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Measuring the Contribution of Modern 
Biotechnology to the Canadian Economy 

 

Abstract  
 

 The role of modern biotechnology in agriculture, medicine, and industry has increased 

dramatically since the 1970s. Despite its growing importance, few efforts have been made so far 

to estimate the economic contribution of modern biotechnology to the Canadian economy. This 

report provides an overview of biotechnology activities in Canada, and, using an income-based 

approach, estimates that biotechnology activities accounted for approximately $15 billion in 

2005, equivalent to 1.19 per cent of Canadaôs GDP in that year. The report also forecasts that the 

role of biotechnology in the economy will increase substantially in the next twenty years, 

representing between 2.6 per cent and 6.0 per cent of Canadaôs GDP in 2030. 
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Measuring the Contribution of Modern 
Biotechnology to the Canadian Economy  

 

Executive Summary  
 

 Traditional biotechnologies such as fermentation have been used for thousands of years 

to produce goods such as bread, beer, and cheese. The benefits (economic and otherwise) of 

these applications have long been understood and incorporated by modern society. Starting in the 

early 1970s, however, the advent of recombinant DNA technology marked the beginning of 

modern biotechnology, which created new, previously unforeseen, economic possibilities based 

on the use of cellular, molecular, and genetic processes in the production of goods and services. 

Modern biotechnology has applications in three broad areas: agriculture and related activities, 

medicine and healthcare, and industry, environment and energy. The main objectives of this 

report are to estimate the economic contribution of modern biotechnology to Canadaôs GDP for 

2005, and to forecast its potential contribution to the economy in 2030.  

 

Overview of Biotechnology Activities in Canada 

 

 In Canada, the main source of biotechnology data was Statistics Canadaôs Biotechnology 

Use and Development Survey (BUDS). This survey was conducted biannually from 1999 to 

2005, after which it was terminated due to lack of funding. Its focus was on innovative biotech 

firms, i.e. firms that were developing at least one new biotech product or process. Below, we 

highlight some of the key results of the 2005 BUDS. 

 

¶ In 2005, Canada had 532 innovative biotech firms (or biotech R&D firms), up from 358 

in 1999, an increase of almost 50 per cent. Medical biotech firms represented 58.3 per 

cent of total biotech firms, followed by agricultural biotech firms (20.1 per cent), and 

industrial biotech firms (18.6 per cent). Three quarters of innovative biotech firms had 

less than 50 employees and were located in Quebec, Ontario, or British Columbia. 

 

¶ Whether we look at employment, R&D expenditures, or revenues, medical biotech firms 

accounted for the bulk of biotech activities in Canada throughout the 1999-2005 period. 

 

¶ In 2005, 13,433 employees worked in innovative biotech firms, up from 7,749 in 1999, 

an increase of 73.4 per cent. Medical biotech firms were responsible for 80.9 per cent of 

total biotech employment. They were followed by agricultural biotech firms (9.8 per 

cent), and industrial biotech firms (8.6 per cent). 
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¶ Private biotech R&D expenditures in current dollars grew at an average annual rate of 

12.7 per cent during the 1999-2005 period, from $831 million in 1999 to $1,704 million 

in 2005. Medical biotech R&D represented 87.3 per cent of total biotech R&D in 2005, 

while agricultural biotech R&D and industrial biotech R&D accounted for 9.2 per cent 

and 2.8 per cent, respectively. 

 

¶ Nominal biotech revenues increased at an average annual growth rate of 13.7 per cent 

during the 1999-2005 period, from $1.95 billion in 1999 to $4.20 billion in 2005. Medical 

biotech was responsible for 70.6 per cent of total biotech revenues, followed by 

agricultural biotech (24.6 per cent) and industrial biotech (4.3 per cent). 

 

 BUDS data refer only to private biotech activities. The public sector, however, plays an 

important role in both funding and performing biotech R&D. According to Statistics Canadaôs 

Biotechnology Scientific Activities in the Federal Government Departments and Agencies report, 

the federal government funded $937 million in biotech R&D (and related scientific activities) in 

2008, up from $319 million in 1999, which implies an average annual growth rate of 11.4 per 

cent. The main performer of federal biotech R&D was the higher education sector, responsible 

for 58.7 per cent of federal biotech expenditures in 2008, followed by the federal government 

itself (intramural expenditures), responsible for performing 29.0 per cent of federal biotech-

related expenditures. The role of the higher education sector has increased significantly over 

time. In 1998, the sector was responsible for performing 49.0 per cent of federal biotech 

expenditures, 11.0 percentage points less than it performed in 2008. On the other hand, the 

federal governmentôs role declined sharply, from performing 44.7 of federal biotech science and 

technology expenditures to performing the aforementioned 29.0 per cent, a 15.0 percentage point 

drop. 

  

Framework for Measuring the GDP of Biotechnology Activities  

 

 The biotech value chain of production starts with firms selling intermediate and capital 

goods to biotech producers, which are establishments that produce biotech-based goods and 

services (e.g. pharmaceutical companies, breeders, enzyme manufacturers, etc.). The links 

between biotech producers and their suppliers are called backward linkages. Biotech producers 

can then sell the goods they produced to biotech users (e.g. farmers that use GM seeds to 

produce GM crops), which are firms that use biotech-based goods/services as intermediate inputs 

in their own production processes. Next, biotech users sell their goods to wholesalers, retailers, 

and other firms in the economy, developing forward linkages. Throughout this entire process, 

employees are paid wages and employers make profits. They spend most of their income buying 

goods and services offered by the rest of the economy, which in turn creates additional economic 

activity. This represents the income multiplier effect. All of the elements described above play a 

role in increasing the economyôs output. However, technological innovations such as the ones 
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generated by biotechnology activities can create new goods and services (as well as new ways to 

produce conventional goods and services) by displacing economic activity. In other words, goods 

and services that were previously useful become obsolete, and the firms producing them close 

down. This is the displacement effect. 

 

 This report does not attempt to measure the entire biotech value added chain of 

production. The estimates and forecasts discussed here refer only to biotech producers and 

biotech users. The rationale for this choice is the fact that these two groups constitute the actual 

core of biotechnology activity, i.e. they are the ones responsible for the production of biotech-

based goods and services. The focus on biotech producers and users allows us to understand the 

relevance of biotech-based products and services in the economy, and allows us to compare the 

ñbiotech sectorò with other sectors in the economy. Thus, this report will not provide estimates 

of backward linkages, forward linkages, the income multiplier effect, nor the displacement effect 

associated with biotechnology activity in Canada. In this sense, the reader should be aware that 

whenever the expression ñtotal biotech contributionò is used here, it refers specifically to the sum 

of the direct economic contribution of biotech producers and biotech users. 

 

 Ideally, we would like to measure the economic contribution of biotechnology in terms of 

value added (GDP at basic prices), because it avoids the double-counting of output. However, 

due to the cross-sectoral/cross-industrial nature of biotech activities (i.e. there is no ñbiotech 

sectorò or ñbiotech industryò in the North American Industry Classification System), there are no 

readily available value added data. The available data (revenues of biotech firms, public sector 

R&D expenditures, etc.) are converted to value added through a series of data adjustments: 

 

¶ We use value added-gross output (VA-GO) ratios to convert revenue data for private 

sector biotech producers to GDP. In the case of public sector biotech producers, value 

added is estimated based on the labour compensation paid to biotech researchers. 

 

¶ For biotech users, we calculate biotech GDP by multiplying an industryôs GDP by an 

estimated biotech adoption rate that ranges from 0.0 to 1.0. In this context, biotech 

adoption rates refer to the share of firms in a particular industry that use biotech products 

and/or techniques as intermediate inputs in their own production process. 

 

 Another issue that arises when measuring the value added of biotech firms is that the 

extent to which these firms use biotechnology varies widely. In some firms, biotech plays a 

supporting role and accounts for only a small part of the total value added, while in others it is a 

core technology that accounts for most of the value added generated in the activity. However, as 

Zika et al. (2007) argue, the relative contribution of biotech to the value added of a specific 

activity is very hard to quantify, because it is not usually observable. This report adopts Zika et 
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al. (2007) stance, attributing 100 per cent of a productôs value added at the firm level to modern 

biotechnology whenever it played a role in this productôs production process. 

 

Biotech GDP in  2005 

 

 According to the CSLS estimates, the value added of biotech activities reached $15,300 

million current dollars in 2005, up from $8,336 million  in 1999 (Table 17). This represents an 

average annual growth rate of 10.7 per cent during the 1999-2005 period, considerably more than 

the growth experienced by the total economy (5.9 per cent per year), which explains why 

biotechnologyôs share of total economy GDP increased from 0.92 per cent to 1.19 per cent. 

 

 In 2005, biotech producers were estimated to have been responsible for approximately 

one fourth of the total value added of biotechnology activities, $3,501 million. In the private 

sector, the most important biotech producers were firms developing applications in medicine and 

healthcare ($1,661 million), followed by firms involved in agriculture and related activities 

($572 million). In the public sector, biotech R&D performed by the higher education sector 

accounted for $917 million in value added, while government biotech R&D was responsible for 

$244 million. 

 

 Biotech users were responsible for three fourths of the total value added of biotech in 

2005, $11,799 million. Industrial biotech applications, such as the use of enzymes in food and 

beverages processing, represented most of the biotech users total value added ($6,312 million). 

Medical biotech users generated a total value added of $3,335 million, while GM crops and other 

uses of biotech in agriculture were responsible for a total value added of $2,152 million. 

 

 Comparing the value added contribution of biotechnology activities to that of two-digit 

NAICS sectors in Canada in 2005, we can see that biotechnology represents a fairly small part of 

the Canadian economy (1.19 per cent of total economy GDP), close in size to arts, entertainment 

and recreation (0.91 per cent), as well as to agriculture, forestry, fishing and hunting (1.84 per 

cent), but well below sectors such as finance, insurance, real estate and renting and leasing 

(FIRE) (18.35 per cent), manufacturing (14.45 per cent), or mining and oil and gas extraction 

(8.64 per cent). 

 

 Looking at growth rates, however, we have a very different picture. The nominal GDP of 

biotech activities grew at an average annual rate of 10.7 per cent from 1999 to 2005, faster than 

any two-digit NAICS sector in the Canadian economy with the exception of mining and oil and 

gas extraction, which grew 20.5 per cent per year. Sectors such as administrative and support, 

waste management and remediation services (ASWMRS), and construction grew at fast rates 

(9.1 and 8.6 per cent per year, respectively), but still slightly slower than the growth rate 

observed in biotech. 



11 

 

 

Projecting  Biotech GDP to 2030 

 

 Using the assumptions described in the methodology section, the CSLS forecasts that 

nominal biotech GDP will grow at an average annual rate of 9.4 per cent per year during the 

2005-2030 period, with the value added associated with biotech users growing faster than that of 

biotech producers (9.5 per cent versus 8.8 per cent, respectively), and nominal GDP growth for 

the total economy averaging 4.2 per cent per year. In this baseline scenario, nominal biotech 

GDP will reach approximately $144 billion in 2030, equivalent to 3.99 per cent of forecasted 

total economy nominal GDP in Canada. 

 

 The OECD calculates that, at most, biotech would be responsible for 5.6 per cent of EU-

25 GDP and 5.8 per cent of U.S. GDP in 2030. However, their actual estimate for the OECD 

countries is significantly below the upper bound, 2.7 per cent of GDP. Our estimate, despite 

being higher than that of the OECD by approximately 1.3 percentage points shares an important 

characteristic with the OECD estimate. Namely, industrial biotech accounts for the lionôs share 

of biotech GDP in both estimates. The differences between the CSLS and the OECD forecast are 

driven partly by the fact that Canada and the aggregate of OECD countries have different 

industry compositions, and partly by the use of different methodologies and forecasting 

assumptions. 
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Measuring the Contribution of Modern 
Biotechnology to the Canadian Economy 1 

 

I. Introduction  
 

 The beginning of modern biotechnology in the 1970s created new economic possibilities 

based on the use of cellular, molecular, and genetic processes in the production of goods and 

services. Since then, modern biotechnology has had relevant applications in three main areas: 

agriculture and related activities; medicine and healthcare; and industry, energy and 

environment. Despite its growing importance, few efforts have been made so far to estimate the 

economic contribution of modern biotechnology to the Canadian economy. 

 

 The use and development of biotechnology affects the economy through multiple 

channels: it creates jobs, generates value added, improves the efficiency of production processes, 

reduces environmental damage, enhances human health, etc. This report does not attempt to 

measure all of the effects of biotechnology on Canadian society. Rather, it focuses on the value 

added generated by biotechnology. Using an income-based approach, this report estimates the 

current contribution of biotechnology to GDP in Canada, as well as projects its potential 

contribution to 2030. 

 

 The report is organized as follows. Section two defines modern biotechnology and 

describes the main data sources used in the report. Section three provides an overview of the 

biotechnology landscape in Canada, while section four discusses the literature on measuring the 

economic contribution of biotechnology. Section five details the framework and assumptions 

used by the CSLS to estimate (and forecast) the contribution of biotech to the Canadian 

economy. Section six shows the results of our estimations, and section seven concludes. 

  

                                                 
1
 This report was written by Ricardo de Avillez, under the supervision of Andrew Sharpe, and with the assistance of 

Crystal St. Denis. The author would like to thank Genome Canadaôs President and CEO Pierre Meulien, Executive 

Vice-President Cindy Bell, and the entire Executive Committee for their comments during the presentation at 

Genome Canadaôs headquarters on August 11, 2011. Special thanks go to Fred Gault and Someshwar Rao for their 

comments, corrections, and suggestions to earlier versions of this report. The CSLS would like to thank Genome 

Canada for the financial support. For comments, the author can be contacted at ricardo.avillez@csls.ca. 

 

mailto:ricardo.avillez@csls.ca
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II. Definitions and Data Sources 
 

 In this section, we define modern biotechnology, listing its platform technologies, as well 

as its applications in agriculture and related activities, medicine and healthcare, and industry, 

energy and environment. Next, the main data sources used throughout the report are discussed. 

 

A. Definitions  

 

 Biotechnology can be defined broadly as ñthe application of science and technology to 

liv ing organisms, as well as parts, products and models thereof, to alter living or non-living 

materials for the production of knowledge, goods and servicesò (OECD, 2009a, p. 9).
2
 This 

single definition encompasses both traditional biotechnology applications ï such as 

fermentation, and plant and animal hybridization ï and modern applications ï such as genetic 

modification and RNA interference. 

 

 Traditional biotechnologies such as fermentation have been used for thousands of years 

to produce goods such as bread, beer, and cheese. The benefits (economic and otherwise) of 

these applications have long been understood and incorporated by modern society. Starting in the 

early 1970s, however, the advent of recombinant DNA technology marked the beginning of 

modern biotechnology, which created a new set of (previously unforeseen) economic 

possibilities based on the use of cellular, molecular, and genetic processes in the production of 

goods and services (Zika et al., 2007, p. 5).  

 

Exhibit 1: List of Biotech-Related Scientific Disciplines and Techniques 

DNA/RNA 

Genomics, pharmacogenomics, gene probes, genetic engineering (also known as genetic 

modification), DNA/RNA sequencing/synthesis/amplification, gene expression profiling, and use of 

antisense technology. 

Proteins and other 

molecules 

Sequencing/synthesis/engineering of proteins and peptides (including large molecule hormones); 

improved delivery methods for large molecule drugs; proteomics, protein isolation and purification, 

signalling, identification of cell receptors. 

Cell and tissue culture 

and engineering 

Cell/tissue culture, tissue engineering (including tissue scaffolds and biomedical engineering), cellular 

fusion, vaccine/immune stimulants, embryo manipulation. 

Process biotechnology 

techniques 

Fermentation using bioreactors, bioprocessing, bioleaching, biopulping, biobleaching, 

biodesulphurisation, bioremediation, biofiltration and bioremediation. 

Gene and RNA vectors Gene therapy, viral vectors. 

Bioinformatics 
Construction of databases on genomes, protein sequences; modelling complex biological processes, 

including systems biology. 

Nanobiotechnology 
Applies the tools and processes of nano/microfabrication to build devices for studying biosystems and 

applications in drug delivery, diagnostics etc. 

Source: OECD (2005). 

 

                                                 
2
 Statistics Canada defines biotechnology as the ñapplication of science and engineering in the direct or indirect use 

of living organisms 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 processesò (Traor®, 2004, p. 8). Although this definition is 

quite similar to the OECDôs, it emphasizes innovative processes or products, while the OECD definition makes no 

such distinction. 
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 The main objectives of this report are to estimate the current contribution of modern 

biotechnology to the Canadian economy, and to project its possible role to 2030. Since the single 

definition of biotechnology provided previously leaves room for possible misunderstandings, the 

OECD also has a list-based definition, which breaks down modern biotechnology techniques into 

seven main categories: DNA/RNA; proteins and other molecules; cell and tissue culture and 

engineering; process biotechnology techniques; gene and RNA vectors; bioinformatics; and 

nanobiotechnology.
3
 Exhibit 1 shows the techniques included in each category. 

 

 Genomics (the study of the genomes of organisms), proteomics (the study of the structure 

of proteins), and metabolics (the examination of how cells function) form the core knowledge 

base used in modern biotechnology. Biotech R&D and applications share not only a common 

knowledge base, but can also (potentially) use the same set of tools and techniques, which 

comprise biotechôs platform technologies. Examples of such technologies include:  

 

¶ DNA sequencing ñidentifies the order of nucleotides (the base sequence) in a DNA 

moleculeò (OECD, 2009, p.53), allowing for mutations and errors in the genetic coding 

of individuals to be identified easily; 

 

¶ Genetic modification (GM) imparts a certain trait to an organism by inserting genes from 

a second organism into its DNA; 

 

¶ DNA synthesis is ñthe assembly of a known sequence of DNA using synthetic 

chemicalsò(OECD, 2009, p. 102); and 

 

¶ RNA interference (RNAi) can deactivate targeted genes by ñsaturating cells with small, 

targeted segments of double-stranded RNAò (OECD, 2009, p. 52). 

 

 Modern biotechnology has applications in three broad domains: 1) agriculture and related 

activities; 2) medicine and healthcare; and 3) industry, energy and environment.
4
 

 

 Agricultural biotechnology is currently used as a means of developing new varieties of 

plants and animals (examples include herbicide tolerant plants, and crops with increased yield), 

diagnostic tools (which detect diseases by identifying the presence of certain genes or proteins), 

                                                 
3
 Statistics Canadaôs list definition is practically the same as the OECDôs, except for small differences such as 

calling the ñGene and RNA vectorsò category by another name (ñSub-Cellular Organismsò), and including 

bioinformatics, nanobiotechnologies, and environmental biotechnology in the ñOtherò (biotechnologies) category. 

This similarity is not surprising, given that Statistics Canada led the development of the OECD biotech programme. 

Statistics Canadaôs list definition can be found at: http://www.statcan.gc.ca/imdb-bmdi/instrument/4226_Q1_V5-

eng.pdf. 
4
 A detailed list of biotech applications in those three domains is given in BIO (2008). 

http://www.statcan.gc.ca/imdb-bmdi/instrument/4226_Q1_V5-eng.pdf
http://www.statcan.gc.ca/imdb-bmdi/instrument/4226_Q1_V5-eng.pdf
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and treatments for veterinary illnesses. Exhibit 2 details the main applications of biotechnology 

in agriculture and related activities. 

 

Exhibit 2: Biotechnology Applications in Agriculture and Related Activities  
 Processes and Techniques Products 

Crop Production  

- Plant cells and tissues are used in in vitro 

propagation (micropropagation).5 
 

- Marker assisted selection (MAS) uses 

ñbiological or chemical markers to identify traitsò 
(OECD, 2009, p. 55), and can reduce the time 

necessary to create new varieties of plants based 

on conventional breeding techniques. 

- Development of new crop varieties through genetic 

modification (GM). Most approved GM crops are either 
herbicide tolerant or pest resistant (in 2007, 35 per cent 

of the 85 approved GM crops in the United States were 

herbicide tolerant, 34 per cent pest resistant, and 7 per 
cent had both traits).  Although more than a dozen plant 

species have received regulatory approval, the majority 

of GM crops (by hectare planted) are different varieties 
of canola, corn, soybeans, and cotton (OECD, 2009, 

pp.55-57). 

 
- Biotech based plant diagnostic tests help detect 

diseases by identifying the presence of certain genes or 

proteins. E.g. Enzime-linked immunosorbent assay 
(ELISA) tests are used to detect the presence of specific 

antibodies or antigens in a sample; polymerase chain 

reaction (PCR) tests identify genetic variations in a 
DNA sequence. 

Livestock 

Production  

- The use of marker assisted selection (MAS) in 

animal breeding allows for faster and more 
accurate breeding efforts. So far, this is the largest 

commercial application of animal breeding. E.g. 

MAS is used by pig breeders to detect genetic 
problems. 

 

- Embrio transfer (ET)  techniques are the main 
propagation techniques used in livestock breeding. 

Currently, it is used mainly in cattle, and its use is 

limited due to high costs (Zika et al., 2007, p. 64). 
Somatic nuclear transfer cloning is also an 

important animal propagation technique, but it is 

still too expensive to be used in basic animal 
breeding (OECD, 2009, p. 61). 

- Animal diagnostics and therapeutics help detect and 

treat animal diseases. According to the OECD (2009), 
the 160 veterinary kits available in 2007 used 69 

different methods, 60 per cent of which were based in 

biotechnology (pp. 61-62). So far, only a small number 
of biopharmaceuticals and biovaccines have been 

approved for animal use.   

Aquaculture  

- Ploidy induction is used in aquaculture to 

increase the sets of chromosomes in a fish from 
two to three. This condition, known as triploidy, 

can lead to fish that grow faster and have, in 

general, higher carcass yield, survival rates, and 
flesh quality. 

 

- Sex manipulation using hormonal treatments can 
create monosex fish populations, which lead to 

ñfaster growth, reduced aggression and delayed 

maturationò (Zika et al., 2007, p. 54). 

 

- DNA fingerprinting  is used to identify stocks of 

migrating fish and can be used to ñmanage wild 
stocks and close fisheries when stocks become 

endangeredò (OECD, 2009, p. 62). 

- Development of new varieties of fish through genetic 

modification (generally aiming at faster growth rates). 
Although there are commercialized varieties of GM fish 

used as pets, no GM fish varieties have been approved 

as food yet. 

 

- Diagnostics and vaccines help detect and treat diseases 

that afflict fish. 

Forestry  

- Tree Propagation applications with the objective 

of generating ñidentical seedlings of genetically 

superior treesò (OECD, 2009, p. 59) are still at an 

early stage  

- Applications in developing new tree varieties are at a 

research stage. E.g. Trees with modified lignin to reduce 

paper production costs, faster-growing trees for timber 

and biofuel production. 

Source: Zika et al. (2007), and OECD (2009). 

 

                                                 
5
 ñPropagation techniques are used to increase the number of individuals with favourable genetic characteristics at a 

faster pace and in a cost-effective manner, and as such support breeding efforts.ò (Zika et al., 2007, p. 53). 
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 In medicine and healthcare, biotechnology is used to develop preventatives (e.g. 

prophylactic vaccines), therapeutic techniques (which include experimental treatments such as 

cell and tissue engineering, as well as biopharmaceuticals and small-molecule therapeutics), and 

diagnostic methods (Exhibit 3). 

 

Exhibit 3: Biotechnology Applications in Medicine and Healthcare 
 Processes and Techniques Products 

Preventatives 

 - Prophylactic vaccines based on biotechnology can be 

used to accurately produce pathogensô proteins in order 

to cause an immune reaction (Zika et al., 2007, p. 31). 
E.g. There are already marketed recombinant vaccines 

for cholera and hepatitis B. 

Diagnostics 

- In vivo (invasive) diagnostic methods, which are 

used primarily to detect cancer. 
 

- In vitro  diagnostic methods allow for early 

detection and diagnosis of illnesses, and enable 
specialists to determine the likelihood an individual 

will develop a particular disease or condition.  

Nanomedicine can be used to improve the 
efficiency of in vitro diagnostic tools. 

 

Therapeutics 

- Pharmacogenetics research (the study of the 

interaction between genes and drugs) is used to 
identify how a patientôs genetics affects treatments, 

helping to determine appropriate dosages, as well as 

identifying patientsô ñsusceptibility to adverse drug 
reactionsò(OECD, 2009, p. 69). 

 

- There are several emerging biotechnology based 

therapeutic methods, which we describe below. It 

is important to keep in mind that most of those 

methods are at an early stage of development (even 
though some of their applications are already 

marketed). 

 
- Gene therapy treatments work through the 

introduction of a gene into a cell (e.g. replacing a 

ñdefective gene by (...) a functional oneò) (Zika et 
al., 2007, p. 43). 

  

- Cell-based therapies are a novel therapeutic 
approach, and include autologous skin replacements, 

cartilage and bone products. (Zika et al., 2007, 

p.41). 
 

- Stem-cell6  applications range from bone marrow 

transplants to gene therapy and cell-based therapies. 
There is ongoing research on stem-cell based 

treatments for Alzheimerôs, Parkinsonôs, and many 
other diseases. 

 

- Antisense and RNA interference are currently 
used in the treatment for HIV/AIDS patients. (Zika 

et al., 2007, p.44)  

- Biopharmaceuticals such as insulin, monoclonal 

antibodies, interferons, etc. (Zika et al., 2007, p. 22). 
When coupled with nanoparticles, the effectiveness of 

biopharmaceuticals can be significantly increased whilst 

reducing the damage inflicted on surrounding cells. In 
2009, the Canadian biopharmaceuticals sector generated 

$21.5 billion, while global biopharmaceutical sales were 

estimated to be more than US$800 billion. 
 

- Small molecule drugs are developed using organic 

compounds with low molecular weight (normally less 
than 500 daltons). According to the OECD (2009), 86 

per cent of all new chemical entities approved since 

1999 are small molecule drugs (p. 66). Biotechnology 
can be applied to ñdevelop, produce, test and manage 

the use of small molecule drugsò (OECD, 2009, p. 66). 

Among its many uses, small molecule drugs are used in 
the treatment of HIV/AIDS, alcohol dependence, type II 

diabetes, and hypertension. 

 
- Biobased therapeutic vaccines treat ñan already 

existing conditionò (Zika, p.44). The first biotech based 

therapeutic cancer vaccine was approved by the FDA in 
April 2010. It uses recombinant DNA protein and treats 

prostate cancer. 

 
 

Source: Zika et al. (2007), and OECD (2009). 

 

  

 

                                                 
6
 Stem cells are ñnon-specialized cells that have the capacity for self-renewal and the ability to differentiate under 

certain physiologic or experimental conditions, into various types of specialized cellsò (Zika et al., 2007, p. 42). 
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 Finally, biotechnology has several industrial, environmental and energy-related 

applications. It is used to produce goods such as fuels (e.g. bioethanol and biodiesel), bulk 

chemicals (e.g. citric acid), specialty chemicals (such as enzymes, amino acids, vitamins, 

antibiotic derivatives), and biopolymers. Moreover, biotechnology processes are proving to be an 

alternative to traditional chemical processes used in the production of foodstuffs, pulp and paper, 

detergents, textiles, and chemicals (Exhibit 4). 

 

 
  

BOX 1: The Three Waves of Biotechnology 

 

 The history of biotechnology is frequently divided into three waves. Despite having started at 

different points in time, each of the three waves now overlaps and impacts one another. 

 

 The first wave, the green wave, relates to agricultural biotechnology. Biotechnology has long 

been used to improve breeding and propagation techniques. More recently, genetic modification has 

allowed for the alteration of genes in order to obtain a desirable outcome. Crops can now be genetically 

modified so that they become herbicide tolerant, pest resistant or express a certain agronomic trait. 

 

 The second wave, the red wave, pertains to pharmaceuticals and medical biotechnology. 

Biotechnology has been used in the development of novel therapeutic techniques, diagnostic methods, 

and vaccines. Pharmaceuticals produced through the use of biotechnology include both small molecule 

and large molecule drugs. A wide range of experimental therapies are based on biotechnology, 

including cell-based therapies, genetic therapies, and antisense and RNA interference therapies. 

Prophylactic and therapeutic vaccines, as well as in vivo and in vitro diagnostics also make up part of 

the red wave of biotechnology. 

 

 The more recent wave, the white wave, marks the beginning of industrial biotechnology. The 

study of genomics has opened a wide range of possibilities related to the use of biotechnology in 

industrial production: from the use of enzymes in food manufacturing, to the production of chemicals 

and bioplastics; the development of biofuels, such as bioethanol and biodiesel; biomining techniques 

that allow for metals to be extracted with a much higher degree of success than previous methods 

allowed for; improved bioremediation techniques, among many other possible applications (OECD, 

2009, p.74).  
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Exhibit 4: Biotechnology Applications in Industry  
 Processes and Techniques Products 

Energy 

 - Production of fuels and power from biomass in bio-

refineries. Currently, the main types of biofuels in use 

are bioethanol and biodiesel. In 2008, the United States 
and Brazil accounted for 86 per cent of the ethanol 

production in the world, while the European Union was 

responsible for approximately 60 per cent of the worldôs 
biodiesel production. Canadaôs production of ethanol 

represented 1.5 per cent of the world production, while 

its biodiesel production accounted for 0.7 per cent of the 
world production (bioethanol data from RFA, 2010, p. 

22; biodiesel data from Index Mundi). 

Environment 

- Bioremediation ñuses micro-organisms to reduce, 
eliminate, contain, or transform to benign 

products contaminants present in soil, sediments, 

water, or airò (DOE, 2003). Examples of 
bioremediation technologies include 

phytoremediation (the use of plants in the 

treatment of environmental problems), and 
biofiltration  (the use of living material to isolate 

and decompose pollutants).7 

- Biosensors are analytical devices that ñuse an 
immobilised biologically-related agent (such as an 

enzyme, antibiotic, organelle or whole cell) to detect or 

measure a chemical compoundò (FAO, n.d.).   

Mining and 
Resource Extraction 

- Biomining techniques are starting to be used in 
metal ore mining. Examples of such techniques 

are bioleaching, which uses ñbacteria in liquid 

solution to extract metals from ore and is 
employed in copper and gold mining operationsò 

(OECD, 2009, p. 77), and bio-oxidation, which 

ñuses bacteria to release encapsulated metals of 
interest (OECD, 2009, p. 77). Compared to 

traditional techniques, both bioleaching and bio-

oxidation have extremely high recovery rates (85-
95 per cent versus 15-30 per cent in the case of 

gold recovery). 

 

- Microbial enhanced oil recovery (MEOR) 
makes use of micro-organisms to improve the 

efficiency of oil extraction, increasing the quantity 

of oil recovered from wells. 

 

Manufacturing 

- Enzymes8 are used as catalysts in the production 

processes of several industrial sectors. In 
particular, they are used in the production of: a) 

food and feed; b) detergents; c) textiles; d) pulp 

and paper. The advantages of biotechnology over 
traditional chemical processes are three-fold: 1) 

Improved efficiency through more specific 

reactions; 2) Lower energy consumption due to 
the capacity of enzymes to work at room 

temperature; 3) Reduced amounts of waste (Zika 

et al., 2007, p. 83).   
 

- Bulk chemicals, e.g. citric acid; specialty chemicals, 

e.g.enzymes, amino acids, acids, vitamins, and antibiotic 
derivatives. 

 

- Bioplastics are the most important biomaterial currently 
in use. They are manufactured from biopolymers, and 

used in packaging and catering items (such as cutlery 

and bowls). Some bioplastics are biodegradable. Others, 
while not biodegradable, are recyclable. 

 

- Biotechnology can also be used to produce biobased 
fabrics, and durable goods such as car components. 

 

- In food manufacturing, biotechnology is used to produce 
functional foods and nutraceuticals.  Functional foods 

can be consumed like conventional foods while 

providing physiological benefits and/or reducing the risk 
of chronic diseases. E.g. Corn and soy with stanol ester, 

which reduces cholesterol. Nutraceuticals are derived 

from foods and are generally sold in medicinal form. 
Like functional foods, they have physiological benefit. 

E.g. Omega-3 from fish oils. 

Source: Zika et al. (2007), and OECD (2009).  

                                                 
7
 Although bioremediation techniques do not necessarily use modern biotechnology, its use can increase the overall 

efficiency of bioremediation methods. 
8
 ñEnzymes are proteins that can repeatedly catalyse biochemical reactions without being damaged by those 

reactionsò (OECD, 2009, p. 74) 

http://www.indexmundi.com/energy.aspx?product=biodiesel&graph=production
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B. Data Sources 
 

 As Traoré (2004) notes, modern biotechnology is best understood as a cross-

sectoral/cross-industrial activity. There is no single NAICS
9
 code that encompasses all firms that 

use and develop biotechnology applications. This makes it a major challenge to gather detailed 

and reliable statistics on biotechnology.
10

 

 

 In Canada, the main source of biotechnology data was Statistics Canadaôs Biotechnology 

Use and Development Survey (BUDS). This survey was conducted biannually from 1999 to 

2005, after which it was terminated due to lack of funding.
11

 Its focus was on innovative biotech 

firms, i.e. firms that were developing at least one new biotech product or process. In this sense, 

the survey probably underestimated biotechnology activity, because data on firms that used 

modern biotechnology but were not developing new processes/products were not included in the 

overall results. 

 

Exhibit 5: NAICS Codes Included in Statistics Canadaôs Biotechnology Use and 

Development Survey 
NAICS code Activity 

1125  Animal Aquaculture 
2111  Oil and Gas Extraction 

221112  Fossil Fuel Electric Power Generation 
221119  Other Electric Power Generation 

311  Food Manufacturing 
321216  Particle Board and Fibreboard Mills 
3221  Pulp, Paper and Paperboard Mills 
325  Chemical Manufacturing 
4145  Pharmaceuticals, Toiletries, Cosmetics and Sundries Wholesaler Distributors 
4183  Agricultural Supplies Wholesaler Distributors 
5417  Scientific Research and Development Services 
6215  Medical and Diagnostic Laboratories 

* Excluding sugar and confectionery product manufacturing (3113), bakeries and tortilla manufacturing (3118), and other food 

manufacturing (3119). 

Source: Statistics Canada, Biotechnology Use and Development Survey, http://www.statcan.gc.ca/cgi-

bin/imdb/p2SV.pl?Function=getDocumentation&Item_Id=41251&TItem_Id=15015&lang=en&db=imdb&adm=8&dis=2. 

 

                                                 
9
 The acronym NAICS refers to the North American Industry Classification System. For more information on 

NAICS, see Statistics Canada (2007). 
10

 For more on the challenges related to analyzing and measuring the role of modern biotechnology in the economy, 

see de la Mothe and Niosi (2000). 
11

 Statistics Canada currently conducts two related surveys: 1) The Bioproducts Production and Development 

Survey, sponsored by Agriculture and Agri-Food Canada. Bioproducts are defined as ñproducts other than food, 

feed and medicines that are made directly or indirectly from biomassò (Sparling et al., 2009, p. 3). Although there is 

significant overlap between the ñbiotech sectorò and the ñbioproducts sectorò, not all biotech firms are classified as 

bioproduct firms, and vice-versa. More information on this survey can be found at: http://www.statcan.gc.ca/cgi-   

bin/imdb/p2SV.pl?Function=getSurvey&SDDS=5073&lang=en&db=imdb&adm=8&dis=2; 2) The Functional 

Foods and Natural Health Products Survey. Again, a significant share of the firms included in this survey would be 

considered part of the ñbiotech sectorò as defined by BUDS, but not all. For more information on this survey, see: 
http://www.statcan.gc.ca/cgi-bin/imdb/p2SV.pl?Function=getSurvey&SDDS=5038&lang=en&db=imdb&adm=8&dis=2. 

http://www.statcan.gc.ca/cgi-bin/imdb/p2SV.pl?Function=getDocumentation&Item_Id=41251&TItem_Id=15015&lang=en&db=imdb&adm=8&dis=2
http://www.statcan.gc.ca/cgi-bin/imdb/p2SV.pl?Function=getDocumentation&Item_Id=41251&TItem_Id=15015&lang=en&db=imdb&adm=8&dis=2
http://www.statcan.gc.ca/cgi-%20%20%20bin/imdb/p2SV.pl?Function=getSurvey&SDDS=5073&lang=en&db=imdb&adm=8&dis=2
http://www.statcan.gc.ca/cgi-%20%20%20bin/imdb/p2SV.pl?Function=getSurvey&SDDS=5073&lang=en&db=imdb&adm=8&dis=2
http://www.statcan.gc.ca/cgi-bin/imdb/p2SV.pl?Function=getSurvey&SDDS=5038&lang=en&db=imdb&adm=8&dis=2
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 The survey consisted of two stages. In the first stage, a simple questionnaire was sent to 

firms belonging to certain NAICS categories in order to identify if those firms used or developed 

biotechnology processes or products (see Exhibit 5 for a list of the NAICS categories included). 

One of the questions asked was: ñDoes your firm currently use or develop biotechnology 

activities?ò The firms that answered yes to this question were sent another, much more detailed, 

questionnaire that inquired about the number of employees actively engaged in biotech activities, 

the salaries of those employees, biotech revenues, the kind of products/processes the firm was 

developing, etc.
12

 The survey did not include non-profit organizations, universities, government 

laboratories, hospitals, and firms that used only traditional biotechnologies.
13

 The key results of 

BUDS are discussed in McNiven (2001), McNiven, Raoub and Traoré (2003), Raoub, Salonius 

and McNiven (2005), and Lomno and McNiven (2007). 

 

 The main source for international biotechnology statistics is the OECD Biotechnology 

Statistics Program. The most recent report (OECD, 2009a) provides data for 22 OECD countries 

and four non-member countries, obtained from national surveys (see Appendix Table 1 for 

details).
14

 The OECD differentiates between three types of biotechnology surveys: 1) dedicated 

surveys are specifically interested in biotechnology firms; 2) general R&D surveys that include 

questions on biotech R&D; 3) databases include data on biotechnology firms from a variety of 

secondary sources. Of the 26 countries included in the report, 14 ran R&D firm surveys, and 12 

conducted dedicated surveys (in addition to conducting a biotech survey, four countries also 

constructed biotech databases). According to this categorization, Statistics Canadaôs 

Biotechnology Use and Development Survey is a dedicated survey. 

 

 The OECD defines a biotechnology firm as any firm that uses biotechnology to produce 

goods/services or to conduct R&D. Of course, there is a large variation on the extent to which a 

firmôs economic activity is attributable to biotechnology. For some firms, biotechnology 

represents the core of their activities, while for others it accounts for only a small share of total 

economic activity. Although the national biotechnology survey of some countries gathers data 

for all firms engaged in biotechnology, most of the national surveys focus on one of two main 

subgroups of biotech firms: 

 

¶ Dedicated biotech firms are those whose main activity entails the application of 

biotechnology processes and techniques to produce goods/services or R&D;  

 

                                                 
12

 The first stage questionnaire can be found at http://www.statcan.gc.ca/imdb-bmdi/instrument/4226_Q2_V1-

eng.pdf. The second stage questionnaire can be found at http://www.statcan.gc.ca/imdb-bmdi/ 

instrument/4226_Q1_V5-eng.pdf. 
13

 For a list of modern biotechnologies, see Exhibit 1.  
14

 For a discussion on the challenges underlying the gathering of internationally comparable biotech data, see 

Pattinson et al. (2001), and OECD (2005). 

http://www.statcan.gc.ca/imdb-bmdi/instrument/4226_Q2_V1-eng.pdf
http://www.statcan.gc.ca/imdb-bmdi/instrument/4226_Q2_V1-eng.pdf
http://www.statcan.gc.ca/imdb-bmdi/instrument/4226_Q1_V5-eng.pdf
http://www.statcan.gc.ca/imdb-bmdi/instrument/4226_Q1_V5-eng.pdf
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¶ Biotech R&D firms, as the name implies, are engaged in biotech R&D. If 75 per cent or 

more of the firmôs research expenditures are devoted to biotech, then the firm is referred 

to as a dedicated biotech R&D firm. 

 

 Of the 26 countries covered, 9 countries covered all biotech companies in their surveys, 

15 focused on biotech R&D firms, and 2 gathered data only on dedicated biotech firms. As 

mentioned previously, Statistics Canadaôs BUDS focuses on innovative biotech firms, i.e. firms 

that are developing at least one new biotech-related product/process. In the first part of their 

OECD report, van Beuzekom and Arundel (2009) correctly identify these firms as biotech R&D 

firms (p. 12). For some reason, however, the rest of the report refers to Canadian firms as 

dedicated biotech firms, which appears incorrect. Looking at Exhibit 6, it becomes clear that the 

main problem with surveys that accounted for only biotech R&D firms or dedicated biotech 

firms is that they do not capture the entire range of firms that produce biotech-related goods and 

services in the economy.  

 

Exhibit 6: Biotechnology Firms  

 

 
 

Source: Adapted from van Beuzekom and Arundel (2009), p. 10. 
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III.  An Overview of the Canadian Biotechnology Sector  

 
 This section provides an overview of the Canadian biotechnology sector, and analyzes 

the main economic indicators that are used in this report to measure the sectorôs contribution to 

the Canadian economy. We also compare the Canadian biotech sector to that of other OECD 

countries. The indicators discussed here include number of firms, employment, R&D 

expenditures, and revenues in the biotech sector. As mentioned in the previous section, data for 

Canada comes from Statistics Canadaôs Biotechnology Use and Development Survey, and spans 

the 1999-2005 period (or, in some cases, the 1997-2005 period). International comparison data 

are taken from the OECD Biotechnology Statistics Program. 

 

A. Number of Biotech Firms  
 

 In 2005, Canada had 532 innovative biotech firms (or biotech R&D firms, using the 

OECD classification), up from 358 in 1999, which represents an increase of 48.6 per cent (Table 

1, Chart 1). Biotech firms were largely concentrated in Quebec, Ontario, and British Columbia, 

which accounted jointly for 78.8 per cent of innovative biotech firms in Canada. It is interesting 

to note that Quebecôs share in the total number of biotech firms increased from 29.9 per cent in 

1999 to 34.0 per cent in 2005, a 4.1 percentage point increase, while Ontarioôs share fell from 

31.0 per cent to 27.1 per cent, a 3.9 percentage point drop. Despite this small reduction in 

Ontarioôs share of total biotech firms in Canada, the province still had the second largest number 

of biotech firms in the country. 

 

Table 1: Innovative Biotechnology Firms by Size, Canada, 1999-2005 
  1999 2001 2003 2005 1999-2005 

  (number of firms) (per cent change) 
Innovative Biotechnology Firms 358 375 490 532 48.6 

Atlantic 19 23 25 25 31.6 
Quebec 107 130 146 181 69.2 
Ontario 111 101 129 144 29.7 
Manitoba 6 11 21 19 216.7 
Saskatchewan 16 17 34 18 12.5 
Alberta 28 24 44 51 82.1 
British Columbia 71 69 91 94 32.4 

  (share of total) (percentage point change) 
Innovative Biotechnology Firms 100.0 100.0 100.0 100.0 0.0 

Atlantic 5.3 6.1 5.1 4.7 -0.6 
Quebec 29.9 34.7 29.8 34.0 4.1 
Ontario 31.0 26.9 26.3 27.1 -3.9 
Manitoba 1.7 2.9 4.3 3.6 1.9 
Saskatchewan 4.5 4.5 6.9 3.4 -1.1 
Alberta 7.8 6.4 9.0 9.6 1.8 
British Columbia 19.8 18.4 18.6 17.7 -2.2 

Source: Statistics Canada, Biotechnology Use and Development Survey (CANSIM Table 358-0120). 
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Chart 1: Innovative Biotechnology Firms, Canada, 1999-2005 

  
Source: Statistics Canada, Biotechnology Use and Development Survey (CANSIM Table 358-0120). 

 

 Of the 532 biotech firms, 397 were small firms (less than 50 employees), 83 were 

medium-sized firms (between 50 and 149 employees), and 52 were large firms (150 or more 

employees) (Table 2). Small firms represented 74.6 per cent of total biotech firms in Canada, 

followed by medium and large firms, which accounted for 15.6 and 9.8 per cent of total biotech 

firms, respectively. Chart 2 shows how these shares remained relatively stable throughout the 

1999-2005 period. 

 

Table 2: Innovative Biotechnology Firms by Size, Canada, 1999-2005 
  1999 2001 2003 2005 1999-2005 

  (number of firms) (per cent change) 
Innovative Biotechnology Firms 358 375 490 532 48.6 

Small Firms (0 to 49 employees) 270 267 352 397 47.0 
Medium Firms (50 to 149 employees) 51 62 77 83 62.7 
Large Firms (150 employees and over) 37 46 61 52 40.5 

  (share of total) (percentage point change) 
Innovative Biotechnology Firms 100.0 100.0 100.0 100.0 0.0 

Small Firms 75.4 71.2 71.8 74.6 -0.8 
Medium Firms 14.2 16.5 15.7 15.6 1.4 
Large Firms 10.3 12.3 12.4 9.8 -0.6 

Source: van Beuzekom and Arundel (2009), p. 10. 

 

Chart 2: Innovative Biotechnology Firms by Size, Canada, 1999-2005 

  
Source: Statistics Canada, Biotechnology Use and Development Survey (CANSIM Table 358-0120). 
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 Chart 3 compares the number of biotech firms in Canada with that of other OECD 

countries. The United States had by far the largest number of biotech firms in the world in 2005 

(2,749 firms), followed by Japan (1,007 firms), France (720 firms), South Korea (685 firms), 

Germany (539 firms), and Canada (532 firms). As we saw in the previous section, however, 

there are significant differences in how countries collect data on firms that use modern 

biotechnology. While data on Canadian, French, and U.S. biotech firms refer to only biotech 

R&D firms (to use the terminology proposed by the OECD), data on German, Japanese and 

Korean firms encompass all biotech firms in the country. Thus, the figures discussed above 

underestimate the actual number of biotech firms in Canada, the United States, France, and 

Germany. It is interesting to note, furthermore, that Canada is relatively ñover-representedò in 

terms of biotech R&D firms when compared to the United States: although the Canadian 

economy is roughly equivalent to 10 per cent of the U.S. economy, the number of biotech R&D 

firms in Canada represented 20 per cent of the U.S. number.  

 

 In terms of firm size distribution, all of the countries depicted in Chart 3, with the 

exception of Japan, follow a pattern similar to the one observed in Canada, with small biotech 

firms representing between 67 and 80 per cent of total biotech firms in each country, followed by 

medium-sized firms, and large firms. Japanôs distribution of biotech firms by size is unusual, 

with small, medium, and large biotech firms having approximately the same importance (albeit 

with a slight predominance of large firms). 

  

Chart 3: Biotechnology Firms by Size, International Comparison, 2005 

  
Notes: 1) Canadian, U.S., and French data refer to biotech R&D firms, while Japanese and Korean data refer to all biotech firms, 

and German data to dedicated biotech firms; 2) The OECD report defines small firms as having less than 50 employees, medium 

firms as having between 50 and 249 employees, and large firms as having 250 or more employees (for Japan, medium firms are 

defined as having between 50 and 300 employees, and large firms as having 301 or more employees). 

Source: van Beuzekom and Arundel (2009), pp. 21-22. 

 

 Out of the 532 innovative biotech firms in Canada in 2005, the majority of the firms (58.3 

per cent) were developing applications in medicine and healthcare, followed by firms involved in 

agriculture and related areas (20.1 per cent), and those engaged in industrial biotech (18.6 per 
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cent) (Table 3). The remainder of the firms (3.0 per cent) developed applications related to 

platform technologies in biotech.  

 

Table 3: Innovative Biotechnology Firms by Application, Canada, 1999-2005 

  1999 2001 2003 2005 1999-2005 

  (number of firms) (per cent change) 

Innovative Biotechnology Firms 358 375 490 532 48.6 

Agriculture and Related Activities 90 65 86 107 18.9 

Medicine and Healthcare 150 197 262 310 106.7 

Industry, Energy and Environment 81 91 111 99 22.2 

Food and Beverages Processing 28 48 52 39 39.3 

Industrial Processing 0 0 0 0 .. 

Natural Resources 18 10 21 21 16.7 

Environment 35 33 38 39 11.4 

Other 37 22 31 16 -56.8 

  (share of total) (percentage point change) 

Innovative Biotechnology Firms 100.0 100.0 100.0 100.0 0.0 

Agriculture and Related Activities 25.1 17.3 17.6 20.1 -5.0 

Medicine and Healthcare 41.9 52.5 53.5 58.3 16.4 

Industry, Energy and Environment 22.6 24.3 22.7 18.6 -4.0 

Food and Beverages Processing 7.8 12.8 10.6 7.3 -0.5 

Industrial Processing 0.0 0.0 0.0 0.0 0.0 

Natural Resources 5.0 2.7 4.3 3.9 -1.1 

Environment 9.8 8.8 7.8 7.3 -2.4 

Other 10.3 5.9 6.3 3.0 -7.3 

Notes: 1) Firms developing aquaculture applications were included in the ñOther Applicationsò category instead of ñAgriculture 

and Related Activitiesò; 2) Besides aquaculture, the ñOther Applicationsò category includes mainly firms developing platform 

technologies, such as bioinformatics. 

Source: van Beuzekom and Arundel (2009), p. 64. 

  

 The number of firms engaged in medicine and healthcare biotech more than doubled over 

the 1999-2005 period, from 150 to 310. Meanwhile, the number of firms involved in agriculture 

and related activities, and industrial biotech rose at a much slower pace. This led to a significant 

increase in the share of medical biotech firms, from 41.9 per cent in 1999 to the aforementioned 

58.3 per cent in 2006 (a 16.4 percentage point increase in only 7 years), while the share of 

agricultural, and industrial biotech firms declined (Chart 4). Another interesting development 

was the fall in the absolute number of firms under the ñOtherò category, which caused a sharp 

drop in its share of total biotech firms, from 10.3 per cent in 1999 to only 3.0 per cent in 2007. 
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Chart 4: Biotechnology Firms by Application, Canada, 1999-2005 

  
Notes: 1) Firms developing aquaculture applications were included in the ñOther Applicationsò category instead of ñAgriculture 

and Related Activitiesò; 2) Besides aquaculture, the ñOther Applicationsò category includes mainly firms developing platform 

technologies, such as bioinformatics. 

Source: van Beuzekom and Arundel (2009), p. 64.  

 

 When comparing the distribution of biotech firms in Canada by area of application with 

that of other countries, we can see that, with the exception of Korea, biotech firms tended to 

concentrate in activities related to medicine and healthcare. Furthermore, in Canada, the United 

States, and Germany, the share of firms that fell under the ñAgriculture and Related Activitiesò 

category was roughly the same as the share of firms classified under the ñIndustry, Energy and 

Environmentò category. 

 

Chart 5: Biotechnology Firms by Application, International Comparison, 2005 

 

Notes: 1) Data for Canada, France, and the United States refer to biotech R&D firms, while data for Korea and Germany refer to 

all biotech firms; 2) Data for the United States and France refer to 2001 and 2003 (respectively); 3) For the United States and 

France, the ñAgriculture and Related Activitiesò category also includes food processing applications; 4) For France, the ñOther 

Applicationsò category includes firms that use and/or develop industrial biotech applications; 5) In general, however, the ñOther 

Applicationsò category includes mainly firms developing platform technologies, such as bioinformatics. 

Source: Data for Canada, Korea, and Germany taken from van Beuzekom and Arundel (2009), p. 64; data for the United States 

and France taken from van Beuzekom and Arundel (2006), p. 40. 
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B. Employment  
 

 In 2005, 13,433 employees worked in innovative biotech firms in Canada, up from 7,749 

employees in 1999, which represents an average annual growth rate of 9.6 per cent during the 

1999-2005 period (Table 4)  Of the total number of employees, 7,065 (52.6 per cent) worked in 

R&D. 

 

 Biotech employment was heavily concentrated in the medicine and healthcare area, 

which was responsible for 80.9 per cent of total employment in biotechnology in 2005.  This 

represents an increase of 10.1 percentage points from the (already high) share of 70.8 per cent 

observed in 1999 (Chart 6). Biotech employment in agricultural and industrial applications 

accounted for only 9.8 and 8.6 per cent (respectively) of total employment, less than their 

contribution in 1999 (12.7 per cent and 10.5 per cent, respectively). The contribution of other 

biotechnology applications to employment was negligible in 2005 (0.7 per cent), although this 

category played a somewhat relevant role in terms of employment in 1999 (6.0 per cent). 

 

Table 4: Employment in Biotechnology Firms by Application, Canada, 1999-

2005 

  1999 2001 2003 2005 1999-2005 

  (number of employees) (compound annual growth rates, per cent) 

Innovative Biotechnology Firms 7,749 11,863 11,863 13,433 9.6 

Agriculture and Related Activities 985 1,249 1,085 1,317 5.0 

Medicine and Healthcare 5,487 8,699 9,255 10,866 12.1 

Industry, Energy and Environment 810 1,700 1,113 1,157 6.1 

Food and Beverages Processing 338 973 747 438 4.4 

Industrial Processing 0 0 0 0 .. 

Natural Resources 149 C 120 240 8.3 

Environment 323 727 246 479 6.8 

Other 467 C 410 93 -23.6 

  (share of total) (percentage point change) 

Innovative Biotechnology Firms 100.0 100.0 100.0 100.0 0.0 

Agriculture and Related Activities 12.7 10.5 9.1 9.8 -2.9 

Medicine and Healthcare 70.8 73.3 78.0 80.9 10.1 

Industry, Energy and Environment 10.5 14.3 9.4 8.6 -1.8 

Food and Beverages Processing 4.4 8.2 6.3 3.3 -1.1 

Industrial Processing 0.0 0.0 0.0 0.0 0.0 

Natural Resources 1.9 .. 1.0 1.8 -0.1 

Environment 4.2 6.1 2.1 3.6 -0.6 

Other 6.0 .. 3.5 0.7 -5.3 

Note: 1) Firms developing aquaculture applications were included in the ñOther Applicationsò category instead of ñAgriculture 

and Related Activitiesò; 2) Besides aquaculture, the ñOther Applicationsò category includes mainly firms developing platform 

technologies, such as bioinformatics. 

Source: van Beuzekom and Arundel (2009), p. 66. 
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Chart 6: Employment in Biotechnology Firms by Application, Canada, 1999-

2005

  
Note: 1) Firms developing aquaculture applications were included in the ñOther Applicationsò category instead of ñAgriculture 

and Related Activitiesò; 2) Besides aquaculture, the ñOther Applicationsò category includes mainly firms developing platform 

technologies, such as bioinformatics. 

Source: van Beuzekom and Arundel (2009), p. 64. 

 

 An international comparison shows that, unsurprisingly, the number of biotech 

employees in the U.S. overshadowed biotech employee figures in every other country studied 

with 130,305 biotech employees (Chart 7). Germany had the second highest figure (23,877 

employees), followed by Korea (13,818 employees), Canada (13,433 employees), and France 

(8,923 employees). Note that, in terms of employment in biotech R&D firms, Canada was not 

ñover-representedò relatively to the United States (as was the case when we looked at number of 

biotech R&D firms in both countries): employment in biotech R&D firms in Canada corresponds 

to about 10 per cent that of the United States, as would be expected. 

 

 With the exception of Korea, medicine and healthcare comprised the largest share of 

biotech employees in every country studied. In Korea, industrial application made up the largest 

share of biotech employees. In every country studied (again, with the exception of Korea), the 

share of biotech employees in agricultural and industrial biotech applications were roughly the 

same. 
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Chart 7: Employment in Biotechnology Firms, International Comparison, 2005 

 

 
Notes: 1) Data for Canada, France, and the United States refer to biotech R&D firms, while data for Korea and Germany refer to 

all biotech firms; 2) Data for the United States and France refer to 2001 and 2003 (respectively); 3) For the United States and 

France, the ñAgriculture and Related Activitiesò category also includes food processing applications; 4) For France, the ñOther 

Applicationsò category includes firms that use and/or develop industrial biotech applications; 5) In general, however, the ñOther 

Applicationsò category includes mainly firms developing platform technologies, such as bioinformatics. 

Source: Data for Canada, Korea, and Germany taken from van Beuzekom and Arundel (2009), p. 66; data for the United States 

and France taken from van Beuzekom and Arundel (2006), p. 43. 

 

 Private companies, however, represent only part of the total biotech activity in Canada 

(and in the rest of the world), since the government sector and the higher education sector also 

actively conduct and promote biotech R&D. According to Statistics Canada (2005, 2009, 2010), 

the federal government employed 2,104 people in biotech-related activities in 2008, up from 

1,141 people in 1998 (Table 5). The number of federal employees in biotech-related functions 

grew at an average annual rate of 6.31 per cent during the 1998-2008 period. 

 

 In 1998, 90 per cent of these federal employees were directly engaged in biotech R&D, 

but by 2008 this number had dropped to 65.3 per cent, a drastic decline of 24.7 percentage 

points. This happened because the number of employees involved in biotech R&D increased at a 

much slower pace than that of employees in related scientific activities during the period (2.96 

per cent per year versus 20.40 per cent per year, respectively).
 15

 A breakdown by personnel type 

shows a decrease in the share of scientific and professional personnel (from 45.0 per cent in 1998 

                                                 
15

 Examples of ñRelated Scientific Activitiesò include tasks related to data collection, information services, special services and 

studies, education support, administration of extramural programs, etc. 
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to 36.8 per cent in 2008), and an increase in the shares of technical personnel (from 38.1 per cent 

in 1998 to 42.2 per cent in 2008) and other personnel (from 16.9 per cent in 1998 to 21.1 per cent 

in 2008). 

 

Table 5: Federal Government Personnel Engaged in Biotechnology Science and 

Technology Activities, Canada, 1998-2008 

  1998 2001 2003 2005 2008 1998-2008 1999-2005 

  (number of full time equivalent employees) (CAGR, per cent) 

Federal Government Personnel Engaged in Biotechnology 1,141 1,505 1,708  1,868  2,104  6.31 7.15 

   Breakdown by Activity      

Research and Development 1,027 1,324 1,305  1,326  1,374  2.96 3.29 

Related Scientific Activities 114 181 403  542  730  20.40 25.16 

  Breakdown by Personnel Type     

Scientific and Professional Personnel 513 601 729  785  774  4.19 5.23 

Technical Personnel 435  620  625  641  887  7.39 6.55 

Other Personnel 193 284 354  442  443  8.67 12.59 

  (share of total) (percentage point change) 

Federal Government Personnel Engaged in Biotechnology 100 100 100 100 100 0.0 0.0 

   Breakdown by Activity      

Research and Development 90.0 88.0 76.4 71.0 65.3 -24.7 -17.5 

Related Scientific Activities 10.0 12.0 23.6 29.0 34.7 24.7 17.6 

  Breakdown by Personnel Type     

Scientific and Professional Personnel 45.0 39.9 42.7 42.0 36.8 -8.2 -4.8 

Technical Personnel 38.1 41.2 36.6 34.3 42.2 4.0 -1.2 

Other Personnel 16.9 18.9 20.7 23.7 21.1 4.1 6.1 

Note: 1) Examples of ñRelated Scientific Activitiesò include tasks related to data collection, information services, special services 

and studies, education support, administration of extramural programs, other administrative activities, etc.; 2) The ñOther 

Personnelò category includes administrative and foreign service, administrative support, operational personnel, and military 

personnel. 

Source: Statistics Canada (2005, 2009, 2010). 

 

C. R&D Expenditures  
 

 Nominal business expenditures in biotech R&D (biotech BERD) in Canada reached 

$1,704 million in 2005, double the value of $831 million in 1999 (Table 6). The growth rate of 

12.7 per cent per year experienced by biotech BERD over the 1999-2005 period was 

substantially higher than the one observed for total BERD in Canada, 7.0 per cent per year. This 

explains why the share of biotech BERD in terms of total economy BERD increased from 8.0 

per cent in 1999 to 10.9 per cent in 2005, a 2.9 percentage point increase. Even though the rate of 

increase of biotech BERD remained above that of total BERD throughout the entire period, 

growth in biotech BERD slowed over time, from 62.0 per cent between 1999 and 2001 to 10.3 

per cent in the 2001-2003 period, and 14.8 per cent in the 2003-2005 period.
16

 

                                                 
16

 Real biotech BERD (expressed in constant 2002 dollars) shows a similar trend. In 2005, there were $1,545 million 

in real biotech BERD, up from $881 million, which represents a growth rate of 9.8 per cent per year during the 

period. After an initial increase in real R&D expenditures of 53.5 per cent between 1999 and 2001, growth in the 

2001-2003 period dropped to only 6.4 per cent. Growth remained relatively stable at that level during the 2003-2005 

period, when biotech BERD increased by 7.4 per cent.   
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Table 6: Business Enterprise R&D (BERD) in Biotechnology by Application, 

Canada, 1999-2005 

  1999 2001 2003 2005 1999-2005 

  (millions of current dollars) (compound annual growth rates, per cent) 

Total Business Enterprise Expenditures in R&D 10,399 14,266 14,095 15,638 7.0 

Total Biotechnology R&D 831 1,346 1,485 1,704 12.7 

Agriculture and Related Activities 66 66 66 156 15.4 

Medicine and Healthcare 703 1,177 1,314 1,488 13.3 

Industry, Energy and Environment 38 78 73 48 4.0 

Food and Beverages Processing 7 48 23 10 6.0 

Industrial Processing 0 0 0 0 .. 

Natural Resources 28 13 13 24 -2.5 

Environment 3 17 37 14 29.4 

Other 24 25 32 12 -10.9 

  (share of total) (percentage point change) 

Total Business Enterprise Expenditures in R&D 100.0 100.0 100.0 100.0 0.0 

Total Biotechnology R&D 8.0 8.7 10.5 10.9 2.9 

  (share of total) (percentage point change) 

Total Biotechnology R&D 100.0 100.0 100.0 100.0 0.0 

Agriculture and Related Activities 7.9 4.9 4.4 9.2 1.2 

Medicine and Healthcare 84.6 87.4 88.5 87.3 2.7 

Industry, Energy and Environment 4.6 5.8 4.9 2.8 -1.8 

Food and Beverages Processing 0.8 3.6 1.5 0.6 -0.3 

Industrial Processing 0.0 0.0 0.0 0.0 0.0 

Natural Resources 3.4 .. 0.9 1.4 -2.0 

Environment 0.4 1.3 2.5 0.8 0.5 

Other 2.9 .. 2.2 0.7 -2.2 

Notes: 1) Firms developing aquaculture applications were included in the ñOther Applicationsò category instead of ñAgriculture 

and Related Activitiesò; 2) Besides aquaculture, the ñOther Applicationsò category includes mainly firms developing platform 

technologies, such as bioinformatics. 

Source: van Beuzekom and Arundel (2009), p. 65. OECD figures were originally in PPP adjusted U.S. dollars. They were 

converted to non-PPP adjusted Canadian dollars using the adjustment factors found at 

http://stats.oecd.org/Index.aspx?datasetcode=SNA_TABLE4. 

 

 Biotech BERD was heavily concentrated in medicine and healthcare applications, which 

were responsible for 87.3 per cent of total biotech BERD in 2005, followed by applications in 

agriculture and related activities (9.2 per cent) and industry (2.8 per cent) (Chart 8). R&D in 

other biotech applications accounted for only 0.7 per cent of total biotech BERD. During the 

1999-2005 period, there was a slight movement towards (more) concentration of biotech BERD 

in medicine and healthcare, as well as agriculture and related activities, with the share of biotech 

R&D in these areas increasing by 2.7 and 1.2 percentage points, respectively. Conversely, the 

shares of biotech R&D in industrial applications and other applications declined by 1.8 and 2.2 

percentage points. 

  

 

 

 

http://stats.oecd.org/Index.aspx?datasetcode=SNA_TABLE4
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Chart 8: Business Enterprise R&D (BERD) in Biotechnology by Application, 

Canada, 1999-2005 

  
Note: 1) Firms developing aquaculture applications were included in the ñOther Applicationsò category instead of ñAgriculture 

and Related Activitiesò; 2) Besides aquaculture, the ñOther Applicationsò category includes mainly firms developing platform 

technologies, such as bioinformatics. 

Source: van Beuzekom and Arundel (2009), p. 65. 

 

Chart 9: Business Expenditures in Biotech R&D, International Comparison, 

2005 

 

 
Notes: 1) Data for Canada, France, and the United States refer to biotech R&D firms, while data for Korea and Germany refer to 

all biotech firms; 2) Data for the United States and France refer to 2001 and 2003 (respectively); 3) For the United States and 

France, the ñAgriculture and Related Activitiesò category also includes food processing applications; 4) For France, the ñOther 

Applicationsò category includes firms that use and/or develop industrial biotech applications; 5) In general, however, the ñOther 

Applicationsò category includes mainly firms developing platform technologies, such as bioinformatics. 

Source: Data for Canada, Korea, and Germany taken from van Beuzekom and Arundel (2009), p. 64; data for the United States 

and France taken from van Beuzekom and Arundel (2006), p. 40. 
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 When comparing biotech R&D expenditures from a select group of developed countries, 

we can see that, with US$16,834 million (PPP adjusted), R&D expenditures in the United States 

dwarfed R&D expenditures in Canada (US$1,404 million), Germany (US$800 million), France 

(US$671 million), and Korea (US$602 million) (Chart 9). Note that Canada came second in 

terms of biotech R&D spending, even though Canadian spending represented only 8.3 per cent of 

U.S. spending. In every country studied, over 80 per cent of R&D expenditures were made in 

medicine and healthcare, except in Korea, where only 51.1 per cent of biotech R&D 

expenditures were made in medicine and healthcare. 

 

 Biotech BERD represents only a part of total biotech R&D. As mentioned previously, the 

government sector and the higher education sector also play an important role in conducting and 

promoting biotech R&D. According to Statistics Canadaôs Biotechnology Scientific Activities in 

the Federal Government Departments and Agencies, the federal government funded $937 million 

in biotech science and technology expenditures in 2008, up from $319 million in 1998, which 

entails a growth rate of 11.36 per cent per year during the 1998-2008 period (Chart 7). Federal 

biotech-related expenditures represented only 5.5 per cent of total federal expenditures in science 

and technology in 1998, but by 2008 they accounted for 8.9 per cent, a 3.4 percentage point 

increase. 

 

 Biotech R&D accounted for approximately 96 per cent of total (federal) biotech science 

and technology expenditures over the period, with related scientific activities accounting for the 

rest. The main performer of federal biotech R&D (and related scientific activities) was the higher 

education sector, responsible for 58.7 per cent of federal biotech expenditures in 2008, followed 

by the federal government itself (intramural expenditures), responsible for performing 29.0 per 

cent of federal biotech-related expenditures. The role of the higher education sector has increased 

significantly over time. In 1998, the sector was responsible for performing 49.0 per cent of 

federal biotech expenditures, 9.7 percentage points less than it performed in 2008. On the other 

hand, the federal governmentôs role declined sharply, from performing 44.7 of federal biotech 

science and technology expenditures to performing the aforementioned 29.0 per cent, a 15.7 

percentage point drop. 
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Table 7: Federal Government R&D Funding Expenditures in Biotechnology by 

Performer, Canada, 1998-2008 
  1998 1999 2001 2003 2005 2008 1998-2008 1999-2005 

  (millions of current dollars) (CAGR, per cent) 
Total Federal Science and Technology Expenditures 5,802 6,252 8,169 8,765  9,449  10,573  6.18 7.13 

Research and Development 3,578 3,890 4,989 5,462  6,042  6,655  6.40 7.61 
Related Scientific Activities 2,224 2,362 3,180 3,303  3,407  3,918  5.83 6.30 
  

      
    

Federal Biotech Science and Technology Expenditures 319 392 557 756  865  937  11.36 14.10 
   Breakdown by Activity      

Research and Development 309 380 538 723  823  891  11.18 13.77 
Related Scientific Activities 10 13 19 33  42  45  15.84 22.40 

  Breakdown by Performer     
Intramural 143 185 233 256  277  271  6.62 7.02 
Business Enterprise Sector 16 34 33 27  17  20  2.11 -11.39 
Higher Education Sector 157 169 206 379  469  550  13.39 18.51 
Other Performer 1 1 80 89  97  88  60.74 119.01 
Foreign Performer 3 2 4 5  5  7  9.00 18.69 

  (share of total) (percentage point change) 
Total Federal Science and Technology Expenditures 100.0 100.0 100.0 100.0 100.0 100.0 0.0 0.0 

Federal Biotech Science and Technology Expenditures 5.5 6.3 6.8 8.6 9.2 8.9 3.4 2.9 
  (share of total)     
Federal Biotech Science and Technology Expenditures 100.0 100.0 100.0 100.0 100.0 100.0 0.0 0.0 

  Breakdown by Activity     
Research and Development 96.7 96.8 96.6 95.6 95.1 95.2 -1.6 -1.7 
Related Scientific Activities 3.3 3.2 3.4 4.4 4.9 4.8 1.6 1.7 

  Breakdown by Performer     
Intramural 44.7 47.1 41.8 33.9 32.1 29.0 -15.8 -15.0 
Business Enterprise Sector 5.1 8.8 6.0 3.6 1.9 2.1 -2.9 -6.9 
Higher Education Sector 49.0 43.2 37.1 50.1 54.2 58.7 9.7 11.0 
Other Performer 0.2 0.2 14.3 11.7 11.2 9.4 9.2 11.0 
Foreign Performer 0.9 0.5 0.8 0.7 0.6 0.8 -0.2 0.1 

Note: 1) The "Other Performer" category includes non-profit institutions, and provincial and municipal governments; 2) 

Examples of ñRelated Scientific Activitiesò include tasks related to data collection, information services, special services and 

studies, education support, administration of extramural programs, etc. 

Source: Statistics Canada (2005, 2009, 2010). 

 

D. Revenues 
 

 In nominal terms, Canadian biotech firms generated $53,614 million in revenues in 2005, 

almost three times its value in 1999, $18,730 (Table 8). Biotech-related revenues, however, were 

only $4,202 million, which represented 7.8 per cent of total revenues. Biotech-related revenues 

increased at an average annual rate of 13.7 per cent during the 1999-2005 period, slower than the 

growth rate experienced by total revenues of biotech firms (19.2 per cent). This explains why the 

share of biotech-related revenues in total revenues fell from 10.4 per cent in 1999 to the 

aforementioned 7.8 per cent (Chart 10). Even though biotech revenues have increased over time, 

the rate at which these revenues have increased has declined, from 82.3 per cent between 1999 

and 2001 to 8.0 per cent in the 2001-2003 period, and 9.5 per cent in the 2003-2005 period.
17

 

                                                 
17

 Real biotech revenues (expressed in constant 2002 dollars) show very similar trends. In 2005, there were $3,812 

million in real biotech revenues, up from $2,074 million, which represents a growth rate of 10.7 per cent per year 

during the period. After an initial real revenue increase of 74.0 per cent between 1999 and 2001, real revenue 

increases in biotech became much more modest (3.0 per cent in the 2001-2003 period, and 2.5 per cent in the 2003-

2005 period).   
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Table 8: Revenues of Biotechnology Firms by Application, Canada, 1999-2005 

  1999 2001 2003 2005 1999-2005 

  (millions of current dollars)) (compound annual growth rates, per cent) 

Total Revenues of Biotech Firms 18,730 26,747 30,802 53,614 19.2 

Total Biotech Revenues 1,948 3,552 3,835 4,202 13.7 

Agriculture and Related Activities 524 198 469 1,034 12.0 

Medicine and Healthcare 1,036 2,461 1,995 2,967 19.2 

Industry, Energy and Environment 343 893 1,345 181 -10.1 

Food and Beverages Processing 185 626 1,262 49 -19.9 

Industrial Processing 0 0 0 0 .. 

Natural Resources 113 n.a. 47 40 -15.9 

Environment 45 267 36 92 12.6 

Other 45 n.a. 26 19 -13.3 

  (share of total) (percentage point change) 

Total Revenues of Biotech Firms 100.0 100.0 100.0 100.0 0.0 

Total Biotech Revenues 10.4 13.3 12.5 7.8 -2.6 

  (share of total) (percentage point change) 

Total Biotech Revenues 100.0 100.0 100.0 100.0 0.0 

Agriculture and Related Activities 26.9 5.6 12.2 24.6 -2.3 

Medicine and Healthcare 53.2 69.3 52.0 70.6 17.4 

Industry, Energy and Environment 17.6 25.1 35.1 4.3 -13.3 

Food and Beverages Processing 9.5 17.6 32.9 1.2 -8.3 

Industrial Processing 0.0 0.0 0.0 0.0 0.0 

Natural Resources 5.8 .. 1.2 1.0 -4.8 

Environment 2.3 7.5 0.9 2.2 -0.1 

Other 2.3 .. 0.7 0.5 -1.9 

Note: 1) Firms developing aquaculture applications were included in the ñOther Applicationsò category instead of ñAgriculture 

and Related Activitiesò; 2) Besides aquaculture, the ñOther Applicationsò category includes mainly firms developing platform 

technologies, such as bioinformatics. 

Source: van Beuzekom and Arundel (2009), p. 67. OECD figures were originally in PPP adjusted U.S. dollars. They were 

converted to non-PPP adjusted Canadian dollars using the adjustment factors found at 

http://stats.oecd.org/Index.aspx?datasetcode=SNA_TABLE4. 

 

Chart 10: Biotechnology Revenues by Application, Canada, 1999-2005 

  
Note: 1) Firms developing aquaculture applications were included in the ñOther Applicationsò category instead of ñAgriculture 

and Related Activitiesò; 2) Besides aquaculture, the ñOther Applicationsò category includes mainly firms developing platform 

technologies, such as bioinformatics. 

Source: CSLS calculations based on van Beuzekom and Arundel (2009), p. 67. 
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 The medicine and healthcare area was responsible for the majority of biotech revenues in 

2005, $2,967 million, which represented 70.6 per cent of total biotech-related revenues. 

Revenues in this area increased at a robust growth rate of 19.2 per cent per year during the 1999-

2005 period, significantly faster than total biotech-related revenues growth, and the reason why 

the areaôs share in total biotech revenues increased 17.4 percentage points during the period 

(from 53.2 per cent in 1999 to 70.6 per cent in 2005). 

 

 Agriculture was the second most important biotech application in terms of revenue, 

reaching $1,034 million in 2005 (24.6 per cent of total biotech revenues).  Agricultural biotech 

revenues grew at an average annual rate of 12.0 per cent per year during the 1999-2005 period, 

slower than the growth of total biotech revenues. Consequently, the share of agricultural biotech 

revenues in total biotech revenues declined slightly in the period, from 26.9 per cent in 1999 to 

24.6 per cent in 2005 (a 2.3 percentage point reduction). 

 

 Industrial applications in biotech accounted for only $181 million in 2005, down from 

$343 million in 1999, a decline of 10.1 per cent per year during the period. This led to a marked 

drop in the share of industrial biotech in total biotech revenues, from 17.6 per cent in 1999 to 

only 4.3 per cent in 2005 (a 13.3 percentage point drop). The fall in revenue was caused by the 

drastic revenue drop in food and beverages processing, and natural resources applications. 

Revenues from environmental biotech applications actually increased over the period. 

 

 Other biotech applications were responsible for only $19 million in 2005 (0.5 per cent of 

total biotech revenues), down from $45 million in 1999 (2.3 per cent of total biotech revenues). 

 

 An international comparison makes it clear that biotech revenues were highest in the 

United States (US$51,655 million, PPP adjusted), followed by Japan (US$9,866 million), Korea 

(US$3,513 million), Canada (US$3,461 million), Germany (US$2,297 million), and France 

(US$2,146 million) (Chart 11). In Korea, industrial biotech made up the largest share of biotech 

revenues whilst in every other country studied medicine and healthcare applications constituted 

the most important source of biotech revenues. 
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Chart 11: Biotech Revenues, International Comparison, 2005 

 
Notes: 1) Data for Canada, France, and the United States refer to biotech R&D firms, while data for Korea and Germany refer to 

all biotech firms; 2) Data for the United States and France refer to 2001 and 2003 (respectively); 3) For the United States and 

France, the ñAgriculture and Related Activitiesò category also includes food processing applications; 4) For France, the ñOther 

Applicationsò category includes firms that use and/or develop industrial biotech applications; 5) In general, however, the ñOther 

Applicationsò category includes mainly firms developing platform technologies, such as bioinformatics. 

Source: Data for Canada, Korea, and Germany taken from van Beuzekom and Arundel (2009), p. 67; data for the United States 

and France taken from van Beuzekom and Arundel (2006), p. 42. 

 

E. GM Crops 
 

 One of the most important applications of biotechnology in agriculture is the 

development of new types of crops, with improved characteristics. Genetic modification (GM) 

can be used for a variety of purposes: it can make crops herbicide tolerant or pest resistant, 

improve a plantôs agronomical or technical traits, etc. 

 

 Chart 12 plots the dramatic increase in GM crops over the 1996-2008 period, from little 

more than 1.7 million hectares in 1996 to 125 million hectares in 2008, which implies an average 

annual growth rate of 43 per cent over the period. Although developed countries are still 

responsible for the majority of GM crops produced in the world, developing countries seem to be 

quickly catching up. 
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Chart 12: GM Crops, Million Hectares Planted, 1996-2008 

 
Source: van Beuzekom and Arundel (2009). 

 

 In absolute terms the United States is, by far, the most important producer of GM crops in 

the world, with 62.5 million hectares of GM crops in 2008 (Chart XXX). However, in relative 

terms, GM crops played a much larger role in Paraguay, where they accounted for 89 per cent of 

arable land, Argentina (75 per cent), and Uruguay (51 per cent) than in the United States (36 per 

cent). 

 

Chart 13: GM Crops, International Comparison, 2008 

  
Source: 1) The chart on the left is based on James (2009), p. 15; 2) The chart on the right is adapted from van Beuzekom and 

Arundel (2009), p. 77 (the figure for Canada was updated, but all other figures remain the same). 

 

 As mentioned previously, most of the approved GM crops are either herbicide tolerant or 

pest resistant. As of August 2011, 80 per cent of the 86 GM crop varieties approved in Canada 

had at least one of the two aforementioned traits, while crop varieties with improved product 

0.1 

0.1 

0.2 

0.4 

0.6 

0.7 

1.8 

2.7 

3.8 

7.6 

7.6 

15.8 

21.0 

62.5 

0 20 40 60 80 

Spain 

Mexico 

Australia 

Phillipines 

Bolivia 

Uruguay 

South Africa 

Paraguay 

China 

Canada 

India 

Brazil 

Argentina 

United States 

GM Crops, Million Hectares Planted 

0 

0 

1 

4 

5 

7 

12 

20 

20 

27 

36 

51 

75 

89 

0 20 40 60 80 100 

Australia 

Mexico 

Spain 

China 

India 

Phillipines 

South Africa 

Bolivia 

Canada 

Brazil 

United States 

Uruguay 

Argentina 

Paraguay 

Per Cent of All Arable Land Planted with 
GM Crops 



39 

 

quality accounted for 16 per cent of the total, and other types of GM crops (with improved 

agronomical traits or changes in technical traits) were responsible for the remaining 4 per cent 

(Table 9, Chart 14).
18

 Worldwide, even though more than a dozen plant species have received 

regulatory approval, the majority of GM crops (by hectare planted) are different varieties of 

canola, corn, soybeans, and cotton. 

 

Table 9: Biotech Crops Approved in Canada by GM Trait , 2011
19

 
  

Number of 
Varieties 

Herbicide 
Tolerance 

(HT) 

Pest 
Resistant 

(PR) 

Virus 
Resistant 

(VR) 

Product 
Quality 

(PQ) 
Other HT+PR HT+Other PR+Other 

Corn 27 10 6  3  7 1   
Canola 12 7     3     2   
Soybean 8 4   4      
Cotton 8 4 4             
Wheat 7 7         
Tomato 4   1   3         
Potato 4 1 1      2 
Sunflower 4 3     1         
Rice 4 4         
Sugarbeet 2 2               
Squash 2     2     
Flax 1 1               
Lentil 1 1         
Papaya 1     1           
Alfalfa 1 1               

Source:  Health Canada, Approved GM Foods & Other Novel Foods (http://www.hc-sc.gc.ca/fn-an/gmf-agm/appro/ofb-095-264-

a-eng.php). 

 

Chart 14: Health Canada Approved GM Varieties as of August 2011, by trait  

 
Source:  Health Canada, Approved GM Foods & Other Novel Foods (http://www.hc-sc.gc.ca/fn-an/gmf-agm/appro/ofb-095-264-

a-eng.php). 

  

 Three of the four major GM crops in the world are planted in Canada, namely: canola, 

soybeans, and corn. The fourth most important GM crop in Canada is sugarbeet.
20

 In 2009, there 

                                                 
18

 For a list of the approved varieties of GM crops, refer to Appendix Table 2. 
19

 The fact that a certain GM crop has been approved by Health Canada does not necessarily imply that this crop 

variety is currently grown in Canada. In fact, most of the approved varieties are not grown or grown in very small 

quantities. For a list of all approved GM crops, refer to Appendix Table 2. 
20

 The importance of sugarbeet should not be overstated, however. In 2010, sugarbeet crops accounted for merely 

0.1 per cent of total cash receipts in Canadian crop production. 
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were 8,200 thousand hectares of GM crops in Canada, which accounted for 22.3 per cent of total 

seeded area in the country (Table 10). Looking at crop cash receipts, the importance of GM crops 

is even greater. In 2009, GM canola, GM corn, GM soybeans, and GM sugarbeet accounted 

jointly for $7,027 million, 30.3 per cent of total crop cash receipts in Canada. 

 

Table 10: Biotech Crops, Canada, 1997 and 2005-2009 

  1997 2005 2006 2007 2008 2009 1997-2009 

  Cropland Area, thousand hectares (compound annual growth rates, per cent) 

Total 35,102 35,718 35,695 36,642 37,048 36,902 0.4 

Total GM 1,230 4,200 5,250 6,958 7,574 8,236 17.2 

GM Canola 1,200 4,200 4,500 5,100 5,500 6,000 14.4 

GM Corn 30 - - 1,170 1,190 1,221 36.2 

GM Soybeans 0 - 750 688 880 995 115.4 

GM Sugarbeet - - - - 4 20 n.a. 

                

  Total GM Crop Area as a Share of Total Cropland Area, per cent (percentage point change) 

Total 100.0 100.0 100.0 100.0 100.0 100.0 0.0 

Total GM 3.5 11.8 14.7 19.0 20.4 22.3 18.8 

                

  GM Crop Area as a Share of Total Crop Area (e.g. GM canola/total canola) (percentage point change) 

Canola 30.0 82.0 84.0 86.0 86.0 93.0 63.0 

Corn 2.8 - - 90.0 99.2 99.3 96.5 

Soybeans 0.0 - - 62.5 73.3 71.1 71.1 

Sugarbeet - - - - 59.0 96.0 37.0 

                

  Cash Receipts, millions of current dollars (compound annual growth rates, per cent) 

Total 14,094 13,526 14,784 18,520 22,959 23,182 4.2 

Canola 2,128 1,826 2,503 3,467 4,915 5,107 7.6 

Corn 696 623 754 1,051 1,559 1,321 5.5 

Soybeans 814 760 680 1,032 1,124 1,329 4.2 

Sugarbeet 34 32 38 35 24 23 -3.4 

  
      

  

  Estimated Biotech Cash Receipts, millions of current dollars (compound annual growth rates, per cent) 

Total GM 658 1,497 2,103 4,573 6,611 7,027 21.8 

Canola 638 1,497 2,103 2,981 4,227 4,750 18.2 

Corn 19 - - 946 1,546 1,312 42.0 

Soybeans 0 - - 645 824 944 .. 

Sugarbeet - - - - 14 22 56.8 

                

  GM Cash Receipts as a Share of Total Crops Receipts, per cent (percentage point change) 

Total GM 4.7 11.1 14.2 24.7 28.8 30.3 25.6 

Notes 1) GM crop area as a share of total crop area, and GM cash receipts calculated by the CSLS; 2) Cash receipts for GM crops 

calculated assuming that the prices for GM and non-GM crop varieties were equal. 

Source: GM crop data from James (1998, 2005, 2006, 2007, 2008, and 2009) and GMO Compass (http://www.gmo-

compass.org). Data on total seeded hectares and cash receipts from Statistics Canada, Field Crop Reporting Series (CANSIM 

Table 10010) and Net Farm Receipts (CANSIM Table 20001), respectively. 

 

 Among GM crops, GM canola had the largest seeded area by far in 2009, 6,000 thousand 

hectares (accounting for 73 per cent of total GM cropland area in Canada), followed by corn 

(1,221 thousand hectares or 15 per cent of GM cropland area)), soybeans (995 thousand hectares 

or 12 per cent of GM cropland area), and sugarbeet (4 thousand hectares or 0.05 per cent of GM 

cropland area). In 2009, practically all production of canola, corn and sugarbeet used GM seeds 

http://www.gmo-compass.org/
http://www.gmo-compass.org/
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(93 per cent, 99.3 per cent, and 96.0 per cent, respectively). A significant proportion of soybeans 

agriculture also used GM seeds (71.1 per cent).
21

 

 

                                                 
21

 For further discussion on GM crops (and GM food) in Canada, see McHughen (2002).  

BOX 2: Top Medical Biotech Firms in the World and in Canada in 2010 

  

 Med Ad News publishes a yearly ranking of the top 100 medical biotech companies in the world.  In 

2010, the world's top five medical biotech companies by revenue were Roche Inc. (US$29,580 million, biotech 

estimate), Amgen Inc. (US$15,053 million), Gilead Sciences Inc. (US$7,949 million), Biogen Idec Inc. (US$4,716 

million), and UCB (US$4,267 million). Each of these five firms specializes in very different areas: Roche 

develops diagnostics and drugs for a variety of diseases, including cancer, autoimmune diseases, inflammatory 

diseases, metabolic disorders, and diseases of the central nervous system; Amgen focuses on therapeutics for 

cancer, kidney disease, bone diseases, and other serious illnesses; Gilead Sciences  focuses primarily on 

HIV/AIDS, liver disease, and serious cardiovascular/metabolic and respiratory conditions; Biogen provides 

therapies for multiple sclerosis, non-Hodgkin's lymphoma, and rheumatoid arthritis; and UCB  seeks to develop 

and market treatments for severe conditions such as Crohn's disease, systemic lupus erythematosus, rheumatoid 

arthritis, and asthma. 

 

 Five Canadian biotech firms made it to the Med Ad News list in 2010: Cangene Corp. (31st place, 

revenue of US$ 152 million), QLT Inc. (57
th
 place, US$45 million), Bioniche Life Sciences (58

th
 place, US$44 

million), Theratechnologies Inc. (69th place, US$ 31 million), and AEterna Zentaris Inc. (74th place, US$ 28 

million). Note that the biotech revenues of the world's leading biotech firm, Roche, were 194 times greater than 

those of Cangene, Canada's leading biotech company. As was the case with the top 5 firms, each of the top 5 

Canadian firms focuses on different areas: Cangeneôs primary focus is immune therapeutics; QLT specializes in 

the treatment of ocular diseases; Bioniche Life Sciences has developed therapies for bladder cancer, and cattle 

vaccines for E. coli; Theratechnologies concentrates itself on therapeutic peptide products; AEterna Zentaris 

concentrates its efforts in developing biotech-based cancer treatments. 

 

 Ranking firms by profits, Roche maintained the lead, followed by Amgen, Gilead Sciences, Biogen Idec, 

and finally UCB. Although profitable, UCB's profits were only 1.6 per cent those of those of Roche's. With 

regards to Canadian biotech firms, Theratechnologies had the greatest profits (US$8.11 million), followed by 

Cangene (US$8.05 million). The other three Canadian firms experienced net losses in 2010. Notably, the sum of 

the net income of the top five medical biotech firms in Canada yields a negative number. 

 
Source: Med Ad News, http://www.pharmalive.com/magazines/medad/. 

 

Rank Country Name
Revenue (USD 

millions)

Net income/ loss 

(USD millions)
R&D (USD millions)

1 Switzerland Roche Inc. 29,580 8,523 9,611

2 USA Amgen Inc. 15,053 4,627 2,894

3 USA Gilead Sciences Inc. 7,949 2,901 1,073

4 USA Biogen Inc. 4,716 1,005 1,249

5 Belgium UCB 4,267 137 935

31 Canada Cangene Corp. 152 8 15

57 Canada QLT Inc. 45 -18 33

58 Canada Bioniche Life Sciences Inc. 44 -2 17

69 Canada Theratechnologies Inc. 31 8 14

74 Canada Aeterna Zentaris Inc. 28 -23 21

http://www.pharmalive.com/magazines/medad/
http://www.pharmalive.com/magazines/medad/
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IV. Literature Review : Measuring the Contribution of Biotechnology  to 

the Economy 
 

 This section discusses the efforts made so far to measure the contribution of 

biotechnology to the economy. Each of the subsections below describes one paper or report, and 

is divided into two parts. The first part is descriptive, and focuses on how modern biotechnology 

or (in some cases) the ñbiotechnology sectorò is defined, the methodology used, and the overall 

results. In the second part, we highlight possible criticisms to the papersô definitions, 

methodologies, and results. 

 

A. Ernst & Young (2000)  

 

 One of the first efforts to measure the economic importance of biotech was Ernst & 

Young (2000), which estimated the contributions of the biotech sector to the U.S. economy in 

terms of revenues, jobs, labour compensation, and taxes generated. 

 

 The report included in the sector only ñU.S. companies that are primarily engaged in 

biotechnology activitiesò (p. 9). As Exhibit 7 shows, these companies are a subset of all the 

companies categorized under the Standard Industrial Classification (SIC) codes 2833 (medicinal 

chemicals and botanical products), 2834 (pharmaceutical preparations), 2835 (in vitro and in 

vivo diagnostic substances), 2836 (biological products, except diagnostic substances), and 8731 

(commercial physical and biological research). According to Ernst & Youngôs definition, the 

biotech sector included firms involved in medical, agricultural, environmental, and industrial 

biotechnology. Their definition excluded, however, companies such as Merck, which are 

primarily pharmaceutical companies (even though most of them have a biotech division),
22

 

contract research organizations, and equipment manufacturers. 

 

Exhibit 7: Ernst & Youngôs Definition of the Biotechnology Sector 

 

   
Firms INCLUDED in the Biotech Sector 

   
Medical biotechnology (e.g., Amgen, Genentech) 

SIC Code Industry 
 

Agricultural biotechnology (e.g., Mycogen) 

2833 Medicinal chemicals and botanical products 
 

Environmental & industrial biotechnology 

2834 Pharmaceutical preparations 
  2835 In vitro and in vivo diagnostic substances 
  2836 Biological products, except diagnostic substances 
 

Firms EXCLUDED from the Biotech Sector 

8731 Commercial physical and biological research 
 

Primarily pharmaceuticals (e.g., Merck) 

   
Contract research organizations (e.g., Quintiles) 

   
Equipment manufacturers (e.g., PE Biosystems) 

Source: Ernst & Young (2000), pp. 3 and 9. 
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 If data for pharmaceutical companiesô biotech divisions were available, they were also included as part of the 

biotech sector.  
































































































