form of glass 
would be produced. The earliest glass 
was most likely created accidentally by 
the burning of grain and the subsequent 
fusion of the ash, as the result of a fire 
caused by lightning. Nthough the dates 
are disputed by archeologists sometime 
between 12 000 BC and 4000 BC man 
first made glass for use as a decorative 
glaze for small beads. Later, around 
2500 BC small solid glass objects were 
first made. 

The first glass containers were made 
by the Egyptians In about 1000 BC by 
forming the glass around a day mould 

. and then chipping away the clay, a very 
difficult and time consuming procedure. 
Foe' this reason these ltefJlS were consi· 
dered a luxury and were carefully pre­
served from generation to generation. It 
took the Invention of the blowpipe, which 
occurred between 300 BC aOcf 20 BC, to 
reveaJ the true capabilities of glass and 
make possible the quantity production of 
glass articles In shapes and designs 
which were not previously possible. 
. Window glass was first produced at 

the end of the 3rd Century by casting 
glass on top of a large flat stone. In 
principle, this -batch- production of flat 
glass changed little until the 20th Cen· 
tury when two technological revolutions 
occurred. The first, which started In 
1913, was the Invention of the con· 
tinuous draw sheet glass process. The 

Figure 1. Glass composition. 

second, which we Will later discuss in 
detail, was the development of float 
glass technology which first appeared 
commercially In the late 1950's. 

Properties 

Glass, as understood and recognised 
by the general public, Is a hard transpa. 
rent, brittle material with a relatively high 
softening point, substantially Insoluble 
In water and organic solvents, and non· 
Inflammable In the usual sense. From a 
more technical point of view glass Is 
defined as an Inorganic product 01 fusion 
which has been cooled to a rigid condi· 
tion without crystallisation. This defini· 
tion emphasises the point that glass Is 
noncrystalline with a random molecular 
orientation ·at nocmal temperature. 
Although this molecular structure re­
sembles a nuld, glass displaYs the hard· 
ness and rigidity of a solid. 

When heated glass does not show a 
melting point like crystalline materials. 
Glass gradually softens Into a nuid as the 

. bonds between the atoms break at diffe­
rent temperatures Instead of all breaking 
at the same temperature, which hap­
pens In .. crystalflne material. Because 
there Is no single melting point. the 
behaviour of glass Is often olSCUSSed In 
terms of viscosity or resistance to flow. 

Composition 

There are over a thousand chemical 
formulations for glass, each with its own 
combination of properties. However, all 
glasses have some properties in c0m­
mon - they are hard, perfectly elastic, 
brittle, non-conductors of electricity and 
chemically stable. 

Most glass, Induding nat glass, c0n­
tains three types of constituents - for· 
mers, nuxes, and networi< mod'rfiers. 
Sand (slncon olOxide SiQV is used as 
the former which Is the basis of the 

. glassy, non-crystalline structure. In 
order to form a mixture with the sUlCa 
which has a lower melting point than 
silica alone, soda ash (Na~ is used 
as a nux. Ume (CaC03l and dolomite 

Dean E Wiley and Larry 
DBorman 
International 
Technologies 
Consu Itants 
Incorporated 

D«m E Wiley Is managingdJrectoro/ 
rrc HebasQBS In ceramlcenglnHrlng 
tandQM.8A 
LanyDBorman Is chle/engt_o/rrc 
HeboldsQBS In electrlaUengIn«rlng 
tandbas_20years~1n the 
glasllnduslrytmdlscurrmtlyproj«t 
rnatUf8ero/Q.floiJtglt:lssproJect/or tbe 
company In Ind<mesla. 
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Figure 2. Typical melting furnace. 

(CaC03·Mg~) are the netwon< modi· 
fiers which are used to stabilise the 
chemical properties 01 the glass. 

Glassmaklng 

There has been little change in the 
basic steps of glassmaking over the past 
few centuries, only refinements in the 
techniques. These basic steps are mix­
Ing, melting. lorming and annealing. For 
flat glass production an additional step, 
cutting of the glass, is necessary. 

Mixing 

The batch plant is the centre of aU 
activity relating to the raw materials. 
First, the raw materials are unloaded 
from the delivery trucks and are stored in 
large vertical silos by a system of con­
veyors and an elevator. The batch plant 
win 1ypIcaIIy have enough storage 
capacity to support between 7 and 28 
days or production. 

Using an automatic, computer control­
led batch system, the raw materials are 
weighed and gathered into batches 
acc::ording to preset formulas. Electronic 
scaIe$ with accuracy within 1 per cent 
provide a consistent mix of raw mate­
rials which ls important to producing a 
high quality product During the mixing 
process the Ingredients are combined in 
a mechanical mixer in which all Ingre­
d'1EKlts become uniformly distributed. 
Recycled scrap glass called cullet is 
added to aid in the melting process by 
softening at a temperature lower than 
the melting point of the batch Ingrao 
d'1ents. A batch will normally contain 20 
per cent cullet 

After mixing the batch is conveyed to 
the furnace building on a conveyor and 
stored in a day bin above the batch 
charger. This day bin stores enough 
batch for 8 hours production to allow for 
normal maintenance or repairs to the 
batch plan! equipment 

MeltIng 

The typical melting fumace is a Six 
Port Cross Fired Regenerative furnace 
with a capacity of 500 metric tons per 

during the buming of fuel to preheat the 
air required for combuS1ion. This opera­

REGENERATOR 	 tion, which results in a substantial im. 
provement in fuel economy, is accom. 
plished by the use of regenerators. 

BATCH For this example we shall start with 
DAY the mellerfiring from the North side. The 
BIN fuel. which carl be either natural gas or 
~ fuel oil, is ignited in special bumers 

located under each port. In the North 
firing cycle only the bumers lOcated on 
the North side are used. The fuel is 

REGENERATOR mixed with combustion air entering the 
ports from the North regenerator at a 

. controlled fueVair ratio. 
As the fuel leaves the bumers it is 

ignited by the intense heat of the melter 
day. Major sections of the fumace - and bums in continuous flames extend­
meller. refiner, regenerators, and ports. ing into the meller area from each port 
are shown in Figure 2. (on the North side). This combustion 

Constructed 01 specialised refractory above the pool of glass maintains the 
material with an outside steel meller at a controlled temperature for 
framework. the melter has an area melting the batch. 
measuring 15m x 7.5m (112.5m~ with The waste combustion products flow 
a glass depth of 1100mm. The melter across the melter and exit through the 
operates at an Internal temperature 01 South ports into the South regenerator. 
approximately 155O"C (2822"F) to mell Regenerators are refractory S1ructures 
the raw materials. During normal opera­ with an area of 11 m x 3m and a heig ht of 
tion the mixed raw materials are led into , Om. Inside the regenerators a matrix of 
the melter from the blanket batch char­ refractory bricks is S1acked from the 
ger at the charging end. The raw mat· bottom up to the port level. The waste 
erials float on top 01 the molten glass gasses enter the South regenerator 
melting as the flow moves forward to­ from the top and pass through the matrix 
wards the refiner. Convection. currents, of bricks to the bottom. At the bottom a 
which arise in the glass through the refractory lined canal carries the waS1e 
heating of the flames and cooling by side gases through a reversing valve which is 
walls and batch, help make the melt open to the chimney for exhaust. As the 
homogeneoUs by stirring action. waste gases pass through the regener­

ator bricks (called checkers), the bricks 
are heated reaching a temperature in Melter combustion 
excess of 65O"C (1200"F) at the bottom 

A regenerative furnace Is designed to of the regenerators and up to 13200C 
utilise the waS1e heat gas developed (195O"F) at the top. 
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Figure 3. Simplified vertical draw sheetprocess. 
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Agure 4, Simplified plate glass forming process. 

Once the checkers on the South side 
have reached their maximum tempera­
ture, the firing of the melter is reversed to 
utilise this stored heat First the fuel to 
the North bumers is shut~ff by reversal 
fuel valves. After a few seconds delay 10 
purge. the melter of waste gas, the 
reversing valve located in the canal 
changes position. In the new position 
the bottom of the South regenerator will 
be opened to outside air, and the bottom 
of the North regenerator will be opened 
to the chimney. Fresh air will now be 
drawn up through the heated South 
checkers into the melter from the South 
ports. Fuel will be tumed on for the 
South bumersfor combustion with the 
preheated air now taking place from the 
South side and the waste gases exiting 
into the North regenerator and checkers 
and subsequently out to the chimney. 

Thus the operation of a regenerative 
fumace is to periodically change the 
direction of firing from side to side to 
utirlse the waste gas~ of combustion to 
preheat the air required for further c0m­
bustion. The fumace will reverse Its firing 
direction every 20 minutes. The total 
reversing cycle is completed in less than 
30 seconds and has no effect on the 
glass temperature. 

Refiner 

The refiner is an extension of the 
meher with an area of 12m x 7.5m 
(93.75fn2). The purpose of the refiner is 
to start a gradual cooling and stabilisa­
lion or the glass es It passes to the 
working end. 

Woi1dngEnd 

The'woOOng end is a separate refrac­
tory chamber with an area of 12m x 
e.5m (78.Qm2) and a glass depth of 
95Omm. The molten glass passes from 
the refiner into the wor1<ing end via a 
waistconnecting the two chambers. This 
is to prevent any carryover of batch 
particles or combustion contaminants 
from the melter into the woOOng end and 
to establish the all important horizontal, 
laminar flow pattern. 

The purpose 01 the wor1<ing end is to 
condition the glass for the forming pr0­
cess by controlled cooling of the glass 

temperature from 13150C at the entr­
ance to 1065°C at the exit. 

FormIng technology 

Rat glass is formed by one of three 
manufacturing methods: Sheet Glass, 
Plate Glass or Float Glass, The first two 
will be briefty reviewed before Float 
Glass is examined in detail. 

Sheet Glass 

Sheet Glass refers to dear nat trans­
parent glass with a fire finish which is 
produced by a vertical drawing process, 
It is commonly known in the industry as 
-window glass- or "machine glass-. 
Prior to the invention of the lIoat process 
sheet glass was the most common 
method for production of glass for glaz­
ing in windows indomestic buikflnQS and 
in the production of laminated and heat 
strengthened glass products. 

Sheet glass is produced by a vertical 
draw process.. For drawing sheet glass, 
a rod celled a bait. Is pulled upward from 
a pool of molten glass In the woridng 
end. A sheet of glass follows the bait. 
and drawing rollers pull the sheet until it 
is of the desired thickness. The sheet 
hardens to a fire-polished finish as It Is 
puRed upwardly to the drawing rolls. It is . 
gradually <XlOIed, or annealed. as h 
passes through the drawing rolls to the 
cutting equipment at the top of the draw. 
Once the sheet glass emerges from the 
drawing machine It is a finished product 
with no further operations necessary 
prior to shipment Thicknesses from 
2mm to 6mm can be produced by the 
vertical draw process. 

Plate Glass 

Plate Glass is defined as transparent 
nat glass having plane polished sur­
faces and showing no distortion of vision 
In transmitted or renacted right The 
rolling, grinding and polishing opera­
tions distinguish plate glass from sheet 
or float glass. Plate glass was tradi· 
tionally used for higher quality applica­
tions Including automotive wind 
screens, mirrors, and glazing for com­
mercial apprlCations. 

For rolling a stream of moltE!" glass is 

squeezed between rollers. Even with 
the smoothest possible rollers the sur­
face quality of roUed glass is not adequ­
ate for high quality use. Hence, the 
rolled glass Is transported through a 
laborious grinding and polishing opera· 
tion to restore the smooth, plane and 
parallel surfaces and transparency re­
quired lor plate glass. 

RoatGlass 

Float Glass is produced by floating the 
molten glass on a bath of heavy metal. 
During the passage over the length of 
the bath the hot glass assumes the 
perfect natness of the bath and develops 
excellent thickness uniformity. In pure 
economic terms manufacturing by way 
of the float glass process is the only 
viable method of producing flat glass, 
and the method has completely re­
placed the other production methods. 

Float Glass Technology 

The float bath Is a refractory lined 
steel chamber containing over 150 Ions 
of pure tin. The bath Is 6m wide and 50m 
In length. The molten tin Is at an average 
temperature of 8OO"F (1472"F), heated 
primatiIy by the latent heat of glass 
entering the bath. Electric heating ele­
ments are located in the roof of the bath 
to heat the tin during start-up operations 
and to provide makeup heating es re­
quired. 

Several different metals were investi­
gated for use in the bath with tin having 
the best results, The criteria for the 
selection of the bath metal are: 

• The metal must be liquid in a tempera­
ture range from 1100"C to 530"C­
the temperature range in which glass 
Is formed from a molten state to a 
nearty hardened state 

• It must be denser than glass so the 
glass wiD float on top of the metal, and 

• It must be relatively unreactive with 
glass and must not -wet- the glass. 
This Is to prevent a carryover of the 
metal out of the float tank by adhering 
to the glass. 

Although tin meets all of the above 
criteria, there is one problem associated 
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with tin - it rapidly oxidises when ex· 
posed to oxygen in its molten state. To 
solve this problem the bath atmosphere 
is carefuly controlled at a positive press­
ure with nitrogen. As a precaution a 
small amount of hydrogen is also added 
to the bath atmosphere. The hydrogen 
win change any oxygen which enters the 
bath into water vapour. At the exit end of 
the bath a curtain is placed jsut over the 
surface of the glass ribbon to restrict the 
flowof the positive atmosphere from the 
bath. Even with this small opening there 
is enough escape to completely change 
the bath atmosphere several times an 
hour. 

The metal walls of the float bath are 
cooled by cooling fans to keep the 
temperature below 93"C (2OO"F). As this 
is far below the 232"C (45O"F) freezing 
point of tin, any tin leaking through the 
refractory lining will freeze and prevent 
any further leakage. 

Roat Fonnlng 

The basic float process is to pour the 
molten glass onto the tin bath surface at 
the front of the bath and gently pufling 
the ribbon out the other end. During the 
transition through the bath the tempera· 
ture of the glass is gradually reduced 
from the entering temperature of 1 095"C 
,(2OO3"F) 10 a temperature of 6OO'C 
(111 O"F) at the exit. At the exH of the bath 
the glass Is cooled to a point where 
dimensional stabirrty is obtained. 

When molten glass is poured on the 
tin sut1ace an Interesting phenomeoon 
oocurs. Gravitational force tends to 
spread the glass OYer the surface'while 
at the same time a surface tension effect 
tends to eontract II. The equilibrium of 
these two forces produces a constant 
glass thickness of just over 6mm. Thus 
little additional effort is required to pro­
duce glass of 6mm. 

For other thicknesses the speed at 
which the ribbon Is puRed through the 
bath Is dIanged. For glass thicknesses 
less than 6mm the speed Is increased to 
stretch the glass as it Is pulled through 
the ba1h. Unfortunately as the ribbon is 
pufIed at a greater speed, in addition to 

forming thinner glass the ribbon lends to 
become narrower as it is stretched. To 
solve this problem top roll machines are 
placed at several locations along the 
bath. 

The water-cooled toothed wheel of 
each top roll machine grips the ribbon 
near each edge. The wheels are posi· 
tioned at an angle with the ribbon to 
present a vectorial force on the ribbon to 
stretch it both lengthwise and horizontal· 
Iy thus controlling both the thidcness and 
width of the ribbon. 

During the production of glass less 
than 4mm the rapid movement of the 
glass over the tin does tend to create a 
movement of the tin through the bath. 
This is undesirable for two reasons, 
ArstIy, the tin win flow into the far end of 
the float tank causing streams of diffe­
rent temperatures in ~ tin which in tum 
causes temperature differences (and 
thickness variations) in the glass. 
Secondly. the movement of the tin to­
ward the end causes the ternperatu re at 
the exit end to become excessively high. 
To counteract this problem submerged 
dams, weirs and deep tin pockets as well 
as linear motors are used to control the 
movement of tin through the bath. 

To produce glass with a thickness 
greater than 6mm the flow through the 
bath is slowed creating the effed of a 
dam. Water cooled graphite guides and 
'reverse stretch'. or altering the angle 
and speed of the top rolis are used along 
the sidewalls to prevent outward flow of 
the glass. Using this process, glass up to 
25nvn has been produced and glass of 
12·18mm is produced routinely. 

Annealing 

When the ribbon leaves the float bath 
the glass Is at a temperature of 600'C. H 
this newty formed glass were allowed to 
cool freely. the surfaces would cool 
more rapidly than the Interior. As a 
result. at a certain temperature the sur­
faces would become rigid while the 
Interior remains somewhat fluid. As the 
interior cools further, it cannot adjust to 
the surfaces, which are already hard 
and shrunken through thermal contrac­

tion. This condition will cause a harmful 
stress to be present in the glass. To 
avoid this condition an annealing lehr is 
used to cool the glass from 6OO"C to 
70"C in a controlled manner. 

The annealing lehr is a metal structure 
6m wide and 120m long. Special rollers 
and a sophisticated temperature control 
system are provided to accomplish the 
controlled cooling. Electric heaters are 
used within the lehr to help keep the 
edges of the ribbon from cooling more 
rapidly than the centre. 

The end result of the annealing pro· 
cess is glass which has been carefully 
cooled to 70"C without the induction of 
temporary or residual stresses. 

Cutting System 

The final manufacturing process for 
float glass is the automatic cutting 
equipment which cuts the glass ribbon 
into pre-specified sizes. The ribbon is 
rut in both length and width by the 
system which scores the glass with 
oil-lubricated metal wheel cutters. The 
glass is then broken along the score with 
snap rollers to make a dean "cut-. 

The largest sizes produced by a typic. 
aI float plant are called Jumbo's and 
measure 3.2 by 6 metres, after allowing 
for trim loss of the edge from the 3.5 
metres ribbon. 

Included In the cutting system is a 
computer controlled defed monitor 
which locates defects in the ribbon be­
fore they reach the cutters. The compu­
ter will optimise the cutting in the area of 
the defect to reduce waste. 

The final function of the cutting sys. 
tem Is to stack the finished sheets on 
frames or cases for transport to the 
warehouse or shipping trucks. Shipping 
methods vary by region and product. 
The Iirge sheets of glass which are the 
most common prodOc:t In oentraI Europe 
are shipped on 'A' frames inside spec:IaI­
Iy designed "Innenladers of Freight·
lines-. In Scandinavia transportation of 
goods relies more heavily on ships 
where there container based 'A' frame 
system isdesigned for water 
transport. 
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