
0 

+ Industry Canada Industrie Canada 

QUEEN 
HD 
9505 
.C3 
S4 
15 
Pt .1 
c .2 

IC 

Secteur 
de rindustrie 

Afeteneux de potete, 
produits eh/endues et 

produits  en  metiere piestree 

SECTOR 
COMPETITIVENESS 
FRAMEWORKS 

INDUSTRIAL 
CHEMICALS 
INDUSTRY 
PART 1 - OVERVIEW 
AND PROSPECTS 

industry 
Sector 

Advanced Meien;r/s, 
Chem/eels Jed 

Plastics  Canada  



Industry Canada 
Library - Queen 

331{-: - 7 1998 
Indus :rie Caniada 

Bibliothèque - Quaen 

5c)_5" 
. C3  

_S" V x5, 

c 

INDUSTRIAL 
CHEMICALS INDUSTRY 
PART 1 - OVERVIEW 
AND PROSPECTS 

PREPARED BY: 

ADVANCED MATERIALS, 
CHEMICALS AND PLASTICS BRANCH 



This Overview and Prospects is the first of two companion documents on the Canadian industrial chemicals industry in the Sector 
Competitiveness Frameworks series, which is being produced by Industry Canada in collaboration with Canada's key stakeholders in 
the industry. Part 2 — Framework for Action will be prepared in coming months, based on discussions with major industry stakeholders, 
following study and review of the Overview and Prospects. 

The Sector Competitiveness Frameworks series focusses on opportunities, both domestic and international, as well as on challenges 
facing each sector. The objective is to seek ways in which government and private industry together can strengthen Canada's competitiveness 
and, in doing so, generate jobs and growth. 

Part 1 — Overview and Prospects is being made available for distribution in printed as well as electronic forms. In all, some 28 industrial 
sectors are being analyzed. 

Available now: Household Fu rn iture Forthcoming: 
Advanced Manufacturing Technologies Industrial Chemicals Industry Aerospace and Defence Electronics 
Aircraft and Aircraft Parts Management Consulting Architecture 
Apparel Petroleum Products Commercial Education and Training 
Automotive Industry Pharmaceutical Industry Electric Power Equipment and Services 
Bio-Industries Plastic Products Environmental Industries 
Bus Manufacturing Primary Steel Financial Services 
Computer Equipment Rail and Guided Urban Transit Equipment Non-residential Construction 
Consulting Engineering Software and Computer Services 
Forest Products • Telecommunications Equipment 
Geomàtics • • Telecommunications Services 

To order any document in the Sector Competitiveness Frameworks series, please fax your request to us at (613) 941-0390, 
or you  ma y E-mail us at ordencommande@ic.gc.ca  

To obtain additional information about the Sector Competitiveness Frameworks series, please phone us at 1-800-390-2555. 

Electronic copies of this document are available on the Internet at the following address: 
http://strategis.ic.gc.ca/scf  

This document can be made available in alternative formats upon request. 

© Her Majesty the Queen in Right of Canada (Industry Canada) 1997 
Cat. No. C21-22/19-1-1997 
ISBN 0-662-62863-2 

ep 

 

IN  04  

'74té Au e 



FOREWORD 

The new Canadian marketplace is expanding from national to global horizons and its economic 
base is shifting increasingly from resources to knowledge. These trends are causing Canadian 
industries to readjust their business approaches, and government must respond with new tools 
to help them adapt and innovate. Industry Canada is moving forward with strategic information 
products and services in support of this industry reorientation. The goal is to aid the private 
sector in what it is best qualified to do — create jobs and growth. 

Sector Competitiveness Frameworks are a series of studies published by Industry Canada to 
provide more focussed, timely and relevant expertise about businesses and industries. They iden-
tify sectors or subsectors having potential for increased exports and other opportunities leading 
to jobs and growth. They will cover 28 of Canada's key manufacturing and service sectors. 

While they deal with "nuts and bolts" issues affecting individual sectors, the Sector Competitiveness 
Frameworks also provide comprehensive analyses of policy issues cutting across all sectors. 
These issues include investment and financing, trade and export strategies, technological 
innovation and adaption, human resources, the environment and sustainable development. 
A thorough understanding of how to capitalize on these issues is essential for a dynamic, 
job-creating economy. 

Both government and the private sector must develop and perfect the ability to address competi-
tive challenges and respond to opportunities. The Sector Competitiveness Frameworks illustrate 
how government and industry can commit to mutually beneficial goals and actions. 

The Sector Competitiveness Frameworks are being published sequentially in two parts. An 
initial Overview and Prospects document profiles each sector in turn, examining trends and 
prospects. The follow-up Framework for Action draws upon consultations and input arising 
from industry—government collaboration, and identifies immediate to medium-term steps 
that both can take to improve sectoral competitiveness. 
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1 HIGHLIGHTS 

C anada's chemical manufacturing industry is part 
of an expanding sector that provides high-quality jobs 

and generates wealth for Canadians. Many products that 
Canadians take for granted and use daily depend on chemicals. 

In manufacturing the family car, for example, over $3 000 worth 
chemical derivatives are used to help to create a better and 

more fuel-efficient vehicle. 

• Chemical production is a globally diiven, high-tech, hig,h-sIdll activity. Using advanced 
technology processes, chemical companies upgrade natural resources such as natural 

gas, oil and minerals to produce a broad range of high-value-added chemicals and 
chemical products for domestic and export markets. 

• Chemicals and chemical products comprise Canada's fourth largest manufacturing 
sector in terms of sales, and third largest in terms of value-added. In 1995, the 
industrial chemicals industry represented 43 percent of the overall chemicals 
and chemical products sector (up from 35 percent in 1985) and comprised 

300 establishments, generated $14.4 billion in shipments and directly employed 
23 148 people. 

• Plants are regionally concentrated in Ontario, Quebec and Alberta, with current 
expansion occurring primarily in Alberta and Quebec. Canadian producers have been 
largely geared to supplying the North American market, but new western capacity 
is being added to supply rapidly growing market demand in Southeast Asia as well. 

• Industrial chemical production provides an important stimulus to other sectors of 
the economy. Primary suppliers to the industry include other chemical industries, the 
distribution and storage industry, the feedstock and energy sectors, business services, 
materials and supplies, construction, equipment and services of various kinds. 
Leading consumers of industrial chemicals are manufacturing industries that make 
plastic products, transportation equipment, electrical and electronic products, and 

paper and allied products, among others. 
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Competitiveness and Trade 

• An indicator of the industry's international competitiveness is its high proportion 
of exports; over 63 percent of shipments are destined for export markets. Productivity in 
the industrial chemicals industry is two and a half times the total Canadian manufac-
turing sector average. Annual wages for the industry's small but highly skilled work 
force average almost $55 000 (Table D-2), which is about 45 percent above the aver-
age for the total manufacturing sector. 

• New investment to expand capacity and develop downstream product synergies 
with existing refinery/petrochemical complexes in Alberta, Ontario and Quebec is 
key to the continued growth of this industry. It adopts high standards in controlling 
the impact of its activities on health, safety and the environment. Its accident rate is 
less than half the national average for all manufacturing industries, and performance 
continues to improve year by year. Plant emissions are declining, and the industry is 
cominitted to continuous improvement in its environmental record. 

• Many of Canada's major industrial chemical producers are subsidiaries of U.S. multi-
nationals. Through the restructuring and rationalization of North American production 
that has occurred over the past decade, Canadian producers have become more 
fully integrated into the operations of these global corporations. The low Canadian 
currency exchange rate in recent years has greatly facilitated this process. Product 
specialization for the North American market has allowed Canadian firms to realize 
the gains that come from increased economies of scale. 

Major Trends 

• Canada is well positioned to benefit from the expected long-term growth in North 
American demand for ethylene derivatives and other petrochemical products. Canada 
has an ample supply of the hydrocarbons used as inputs to petrochemical products 
and, relative to the U.S. Gulf Coast, is closer to Asian markets. 

• Although some constraints remain to be addressed, the prospect is excellent for attracting 
major new investment in Canada in industrial chemicals and downstream products. 

ICW 
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The Bottom Line 

• Canada's natural resource wealth and skilled human resources are the underlying 
strengths of this country's industrial chemicals industry. To remain globally competi-
tive, however, it is necessary to build on these strengths. In particular, continuous 
attention must be devoted to cost control and product innovation. While Canada is 
very well positioned to attract investment, there is a need for ongoing review and 
assessment of certain factors that have an important influence on the competitiveness 
of Canadian-based activities relative to operations in the U.S., notably, construction 
costs, electricity costs, labour costs and environmental regulations. 

3 
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2 KEY POINTS ABOUT THIS INDUSTRY 

Industry comprises 

2 major subsectors: 

inorganic and organic 

Inorganic chemicals 

from non-carbon 

minerals have many 

industrial uses 

This Overview and Prospects focusses on the two main subsectors comprising the industrial 
chemicals industiy: inorganic chemicals, and organic chemicals including plastics and 
synthetic resins. Excluded from this study are pharmaceuticals, formulated chemical products 
and fertilizers, which are qualitatively different and serve different end-use markets. 

Industrial chemicals are essential inputs to the production of a wide range of manufactured 
products for both industries and consumers. Commodity chemicals are typically sold in bulk 
and at world Market prices to other manufacturing industries and to other segments of the 
chemicals and chemical products sector. Specialty chemicals, often packaged in small units 
and commanding higher prices, are designed for specific applications, including their use 
in pharmaceuticals. 

The chemical industries in  industrialized countries draw on a combination of elements, which 
include substantial capital, advanced process technology, research capacity, management skill, 
and highly skilled and technically competent workers. 

inorganic chemical companies produce chemicals from basic minerals and materials that 
do not contain carbon as a principal element. Examples of inorganic chemicals are sulphuric 
acid, soda ash, phosphorus, chlorine, caustic soda and titanium dioxide. Inorganic chemicals 
are used directly or indirectly in virtually all industrial processes, such as bleaches, detergents, 
absorbents, dyes and disinfectants. 

Organic chemicals from 

hydrocarbons serve as 

inputs to other indus- 

trial and consumer 

products ... 

... and command 

higher value per unit, 

which can support 

world-scale plants 

Organic chemical companies produce primarily petrochemicals from hydrocarbons such as 
crude oil and natural gas but also chemicals from animal fats and vegetable oils. Most of the 
following analysis of organic chemicals relates to the petrochemical subsector. These chemicals 
are used in both resource and manufacturing industries. Some are used as intermediates to 
produce other chemicals, and others are important ingredients in many common consumer 
goods, such as cosmetics, foods, paints, plastic and rubber products, and pharmaceuticals. 

Since petrochemicals have a higher value per tonne and can support the costs of shipping more 
easily, they are traded on international markets more than inorganic chemicals. Petrochemicals 
are also subject to more volatile investment swings, since they are directly linked to both hydro-
carbon feedstock prices, which tend to be rigid, and to industrial and consumer demand for plas-
tics and other industrial end products, which are more sensitive to income changes. Investment 
in new petrochemical production capacity is being increasingly geared to the establishment of 

4 



NICs invest in chemical 

sector to sustain their 

development 

Freer trade, world 

economic growth drive 

global industry with 

widely dispersed 

production facilities 

and markets 
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world-scale plants, either close to growing markets such as Southeast Asia, or in countries with 
hydrocarbon resources, such as Canada, Mexico and the Middle East. Such large new plant invest-
ments tend to follow periods of strong demand growth and high profitability. 

Global Context 

While every nation is engaged in the trade of industrial chemicals or chemical products, a hand-
ful of nations account for most of the world's output of chemicals and chemical products, which 
have a total estimated value of US$1.5 trillion. In 1995, the top 10 producers together accounted 
for about 74 percent of world production of all chemicals, including pharmaceuticals, with the 
U.S., Japan and Germany accounting for over half the world total. It is estimated that industrial 
chemicals account for approximately 41 percent of total chemical production, based on the 
commodity composition of world chemical exports in 1995. Assuming the world industrial 
chemical market is worth about US$630 billion, Canada is a small player, with about 
1.7 percent of the total in 1995. 

During the past decade, a number of developing nations have embarked on ambitious programs 
to develop globally competitive chemical sectors. This group includes several of the newly 
industrialized countries (NICs) of Asia such as Singapore, Republic of Korea, Taiwan and 
Thailand. Many of the larger economies of Latin America (Argentina, Brazil, Mexico and 
Venezuela) also have made large investments in their chemical industries. 

Since the 1960s, chemical markets have become increasingly globalized. The industry now is 
characterized by multinational enterprises with geographically dispersed facilities and markets, 
and prices are set by global supply and demand. These developments reflect the influence of 
world economic growth, largely due to the rapid development of the newly industrialized world, 
falling tariff and non-tariff trade barriers, and technological advances that have substantially 
reduced telecommunications and transportation costs. American and European chemical 
companies were at the forefront of this globalization process during the 1980s. 

K117 

World output is 

concentrated in 

10 producers, 

3 countries 

Canada is small player 

An increasing share of Canadian production is directed to export markets. 111'1995, exports 
accounted for 63 percent of shipments, with most of this going to the U.S., but a significant 
share was destined for rapidly growing markets in Southeast Asia. Canada's share of world 
exports fell over the latter half of the 1980s but subsequently increased and is now back 
to just over 3 percent of the world total. 

Expo' ts account for 

major share of 

Canadian shipments 
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of NA market 

Canada-U.S. exchange 

rate since 1991 favours 

Canadian expansion 
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North American Context 

The combined Canada—U.S. industrial chemical market reached US$145 billion in 1995. Over 
the past decade, market growth has been about the same in Canada (4.9 percent per year) and 
the U.S. (4.7 percent). However, trends have been dominated by developments in the U.S., which 
accounts for over 90 percent of North American sales (Figure 1). 

NA market 

rationalization 

boosts Canada-U.S. 

trade growth 

Figure 1. North American Industrial Chemical Market 

US$ Billions 

1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 

Canadian market Total Canada-U.S. market 

Source: Statistics Canada/Industry Canada Business Integrated Database; U.S. Depa rtment of 
Commerce, Census of Manufactures (Washington, D.C.: GPO, 1992 and updates). 

During implementation of the Canada—U.S. Free Trade Agreement (FTA) beginning in 1989, 
followed by implementation of the North American Free Trade Agreement (NAFTA) in 1994, 
some chemical companies became concerned about the erosion of the Canadian manufacturing 
base that seemed to be talçing place and about its impact on their domestic sales. The high 
Canada—U.S. exchange rate in 1989 and 1990 forced production adjustment on the domestic 
industry. Since 1991, a major depreciation in the Canadian dollar against the U.S. dollar 
greatly assisted the growth of exports to the U.S. and the expansion of domestic production. 

At the sarne time, the chemical industry has itself gone through a major restructuring. The 
effects of this can be pa rtly seen in the trade data; both Canadian exports to and imports from 
the U.S. have increased at average annual rates of over 10 percent over the past decade as the 
industry has increasingly rationalized to a North American market orientation (Annex Table D-1). 
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Recent trade growth rates between Canada, the United States and Mexico have been impressive, 
rising 12.4 percent annually between 1990 and 1995. While much of this activity is accounted 
for by the increase in Canada—U.S. trade, Mexico's exports are growing strongly from their low 
base. In recent years, Mexican exports of petrochemical products to the U.S. and Canada have 
risen by about 25 percent per year. The Mexican government has announced its intention 
to privatize the petrochemical industry, and this should further boost development. Canadian 
imports from Mexico have risen more rapidly than Cana.dian industrial chemical exports 
to Mexico, due in part to the recent devaluation of the peso. Both Canada and Mexico are 
important markets for the U.S. chemical industry, which exported US$5.2 billion to Canada 
and US$2.8 billion to Mexico in 1995. 

Canadian Industry Snapshot 

The industrial chemicals, plastics and synthetic resins industry in 1995 employed 23 148 
workers and generated total revenues including resales of over $16.7 billion. Among Canada's 
22 major manufacturing groups, chemicals and chemical products is fourth largest, as 
measured by manufacturing shipments, and third largest in terms of manufacturing value-
added. The industry ranks sixth in terms of manufacturing exports. 

Industry Output and Structure 

Table 1 lists the major chemical products of the two industry subsectors, based on the value of 
their output in 1992 (the most recent year for which complete data are available). These prod-
ucts are inputs to other manufacturing industries. 

Table 1. Main Industrial Chemical Products, Canada, 1992 

Mexico's expo rts in 

chemicals grow 

23 148 workers help 

generate revenues of 

$16.7B in 1995 

Product Share of total value Product Share of total value 

(percent) (percent) 
Inorganic chemicals Petrochemicals 
Caustic soda 14 Ethylene polymers 13 

Sodium chlorate 8 Other polymers 12 

Other salts 7 Ethylene 11 

Chlorine 6 Other hydrocarbons 6 
Oxygen 5 Vinyl chemicals 5 

Pigments and dyes 3 Benzene, toluene, xylene 5 

Ammonia 2 Other alcohols and derivatives 2 

Sulphuric acid 1 Butadiene I 

Other 54 Other 45 

Source: Statistics Canada, Input -Output Division. 

7 



Electricity and utilities 
4% Transportation and storage 

7% 

Materials and supplies 
10% 

Feedstock 
52% 

Business services 
11% 

Wages and salaries 
16% 

INDUSTRIAL CHEMICALS INDUS TR Y 

Chemical outputs 

become inputs 

to wide range 

of manufacturing 

industries 

The plastic products and transportation equipment industries consume half the value of 
industrial chemical output. Other major consumers are other chemical industries (14 percent), 
other manufacturing industries (14 percent), electrical and electronic products (7 percent), 
and paper and allied products (4 percent). 

Input use by the two subsectors differs: while feedstock prices have an important influence on 
costs for petrochemical produce's, electricity rates are an especially significant cost determinant 
for producers in the inorganic segment (Figures 2 and 3). 

Figure 2. Cost of Inputs, Inorganic Industrial Chemicals, 1992 

Electricity 
and utilities 

18% 

Feedstock 
2% de 

Business  services 
26% 

Materials and supplies 
19% 

Transportation 
and storage 

6°/o Wages and salaries 
29% 

Source: Statistics Canada, Input-Output Division. 

Figure 3. Cost of Inputs, Petrochemicals, 1992 

Source: Statistics Canada, Input-Output Division. 
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There are significant differences between petrochemicals and inorganic chemicals at both the 
subsector and plant levels. Ownership in the petrochemical subsector is relatively concentrated, 
with the four largest firms accounting for 56 percent of shipments in 1991 (most recent avail-
able data). The situation is veiy different in inorganic chemicals, where the eight largest firms 
operated 20 percent of the establishments and produced only 54 percent of subsector shipments. 

Industrial chemicals are among the most capital-intensive industries in the economy and, 
through backward linkages to the oil and gas and mining industries, are supplied by similarly 
capital-intensive production. This makes this industiy highly sensitive to changes in technology 
and borrowing costs. 

Petrochemical establishments are larger, with employment averaging almost twice that of 
inorganic chemical plants. The value of shipments per worker is about 65 percent greater 
in petrochemical than in inorganic establishments. Average salaries in each subsector are 
comparable and are significantly above the average for the total manufacturing sector. 

Foreign-controlled firms in 1991 (most recent available data) represented about three quarters 
of establishments and production and over 80 percent of the employment and employment 
income in the inorganic chemical subsector. Foreign control was somewhat lower in petro-
chemicals, accounting for 64 percent of production in the same year. 

Petrochemical plants 

support higher 

employment 

Regional Distribution 

While the number of industrial chemical plants increased in eveiy region between 1985 and 
1994 (most recent available data), employment declined everywhere except Alberta. Ontario still 
accounts for half of industiy employment as well as wages and salaries, but activity has become 
somewhat less concentrated in Ontario in recent years (see.Annex Table D-3). 

In inorganic chemicals, Ontario's market share has declined in recent years. While 
Ontario's share of industry shipments declined from 53 percent to 37 percent between 1985 and 
1994, Quebec's share increased from 21 percent to 35 percent. The new production capacity 
built in Quebec in recent years is largely due to the veiy competitive electricity rates in that 
province (see Annex Table D-4). 

In petrochemicals, new investment in Alberta, attracted by the availability of natural 
gas feedstock, has pulled production westward. Over the 1985-94 period, Ontario's share of 
manufacturing shipments fell from 60 percent to 50 percent, while Alberta's share increased 
from about 25 percent to 35 percent (see Annex Table D-5). 

9 
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Canadian plants special-

ize in specific products 

to supply NA market ... 

... focus on production 

Canadian production 

is tied to growth in 

NA market 

Growth in domestic 

inorganic market is 

mostly supplied by 

imports 

Canadian petro- 

chemical exports 

expand to meet 

growing U.S. needs, 

outpacing strong 

growth in imports of 

products not made 

in Canada 

North American Rationalization 

As part of the rationalization of industrial chemical production in North America, Canadian 
plants have been restructured to specialize in specific product lines. By producing a specialized 
group of products for the continental market, Canadian plants are able to achieve greater 
economies of scale and scope. This restructuring has been reflected in employment patterns. 

The proportion of production workers to total employment rose from 60 percent to 69 percent 
over 1990-95 as restructuring brought about a reduction in the number of Canadian head 
office functions. With rationalization, management jobs have been concentrated in corporate 
or regional headquarters, which in many cases are in the United States. 

As a result of restructuring, Canadian production is tied less closely to the growth of the 
Canadian market and is more dependent on the growth of the North American market. Both 
imports and exports increased sharply. While Canadian shipments of all industrial chemicals 
over the past decade have kept pace with the growth in the Canadian market, the experiences 
of firms in the organic and inorganic segments have been quite different. 

In inorganic chemicals, Canadian shipments have not kept up with the expansion of the Canadian 
market. Over the past 10 years, the U.S. market, the principal destination of Canadian output, 
has grown at an annual average rate of 2.8 percent, which is only a little more than half the 
growth rate of the Canadian market (5 percent). As a result, Canadian export growth could not 
compensate for the strong growth in imports of inorganic chemicals not made in Canada (over 
10 percent per year) (see Annex Table D-6). 

Canadian imports of petrochemical products also have increased rapidly, with U.S. producers 
capturing an increasing share of the domestic market. However, in this segment, the growth in 
exports has more than compensated for the strong growth in imports. Canadian petrochemical 
exports to the U.S. increased by an average 15 percent per year over 1985-95, and Canadian 
producers' share of the U.S. market rose from 1.4 percent to 3.3 percent over this period. As a 
consequence, the growth in shipments of Canadian petrochemicals outpaced domestic market 
growth, unlike the situation fnr inorganic chemicals (see Annex Table D-7). 

Performance 2.4 

Despite substantial 

demand growth, bene-

fit has been restrained 

Trade Performance 

Both world exports and North American demand for industrial chemicals have grown substantially 
over the past decade, although rates of growth have varied significantly from year to year due to 
the cyclical nature of the markets. The ability of Canadian producers to benefit from growing 
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demand has been greatly influenced by the rationalization that has been under way in North 
American production, by the downtu rn  in demand resulting from the 1990-92 recession and 

by the limited number of products m anufactured in Canada. 

Canadian producers have gone through a difficult period. As the FTA took effect and as U.S. 
markets softened in 1990, U.S. producers intensified their efforts to sell in Canada and increased 
their share of the Canadian market from 30 percent in 1990 to 44 percent by 1995 (Figure 4). 
Imports from the rest of the world also increased their share over the same period, but not to 
the same extent. As previously noted, the high Canadian exchange rate in the late 1980s played 
a significant role in the early domestic adjustments, whereas a lower Canadian dollar has assisted 
the growth of exports and production in recent years. 

U.S. plants increase 

Canadian market 

penetration; Canadian 

expo rts increase as 

exchange rate falls 

Figure 4. Share of Industrial Chemicals,a Canadian and U.S. Markets 

Share of Canadian Market Share of U.S. Market 
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80  

70  

60  

50 

4'r  Oi  
1985 1987 1989 1991 1993 1995 1985 1987 1989 1991 1993 1995 

—Canadian domestic sales 

Percent 
50  12 

1 

8 

101 2 

1985 1987 1989 1991 1993 1995 1985 1987 1989 

— Imports —  Imports 
from U.S. from rest 

of world 

a Including plastics and synthetic resins. 

Source: Statistics Canada/Industry Canada Business Integrated Database; U.S. Department of 
Commerce, Census of Manufactures (Washington, D.C.: GPO, 1992 and updates). 
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On the other hand, Canada's penetration of the U.S. domestic market also rose, doubling from 
2 percent in 1985 to 4 percent by 1995 (Figure 4). Imports from the rest of the world also 
increased their share over the same period, but at a lower rate of growth. 

The percentage decline of domestic producers' share of the Canadian market is quite large, 
and the size of the Canadian share of the U.S. market (notwithstanding a doubling) appears 
quite small. But because the U.S. market is so large, the Canadian industry in fact has not done 
badly in absolute terms. Its share of the combined Canada—U.S. market did decline for awhile 
but, since 1993, it has rebounded and, at just over 6 percent, once again stands at about where 
it was 10 years ago. Indeed, it is the U.S. that has lost share in the combined markets to 
offshore producers (Figure 5). 

Figure S. Share of Industrial Chemicals,' Combined Canada-U.S. Market 

12  Percent 90 Percent 

10 88 

86 

84 

82 

o 
1985 1987 1989 1991 1993 1995 1985 1987 1989 1991 1993 1995 

—  Canadian share  Rest of 
world share 

— U.S. share 

a  Including plastics and synthetic resins. 

Source: Statistics Canada/Industry Canada Business Integrated Database; U.S. Department of 
Commerce, Census of Manufactures (Washington, D.C.: GPO, 1992 and updates). 

Canadian inorganic 

chemicals enjoy 

upswing in exports 

in 1990s 

Export growth 

reduces Canadian 

trade deficit with 

U.S. in petrochemicals 

With regard to inorganic chemicals, Canada runs a substantial trade surplus with the U.S., 
and Canadian penetration of the U.S. market had risen to 5.9 percent by 1995. The Canadian 
share of the combined Canada—U.S. market was around 7 percent or higher throughout the 
1985-95 period. After declining in the late 1980s, the Canadian industry's share of world 
exports of inorganic chemicals has rebounded to its 1985 level of 6.2 percent (Figure 6). 

Canada's share of the North American market in petrochemicals also has been on the rise 
recently, going from 4.7 percent in 1993 to 6.0 percent in 1995. Exports of petrochemicals 
increased sharply in 1995 as production capacity in western Canada came on stream. Export 
growth is expected to lead to continued reductions in Canada's trade deficit in petrochemicals 
with both the U.S. and the rest of the world. 

12 
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After slipping in the late 1980s, Canada's share of world export demand for industrial chemicals 
has been restored to the 1985 level of about 3.1 percent. It should be noted that this is 3.1 per-
cent of a market that has grown by an average of 9.8 percent per year in the period from 1985 
to 1995. 

Figure 6. Canada's World Trade Shares 

1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 

Petrochemicals All industrial chemicals including 
plastics and synthetic resins 

Source: Chemical Manufacturers Association, U.S. Chemical Industry Statistical Handbook 1994 
(Washington, D.C.: CMA, 1994). 

Efficiency Indicators 

Labour output and value-added per worker have increased significantly since 1991 for both 
inorganic and petrochemical production in Canada. This is partly attributable to recent North 
American restructuring. In the petrochemical subsector, however, since labour costs represent 
less than 5 percent of the value of shipments (in 1994, most recent available data) and since 
output prices vary with market forces and hydrocarbon feedstock costs, output per employee is 
not a reliable indicator of overall performance. 

Percent 
7 

Inorganic chemicals 

Labour output and 

value-added per worker 

rise for both inorganic 

and petrochemical 

subsectors 

Canada—U.S. Efficiency Comparisons 

For the sector as a whole, Canadian labour productivity typically has been lower than that 
in the U.S. over the years. However, after declining more rapidly than in the U.S. industry going 
into the last recession, labour productivity growth in the Canadian industry since 1991 has 
been almost double that of its U.S. counterpart (Figure 7). Growth in constant-dollar shipments 
per employee, however, is not a measure of the absolute levels of Canadian or U.S. productivity. 

Rate of Canadian 

industry labour 

productivity 

growth surges 
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Figure 7. Annual Growth in Labour Productivity, *  Canada and the U.S. 
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a Compound average annual rates of growth of shipments divided by number of employees, 
expressed in constant national currency units. 

Source: Statistics Canada/Industry Canada Business Integrated Database; U.S. Department of 
Commerce, Census of Manufactures (Washington, D.C.: GPO, 1992 and updates). 

Profitability 

Domestic prices tend to be less volatile than export prices. The U.S. industrial chemical industry 
has 79 percent of production going to the domestic market, and a larger percentage of higher-
priced specialty chemicals than Canada. Its profitability record shows lesser fluctuations than 
those of the Canadian sector, where only 37 percent of production, most of which is of commo-
dity chemicals, goes to the domestic market. Over the 1985-95 period, however, the Canadian 
industry still averaged net earn ings after taxes and write-offs of 6.2 percent, compared with 
4.1 percent for U.S. firms. 

Investment and Profits 

For inorganic chemicals, high capacity utilization rates and rising profits in the mid-1980s 
triggered major capital investment in new plant capacity in the 1988-90 period (Figure 8). 
The recession in the early 1990s subsequently led to lower net income (net profit/loss after 
taxes, interest and special write-offs) and reduced capital investment. More recently, rising 
capacity utilization rates and profits suggest that the business cycle has returned to a point 
where capital expansion is again likely. 
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Figure 8. Investment and Profits, Inorganic Chemical Subsector 

1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 

•  Fixed capital expenditures ill  Net income after taxes Capacity utilization 
rate (SIC 37) 

Source: Industry Canada estimates, based on financial data provided by the Canadian Chemical 
Producers' Association and capacity utilization rates provided by Statistics Canada. 

In the petrochemical subsector, the sharp decline in capacity utilization at the start of the 
1990s was a consequence of the major loss in North American market share by Canadian petro-
chemical producers (Figure 9). Weak sales combined with weak prices resulted in the poor 
financial results of the 1990-93 period. In recent years, however, utilization rates have again 
approached capacity limits, and a new round of major capital investment is under way, largely 
in Alberta. 
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Figure 9. Investment and Profits, Petrochemical Subsector 
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Source: Industry Canada estimates, based on financial data provided by the Canadian Chemical 
Producers Association and capacity utilization rates provided by Statistics Canada. 

Asian prospects open 

attractive growth 

possibilities for western 

petrochemicals 

Given recent excellent returns in upstream energy, "oil sands" tax regime changes and 
heavy exploration activity in western Canada, a supply-side advantage is emerging. Western 
Canada has a clear freight advantage over the U.S. Gulf Coast in shipping bulk petrochemicals 
to the rapidly growing markets of Asia Pacific. This offers attractive growth prospects for the 
medium term. 
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3 CHANGING CONDITIONS AND 
INDUSTRY RESPONSE 

General 

The geographic distribution of the industrial chemicals industry has shifted substantially since 
1985. Alberta has gained petrochemical jobs, while Ontario and Quebec have lost some. In the 
inorganic subsector, only Quebec has not lost jobs. In spite of its losses, Ontario continues to 
dominate the industrial chemicals industry (see Annex Table D-3). 

Electricity costs in Ontario accelerated rapidly in the early 1990s and, to remain competitive 
with the U.S. producers, manufacturers built new inorganic chemical capacity in provinces with 
lower electricity costs, most notably Quebec. In 1994, Alberta started to attract substantial new 
ethylene production capacity because of its ample supply of ethane. 

In recent years, the electricity rate advantage of Quebec has come under pressure from such 
factors as the trend toward utility deregulation, co-generation from natural gas sources, and 
other factors such as the NAFTA provision that places electricity pricing on a "continental basis." 

Canada reformed its corporate tax system in the late 1980s in line with the reforms implemented 
in other countries. The tax base was substantially broadened and, in turn, corporate taxes were 
reduced. The removal of most investment tax credits and the replacement of a three-year capi-
tal cost allowance formula for machinery and equipment with a 25-percent declining balance 
methodology was particularly detrimental to the petrochemical sector. At the saine time that 
Canada had made its capital cost allowance formula less attractive, the U.S. had given preferen-
tial treatment to its petrochemical sector with an accelerated five-year capital cost allowance. 

Federal and provincial tax changes in 1992 reversed some of the disincentives in the Canadian 
tax regime and now, for the petrochemical industiy in Alberta, Ontario and Quebec, the corpo-
rate tax systems are competitive with those in the competing U.S. states of Texas and Louisiana. 

Investment prospects 

are attractive due to 

Canadian corporate 

tax policy 
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!U! Research and Development and Innovation 

Provincial R&D tax 

treatment is additional 

incentive 

Canadian firms benefit 

from innovations of 

foreign parents 

The industrial chemicals industry benefits from a favourable environment for R&D in Canada. 
The primary underlying factors are an ample supply of well-qualified new graduates, favourable 
tax treatment for R&D expenditures and the lowest cost per researcher (on a common currency 
basis) among the Group of Seven most industrialized countries. The government's emphasis 
on industrial collaboration means that Canadian universities and government laboratories 
are increasingly open to partnership research activities. As well, the Natural Sciences and 
Engineering Research Council of Canada (NSERC) has dedicated a significant portion of 
its funding to the support of university—industry cooperative research partnerships 

In addition to the very favourable federal R&D tax treatment, firms benefit from provincial 
R&D tax incentives that are generally more attractive than those in competing U.S. states. The 
benefits of the Canadian tax policies accrue directly to Canadian companies. If, however, fund-
ing is supplied by a non-Canadian parent through its Canadian affiliate, all of the tax benefits 
can be achieved by the Canadian affiliate, thus benefiting the global business. Canada's R&D 
tax treatment represents one of the most generous incentive systems available internationally. 

Canadian firms that are affiliates of U.S. enterprises are also able to benefit from their privileged 
access to new technology developed in other parts of the organization. In the inorganic chemical 
subsector, which is subject to a high degree of foreign control, Canadian firms can take advantage 
of the innovations of their U.S. parents that lead to new industrial chemical products, new process 
technology or increased efficiency in marketing, financing or distribution. 

Industry ranks 3rd in 

R&D expenditures, 2nd 

in ratio of R&D to sales 

A review of 1993 Statistics Canada data (Industrial Research and Development in Canada, 
Catalogue No. 88-202, annual) ranks the chemicals and chemical products industry, which 
includes pharmaceuticals, third after the electrical and electronics industry and the transportation 
equipment industry in R&D expenditures, and second in R&D expenditures as a percentage 
of sales. When R&D spending is considered over time, total chemicals (SIC Major Group 37: 
Chemicals and Chemical Products Industiy) show a steady increase from $176 million to 
$583 million from 1985 to 1995. Industrial and other non-pharmaceutical chemicals represented 
more than half of this in 1985, but less than one third in 1995. Industrial chemical R&D spending 
has been essentially flat over the past five years (Figure 10). These data suggest that, despite the 
positive environment for attracting R&D investment, industrial chemicals in recent years have not 
managed to attract the level of investment that one might expect. 
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Figure 10. R&D Spending, Chemicals and Chemical Products, Canada 
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Source: Statistics Canada, Industrial Research and Development, Catalogue No. 88-202, annual. 

With a view to better understanding the R&D environment in Canada for companies in this industry 
and with the objective of promoting awareness of the benefits of doing R&D in Canada, Industry 
Canada has compiled a number of success stories including 14 case histories, all available on the 
Internet at the department's Strategis web site (http://strategisic.gc.ca ). Six are sunimarized in 
Annex C. 

Although each of the companies started from a different base and faced different competitive 
challenges, the solution was often similar: specialize and focus on a niche market and strive to 
become a world leader in that market. This is exemplified by Cytec Canada with phosphine derivatives, 
DuPont Canada with its specialty fibres, Sterling Pulp Chemicals with chlorine dioxide technology, 
and °then. All are leading suppliers of their special product to world markets. These success stories 
examine how the R&D/innovation conducted by these companies contributed to their success as 
world-clam suppliers and illustrate the factors that encouraged conducting of the R&D in Canada 

Trade 

As noted in Section 2.4, Canadian firms have experienced growing success in recent years in 
the U.S. market. Cana.da's share of the U.S. market has increased from 2.0 percent in 1985 to 3.8 
percent in 1995. Canada's production share of the Canada—U.S. market has rectivered from its 
recessionary  lows, recording a particularly strong increase in 1995. In this regard, it is interesting 
to note that 1 percent of the U.S. market represents US$1.3 billion, which is equivalent 
to about 15 percent of the Canadian market in 1995. 
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World expo rt  demand for industrial chemicals increased at 9.8 percent per year during 1985-95, 
which was more than twice the growth rate of North American demand. World markets are being 
fuelled by demands from the rapidly growing economies of Southeast Asia, particularly Taiwan, 
Republic of Korea, China, Thailand, Malaysia and Singapore. Canada has participated in the 
growth of world exports, achieving an estimated 3.1 percent share of the world market in 1995. 

Investment 

The federal gove rnment has recently announced a national investment strategy initiative that 
includes a special marketing unit named Investment Partnerships Canada, administered jointly 
by Industry Canada and the Department of Foreign Affairs and International Trade. This initia-
tive seeks to make Canada the NAFTA location of choice for investment, and the industrial 
chemicals industry has been identified as one of the target sectors for this initiative. Figure 11 
illustrates the recent capital investment cycle of the Canadian industrial chemicals indust ry. 

Figure 11. Capital Investment and Profits, Industrial Chemicals, Canada 

3.4 

1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 

irk Net income after taxes — Capacity utilization 
rate (SIC 37) 

Source: Industry Canada estimates, based on financial data provided by the Canadian Chemical 
Producers' Association and capacity utilization rates provided by Statistics Canada. 
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It is interesting to compare the Canadian experience with the investment cycle of the U.S. sector 
(Figure 12). U.S. firms experienced the effects of the recent recession, but the downturn lasted 
longer than in Canada and operating rates fell lower. Since the U.S. industry invests primarily 
for the U.S. market, investment in the U.S. industry declined only moderately in the early 1990s. 
In the mid-1990s, with plants operating at 80 percent or better, investment to expand plant 
capacity is again on the increase. In Canada, operating rates generally approach 90 percent 
before investments are attracted. 

Impact of recession 

lasted longer in U.S. 

Figure 12. Capital Investment and Profits, Industrial Chemicals, U.S. 

1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 

•  New capital investment 11/  Net income after taxes Operating rate, 
industrial chemicals 

Source: U.S. Depa rtment of Commerce, Census of Manufactures (Washington, D.C.: GPO, 1992 
and updates); Chemical Manufacturers Association, U.S. Chemical Industry Statistical 
Handbook 1994 (Washington, D.C.: CMA, 1994). 

With the continued strength of its investment (about $16 billion per year), the U.S. is 
maintaining a large, modernized production base to serve the North American market. 
This increases the need to maintain a favourable investment climate within Canada and 
to regularly monitor the relative efficiency of Canadian plants and equipment. 

Canada requires 

favourable investment 

climate to stay cornpet-

itive in NA market 
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Sustainable Development 

Industry affects, 

and is affected by, 

environmental agenda 

of many sectors 

Commitment to 

voluntary etnission 

controls results in 

significant reductions 

Responsible Care® 

sets industry-wide 

guidelines 

A healthy economy and a healthy environment are essential to well-being. This is particularly the 
case for Canada, where rich natural resources have been a primary source of wealth and jobs. 

Sustainable development is both a concept and a process that provide the framework for the 
integration of environmental objectives and development strategies. It acknowledges the neces-
sity of development to satisfy human needs and improve the quality of life, while recognizing 
that development must be based on the efficient and environmentally responsible use of all 
our resources — natural, human and economic. 

It should be noted that this industry both sells to and buys from industries at the heart of virtually 
every environmental agenda. As a result, significant developments on the environmental front , . 
both domestically and internationally, will affect this industry on both the demand and cost sides. 

Canada has made considerable progress in many areas by working on a collaborative basis 
to improve environmental quality. Examples of recent federal environmental policy and pro- 
gram initiatives include the Canadian Environmental Assessment Act, the Toxic Substances 
Management Policy, the Pollution Prevention Strategy and the Canadian Environmental 
Protection Act. 

For the industrial chemicals industry, the principles of sustainable development are given eXpres-
sion through a broad range of environmental initiatives, including emission reduction/elimina-
tion, comprehensive waste management and recycling, the product life cycle management 
approach and various corporate activities. The industiy has demonstrated a strong commitment 
to effective voluntary approaches, and has supported international standards and approaches 
to both establishing and achieving environmental goals. For example, air emissions were 
reduced by 50 percent by 1994, in keeping with a commitment made in 1992 by members of the 
Canadian Chemical Producers' Association (CCPA). Projected air emissions for 1999 are for only 
28 percent of 1992 emissions. Water emissions were reduced to 16 percent of 1992 levels by 1994. 

The CCPA in 1985 created the Responsible Care®  initiative, which affirms the commitment of 
member companies to operate according to standards that meet the health, safety and environ-
mental needs of society. As a condition of CCPA membership, companies formally sign, at the 
top management level, the "Statement of Responsible Care® and Guiding Principles," which 
includes specific moral obligations for the responsible management of chemicals and products. 

'Responsible Care is a registered trademark of the Canadian Chemical Producers' Association. 
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Under Responsible Care®, the association compiles and reports key performance data annually. 
Managers are also expected to be proactive in bringing their company's performance to the 
attention of employees, communities, governments and other stakeholders. The CCPA annually 
reports on all emissions in the National Emissions Reduction Master (NERM) plan and on 
progress in meeting the five-year commitments toward continuous improvement. 

The CCPA Chemical Referral Centre provides product information and a company contact to 
answer public enquiries. Through TransCAER, a component of Responsible Care®, companies 
assist communities potentially at risk, through community meetings, chemical risk awareness, 
emergency planning and first aid response training. Companies must have the capacity either 
in-house or through alternative arrangements (like the CCPA Transportation Emergency 
Assistance Plan) to respond promptly to transportation emergencies, 

In addition, Responsible Care® companies are committed to work with governments and 
are expected to participate in and support various Memoranda of Understanding directed at 
environmental improvement, report designated substance emissions to the secretariat of the 
Accelerated Reduction and Elimination of Toxics CARET)  program and, with regard to climate 
change issues, to commit to the federal Voluntary Challenge and Registry (VCR). In Ontario, 
companies are strongly encouraged to participate in the provincial government's Pollution 
Prevention Pledge Program, drawing on their NERM data and ARET submissions. 

Managers take 

proactive approach 

toward continuous 

improvement 

Public-private 

sector participation 

helps set pollution 

prevention goals 

Responsible Care® is a bona fide Canadian industry success story, recognized internationally 
and commended by the United Nations Environmental Programme. Following the CCPA exam-
ple, industry associations in over 40 countries have adopted Responsible Care® for their own use. 

Responsible Care ® 

is adopted in 

40 countries 
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4 GROINTH PROSPECTS FOR THE INDUSTRY 

4.1 Demand Oturtlook 

Countries with 

substantial capacity and 

hydrocarbon feedstocks 

will benefit from 

growth in demand for 

petrochemicals 

Rapidly growing 

SE Asian petrochemical 

markets are overtaking 

Americas, western 

Europe 

The world market for petrochemicals and resins is growing rapidly. Total world exports of 
petrochemicals increased at an average annual rate of 10.8 percent during 1985-95. Since 
petrochemical plants are world-scale operations, requiring long lead times for construction, 
countries with substantial capacity already in place will be the main beneficiaries of expanding 
opportunities over the short to medium term. The economics of petrochemical production also 
depend on feedstock supply and prices, giving an advantage to countries with ample supplies of 
hydrocarbon resources. 

The major growth markets for petrochemicals are in the rapidly expanding economies of 
Southeast Asia. It is forecast that by 2005 the Asia Pacific nations will account for 62 percent 
of the gross domestic product of the world's 25 largest economies, compared with 38 percent 
in 1994. The share of the Americas is projected to fall from 38 percent in 1994 to 22 percent in 
2005, and that of western Europe from 25 percent to 16 percent. China has become a major 
importer of petrochemicais. While major increases in production capacity are also planned by 
China over the next decade, demand growth is expected to outstrip the increase in capacity that 
can be brought on stream over this period. 

Canada anticipates 

investments to meet 

rising world demand 

Inorganic chemical 

production is more 

stable; investment 

cycles are less volatile 

In Canada, industry analysts anticipate that potential new investments in petrochemicals to 
meet North American and offshore markets could approach $46 billion in western Canada 
over the years to 2005. Investments in eastern Canada could be on a similar scale, although the 
mix of petrochemicals, resins and other downstream products would be more varied there. In 
eastern Canada particularly, the scale of investment depends very much on addressing issues 
of construction costs, utility deregulation and environmental permitting processes. 

Prospects for the inorganic chemical industry are tied more closely to the growth of the 
North American market. Freight costs represent a relatively high proportion of product value 
per tonne, and this limits the geographic trading area for many products. While more dependent 
on the North American market, inorganic chemicals are less affected than petrochemicals by 
the ups and downs of the North  American business cycle. Moreover, since demand tends to be 
relatively stable and since plants can be expanded in stages to meet demand growth, investment 
cycles are less volatile than in the hydrocarbon-based petrochemical sector. 
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4.2 Current Industry Strengths 

Canada has a number of advantages as a producer of industrial chemicals. We have abundant 
natural resources and ample supplies of the raw materials required by industrial chemical 
producers. Trade agreements provide firms with largely unrestricted access to the entire North 
American market. The country has a skilled work force and, at current exchange rates, labour 
costs are relatively low in comparison with other industrialized nations. Canada provides 
favourable tax treatment to R&D investment and, with the exception of British Columbia, 
the industry views the provincial corporate tax systems for petrochemicals as competitive with 
the tax systems in competing U.S. states such as Texas and Louisiana. 

Canada presents a model for collaboration between government and industry in the area of 
regulation to address environmental concerns. Through voluntary standards, the chemical 
industry generally has encouraged its members to come up with cost-effective approaches to 
reducing harmful plant emissions and to work to redress environmental degradation arising 
from industry activities. 

Canada's quality of life and standard of living, which are among the highest in the world, 
support positive work force attitudes. The education system produces quality graduates, many of 
whom receive additional training from their employers. The chemical industiy views its highly 
skilled work force as a source of its competitive strength. It has established relations with 
universities and community colleges in order to ensure that it continues to benefit from the 
availability of well-trained recruits. 

Strengths include 

ample feedstocks, more 

liberal NA trade, R&D 

investment 

Industry-government 

collaboration stimulates 

search for cost-effective 

environmental solutions 

Highly skilled work 

force is competitive 

strength 

Canada's unit labour costs (measured in U.S. dollars), a key indicator of competitiveness, have 
declined since 1992, reflecting the effect of the continuing decline in wages and a decline in 
the value of the Canadian dollar. In addition to this advantage in terms of wage costs, Canada 
benefits from Canadian workers' generally high level of job satisfaction. In the chemical industly, 
this has translated into minimal losses of production time due to labour disputes. 

Managers in Canadian chemical companies exhibit a strong commitment to quality and 
customer service. Generally, Canadian managers have more  experience than their U.S. 
countelparts with flexible manufacturing systems and smaller production runs to meet diverse 
demands. The industty appears to be well positioned for the age of "nitnble manufacturing." Some 
companies are taking advantage of this by placing mandates for niche products in Canada. 

Exchange rate gives 

Canadian firms labour 

cost advantage 

Canada adapts readily 

to diverse demand 

changes of niche 

markets 
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Companies restructure 

with heavy investments 

in plants, equipment 

Lower exchange rate 

helps reduce 

construction cost 

disadvantage 

Government is 

responsive to firms' 

need for smooth 

approvals process 

During the major restructuring that has occurred over the past 10 years, companies have 
invested heavily in new plants and equipment. Companies have added capacity, lowered pro-
duction costs, added advanced technology, and introduced process improvements to meet or 
exceed health, safety, environmental and energy conservation goals. But Canada accounts for 
less than 1.7 percent of the world's estimated $1.5 trillion worth of industrial chemical outputs. 
As a small player with a small domestic market, Canada nee'ds to outperform others in order 
to command the attention of international investors. 

Curcrent and Anticipated Competitiveness 
Challenges 

An analysis of performance and outlook and extensive collaboration with stakeholders reveals a 
range of key issues affecting the competitiveness of the Canadian industrial chemicals industry. 

Construction costs, relative to those in competing locations, can have a significant 
influence on investment decisions. While Canadian construction costs have fallen relative to 
those in the U.S., recent analysis by Industry Canada in cooperation with industiy representatives 
suggests that this change is due not so much to improvements in productivity and changes in 
labour practices as to a lower exchange rate for the Canadian dollar. This element of capital 
cost continues to be of concern. 

While regulation is generally regarded as a major cost of doing business in Canada, the 
chemical sector recognizes that the Canadian environmental approvals process tends to 
work better than those in other countries, including the U.S. and Europe. Governments in 
Canada are responsive and pragmatic in comparison with other countries. Regulatory reform 
in Canada has been ongoing for 20 years, and governments are committed to a continuing 
process of regulatory review. 

4.3 

Electricity cost is 

important to inorganic 

chemical investment 

To provide a firmer basis for the favourable view that many have of Canada's regulatory 
approach, Industry Canada and the CCPA undertook a comparative analysis of plant envi-
ronmental approvals systems in four Canadian jurisdictions and a range of competing U.S. 
locations. This study identifies and attempts to promote a number of best practices that can 
guide the design and implementation of regulatory processes (summarized in Annex B — 

Regulatoly Requirements Best Practices). The complete findings of the study are available 
on the Internet at Industiy Canada's Strategis web site (http://strategisic.gc.ca ). 

Depending on the product, electricity costs can represent less than 5 percent to 60 percent 
of the variable operating cost of a chemical manufacturing facility. Because these costs can 
be readily compared between jurisdictions, electricity costs impact on investment decisions, 
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particularly when they represent a large component of total operating costs, as in many 
inorganic chemical processes. To attract new investment and stay competitive in domestic and 
international markets, the industry — particularly the inorganic subsector — must have 
options for sourcing electricity. 

Despite generous tax incentives for research and development, the availability of skilled 
research talent, and a climate that is conducive to university—industry collaboration, Canada's 
level of R&D investment has been disappointing. These advantages may not be sufficiently 
appreciated by corporate decision makers, or they may be overridden by other factors. Another 
factor may be increased centralization of certain corporate functions such as R&D to head office 
locations, as subsidiaries become more integrated into global operations. Industry Canada's 
examination of R&D successes (Annex C) serves as both illustration and demonstration of 
best practices in this area. 

Both industry and government have given considerable attention to improving environmental 
performance. Over the past decade, sustainable development has become a key principle 
governing federal government policy. The industrial chemicals industry recognizes that the prin-
ciples of sustainable development are fundaméntal to its future and to the future of Canada's 
economy, and is responding to these challenges through the Responsible Care® initiative. 
More information on Responsible Care® can be found in Annex A. 

Future Opportunities 

The industry faces two major challenges with respect to inorganic chemicals. The first is to 
encourage the investment needed to support expansion. To this end, industry and government 
must continue to monitor the subsector's competitive health on a variety of fronts, including 
electricity and fuel costs, the regulatory environment and operating costs. The second challenge 
for Canadian firms is to increase exports by acquiring the expertise, technology, know-how and 
mandate needed to participate in emerging opportunities in foreign markets. 

Canadian petrochemical producers have an exceptional opportunity to export from their 
western Canada bases to booming Southeast Asian markets. Over the longer term, opportunities 
will emerge (through joint ventures, technology transfer arrangements and other mechanisms) 
to participate in developing the production capacity of these newly industrializing countries. 
Recent investments in new ethylene capacity in Alberta (Nova-Union Carbide and Dow) position 
the industiy as a North American low-cost producer ready to export ethylene derivatives to 
expanding Asian and U.S. markets. This new capacity also creates opportunities for new down-
stream product lines. 

R&D investment needs 

to be increased to 

meet global market 

challenges 

Inorganic chemicals 

need to contain energy 

costs, expand exports 

Petrochemicals become 

poised to tackle boom 

in SE Asian market 

4.4 
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4.5 The Bottoni Line 

Canadian chemicals 

depend on world 

markets 

Industry competitiveness 

helps Canadian firms 

integrate with global 

IVINEs 

... to become full 

partners in global 

structures 

With a small domestic market for industrial chemicals, Canada is dependent on its ability to 
attract investment and remain competitive in global markets in general and in the U.S. market 
in particular. Canada compares favourably with other countries in terms of a number of com-
petitiveness factors, especially its abundant supply of natural resources. As a result of recent 
trade agreements, Canada has relatively free access to the U.S., along with the Mexican markets. 
The quality and stability of Canada's work force and this country's relatively low labour costs 
at current exchange rates provide significant competitive advantages. 

While the industry is well positioned for the new, more intensely competitive environment, 
globalization of the industrial chemical market nonetheless has had a profound effect on 
Canadian producers. Canadian-owned companies no longer can rely on a protected domestic 
marketplace. For multinationals, the days of the separately managed, self-contained Canadian 
subsidiary are gone. Today, the Canadian branches of most multinational chernical companies 
have been fully integrated into their global corporations. 

The challenge for Canadian producers is to become full partners in these increasingly global 
structures and to demonstrate to their parent companies the opportunities and benefits of 
investing in Canada. The challenge for government is to ensure a competitive investment 
environment through stable and supportive policies and by working with industry' to effectively 
promote Canada's advantages. 

For further information concerning the subject matter contained in this Overview, please contact: 

Advanced Materials, Chemicals and Plastics Branch 
Industry Canada 
Attention: Ian  Maris  
235 Queen Street 
OTTAWA, Ontario 
KlA 01-15 

Tel.: (613) 952-9628 
Fax: (613) 952-4209 
E-mail: marrs.ian@lc.gc.ca  
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Annex A 
RESPONSIBLE CARE®  

The following material is summarized from the booklet Responsible  Care®:  A Total 
Commitment by the Canadian Chemical Producers' Association (Ottawa; CCPA, 
September. 1992 ). 

Guiding Principles 

With a formal commitment to Responsible Care®, which comes from the chief executive, 
each CCPA member company subscribes to the following guiding principles: 

• ensure that its operations do not present an unacceptable level of risk to employees, 
customers, the public or the environment 

• provide relevant information on the hazards of chemicals to its customers, urging them 
to use and dispose of products in a safe manner, and make such information available to 
the public on request 

• make Responsible  Care®  an early and integral part of the planning process leading to 
new products, processes or plants 

• increase the emphasis on the understanding of existing products and their uses and ensure 
. that a high level of understanding of new products and their potential hazards is achieved 
prior to and throughout commercial development 

• comply with all legal requirements which affect its operations and products 

• be responsive and sensitive to legitimate community concerns 

• work actively with and assist governments and selected organizations to foster and 
encourage equitable and attainable standards. 

Responsible Management of Chemicals 

On the foundation of these guiding principles, all CCPA companies commit to meeting 
the requirement of the Responsible  Care®  codes of practice. The six codes cover: 

• community awareness and emergency response 

• research and development 

• manufacturing 

• transportation 

• distribution 

• hazardous waste management. 
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These codes are based on "life cycle management"; that is, managing each chemical responsibly 
from initial concept through R&D, manufacturing, shipping, usage and ultimate disposal. 
Each code of practice consists of: 

• a code statement defining what is expected of a member company 

• criteria by which the company can evaluate progress and results including identification of 
the areas, frequency and the means by which progress reports can be made to the association 

• implementation assistance, which includes seminars, printed materials and references on 
external resources. 

In addition, member companies are also expected to work with customers, transporters, 
distributors and other parties in the application of the codes to their operations. 

• 
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Annex B 
REGULATORY REQUIREMENTS BEST PRACTICES 

Industly Canada and the Canadian Chemical Producers' Association in August 1996 
completed a comparison study of environmental approval processes in four Canadian 
provinces and three US. states for a range of industrial chemical facilities. The purpose 
of the study was to quantify the competitive advantage that the process in Canada could 
contribute to a chemical project, including differences in time required for the approvals 
process, fees, equipment/process requirements and other associated costs. The results were 
shared with participants and reviewed by a CCPA Working Group on Plant Permitting. 
From the findings, the followfizelist of best practices was compiled. 

Recommended "Best Practices" in Regulatory Permitting 

• Initiate the permitting process with a pre-application meeting, based on a one-page project 
description. Have the official responsible for each potential permit requirement for the proj-
ect represented at the meeting be prepared to outline required information and commit 
to a probable or usual time frame. 

• Assign a project leader from government as the contact, a single-window account manager 
for the duration of the permitting process of a project. The account manager should have 
responsibility for final permitting sign-off or approval(s). 

• Process: 

— Generate a decision-tree schematic of the approval process which clearly highlights 
the relevant areas for the project based on the pre-meeting; 

— Clearly identify who the decision makers are; the consultative process should have 
direct access to decision makers; 

—An issues resolution process must be in place with capacity to quickly escalate to 
decision makers; 

—Where standards have not been established, and must be developed as part of the 
permitting process, those responsible for standards-setting decisions must be accessible 
to the consultative process, directly interacting with the proponent. 

• Establish on-line access to allow the proponent to identify project status. This permits the 
proponent to identify where the project approvals package is at any given time. Is the process 
waiting for data, undergoing analysis or at a decision point? 
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• Explore the notion of classifying types of projects. Develop screening or fast-track treatment 
by regulators for non-controversial or routine projects. For well-known technologies, use 
experience from other jurisdictions. As far as practicable, push the process down the decision-
tree. Only use proponent or government resources when there are information gaps, i.e., develop 
a process template based upon collective experience. 

• Establish a database for environmental standards and related regulatory rationale used in 
establishing standards and unique requirements which might apply to a particular location 
in the various jurisdictions. This will allow a potential investor to understand what may be 
involved in getting a permit and to use that information in making an investMent decision. 

• Coordinate federal, provincial/state and municipal permitting where there is a potential risk 
of overlap. Ensure various jurisdictions work together, including sharing studies and data 
to assess similar projects. Promote sharing of data on probable environmental impacts, 
best available technologies and design safeguards for similar projects, perhaps through 
on-line access. 

• Undertake public meetings only where there are serious, substantiated, unresolved public 
concerns by the affected community. 

• Consider eliminating the need to conduct a review of project engineering. The proponent 
is responsible for developing a project design proposal and signing off on the projedt. 
The proponent is accountable for employing its best available technology and meeting 
its Responsible Care° commitments. 

• For an environmental assessment process generally and plant permitting specifically, the 
design of the process should be based on protection of the environment as outlined below: 

— Environmental objectives/goals should be established for each jurisdiction. This would 
not be the sole responsibility of the regulators, but a broader stakeholder exercise. 

Permitting officials could then assess, on a periodic basis, the contribution of the 
regulatoiy process to achieving the objectives. 

There should be ongoing review of both the objectives and regulatory performance, 
with a view to continuous improvement and the objectives of delivering a sustainable 
development regulatory environment. 

jurisdictions should commit to continuous improvement and benchmark process 
and performance with other jurisdictions. 
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Annex C 
RESEARCH AND DEVELOPMENT SUCCESS 
STORIES IN THE INDUSTRIAL CHEMICALS 
INDUSTRY 

The following case histories are condensed from Indushy  Canada  's examination of 
how selected Canadian companies have benefited from R&D collaborations. The full 
text of 14 case histories is available on the hzternet at the department's Strategis web site 
(hte://strategis.ic.gc.ca). 

Bayer Rubber Inc. 

This success story presents an example of industry/university R&D collaboration 
at its best. 

Bayer Rubber Inc. (formerly Polysar) produces a range of synthetic rubber-based materials for 
transformation into industrial and consumer products by an array of manufacturing 
industries. It currently employs approximately 1 300 people at its Sarnia, Ontario, plant 
and has annual sales in the $400 million range. Beginning in 1982, it contracted the research 
assistance of Prof. Gany Rempel of the University of Waterloo on the development of a high-
performance elastomer for use in automotive parts. The result was the rapid development 
and commercialization of an end product to meet market needs. 

In order to meet standards for emission control and fuel efficiency, automotive engines operate 
at high temperatures and in small engine compartments. The result is a short life span for 
polymer-based engine parts such as belts, hoses and gaskets as they are attacked by oxygen, oils 
and other automotive fluids. The elastomer of choice in the late 1970s, nitrile butadiene rubber 
(NBR), was reaching its thermal resistance limits. Facing the potential loss of a huge market, 
Polysar moved quickly in 1982 to form a group to develop a heat and oil resistant rubber 
that would maintain its properties at 150°C for more than 1 000 hours. Concurrently, Polysar 
signed a research contract with Prof. Rempel to investigate and develop a catalyst system for the 
hydrogenation of NBR to form H-NBR. The close collaboration between both parties resulted in 
the invention of a unique, precious-metal catalyst system that was patented worldwide in 1983. 

A grant from the National Research Council assisted with scale-up testing. A pilot plant was 
designed and constructed in order to develop a commercial process for the catalytic hydrogena-
tion of nitrile rubber. Meanwhile, collaboration with the university continued in the search 
to find less expensive materials and to refine the process. Pilot plant samples were supplied to 
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selected clients, who confirmed that H-NBR was a viable product. The Polysar—Waterloo 
catalytic technology captured the Canada Gold Award for Business Excellence in 1987. The 
collaborative efforts were further recognized in September 1995 by a University—Industry 
Synergy R&D Partnership Award from the Natural Sciences and Engineering Research Council 
of Canada and the Conference Board of Canada. To date, the work has resulted in 12 patents 
filed worldwide. The technology proved to have great commercial application, and H-NBR is 
now used in automotive seals, gaskets, belts and hoses, oil well seals and valve linings, and 
in many industrial applications such as roll covers, textile belts and heat exchanger gaskets. 

Cytec Canada Inc. 

Based in Niagara Falls, Ontario, Cytec operates the only phosphine and phosphine derivatives 
plant in North America. Its success is largely based on research conducted by the Cytec R&D 
group and its development of a broad range of products derived from phosphine chemistry. 
Much of this research was supported by research tax credits and by grants from the 
National Research Council of Canada's Industrial Research Assistance Program (IRAP). 

Cytec employs about 90 people in the Niagara area and has sales estimated to be in -the area of 
$20-30 million. The plant in Niagara Falls is the world's largest phosphine production facility. 
Products include intermediates and catalysts used in pharmaceuticals, flame retardants used 
in military and industrial clothing, and electronic grade phosphine used in the production 
of semiconductor chips. About 80 percent of all production from the Niagara Falls facility is 
currently exported. 

Cytec's R&D group currently consists of three PhD's, two MSc's, two chemical technologists and 
several chemical technicians. The research projects are technology-driven and market-focussed. 
The following products are examples of the technology developed by Cytec Canada. 

• Flotation promoter: This product is a sulfide mineral flotation reagent used in the 
recovery of metals from mining ore. The promoter, AEROPHINE® 3418A, was developed 
under an TRAP grant. Since its introduction in the late 1970s, AEROPHINE® 3418A has 
become the promoter of choice at a number of locations throughout the world because it gives 
higher recovery rates, has greater selectivity, can be used in smaller doses and does not form 
hazardous decomposition products. This is the largest product by volume of the Niagara 
Falls facility, with sales reaching $7 million per year, of which 80 percent is exported. 

o Solvent extraction reagent: This development project also was sponsored by an IRAP 
grant. The two major successes to date are the development of CYANEX® 272, a phosphinic 
acid, and CYANEX® 923, a liquid phosphine oxide. Cytec manufactures and supplies the 
chemicals and also develops new processes for utilization. The chemists and metallurgists 
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at Cytec who developed CYANEX® 272 designed an extraction process to separate cobalt 
and nickel, a notoriously difficult task. The first plant was designed around the properties 
of CYANEX® 272, and this process became operational in 1985. Since then, six more 
custom-designed installations have been constructed around the world using the 
CYANEX® 272 process. 

• Ultraviolet photo initiator: This product is used primarily in the new and growing 
market of environmentally attractive ultraviolet-cured coatings. It can be used in applications 
involving thick coatings and opaque coatings. All production is currently exported. 

DuPont Canada Inc. 

The cost competitiveness of conducting R&D in Canada, due in part to scientific research 
tax credits, was instrumental in attracting an important research project on developing auto-
mobile airbags to DuPont's Kingston, Ontario, facility. Another significant factor in attracting 
this research project was the "receptor capacity" that existed in Kingston, consisting largely 
of the slçill and reputation of the technical personnel already in place there. 

DuPont Canada Inc. is a large diversified company serving customers in every Canadian 
province and in over 35 countries around the world. It has annual sales of approximately 
$1.7 billion and employs about 3 700 people. DuPont operates three main businesses: fibres, 
specialty chemicals, and specialty plastics and film. More than 65 percent of the product 
manufactured in Canada is for export. 

The fibres used in the manufacture of airbags require special properties. Airbags are housed in 
very confined spaces for a long period — up to 25 years. They must retain their strength while 
experiencing temperatures ranging from well below freezing to over 150°F (65°C). Then, at 
any time, they must withstand the force of an explosion that inflates the bags in microseconds. 
They must also be available in a broad range of shapes and sizes depending on the car model, 
the bag design and the bag location within the car. Hence, the fibre has to be lightweight, veiy 
strong, high-quality, reasonably priced and with the heat capacitance necessary to survive 
the inflation technology. 

In the 1980s, the ideal fibre did not yet exist. DuPont determined that what was needed was 
a blend of the best properties of an apparel fibre (lightweight, efficient processing) and an 
industrial fibre (strength and durability). The DuPont Canada R&D facility in Kingston took 
on the project to create a new generation of fibres to meet this end use. 
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The Kingston facility was selected for a variety of reasons. The DuPont Canada R&D capability 
already had a proven track record and had earned the mandate within DuPont for developing 
lightweight, high-strength nylon fibres for sewing threads and industrial fabrics. The cost of 
conducting research in Canada, including the research tax credits, meant R&D costs were as 
much as 50 percent lower than in the U.S. In addition, DuPont Canada was structured and 
sized to be more flexible and to offer a greater breadth of product. There was also a corporate 
desire to establish DuPont Canada as a world-class company to allow it to compete successfully 
outside Canada. 

Ultimately, the R&D group successfully developed a new generation of fibre to meet the exacting 
demands of this market. In response to the explosive market growth in airbags, DuPont has 
invested over $50 million in capital in the Kingston facility, creating jobs, job stability and 
future viability. The Kingston facility is now the largest supplier of these fibres to the global 
airbag market. All of the product is exported; there are no airbag fabric weavers in Canada! 

Nacan Products Limited, Resin Division 

This division's research team has been supported in part by a variety of government-
sponsored programs as well as through the commercialization of the products 
developed by the team. 

Nacan Products Limited is a leading Canadian supplier of adhesives, resins and starches to a 
wide variety of markets. The Resin Division supplies resins and specialty chemicals to the paint, 
paper, construction, adhesive and cosmetic industries, to name a few. Nacan Products is part 
of the National Starch and Chemical Company, which has over 8 500 employees worldwide 
and annual sales of almost $2.5 billion. 

Beginning in the latter half of the 1980s, Nacan decided to support more development work 
in Canada. Its Brampton laboratory now is the North American centre for paint and coatings 
research for the parent company, National Starch. 

Much of the recent work at the Brampton facility has been on the development of resins for use 
in solvent-free paints. Traditional water-based house paints contain some coalescing solvents 
and glycols. Although the total may be only about 4 percent, the quantity of water-based house 
paints sold in a year in North America contributes over 100 million pounds (45 000 tonnes) of 
volatile organics to the atmosphere. Nacan's goal was to develop new polymers without solvents 
that still give equivalent performance properties to the old. 
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As a result of the technical expertise that has been developed in Canada, the Brampton labora-
toiy became Nacan's North American R&D Centre for paints and coatings. Several government 
grants allowed Nacan to accelerate its development work. Nacan has had two IRAP grants, 
uses co-op students in conjunction with NSERC grants and makes extensive use of university 
expertise. Nacan is a member of the Institute of Polymer Research at Waterloo as well as the 
McMaster Institute of Polymer Process Technology. The combination of tax credits and grants 
has allowed Nacan to add new young talent (graduating students) and steadily increase its 
research personnel over the past 10 years. This technical expertise has also allowed it to capital-
ize on export opportunities that promise to be a real growth market in the future. In fact, new 
products developed in the past four years currently represent 50 percent of Nacan's sales. 

Sterling Pulp Chemicals Ltd. 

This Canadian company, with plants in Alberta, British Columbia, Ontario and Quebec as well 
as the United States, is a leading world supplier of sodium chlorate, a feed chemical for on-site 
production of chlorine dioxide, which is used for bleaching wood pulp. Part of the development of 
the technology for producing sodium chlorate resulted from the collaborative R&D efforts 
of Sterling Pulp Chemicals and the University of Toronto. The closeness of both Sterling and 
university personnel to the marketplace has enabled the company to identify and develop the 
appropriate technology required by the pulp industiy. 

Environmental concerns over the use of elemental chlorine in the pulp and paper industry 
and the development of a more efficient bleaching process using chlorine dioxide have led 
to a growing demand for chlorine dioxide over the past 20 years as a replacement for chlorine. 
Because chlorine dioxide cannot be transported, it must be generated on-site. Sterling's forte is 
the design and installation of chlorine dioxide generators, and Sterling now accounts for over 
60 percent of the chlorine dioxide generators in the world. These generators have the combined 
capacity to produce 5.4 million pounds (2 430 tonnes) of chlorine dioxideper day. 

Much of the fundamental technology for the use of chlorine dioxide in the bleaching of pulp 
was developed jointly by W. H. Rapson of the University of Toronto and Sterling (then called 
ERCO). The joint research work has continued from 1970 to the present day, with the university's 
activities becoming focussed on bleaching and the company's on chlorine dioxide process 
development. Considerable synergy resulted from this close collaboration. For example, the 
development of cost-effective and environmentally acceptable bleaching sequences utilizing 
increasing amounts of chlorine dioxide as a replacement for chlorine was studied by university 
personnel both in the laboratory and in field trials. This has contributed to the development of 
an elemental chlorine free (ECF) kraft pulp bleaching process, which is widely practised both 
in Canada and abroad. 
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Today, Sterling's collaboration with the University of Toronto is on three levels: it is a founding 
member of the Pulp and Paper Centre, formed in 1987; it participates with other companies in 
consortia formed by the centre to research specific industry problems; and it supports directed 
proprietary research. Additionally, key university personnel have provided their expertise, via 
consultancies, to address technical issues at specific mills. They also provide training and 
advice to a broad cross-section of the industry via worlçshops and seminars sponsored by Sterling. 
Sterling also provides resource personnel to assist students in their project assignments. 

Uniroyal Chemical Ltd. 

This company's development process on fungicides started with pure research, progressed to 
pilot plant studies and finally resulted in full commercialization, all taking place within 
Canada but having worldwide impact. This story illustrates the benefits of government support 
through specific grants and research tax credits. It is also an example of the joint efforts 
of Canadian and American scientists to commercialize products. 

Uniroyal Chemicals Ltd., with its head office and manufacturing facility in Elmira, Ontario, 
and its research laboratories in Guelph, Ontario, has about 325 employees across Canada. 
It is an international leader in the production of crop protection chemicals, rubber chemicals 
and polymers as well as specialty chemicals and polyurethanes. Its parent company, Uniroyal 
Chemical Co. Inc. of Middlebury, Connecticut, has about 2 700 employees worldwide and 
has annual sales of over $1 billion. 

Development of the carboxanilide class of fungicides began in the 1960s as a joint project of 
Canadian and American research teams. The Guelph laboratory had expertise in organic 
synthesis, and the U.S. labs had developed a screening process to detect systemic fungicidal 
activity. Itvo products were found to be particularly active against several fungus species: 
5,6-dihydro-2-methyl-N-pheny1-1,4-oxathiin-3-carboxamide (Vitavax®) and its sulphone 
analog (Plantvax°). These were especially active in controlling plant pathogenic fungi such 
as wheat leaf rust, bean rust and loose smut of barley. The basic synthesis was done in Canada, 
and the U.S. labs supplied screening tests, toxicological studies and environmental chemistry 
studies necessary for commercialization. Much of the work in Canada was made possible by 
one of the original IRAP grants, and Uniroyal maintained these grants from 1962 to 1984. 

Following field trials, the next major hurdle was the development of a manufacturing process. 
The chemists, working in conjunction with the process development group in Elmira, overcame 
a host of problems. Scale-up in Elmira was completed as a pilot in 1968, and commercial pro-
duction began in 1969. Uniroyal continued research over the years to improve the manufacturing 
process and develop new formulations. Formulations for powder and liquid form, in combination 
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with contact fungicides, with colour added to detect treated seed, etc., were all developed and 
refined to attack specific problems on a wide variety of crops. 

The net impact after initial product introduction was vast market acceptance, resulting in an 
additional manufacturing plant being built, also in Elmira. All product is now made in Elmira 
and sold worldwide. Total sales have reached $500 million, of which 40 percent has been exported. 

Uniroyal has been able to achieve a unique position in the crop protection industly in Canada: 
it is the only company doing research in new active ingredients, the only company doing formu-
lation invention and development, and the only company manufacturing the active ingredients. 

At the time of the original development, the Uniroyal chemical laboratory in Guelph was a 
small part of the total corporate crop protection research program. This lab is now the sole 
supplier of new crop protection chemicals for Uniroyal on a worldwide basis, and the IRAP 
grants from 1962 to 1984 were a large contributor to developing this strength and reputation. 
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Annex D 
SELECTED INDUSTRY STATISTICS 

Table D-1. Estimated North American Market, Industrial Chemicals 
(SIC 3711, 3712 and 3731: Industrial Chemicals and Plastics and Synthetic Resins) 

Annual 
growth 

1985 1988 1989 1990 1991 1992 1993 1994 1995 1985-95 

U.S. shipments 967 

U.S. imports 9 405 
U.S. exports 12 953 
U.S. apparent market' 85 419 

(US$ millions) (%) 

114 856 123 674 124 076 120 947 123 379 128 662 138 306 145 194 5.0 

12 246 12 185 13 092 13 195 14 193 14 675 17 601 19 361 7.5 
19 312 21 133 21 772 23 615 23 429 23 689 27 243 29 967 8.7 

107 789 114 725 115 396 110 527 114 143 119 648 128 664 134 588 4.7 

Canadian shipments 6 492 9 218 9 748 9 597 8 428 7 694 7 570 8 941 10 480 4.9 
Canadian imports 2 323 3 448 3 603 3 724 3 929 3 859 4 119 4 805 6 096 10.1 
Canadian exports 2 635 4 147 3 979 4 154 4 081 4 186 4 259 5 171 6 582 9.6 
Canadian apparent marketa 6 180 8 519 9 372 9 167 8 275 7 367 7 429 8 575 9 994 4.9 

"-Sales to Canadian customers 
(shipments minus exports) 3 858 5 071 5 769 5 443 4 347 3 508 3 311 3 770 3 898 0.1 

Canadian imports from the U.S. 1 640 2 449 2 578 2 770 3 024 2 869 3 075 3 531 4 392 10.4 
Canadian exports to the U.S. 1 729 2 531 2 631 2 768 2 686 3 016 3 289 4 102 5 133 11.5 

Total Canada-U.S. market 91 599 116 308 124 097 124 563 118 802 121 509 127 077 137 239 144 582 4.7 

World exports  (SIC  51,52 and 58) 82 000 143 000 149 900 165 100 169 900 173 600 168 400 190 707 209 778 9.8 

(percent) 

Canadian penetration of U.S. market 2.0 2.3 2.3 2.4 2.4 2.6 2.7 3.2 3.8 
Canadian production share of 

Canada-U.S. market 7.1 7.9 7.9 7.7 7.1 6.3 6.0 6.5 7.2 
Canadian share of domestic market 62.4 59.5 61.6 59.4 52.5 47.6 44.6 44.0 39.0 
Rest of world share of Canada-U.S. market 9.1 9.2 8.5 9.1 9.6 10.0 9.8 10.8 11.0 
Canadian exports share of world exports 3.2 2.9 2.7 2.5 2.4 2.4 2.5 2.7 3.1 

a Apparent market  = shipments plus imports less exports. 

Source: Statistics Canada/Industry Canada Business Integrated Database; U.S. Department of Commerce, Census of Manufactures 
(Washington, D.C.: GPO, 1992 and updates); Chemical Manufacturers Association, U.S. Chemical Industry Statistical Handbook 1994 
(Washington, D.C.: CMA, 1994). 
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Table D-2. Selected Statistical Performance Indicators, Industrial Chemicals 
(SIC 3711, 3712 and 3731: Industrial Chemicals and Plastics and Synthetic Resins) 

Annual 
growth 

1985 1988 1989 1990 1991 1992 1993 1994 1995 1985-95 

(%) 
Establishments (number) 247 293 302 310 293 283 286 300 - - 

Total revenue, including resales ($ millions) 10 234 13 074 13 416 13 144 11 703 11 354 12 228 14 130 16 656 5.0 

Manufacturing shipments ($ millions) 8 865 11 344 11 541 11 198 9 656 9 299 9 766 12 210 14 383 5.0 

Manufacturing shipments (constant 1986 dollars) 8 739 9 246 9 402 9 788 8 693 8 803 9 036 10  111 10 369 1.7 

Manufacturing shipments as a share of 
chemicals and chemical products (%) 48.5 49.8 48.8 48.4 45.3 43.3 43.2 47.7 50.4 

Apparent domestic market (shipments 
plus imports less exports) ($ millions) 8 439 10 485 11 246 10 918 9 437 9 302 10 244 12 773 14 197 5.3 

Manufacturing value-added ($ millions) 2 750 5 377 5 185 4 582 3 504 3 604 3 797 5 033 5 904 7.9 
Total employment (number) 26 083 27 589 27 406 29 373 28 197 27 346 25 587 24 500 23 148 -1.2 

Total salaries and wages ($ millions) 990 1 196 1 237 1 385 1 352 1 334 1 297 1 307 1 278 2.6 

Energy costs ($ millions) 824 709 793 887 863 805 803 880 1 021 2.2 

Cost of materials and supplies ($ millions) 5 263 5 346 5 588 5 809 5 172 4 918 5 208 6 262 7 419 3.5 

Production workers as a share of total employment (%) 58.6 58.5 59.3 59.1 58.0 58.5 63.0 63.2 69.2 

Energy costs as a share of total operational costs (%) 11.6 9.8 10.4 11.0 11.7 11.4 11.0 10.4 10.2 

Industrial product price index (1986 = 100) 101.5 122.7 122.7 114.4 111.1 105.6 108.1 120.8 138.7 3.2 

Source: Statistics Canada/Industry Canada Business Integrated Database. 
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Table D-3. Regional Statistics, Industrial Chemicals 
(SIC 3711, 3712 and 3731: industrial Chemicals and Plastics and Synthetic Resins) 

Annual Share of Share of 
growth Canada Canada 

1985 1988 1989 1990 1991 1992 1993 1994 1985-94 1985 1994 

(%) (%) (%) 
Establishments (number) 
Alberta 28 41 42 46 37 36 37 37 3.1 11.3 12.3 

Ontario 114 132 136 141 132 121 122 128 1.3 46.2 42.7 

Quebec 54 65 65 69 68 72 73 76 3.9 21.9 25.3 
Other  provinces 51 55 59 54 56 54 54 59 1.6 20.6 19.7 

Canada 247 293 302 310 293 283 286 300 2.2 100.0 100.0 

Employees (number) 
Alberta 3 296 3 394 3 364 3 866 3 906 3 936 3 983 3 645 1.1 12.6 14.9 

Ontario 15 431 16 653 16 422 17 204 16 358 16 250 15 057 13 990 -1.1 59.2 57.1 
Quebec 4 946 5 386 5 510 6 301 5 818 5 270 4 756 4 867 -0.2 19.0 19.9 
Other provinces 2 410 2 156 2 110 2 002 2 115 1 890 1 791 1 998 -2.1 9.2 8.2 

Canada 26 083 27 589 27 406 29 373 28 197 27 346 25 587 24 500 -0.7 100.0 100.0 

Mitnufacturing shipments (S millions) 
Alberta 1 840 2 724 2 763 2 552 2 326 2 239 2 454 3 602 7.8 20.8 29.5 
Ontario 5 106 5 909 5 964 5 912 4 891 4 854 4 906 5 720 1.3 57.6 46.8 
Quebec 1 357 2 011 2 113 2 184 1 857 1 631 1 726 2 122 5.1 15.3 17.4 
Other provinces 563 700 702 550 583 575 680 767 3.5 6.4 6.3 
Canada 8 865 11 344 11 541 11 198 9 656 9 299 9 766 12 211 3.6 100.0 100.0 

Census value-added (manufacturing) (t  initiions)  
Alberta 619 1 457 1 494 1208 994 965 1 054 1 670 11.7 22.5 33.2 
Ontario 1533 2 698 2 526 2 312 1 654 1 751 1 718 2 139 3.8 55.7 42.5 
Quebec 372 847 799 803 571 600 644 817 9.1 13.5 16.2 
Other provinces 226 375 366 260 285 288 380 406 6.7 8.2 8.1 
Canada 2 750 5 377 5 185 4 582 3 504 3 604 3 796 5 033 6.9 100.0 100.0 

Total wages and salaries ($ millions) 
Alberta 139 150 157 189 208 219 235 230 3.8 14.0 17.6 
Ontario 605 753 769 828 787 787 744 745 2.4 61.1 57.0 
Quebec 159 204 214 281 262 236 228 223 3.8 16.1 17.1 
Other provinces 86 89 87 126 95 91 89 108 2.5 8.7 8.3 
Canada 990 1 197 1 237 1 385 1 352 1 334 1 296 1 306 3.1 100.0 100.0 

Manufacturing shipments per employee (thousands of constant dollars,  based on IPPI 1986 = 100) 
Alberta 548 635 650 568 526 534 523 777 4.0 
Ontario 326 288 295 299 269 282 288 342 0.5 
Quebec 272 309 319 309 293 299 324 377 3.7 
Other provinces 231 291 290 247 250 286 330 331 4.1 
Canada 335 335 343 333 308 322 335 413 2.3 

Source: Statistics Canada/Industry Canada Business Integrated Database. 
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Table D-4. Regional Statistics, Inorganic Chemicals 
(SIC 3711: Inorganic Chemicals) 

Annual Share of Share of 
growth Canada Canada 

1985 1988 1989 1990 1991 1992 1993 1994 1985-94 1985 1994 

(%) (%) (%) 
Establishments (number) 
Alberta 12 20 21 18 16 15 16 16 3.2 11.2 10.7 
Ontario 36 52 55 55 56 49 48 53 4.4 33.6 35.6 
Quebec 21 27 26 30 29 32 34 36 6.2 19.6 24.2 
Other provinces 38 40 45 40 40 38 37 44 1.6 35.5 29.5 
Canada 107 139 147 143 141 134 135 149 3.7 100.0 100.0 

Employees (number) 
Alberta 974 592 495 506 618 653 560 502 -7.1 9.4 6.1 
Ontario 5 246 5 695 5 286 5 764 5 470 5 056 4 748 3 958 -3.1 50.4 47.8 
Quebec 2 301 2 618 2 458 3 014 3 087 2 662 2 497 2 476 0.8 22.1 29.9 
Other provinces 1 881 1 595 1 544 1 347 1 418 1 230 1 230 1 353 -3.6 18.1 16.3 
Canada 10 402 10 500 9 783 10 631 10 593 9 601 9 035 8 289 -2.5 100.0 100.0 

Manufacturing shipments ($ millions) 
Alberta 224 273 267 258 258 286 253 244 1.0 10.2 9.1 
Ontario 1 151 1 289 1 366 1353 1 256 1 160 1 099 979 -1.8 52.6 36.6 
Quebec 451 583 644 814 719 703 698 934 8.4 20.6 34.9 
Other provinces 361 458 483 346 371 362 444 516 4.0 16.5 19.3 
Canada 2 187 2 603 2 759 2 771 2 604 2 511 2 495 2 674 2.3 100.0 100.0 

Census value-added, manufacturing ($ millions) 
Alberta 111 183 184 180 171 194 157 173 5.1 9.8 12.4 
Ontario 642 727 747 712 683 649 614 477 -3.2 56.7 34.2 
Quebec 228 305 329 422 326 351 338 444 7.7 20.2 31.8 
Other provinces 151 260 283 189 197 202 271 301 7.9 13.3 21.5 
Canada 1 132 1 474 1 543 1 502 1 377 1 397 1 380 1 395 2.3 100.0 100.0 

Total Ivages and salaries ($ millions) 
Alberta 38 22 20 24 31 34 31 28 -3.3 9.5 6.5 
Ontario 212 256 239 267 257 239 230 212 0.0 53.3 49.3 
Quebec 80 104 106 133 142 126 123 125 5.0 20.1 29.0 
Other provinces 68 66 64 59 63 56 57 66 -0.4 17.0 15.2 
Canada 398 449 429 483 493 456 441 431 0.9 100.0 100.0 

Alanufacturing shipments per employee (thousands of constant dollars, based on IPPI 1986 = 100) 
Alberta 227 443 491 469 384 411 415 435 7.5 
Ontario 217 217 236 216 211 215 213 221 0.2 
Quebec 194 214 239 248 214 247 257 337 6.4 
Other provinces 190 275 285 236 240 276 332 341 6.7 
Canada 208 238 257 240 226 245 254 288 3.7 

Source: Statistics Canada, Annual Survey of Manufactures. 
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Table D-5. Regional Statistics, Organic Chemicals (SIC 3712 and 3731: 
Organic Chemicals and Plastics and Synthetic Resins) 

Annual Share of Share of 
growth Canada Canada 

1985 1988 1989 1990 1991 1992 1993 1994 1985-94 1985 1994 

(%) (%) (%) 
Establishments (number) 
Alberta 16 21 21 28 21 21 21 21 3.1 11.4 13.9 
Ontario 78 80 81 86 76 72 74 75 -0.4 55.7 49.7 
Quebec 33 38 39 39 39 40 39 40 2.2 23.6 26.5 
Other provinces 13 15 14 14 16 16 17 15 1.6 9.3 9.9 
Canada 140 154 155 167 152 149 151 151 0.8 100.0 100.0 

Employees (number) 
Alberta 2 322 2 802 2 869 3 360 3 288 3 283 3 388 3 143 3.4 14.8 19.4 
Ontario 10 185 10 958 11 136 11 440 10 888 11 194 10 286 10 032 -0.2 65.0 61.9 
Quebec 2 645 2 768 3 052 3 287 2 731 2 608 2 292 2 391 -1.1 16.9 14.7 
Other provinces 529 561 566 655 697 660 586 645 2.2 3.4 4.0 
Canada 15 681 17 089 17 623 18 742 17 604 17 745 16 552 16 211 0.4 100.0 100.0 

Manufacturing shipments ($ millions) 
Alberta 1 616 2 451 2 496 2 294 2 068 1 953 2 201 3 358 8.5 24.2 35.2 
Ontario 3 955 4 620 4 598 4 559 3 635 3 694 3 807 4 741 2.0 59.2 49.7 
Quebec 906 1 428 1 469 1 370 1 137 928 1 028 1 188 3.1 13.6 12.5 
Other provinces 202 242 219 204 212 213 236 250 2.4 3.0 2.6 
Canada 6 678 8 741 8 782 8 427 7 052 6 788 7 271 9 537 4.0 100.0 100.0 

Census value-added, manufacturing ($ millions) 
Alberta 508 1 274 1310 1 028 823 770 897 1 497 12.8 31.4 41.1 
Ontario 891 1 972 1 779 1 600 971 1 102 1 104 1 662 7.2 55.1 45.7 
Quebec 144 542 470 381 245 249 306 373 11.2 8.9 10.3 
Other provinces 75 115 83 71 88 86 109 106 3.8 4.7 2.9 
Canada 1 618 3 903 3 642 3 080 2 127 2 207 2 416 3 637 9.4 100.0 100.0 

Total wages and salaries ($ millions) 
Alberta 101 128 137 165 177 185 204 202 8.1 17.1 23.1 
Ontario 393 497 530 561 530 548 514 533 3.4 66.4 60.9 
Quebec 79 100 118 148 120 110 105 98 2.4 13.3 11.2 
Other provinces 18 23 23 67 32 35 32 42 10.0 3.0 4.8 
Canada 592 748 808 902 859 878 855 875 4.5 100.0 100.0 

Manufacturing shipments per employee (thousands of constant dollars, based on IPPI 1986 = 100) 
Alberta 682 675 678 583 553 559 534 832 2.2 
Ontario 383 325 323 342 298 313 319 389 0.2 
Quebec 340 398 383 364 382 351 394 418 2.3 
Other provinces 378 334 304 268 270 306 338 310 -2.2 

, 
 ._
Canada 420 395 391 386 358 364 375 476 1.4 

L 
Source: Statistics Canada/Industry Canada Business Integrated Database. 
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Table D-6. Estimated North American Market, Inorganic Chemicals 
(SIC 3711: Inorganic Chemicals) 

Annual 
growth 

1985 1988 1989 1990 1991 1992 1993 1994 1995 1985-95 

(US$ millions) (%) 
U.S. shipments 18 183 19 345 21 085 23 487 23 572 23 902 23 086 24 214 25 397 3.4 

U.S. imports 4 104 4 266 4 216 4 319 4 283 4 185 4 049 4 692 5 162 2.3 

U.S. exports 3 618 4 281 4 680 4 723 5 101 5 178 4 944 5 348 5 883 5.0 

U.S. apparent market" 18 669 19 330 20 621 23 083 22 754 22 909 22 191 23 558 24 676 2.8 

Canadian shipments 1 602 2 115 2 331 2 375 2 273 2 078 1 934 1 958 2 203 3.2 

Canadian imports 414 640 714 720 688 754 779 970 1 115 10.4 

Canadian exports 1 042 1 370 1 327 1 326 1 296 1 352 1 318 1 548 1 733 5.2 

Canadian apparent market' 974 1 385 1 717 1 768 1 664 1 480 1 395 1 380 1 584 5.0 

Sales to Canadian customers 
(shipments minus exports) 560 745 1 003 1 048 977 726 616 410 469 -1.7 

Canadian imports from the U.S. 311 441 492 524 543 554 599 707 809 10.0 

Canadian exports to the U.S. 817 1 041 1 126 1 116 1 084 1 122 1 140 1 323 1 457 6.0 

Total Canada-U.S. market 19 643 20 715 22 338 24 851 24 419 24 389 23 586 24 938 26 260 2.9 

World exports 
(SIC 52: Inorganic Chemicals) 16 800 23 900 24 100 24 700 25 200 25 200 23 600 25 267 27 794 5.2 

(percent) 

Canadian penetration of U.S. market 4.4 5.4 5.5 4.8 4.8 4.9 5.1 5.6 5.9 

Canadian production share of 
Canada-U.S. market 7.0 8.6 9.5 8.7 8.4 7.6 7.4 6.9 7.3 

Canadian share of domestic market 57.5 53.8 58.4 59.3 58.7 49.1 44.1 29.7 29.6 

Rest of world share of Canada-U.S. market 17.3 16.5 14.8 13.7 13.7 13.4 13.1 14.6 15.3 

Canadian export share of world exports 
(SIC 52) 6.2 5.7 5.5 5.4 5.1 5.4 5.6 6.1 6.2 

a Apparent market = shipments plus imports less exports. 

Source: Statistics Canada/Industry Canada Business Integrated Database; U.S. Department of Commerce, Census of Manufactures (Washington, D.C.: GPO, 1992 
and updates); Chemical Manufacturers Association, U.S. Chemical Industry Statistical Handbook 1994 (Washington, D.C.: CMA, 1994). 
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Table D-7. Estimated North American Market, Organic Chemicals 
(SIC 3712 and 3731: Organic Chemicals and Plastics and Synthetic Resins) 

Annual 
growth 

1985 1988 1989 1990 1991 1992 1993 1994 1995 1985-95 

(US$ millions) (%) 
U.S. shipments 70 784 95 511 102 589 100 589 97 375 99 477 105 576 114 092 119 796 5.4 
U.S. imports 5 300 7 980 7 969 8 774 8 912 10 008 10 626 12 909 14 200 10.4 

U.S. exports 9 335 15 032 16 453 17 049 18 514 18 251 18 746 21 894 24 084 9.9 
U.S. apparent market1' 66750 459 94 105 92 313 87 773 91 234 97 457 105 106 109 912 5.1 

Canadian shipments 4 891 7 103 7 417 7 223 6 155 5 616 5 636 6 983 8 277 5.4 
Canadian imports 1 909 2 808 2  ::' 3 004 3 241 3 105 3 339 3 835 4 981 10.1 
Canadian exports 1 593 2 777 2 651 2 828 2 785 2 834 2 941 3 623 4 849 11.8 

Canadian apparent market" 5 206 7 134 7 655 7 399 6 611 5 887 6 034 7 195 8 410 4.9 

Sales to Canadian customers 
(shipments minus exports) 3 298 4 326 4 766 4 395 3 370 2 782 2 695 3 360 3 428 0.4 

Canada imports from the U.S. 1 329 2007 2 087 2 246 2 481 2 315 2 477 2 823 3 583 10.4 

Canada exports to the U.S. 911 1 490 1 505 1 653 1 602 1 894 2 148 2 780 3 676 15.0 

Total Canada-U.S. market 71 956 95 593 101 760 99 712 94 384 97 120 103 491 112 301 118 322 51 

World exports  (SIC 51 and 58) 65 200 119 100 125 800 140 400 144 700 148 400 144 800 165 440 181 984 10.8 

(percent) 
Canadian penetration of U.S. market 1.4 1.7 1.6 1.8 1.8 2.1 2.2 2.6 3.3 
Canadian production share of 

Canada-U.S. market 5.8 6.1 6.2 6.1 5.3 4.8 4.7 5.5 6.0 
Canadian share of domestic market 63.3 60.6 62.3 59.4 51.0 47.2 44.7 46.7 40.8 
Rest of world share of Canada-U.S. market 6.9 7.6 7.1 7.9 8.5 9.2 9.0 9.9 10.1 

Canadian share of world exports 
(SITC 51 and 58) 2.4 2.3 2.1 2.0 1.9 1.9 2.0 2.2 2.7 

1  Apparent market = shipments plus imports less expo rt s. 

Source: Statistics Canada/Industry Canada Business Integrated Database; U.S. Department of Commerce, Census of Manufactures (Washington, 
D.C.: GPO, 1992 and updates); Chemical Manufacturers Association, U.S. Chemical Industry Statistical Handbook 1994 (Washington, D.C.: CMA, 1994). 
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