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A NOTE TO READERS

This booklet presents basic statistics on biotechnology activity in Canada, as part of the work program of the
Canadian Biotechnology Strategy, Canadian Bictechinology Strategy Themne 9 is "lmproving Policy-relevant Data

pe 2 0l

Collection and Analysis” in biotechnolopy.

Biatechnelogy is defined as the application of science and engineering in the direct or indirect use of living organ-
ismns or parts of organisms in their natural or modified forms in an innovative manner in the production of goods

and services or to improve existing processes.

Producing statistics in biotechnology faces a number of challenges, including identification of the parameters of
the biotechnology sector. Often the question of what constitutes the biotechnology domain is unclear. Yhis difficulty
can be attributed to the challenge of defining what is the biotechnology sector and biotechnology’s dynamic nature.
Innovative technologies and processes are introduced on a regular basis and firnis appear and disappear in response

10 the demands of the market. Caflection of hiotechnology statistics remains a work in progress.

The data are presented in four major sections, Fach section represents a different aspect of the biotechnology indusiry
in Canacla. The first section presents data on science and technology activities and biotechnology related R&TD expendi-
tures of the federal government and its departments and agencies. The second section reflects the biotechnology
research and developrnent activities of firms in Canadian industry as a whole. The third section reflects the use of
hiotechnology by firms in the manufacturing and resource sectors. The final section is based on the Biotechnology Firm

Surpey, a survey of firms that develop biotechnologies as « significant portion of their business activities.
o {ul

The data presented here are derived from Statistics Canada sources. The sources examine different aspects of the

biotechnology industry using varving definitions and classifications.
o/ J (=} /

The data sources are:

# Arundel, Anthony. 1999, Diffusion of Bistechnology in Canada: Resulis from the Swrvey of Biotechnology Use
in Canadian Industries — 1996, Science and Technology Redesign Project. Ouawa: Statistics Canada Catalogue
# GEF-0017-MPB No. 6.

¢ Groote, [, P 1ough and R. Walter. 1999, “Canadian Biotechnology "98: Success from Excellence.” BIOTECanada’s
First Report on the Canadian Biotechnology Indusiry. Ottawa.

¢ Rose, Antoine. 1998. Biowchnelogy Use by Canadian Industry — 1996. Science and Technology Redesign Project.
Ottawa: Statistics Canada Catalogue # ST-998-05,

e Statistics Canada. 1997, "Biotechnology Research and Development in Canadian Industry.” Science Staristics 21
(11). statistics Canada Catalogue # 88-001-XPB.

e Statistics Canada. 1998. “Biotechnology Scientific Activities in Selected Tederal Government Deparuments and
Agencies, 1997-98." Science Statistics 22 (4). Statistics Canada Catalogue # 88-001-X[13.

= Statistics Canada. 1998. "Biotechnology [Mrm Survey, ata Release,” The Daily, August 19, 1998,




Readers are advised to be attentive 1o the different aspects of the biotechnology aclivities presented, the various

sources of data and time periods tor each section. Survey details are available upon request from:

Chuck MeNiven

Analyst

Science and Technology Redesign Project
Statistics Canada

R. 11 Coats Building, 7th Floor, "R”
Ouawa ON KIA 016

Tel: (613) 951-1233
Fax: (613) 9531-9920

L-mail: McNIChu@statcan.ca

In the tables and hgures, some details may not add up exactly 1o totals stated because of rounding of numbers or

in some cases multiple responses.




BIOTECHNOLOGY SCIENCE AND TECHNOLOGY
ACTIVITY IN THE FEDERAL (GOVERNMENT

These data are composed of R&D and related scientific activities expendiwres for intramural and extramural
activities. The criterion for collection of data from selected federal governiment departments and agencies was
significant activity in the field of biotechnology scientific activity.

Biotechnology S&T expenditures reach $314 million, about 6% of federal S&T expenduares in 1997-98.

Some $310 miltion of the 3314 million was devoted 1o R&D, ahmost 10% of total federal R&D spending.

Some 65% of bintechnology S&T activities was performed outside the federal government.

There were 1,007 person-years (full-time cquivalents) or 3.5% of tatal S&T persen-years that were devoted
10 biotech S&T activity in the federal government.

Federal Government 3&T Expenditures on Bictechnology,

by Activity and Performer, 1997-98 (S000)
Business Higher Foreign
Intramural  Enterprises  Education  Performers  Other Total
Research and Experimental Development (R&D) 107,854 6,178 104,542 107 512 309,594
Redated Scienlific Activity [RSA) 3,225 880 334 30 10 4,479
Total S&T Expendilures 111,079 7,059 193,176 137 622 314,073

Source: Satigics Canadze. 1998, $oienge Malings 22 (4. Satistics Canads Catakogue 2 B5-001. 348,

Federal Government S&T Expenditures on Biotechnology Activities,

by Selected Government Department or Agency and Performer, 1997-98 (S000)
Business Higher Foreign
Intramural  Enterprises  Educalion  Performers  Other Total

Government Department or Agency

Agriculture and Agri-Food Canada 309,690 - - - - 39,8050
Envirgnmen Canada 755 1,198 136 40 - 2,134
Fisheries and Oceans 600 - - - - &00
Health Canadi 1,523 84 - - 339 4,146
Industry Canada 754 5,542 - - - 6,254
Medical Research Council = - 104,000 - - 104,000
National Research Cauncil 39,539 20 21 - - 59,600
Natural Resources Canada 5,994 214 - - G 6,291
Nalural Sciences and Engineering Research Council = = 90,000 - - a0, 006
Social 5ciences and Humanilies Research Council - - 1,019 g7 - 1,118
Total S&T Expenditures 111,079 7,059 195,176 137 622 314,073

Sourpe: Slalsncs Canada, 1994, Srience Stathsics 12 141, Statistics Canaca Citalogue = BA-001-X18,




Federal Government R&D Expenditures an Biotechnology Activities,

by Sefected Government Department or Agency and Performer, 1997-98 [S000)

Business Higher Foreign ;

Intramural  Enterprises  Education  Performers  Other Total I

Government Department or Agency l
Agricidiure and Agri-Food Canada 39,881 - - - - 39,681
Enviranment Canada 577 419 88 40 - 1,124
Fisheries and Oceans 580 - - - - 80
Health Canada 2,181 84 - - 339 2,804
Imcustry Canada - 5442 - - - 5442
Medical Research Council - - 104,000 - - 104,000
National Research Council 58,589 20 20 - - 58,859
Malural Resources Canada 5,776 214 - - 73 5,063
Natural Sciences and Engineering Research Council - - 80,500 - - 50,00
Social Sciences and Humanities Research Council = - 734 o7 - B01
Total R&D Expenditures 107,854 6,179 194,842 107 612 309,594

Stwsme: Matistics Canada. 1998, Soience Raritics 17 141, Statistics Conada Calatogue £ 88-001-X18,

Comparisaon of Federal Government S&T Expenditures and Biotechnology Expenditures,

by Department or Agency, 1997-98 (2000)

S&T Biotechnology S&T Share of
Expenditures Expenditures Total (%a)

Government Department or Agency
Agriculture and Agri-Food Canada 274,086 39,890 146
Enviranment Canada 373,908 2,134 0.6
Fisheries and Oceans 187,927 &00 0.3
Hezlth Canada 193,227 4,146 21
Incustry Canada 364,335 6,296 B
Medical Research Council 237,342 104,000 43.8
National Research Council 513,476 59,600 11.6
Matural Resources Canada 358,001 6,291 1.9
Natural Sciences and Engjneering Research Council 435,949 50,000 0.6
Socizl Sciences and Humanities Research Council q4,779 1,116 1.2
Cither 2084357 @ -
Total S&T Expenditures 5,117,605 314,073 6.1

Sourre: Suanisics Canada, 1998, Scignce Saatistics 22 041, Stbistics Canars Catalogue = 88-000X18,



Comparison of Federal Government R&D Expenditures and Biotechnalogy R&D. Expenditures,

by Depariment or Agency, 1997-98 (5000)

R&D Biotechnology R&D Share of
Expenditures Expenditures Total (%)

Government Department or Agency
Agriculture and Agri-Food Canada 259217 39,60 15.4
Environment Canada 108,988 1,124 1.0
Fisheries and Oceans 71,698 SED 0.8
Health Canada £0,908 2,804 4.6
Industry Canada 103,564 5,442 1.8
Medical Research Council 228,562 104,000 45.5
National Research Council 433,859 58,899 3.6
Natural Resources Canada 310,244 6,063 20
Natural Sciences and Engineering Reseasch Council 391,832 aB.000 3.0
Social Sciences and Humanities Research Council 64,079 3 i3
Other 827,657 _ o
Total R&D Expenditures 3,060,808 309,594 10.1

Source: Statistics Canaca, |9%8. Science Saficics 12 4], Satistics Canada Catatogue £ B6-001-X18,




BIOTECHNOLOGY RESEARCH AND DEVELOPMENT
ACTIVITY IN CANADIAN INDUSTRY

These statistics reveal the level of investment in bictechnology R&D and demonstrate the trends in spending on R&D
among Canadian industry as a whole. The survey collected data on R&D activities by Canadian industry with activities
in biotechnology. The data are derived from the Statistics Canada Service Bulletin Science Statistics 21 (11).

Between 1989 and 1995, biotechnology R&D expendilures grew from $116 million 1o $341 million, growing at an
annual compound rate of 19.6%, which was more than double the industrial R&D growth rate of 8%.

In 1995, 57% of biciechnology R&D expenditures was centred in the health sector. Spending averaged $2.4 mil-
lion per firm (24% of all firms’ revenues) on biotechnology R&D.

In 1993, 73% of biciechnology R&D expenditures was under Canmadian controf, with 13% under United States
control and 15% under other foreign conisol (these shares remained constant between 1989 and 1993),

The share of biotechnology R&i> undertaken by larger firms, based on revenue, was increasing, moving from 30%
of total biotechnology R&D in 1989 10 45% in 1995,

Comparison of R&D Expenditures and Biotech R&D Expenditures

by Industrial Firms, 1995
i% millions)
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Sources of Funds for Industrial Fiems
Conducting Biotechnology R&D

(% millions)
QUGT

BOO ===~ CEmsipRilol et lteee e ., oo

R e T I - b B

6(}0_._._ _______ ‘__.__.__...__.,_______,________________.a_l' __________
500 - S e S S A P e BAL e

A0 SR TR e e s - -

3004 ===~ < - -
200 ===~ - DRSS - UMECUCIEESRE

1001 ------ | - - - - - - N - - - - - - [ - - - - - -

14E9 1993 1595

B Government I Canadian Sources [ Foreign Sources

Soarce: Statistics Canada. 1997, Science Satiics 21 1110, Statislics Cansds Calalogue = B8-001-XFB,
Capital and Current Expenditures
[% millions)
400+
18589 1993 (995
= Capital Expenditures W Current Expenditures
]

Stwrre: Statisics Canada, |97, Science Satistios 21110, Safisgics Canady Catalogue # 85-001-5P8.




Industry’s Biotechnology R&ED Expenditures, by Sector, 1989-95
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BIOTECHNOLOGY USE BY CANADIAN INDUSTRY, 1996

Data presented in this section measure the use and diffusion of hiotechnelogy and the factors influencing biotechnol-
ogy adoption by industrial firms. Firms in resource and manufacturing sectors where biotechuologies had proven or
potential applications were questioned about their use of biotechnologies in three major technology classes. Data
were derived from Statistics Canada’s survey of biotechnology use by Canadian industry, 1996, and were summarized
in two papers:

* Rose, Antoine. 1998. Biotechnology Use by Canadian Industry — 1996, Science and Technology Redesign Project.
Ouawa: Statistics Canada.

s Arundel, Anthony. 1999, Diffusion of Biowchnology in Canada: Results from the Survey of Biorechnology Use in
Canadiarn Industries — 1996. Science and Technology Redesign roject. Ottawa: Statistics Canada.

In 19906, 14% of 2,010 responding firms repornted using at least one form of biotechnology, and an additional 3%
of the firms anticipated becoming biotechnology users within two vears.

Over 70% of firms using biotechnology used only one or two biotechnologies.

Some 60% of firms earning more than $300 million in revenues made use of biotechnology, with almost half
{47%) of those being active in biotechnologies related 10 the environment,

Percentage of Firms Using Biotechnology, 1996
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Percentage of Firms Using Biotechnology, by Sector
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Difficulties Experienced by Firms in Implemenmting Biotechnologies
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Positive Influences Associated with Adoption of Biotechnologies
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Benefits Associated with Adoption of Biotechnologics
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BIOTECHNOLOGY FIRM CHARACTERISTICS

The Biotechnolagy Firm Survey examines the characieristics of firms that develop biotechnolaogies as a significant
component of their activities. The following tables and charts profile the activities of those firms,

Biotechnology firms are primarily privately cwned, smaller in size than public firms. Private firms combined have

27% of total revenues despite comprising aver 70% of the 101al number of biotechnology firms.
Biotechnology was centred in Guebec {31%), Ontario (23%) and British Columbia (2096).

Human health biotechnologies were carried out by 46% of firms, followed by agriculture bictechnology

by 22% of firms.
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Distribution of Biotechnology Firms, by Province, 1997
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Scaurce: Slatistics Canada, Smechnolagy Fim Survey; estimates by Industry Canaca and BHITECanada.

Provincial Employment Profiles, 1997

Canada QC ON BC AB SK NS MB  PE/NF/NB
Nurnber of Firms 282 86 7 3k 19 21 9 ] 1
Eiotech Employment March 1998 9,823 1092 1,221 1,307 978 439 226 205 264
Linfilled Fositions 1,899 ah7 aB0 467 & 3D 106 12 29
Bintech Emplayment 2001 15,600 4,630 4,352 3,043 1,457 751 e 209 377

Sonares Statistics Canada, Bistechnology Finm Survey; estimate by indusiny Canada and BIOTECanada.

Canada QC ON BC AB SK NS MB  PE/NF/NB
mumber af Firms 282 86 7 3b 19 21 g & 1
Riokech R&D 383 141 244 106 44 26 9 9 A
Total R&D 838 329 283 106 51 12 9 13 6
Rictech Sales 1,017 349 185 43 o3 86 6 Bt 7
Total Revenue 11,227 4,043 1,049 48 49 2,601 21 3337 C i
Biotech Exports 413 m 175 3h 79 2 1 i 5o
Tolal Experts 4,871 1,620 352 7 83 773 1] 1,984 3

Source: Statistics Canada, Miotechnology Frrm Suneey; estimanes by Indisiry Canaely and BIOTECanads.
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Distribution of Biotech Firms, by

lorn, 15997
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Source: Statistics Canada, Riptechaoingy Firm Suney; estimates by industey Canada and BICTECanada.

Sector Employment Profiles, 1997

Total Health  Ag-Bio Environ  Aqua Food  Bio-Inio  Other
Number of Firms 282 129 a2 j2 12 20 8 19
Biatech Employment {March 1999 9,823 6,706 1.603 20 23 202 216 43
Unfilled Positions 1,899 1,368 223 140 29 43 21 73
Biotech Employment 2001 15,800 10301 2,629 (%5 152 391 437 1,104

Source: Staligtics Carada, Buvechnology Finm Suney; estimates by Industry Canada and BIOTECanada.

Sector Financial Profiles; 1997 (% millions)

Total Health  Ag-Bio  Environ Agqua Food  Bio-lnfo  Other
Nurmnber of Firrs 282 129 a2 12 12 20 g 19
Biggech R&D 583 306 29 6 2 N 13 17
Tatal R&D 838 03> 62 49 2 20 16 33
Biatech Sales 1,017 510 235 235 11 214 4 18
Total Revenue 11,227 136 £, 220 1,439 14 1,654 62 97
Biotech Exports 413 240 a8 4 5 74 A 2
Total Exports 4,871 628 2,80 1,039 3 259 7 42

Sowrce Seatistics Canada, Risteifnology R Survey; estimates by industey Canacs and BIOTECanada,




Bistribution of Biotech Firms, by Size, 1997

12%

73%

Soarce: Sadlstics Canada, Bisechiedogy Fim Servey; estimates by Industry Canada and BICTE  nada.

Employment in Biotechnology Firms, 1997

Firm Size # of Firms Total Employment Biotech Employment  Uniilled Positions  Estimate for 2001
Sorall 50 ar less employvess) 04 3330 3,125 1,031 7,303
AMerdiom (51-150 employeess 43 3.857 2,397 281 1461

Large 1153 ar mone employees) 35 20,813 4,302 387 5347

Total 282 34,019 9,823 1,699 15,800 J

Sauroe: Satistes Canata, Biotechnodnny Flom Surveys estanass by Ingistry Canady and BIOTECanadh,

Firm Size £ of Firms  Tofal Revenve Biotech Sales  Total Exports

Revenues by Biotechnology Firms, 1997 (5 millions)

Biotech Exports Tolal R&D Biolech R&LD

(™

Smatl (50 or less emplovees) 204 124 163 17 95 239 132
Wbediun (33-1 50 employees 43 974 137 286 43 168 133
Larae 151 or more employeesh 33 10445 ih! 4,478 273 430 240

282 11,227 1,07 4,871 413 838 585

Sewirces Stxtistics Canada, Biovechoolpgy Firm Seevev: ettimates by Industry Canada and BIOTEC jnada
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APPENDIX: DEFINITIONS
Biotechnology Use Definitions (from Rose, 1998)

Bio-culture: biotechnologies where living organisms or parts of living organisms are used in production precesses.
Bio-environment: biotechnologies where microorganisms are put 1o special use in the treatment of industrial waste.

Bic-selection: biotechnologies where the componenis and processes of living organisms are analysed in order 1o
understand or modify characteristics.

Bio-industry Sector Definitions

Agriculture biotechnology (ag-bic): plant bictechnology (e.g. tissue culture, embryogenesis, genetic markers and
genetic enginecring); animal biotechnology {e.g. diagnostics, therapeutics, embryo transplantation, genetic markers,
genetic engineering); bio-fertilizers/bio-pesticides/bio-herbicides/biological feed additives {e.g. bacteria, fungi, yeast); non-
food applications of agricultural products [e.g. iuels, lubricants, commodity and fine chemical feedstock, cosmetics).

Aquaculture (aqua): fish health (e.g. diagnostics, therapeutics); broodstock genetics {e.g. tracking superior trais,

genetic modification/engineering); bio-extraction (e.g. carrageenan from seaweed, antitreeze proteins from fish, flavonrs).

Bio-informatics (bio-infe): genomics and molecular modelling (e.g. DNA/RNA/prolein sequencing and databases

for humauns, plants, animals and microorganisms).

Environment (environ): bio-filtration {e.g. reatment of organic emissions 10 airfwater); bioremediation and phytore-
mediation (e.g. clean-up of toxic waste sites using microcrganisms); diagnostics (e.g. detection of 1oxic substances
using bio-indicators, bio-sensors, immunodiagnostics).

Food processing (food): bio-processing (e.g. using enzymes and bacteria culture); nutriceuticals/functional foods
{e.g. probictics, unsaturated fatty acids).

Human health — bio (health): diagnostics (e.g. immunodiagnostics. gene probes, bio-sensors); therapeutics
{e.g. vaccines, immune stimulants, bio-pharmaceuticals, rational drug design, drug delivery, combinatorial chemistiy};
aene therapy (e.g gence identification, gene constructs, gene delivery).

Other (includes mining/energy/petroletm/chemicals and forest products): custom synthesis, chemical or biological
(e.g. peptides, proteins, nucleotides, hormones, growth faciors, biochemical); imicrobiologically enhanced petroleum/
mineral recovery (cleaner); industrial bio-proecessing (e.g. bio-desulphurization, bio-cracking, bio-recovery); silviculture

(e.g. ectomycorrhizae, tissue colture, somatic embryogenesis, genetic markers, genetic engineering); and other technolopies.
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