
The National Research Council and the Canadian Innovation System

Cathy Bakker 

National Research Council Canada

September 2002

Abstract

This paper describes the role played by the largest, of the many federal government organizations, in the Canadian innovation system. Particular emphasis will be on the National Research Council Canada (NRC) and its laboratories across the country. The focus will be on bridging the boundaries across geography and national boundaries and between industry, the public sector, universities, and society. 

The approach will consist of an overview of the various areas of research, science and engineering that NRC is involved in and the numerous relationships that exist with universities, the private sector and the public sector. Indicators that will be used include published data on licenses, patents, composition of the labour force, and collaborative research and development projects. The geographic location of the various research institutes will be described using demographic indicators. Indicators of the innovative capacity of research and development based regional clusters will be presented.  

Through the indicators presented, the paper will attempt to show how NRC contributes to the network of innovation in Canada through the various fields of research it carries out, through its physical location across the country from Atlantic to Pacific coasts and the effect that NRC projects have on industry and universities in Canada and in other countries. The various networks that NRC is active in will also be outlined and will demonstrate the extensive reach of the organization in terms of innovation activity.  

The paper will show that NRC is a critical player in the Canadian innovation system and is a net contributor to global innovation.
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Introduction

Innovation systems literature emphasizes the role played by government policy and specific institutions in enhancing the innovation capabilities and performance of all economic agents. Institutional and policy choices highlighted by this literature include the nature of the university system (Nelson and Rosenberg, 1994), the extent of intellectual policy protection (Merges and Nelson, 1990), the historic evolution of the organization of industrial Research and Development (R&D) (Mowery, 1984) and the division of labour between university, private industry and government in R&D performance and funding. (Mowery and Rosenberg, 1998) Significant research is carried out at several Canadian federal government departments including Health Canada, the Department of Fisheries and Oceans, Environment Canada and Agriculture Canada. This paper focuses on one of the numerous government departments performing R&D in Canada - the National Research Council Canada (NRC).

The level of skill possessed by scientists and engineers at NRC will be presented in the context of the R&D activities carried out and the R&D infrastructure available to researchers will be presented. It has been observed that without skilled scientists and engineers operating in an environment with access to leading-edge technology, it is unlikely that a country will produce an appreciable amount of new-to-the-world innovative output. (Furman, Porter, Stern, 2002) 

The level of patent activity at NRC will be presented as a partial indicator of innovative activity. This is a partial indicator because the pitfalls associated with equating patenting with the level of innovative activity are widely recognized. (Schmookler, 1966; Pavitt, 1982, 1988; Griliches, 1984, 1990; Trajtenberg, 1990) As Griliches (1990, p. 1669) points out, “not all inventions are patentable, not all inventions are patented and the inventions that are patented differ greatly in ‘quality’, in the magnitude of inventive output associated with them”. It is recognized that the “true” rate of technological innovation is unobservable and patents is but an imperfect proxy for the level of new-to-the-world innovation. (Furman, Porter, Stern, 2002)

It is observed that the level of publication in scientific journals although a product of inventive effort, is more an upstream indicator of scientific exploration then of commercially significant innovation. (Furman, Porter, Stern, 2002) The level of publication by NRC in scientific and engineering journals will be examined as an indicator of upstream scientific exploration. Other indicators presented are presentations at conferences and technical reports. Work on selected NRC - industrial partnerships and collaborations will also be presented. 

A considerable body of work exists on cross-country comparisons of knowledge accumulation, technology adoption and economic growth among OECD countries. (See www.oecd.org.) The work of Furman, Porter and Stern suggests that the level of R&D input is a critical determinant of the level of realized innovation. Their analysis suggests that differences in innovation across countries are linked not only to the level of R&D inputs, but to differences in the drivers of R&D productivity. It is further observed that countries that increased their level of innovative capacity over the last quarter century - Japan, Sweden, Finland, Germany - implemented policies to encourage human capital investment in science and engineering (e.g. by establishing and investing resources in technical universities) as well as greater competition on the basis of innovation (e.g. through the adoption of R&D tax credits and the gradual opening of markets to international competition). (Furman, Porter, Stern, 2002) These issues are much too large to cover in this paper, however, some aspects of the strategic goals of NRC relating to its vision to 2006 in the context of achieving innovation goals will be discussed.  

Clusters and Spillovers

Clusters are defined as geographic concentrations of interconnected companies and institutions in a particular field. Clusters encompass an array of linked industries and other entities important to competition. (Porter, 1998) This paper will outline R&D activity on-going in three established clusters in Montreal, Ottawa and Saskatoon. NRC is a leader in the technology cluster approach to regional innovation and economic development across Canada and NRC works with industry, academia and government improving the effectiveness of its innovation system by fostering technology based clusters, and national and international networks.   

The enduring competitive advantages in a global economy lie increasingly in local things – knowledge, relationships, motivation – that distant rivals cannot match. (Porter, 1998) In line with this idea, one of the Vision to 2006 elements of NRC is “Global Reach - Local Touch”. NRC’s technology cluster development strategy fosters the development of the innovative capacity and socio-economic potential of Canadian communities. 

Porter identifies competition as a necessary ingredient to the success and survival of clusters. Clusters promote both competition and cooperation and rivals compete intensely to win and retain customers. Without vigorous competition, a cluster will fail. Yet there is also cooperation, much of it vertical, involving companies in related industries and local institutions. Competition can coexist with cooperation because they occur on different dimensions among different players. (Porter, 1998) The presentation of the three clusters will highlight the extent of cooperation in the network consisting of industry, academe and government. 

Jacobs (1969) view that describes typical knowledge spillovers, having a variety of industries in a city should lead to higher growth than having a local economy concentrated in a single industry, is gaining ground. However, the academic debate to explain geographic clustering remains open. The view of Marshall (1890), that firms locate where key inputs (and infrastructure) exist, is closely related to that of Jacobs. Bairoch (1988) reports that business located near energy sources in industrializing England. Henderson (1986) finds that output per worker is higher in firms with competitors nearby. (Morck & Yeung, 2001) 

Morck and Yeung identify three general features of clusters based on current knowledge. First, geographical clusters generally reduce search costs. Second, geographical clusters specifically reduce the search costs of employers for workers and of workers for jobs. Third, the reduced risk of being forced to find

unrelated work makes employees more willing to invest in technology-specific human capital, and this increases their productivity. (Morck & Yeung, January 2001) Demographic information for the clusters will cover labour force characteristics, population size and the presence of industry, universities and other government departments.  

Innovation

The innovation process is very complex and linkages are vitally important to innovation as are the interactions among the various contributing factors of the process. This paper provides examples showing the extent of the network of connections existing in one national governmental R&D organization. This does not preclude that innovation does occur in other government departments and in other sectors of the economy including the resource sector, mature manufacturing industries such as metals, heavy industrial goods and transportation equipment, and all parts of the service industry. The innovation process is dynamic and cumulative with a complex range of activities contributing to innovative capacity. (ISRN, 2002) 

The OECD suggests that scientific and technological innovation may be considered as the transformation of an idea into a new or improved product introduced to market, into a new or improved operational process used in industry and commerce, or into a new approach to a social service. Innovation involves a series of scientific technological, organizational, financial and commercial activities. (OECD, 1994) It has been observed that successful innovation is identified by the capacity of a firm or organization to apply knowledge in a new or different way. As the base of knowledge expands and greater social and economic resources are dedicated to its expansion, the capacity to continuously learn and adapt to rapidly changing conditions supports the innovative capacity of firms, regions and countries. (ISRN, 2002) Through its scientific and technological activities and in its network of close ties with industry, other government departments and academia, NRC contributes to overall innovation in Canada. 

NRC and its laboratories across Canada 

In terms of federal budgetary R&D Expenditures for federal science based departments and agencies, NRC had the largest R&D expenditure in 2001-2002. The National Sciences and Engineering Research Council of Canada (NSERC) – a funding agency was second in terms of its R&D budget. With a budget of $650 million, NRC employs 3,600 scientists, engineers and researchers working in 24 research institutes and centres across Canada. NRC engaged 1,100 guest workers from Canadian and foreign universities, companies and other organizations to work on research and other projects.  NRC was involved in over 1,200 collaborations with the private sector, other government departments and educational institutions. NRC is a nationally accessible R&D resource for Canadians and Canadian business.

Given its vast geography, relatively small population predominantly concentrated in urban areas and the predominance of Small and Medium-sized Enterprises (SMEs), Canada has increasingly recognized the need to adopt community based approaches to foster the innovation necessary for Canada to reach its full potential in the 21st century. (NRC, 2001) NRC is contributing to this need by developing technology clusters and by working to develop the technological capacity of SMEs. 

Playing a dynamic role in developing the innovative capacity and economic potential of communities, NRC is present in 90 communities across Canada. It contributed to building world-class innovation clusters in centres like Saskatoon, Montreal and Ottawa. NRC is working to augment these roles to meet the needs and opportunities of other communities across Canada through new partnerships in key technology files, jointly developed long-term strategies and development of locally-based, nationally and internationally-linked R&D and innovation programs and facilities. The following figure shows NRC’s role in the Canadian Science and Technology structure.
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Among NRC’s core strengths are the following:

· Spanning the innovation spectrum from research discovery to development and application, NRC’s diversified research laboratories and activities, scientific information and technical programs and innovation services are seamlessly integrated,

· Sustained and recognized research in critical sectors: aerospace, construction, ocean and coastal engineering, surface transportation, astronomy and astrophysics, molecular sciences, biotechnology, manufacturing, and information and communications technologies,  

· Research in emerging sectors: nanotechnologies, bioinformatics, photonics, fuel cells and others,

· National S&T knowledge and information resources and management systems,

· Technology advisory, financial and innovation support services and networks for industry,

· Technology development, transfer, diffusion and commercialization infrastructure,

· Incubator facilities, support for start-ups and spin-offs, 

· Local, regional, national and international networks – access to Canadian R&D and technology,

· Standards, codes and measurements – enhancing industrial access to markets, and 

· Developing technology clusters.  
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NRC across Canada

NRC operates research institutes and centres, distributed across the country, and provides assistance to SMEs through a network of Industrial Technology Advisors of the Industrial Research Assistance Program. (See Appendix for a complete list of all NRC research institutes and centres.) 

Work with industry and universities 

The 24 research institutes and centres are focused programs in technology fields important to Canada’s economy. An entire spectrum of research activities is engaged in by NRC - from long-term strategic research to client-driven partnerships. NRC research also involves collaborations with consortia on projects for the benefit of all contributors. In each community, where NRC has a presence, there exists work with universities, colleges and industry present. NRC is a crucial contributor to federal strategies and initiatives including climate change and the environment, national security and genomics and health initiatives.  The following graph shows a positive trend in research partnerships.  

Over 1,200 NRC research partners in 2000-2001

[image: image3.emf]0

100

200

300

400

500

600

700

1995-1996 1996-1997 1997-1998 1998-1999 1999-2000 2000-2001

Industrial Partners Universities Public Organizations


Collaborations and Partnerships 

A means of transferring knowledge is through collaborative research and partnerships. NRC research institutes and centres team up with industry partners to create new technologies and improve existing products or processes. Under such agreements both parties share funding and management of medium to long-term research. Industry partners are involved early ensuring that projects align with both marketplace and NRC needs. Partners work side by side with NRC teams increasing technical expertise, in firms, and improving the odds for commercial success. Collaborations range from projects with single companies to multi-partner multi-year arrangements with small and large firms as well as with university partners. Following is a sampling of collaborations involving various research institutes. 

Institute for Aerospace Research (IAR)
The Institute for Aerospace Research conducted extensive research contributing to transportation safety, efficient design and economical operation of both civilian and military aircraft, and understanding of factors affecting global warming and protection of the Earth’s atmosphere. In collaboration with NASA, research was performed to understand ice accumulation on aircraft, its effect on flight safety, and how to alleviate icing problems. Work was performed to ensure safe flight in poor weather and low visibility conditions, and to develop systems that assist airborne search and rescue. Extensive work was performed to facilitate safe operation of military aircraft such as the CF-18 and Aurora Long Range Patrol Aircraft through contributions to service life extension programs being conducted internationally. 

The Aurora project is a joint research effort involving Canada, the United States, the Netherlands, and Australia. It aims to keep Aurora aircraft (known as the P-3 Orion in the U.S.) in flying condition well into the next century. IAR is providing an estimate of aerodynamic loads on the aircraft through wind tunnel testing and computational fluid dynamics, under a contract from National Defence.
Institute for Biological Sciences (IBS) 

The Institute for Biological Sciences (IBS), in Ottawa, conducts innovative research in neurobiology and immunochemistry critical to the health and pharmaceutical sectors. With research programs in two major areas of neurobiology and immunochemistry, IBS conducts research with partners in industry, universities, hospitals and other R&D organizations. 

One of IBS’s many partnerships is with Toronto based GlycoDesign Inc. which focuses on the treatment of diseases with a fundamental basis in glycobiology (the study of the role of carbohydrates in biological systems). The IBS expertise in carbohydrate chemistry and glycosyltranferases made for an ideal partnership. The combined efforts of GlydoDesign and IBS should lead to improved treatments for diseases like peptic ulcers. The collaboration will characterize new important bacteria, including Helicobacter pylori – considered to be a causative organism for peptic ulcers and stomach cancers and estimated to infect two out of three people worldwide. (NRC, 2001) 
Herzberg Institute of Astrophysics (HIA) 
Located in Victoria and Penticton, British Columbia, HIA conducts leading-edge research in astronomy and astrophysics and provides the Canadian astronomy community including university researchers with access to major astronomical facilities in Canada and internationally. HIA is a world leader in the development of advanced instrumentation and works to transfer the knowledge and technologies it develops in astronomy and astrophysics to other disciplines.
HIA is playing a leadership role in the definition of future national observatories, working closely with private industry in, AMEC Dynamic Structures, and University scientists and engineers to develop conceptual designs for the next generation Large Optical Telescope (LOT) and for the Canadian Large Adaptive Reflector (CLAR) concept the Square Kilometre Array (SKA).

In support of the national and international ocean sciences communities HIA’s Canadian Astronomy Data Centre (CADC) is transferring information technology expertise developed for astronomy to the VENUS and NEPTUNE projects. CADC’s conceptual plans for data management and archive systems were significant components of successful Canada Foundation for Innovation (CFI) proposals submitted by the University of Victoria for these projects.   

The NEPTUNE project is a linked array of undersea observatories on the Juan de Fuca plate in the north-eastern Pacific Ocean off the coasts of the U.S. and Canada. VENUS is a proposed network of instruments in the straits of Juan de Fuca and Georgia to observe the seafloor waters off Vancouver Island. Measurements, images and sound will be delivered to scientists, managers, the public and an archive via fibre-optic cables laid from three landfall sites. That cable will also deliver power for instruments, lights and robots. For the first time, data will be delivered immediately as events in the ocean unfold.

Collaborations in Emerging Research Areas

In embarking on new research areas, NRC collaborates closely with industry and universities from the outset. This is evidenced in, among others, the fuel cell program and the Nanotechnology institute being established. 

Fuel Cell Program

NRC’s National Fuel Cell Program at the Innovation Centre, Vancouver, combines strengths and expertise from across NRC institutes and centres in R&D initiatives targeted to help develop the emerging Canadian fuel cell industry.  Working in partnership with industry, universities and public organizations in Canada and internationally, the program integrates R&D efforts in materials, engineering, fuels and fuel processing, prototyping, systems testing and evaluation, and systems technology evaluation. 

Nanotechnology

Through its collaboration with universities and industry locally, nationally and internationally, NRC’s National Institute for Nanotechnology (NINT), in Edmonton, Alberta will stimulate the emergence of new nanotechnology-based industries in Alberta and across Canada. Nanotechnology is manufacturing at the molecular level – building things from molecular or nano-scale components. A nanometre is one billionth of a metre (3 to 4 atoms wide). 

NINT will be a world-class centre for nanotechnology research - a field expected to revolutionize everything from computing and communications to medicine and manufacturing. It will be an integrated multidisciplinary institution involving researchers in physics, chemistry, engineering, biology, informatics, pharmacy and medicine. NINT will be located on the campus of the University of Alberta - which has unique world-class strengths and programs in areas related to nanotechnology such as protein science and information technology. Nanotechnology has particular relevance to the Edmonton biopharmaceuticals sector. NINT will be a collaborative effort funded and operated jointly by NRC, the province of Alberta and the University of Alberta. 

Clusters

As well as extensive work in various fields of research, NRC contributes to technology cluster development. NRC has identified a set of factors important to cluster development, including:  

· the presence of local champions with greater vision than single firm success; 

· the existence of strong S&T knowledge infrastructure – including research universities, government laboratories, cooperative research centres; 

· a source of motivated learners and technology, knowledge and skills; 

· the presence of at least one exporting firm, with global reach; 

· involvement by local networking facilitators who promote the growth of relationships within the cluster; 

· involved, knowledgeable local sources of innovation financing; 

· sustained aligned development strategies by local institutes and government;

· a supportive business climate; and 

· policy conditions favourable to innovation. 

Most of these factors are present in the three clusters described below. The various technology clusters that were developed in part by NRC are identified in the following figure.  

NRC Technology Clusters in Canada
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Saskatoon - Agricultural Biotechnology Cluster

Saskatoon is recognized as one of the top Agricultural Biotechnology centres in the world, largely because of its exceptional infrastructure and the co-operation existing within industry and all levels of government. Considerable biotechnology research occurs at Innovation Place Research Park. Scientists at the University of Saskatchewan and in private corporations and publicly funded research institutes, work closely together, promoting synergy and research breakthroughs.  Many world leading industrial companies have plants in Saskatoon, including Hitachi, Corning Cable Systems, and CNH Global. 

Centrally located on the Canadian prairie, Saskatoon provides an ideal, cost effective location for warehousing and distributing manufactured products to markets throughout North America and the world. There are links to cities worldwide through an international airport and road and rail connections to Western Canada and the mid-west United States. Inter-modal depots for both Canadian National and Canadian Pacific railroads operate out of the Saskatoon region.

Cameco Corporation and Potash Corp both headquartered in Saskatoon, are the world’s largest producers of uranium and potash. Saskatoon is home to one of the largest science projects in Canada – Canadian Light Source synchrotron. The CLS will be commissioned in 2003 with at least six beam lines and it is one of the most advanced in the world. CLS located on the campus of the University of Saskatchewan will help find Canadian solutions for global challenges in health, advanced materials and the environment. (www.lightsource.ca)

The Saskatoon population is educated with 64% having some form of post-secondary education and 21% of people at least 25 years of age have completed university. This compares to 14.5% for the province. The average age of the population, in 1996, was 33.8 years. (Statistics Canada, 2002) 

Saskatoon has built a strong and vigorous economy based on R&D. Saskatoon has over 80 biotechnology companies and the sector is growing. The clustering effect is due in part, to the presence of government laboratories such as NRC’s Plant Biotechnology Institute (PBI) and Agriculture and Agri-Food Canada. PBI is dedicated to plant and crop research. With the aim of improving agronomic traits for Canadian growers, PBI is investigating the mechanisms of drought tolerance and disease resistance and developing new approaches to preventing green seed and improving fall seeding applications. PBI is located on the campus of the University of Saskatchewan and works closely with the public sector and industry. 

Montreal - Biopharmaceuticals and Aerospace Clusters

Montreal, Quebec, is the second largest city in Canada with 3.4 million people in 2001. The median age of the population is 37.9 years, 81.9% of the population is over 15 years and 21% of the population 25 years and over have completed university. In 1996, among all industries, manufacturing employed the largest proportion of the labour force population (16.8%) followed by the retail trade sector (10.8%) and health and social services (9.9%). (Statistics Canada, 2002) Rail links Montreal to the rest of Canada and the U.S. and an international airport links Montreal to the rest of Canada and the world. Montreal is home to four Universities. Each university conducts teaching and research in subjects related to biopharmaceutical science. R&D in pharmaceuticals and biotechnology is booming in greater Montreal and this along with developed and renowned expertise in information technology and aerospace are underpinning the economic growth currently being experienced by the city.   

NRC’s Biotechnology Research Institute (BRI), in Montreal, works as a regional innovation centre, bringing together local firms and research strengths to identify promising new biopharmaceuticals with the following results: major multi-nationals like DSM, Astra Pharmaceuticals, Merck-Frosst, Proctor and Gamble, Glaxo and Boehringer Ingleheim, have moved in to set up research centres and 17 small companies are now incubating in BRI facilities employing 250 highly skilled workers and some 30 start up firms were nurtured by BRI. BRI, as a central research anchor to the cluster, has helped create the second largest biopharmaceutical corridor in North America. 

BRI performs cutting-edge industrial R&D with some leading firms, including Glaxo Wellcome Inc., Merck Frosst, and Syntex. BRI takes a multidisciplinary approach to projects, bringing a diversity of experts together in a cohesive team and providing the advanced technology required to carry out projects. Companies work with BRI through collaborative research agreements, contract agreements, and licensing agreements for the production and commercialization of products or processes. 

The Montreal aerospace cluster has developed over 80 years and is comprised of well over 100 establishments including Bell and Bombardier and firms that make engines, landing gear and avionics. As part of the aerospace cluster in Montreal, IAR is working on the Aerospace Technology Infrastructure Initiative with the procurement of equipment and the design of the Aerospace Manufacturing Technology Centre (AMTC), on the grounds of the Université de Montréal École Polytechnique. AMTC will promote the development of the aerospace industry technology cluster in the Greater Montreal area. Construction of AMTC will start in Fall 2002. Upon completion, AMTC will accommodate up to 100 staff and guest workers working with advanced metal products, information systems and computational methods, advanced composite materials, and functional materials – focused on next generation manufacturing pertinent to SMEs. 

Ottawa - Photonics Cluster

Ottawa, Ontario, the nation’s capital with a 2001 population of 775,000 has two universities and several colleges. Situated just north of Ottawa is Hull, Quebec. Hull has a university and colleges. Several federal government departments have head offices in Ottawa-Hull and the federal government and Information Technology (IT) firms are major employers in the area. Ottawa-Hull has an educated labour force as 28.3% of the population 25 years of age and over completed university. This compares to the national average of 17.4%.

A cluster developed around Photonics is planned for development in Ottawa to build on Ottawa’s world leading IT cluster. Ottawa is known as Silicon Valley North.  Plans to establish the NRC Canadian Photonics Fabrication Centre (CPFC) in Ottawa were accelerated with the technology cluster funding announcements made in the federal Budget in December 2001. The centre will be a unique national resource designed to give the Canadian photonics industry the competitive edge required to flourish and succeed globally. It will provide a facility to develop and test prototypes of new photonics devices, train highly qualified personnel, and serve as a leading edge R&D resource and network centre for industry and university researchers. The centre will help address the critical shortage of personnel in photonics through remote and on-site training, internships and re-skilling programs.  

In addition to tying into many of NRC’s program, network and knowledge resources, the photonics centre will be closely connected to the business and government communities. The centre will promote collaboration in photonics and biophotonics research and the centre will focus its initial R&D, design, fabrication and technology transfer activities around new lasers, photonics integrated circuits, detectors and sensors, chips for wavelength division multiplexing, and semiconductor optical amplifiers – technology fields with exponential growth potential and existing markets worth billions of dollars annually worldwide.  
Networks 

NRC is at the heart of key networks including the globally recognized source for scientific, technical and medical information in the Canada Institute for Scientific and Technical Information (CISTI), the Industrial Research Assistance Program (IRAP) and the Canadian Technology Network (CTN). IRAP is NRC’s primary vehicle for stimulating the innovation capabilities of SMEs. CTN is a key facilitator of exchanges and collaborations among the various players of the Canadian innovation system having 850 member organizations and 349 advisors across Canada. NRC’s institutes also have ties with several other government-based agencies and extensive national and international connections. These networks coupled with the thousands of NRC collaborations, connections and partnerships in Canada and around the world are vital elements helping bring together the key players and components of Canada’s innovation system. 
Intellectual Property and Spin-offs

The importance of intellectual property has grown dramatically in the past decade. Original discoveries, know-how, software and new technologies – protected by patent or copyright – are the foundation of products, process innovation and commercialization. (NRC, 2001) Selected measures of NRC’s success include:

· NRC’s patent portfolio holds close to 600 technologies

· Income from R&D services, sales, collaborative agreements and licensing currently exceeds $100 million.

· Since 1995-96, NRC has helped create 49 new companies across Canada

· 75 companies are incubating at NRC with new industrial partnership facilities being brought online in Atlantic Canada, Quebec, Saskatchewan, and British Columbia.  

Licenses issued

In moving its discoveries to the marketplace, NRC seeks out industrial firms best positioned to exploit the technologies it has developed. Licence agreements are generally granted in return for up-front payments and/or royalties based on sales.  Often, licensing agreements arise from collaborative research; in such cases the terms of the agreement reflect a client’s contribution in developing the technology.  A single technology may be licensed to several clients for various fields of application. In all cases, licensing revenue flows back to NRC where revenue is invested in programs to continue the cycle from discovery, to innovation, to market – creating new economic wealth for Canada. In 2001-2002, NRC formalized 51 licensing agreements and received revenue from licensing exceeding $3.8 million. 

Publication and R&D recognition

NRC creates new knowledge directly through its research activities and through the publication of knowledge in peer-reviewed journals, conferences and other key fora. Last year NRC published over 1,000 papers in leading peer-reviewed journals and researchers delivered some 800 papers at conferences around the world and produced over 1,500 technical reports. 

NRC publications 1996-2001

[image: image5.wmf]Ag

-

Biotech

(Saskatoon)

Astronomy

(Victoria)

Fuel Cells

(Vancouver)

Medical Technologies

(Winnipeg)

IT / 

Photonics

(Ottawa)

Biopharmaceuticals

(Montreal)

Life Sciences

(Nova Scotia)

E

-

Business

(New Brunswick)

Ocean Technology

(Newfoundland)

Aluminium

(

Saguenay

)

Aerospace

(Ottawa, Montreal)

Nanotechnology 

(Edmonton)


NRC staff also gave numerous invited presentations and shared expertise, knowledge and information with the scientific, engineering, medical, technical and industry communities in several national and international committees.  NRC researchers are recognized leaders in their fields. In 2001-2002, 159 held positions on the editorial boards of scientific journals and 270 staff members hold adjunct professorships with universities and colleges.
Infrastructure and people 

Part of the responsibility of NRC includes the stewardship of Canada’s major research infrastructure. Fundamental R&D infrastructure include 

· National astronomical observatories & data systems; access to international astronomical facilities

· National metrology facilities

· Canadian Bioinformatics Resource

· Canadian Hydraulics Centre

· Canadian Centre for Housing Technology

· Centre for Surface Transportation Technology

· Virtual Environment Technology Centres

· National Aerospace Facilities – wind tunnels, fixed & rotary wing research aircraft, structures and materials testing facilities

· Ocean and marine engineering test facilities

· High Throughput Screening, DNA sequencing, and micro-array facilities

· Large-scale protein purification facility

· Marine bio-sciences and Aquaculture Research Station

· Nuclear magnetic resonance imaging facilities

· Canada Institute for Scientific and Technical Information and many more

In all, NRC has some 400 S&T laboratories and facilities for Canadian R&D and innovation. Responsible stewardship includes the mandate to maintain and develop not only the physical plant associated with major national scale facilities but also to do likewise with the intellectual human capital associated with these facilities. This philosophy leads to excellence and recognition on the world stage. Several groups within NRC have fortunately achieved substantial recognition for the work they perform. This is evidenced through several industrial partners from around the globe having track records of successful development work with NRC research institutes and centres. In recognition of the excellent work done by staff, NRC places people first in its Vision to 2006. 

Conclusions

As the most important federal government departments engaged in R&D, NRC conducts research in a broad spectrum of fields – from aerospace engineering to biological sciences, from offshore and environmental engineering to astrophysics and astronomy to mention but a few. This paper demonstrates that NRC collaborates on R&D projects with industry, academia, government and international partners on diverse scientific, engineering and technical issues. In each of the clusters described – Saskatoon, Montreal and Ottawa, there exists a nucleus of other employers, besides NRC, in similar or complementary fields of research, an educated population base, infrastructure and other features in place to support the cluster and other activities. NRC works closely with industry, university and other government departments in developing R&D aspects of clusters. In each cluster, there is at least one university with which the main thrust of the cluster works closely. 

Through the indicators presented, the paper demonstrated how NRC contributes to the network of innovation in Canada by working in various fields of research and through its physical location across the nation from Atlantic to Pacific coasts. The effect that NRC projects have had on industry and universities in Canada and in other countries is evidenced partly through the recognition that NRC researchers have earned worldwide. The various networks that NRC is active in demonstrate the extensive reach of the organization in terms of innovation activity. The IRAP and CTN network of partnerships and linkages demonstrates NRC’s significant contributions to developing young companies and supporting SME technology needs.  The combination of all of these factors highlights the role that the National Research Council plays in the Canadian innovation system. 

Appendix

National Research Council Canada Research Institutes and Centres

Following is a list of the organizations within NRC.

Biotechnology Research Institute (BRI) - Montreal, Quebec

Maintains advanced facilities for collaborative research projects in molecular biology and biochemical engineering.  BRI concentrates resources on collaborative projects with Canadian industry, particularly companies in pharmaceutical and resource sectors.

Inquiries: (514) 496-6100
http://www.nrc.ca/bri/
Canada Institute for Scientific and Technical Information (CISTI) - Ottawa, Ontario - offices nationwide

Is among the world's major sources for information in all areas of science, technology, engineering and medicine providing easy-to-use electronic information tools that enable clients to stay informed of new developments in their fields. CISTI is home of the NRC Research Press – Canada’s largest scientific publisher.

Inquiries: (613) 993-2341
http://www.nrc.ca/cisti/
Canadian Hydraulics Centre (CHC) - Ottawa, Ontario 

Develops and provides leading technologies for studying maritime structures, coastal processes, environmental hydraulics and cold regions engineering. CHC continues to establish itself as a Centre of Excellence for hydraulic studies that are relevant to Canadian Governments and Canadian and U.S. consulting firms. CHC is poised to address topics of climate change, energy efficiency, environmental impact assessment, water resources and quality, sustainable development and coastal environments. 

Inquiries: (613) 993-2417
http://www.nrc.ca/chc/

Centre for Surface Transportation Technology (CSTT) - Ottawa, Ontario and Vancouver, British Columbia 

Enhances international opportunities for the Canadian transportation industry by providing vehicle engineering and testing expertise and facilities, particularly in the railway sector and increasingly in the defence sector. CSTT is becoming a pre-eminent service provider to Canada’s internal defence sector by offering an array of services including projects critical to the deployment of Canadian Forces units in peacekeeping missions. As CSTT builds on its world leadership in wheel / rail interaction, CSTT is developing to a similar level of recognition in railway freight car structures and dynamic performance. 

Inquiries: (613) 998-9638
http://www.nrc.ca/cstt/

Herzberg Institute of Astrophysics (HIA) – Victoria and Penticton, British Columbia

Has the mandate to operate astronomical observatories of the Government of Canada, and to ensure appropriate access to these facilities for the Canadian scientific community. This is done through two domestic facilities: the Dominion Astrophysical Observatory (DRAO) in Victoria B.C. and the Dominion Radio Astrophysical Observatory (DRAO) in Penticton B.C.; and  through collaboration in multinational facilities: the existing Canada France Hawaii Telescope (CFHT), the James Clerk Maxwell Telescope (JCMT) and the Gemini telescopes under construction in Hawaii and Chile. HIA maintains the Canadian Astronomy Data Centre (CADC), which provides access to astronomy data from these telescopes and others such as the Hubble Space Telescope

Inquiries: (250) 363-0040
http://www.nrc.ca/hia/
Industrial Materials Institute (IMI) – Boucherville and Saguenay, Quebec

Is an internationally recognized R & D centre dedicated to the Canadian materials processing and forming industry, a focal point for partnerships, knowledge transfer, technology development and technical support, and an open concept laboratory available to key industry innovators
 Inquiries: (450) 641-5100
http://www.nrc.ca/imi/

Industrial Research Assistance Program (IRAP) - Ottawa, Ontario - offices nationwide
Stimulates wealth-creation for Canada through technological innovation and stimulates innovation in small and medium-sized enterprises (SMEs).  

Inquiries: (613) 998-0950
http://www.nrc.ca/irap/
Innovation Centre (IC) - Vancouver, British Columbia

Develops core competencies relevant to long-term strategic technology needs of Canadian industry, with particular emphasis on integration with other players in the B.C. innovation community.  The Fuel Cell Technology Centre (FCTC) established at the Innovation Centre acts as an R&D platform for the National Fuel Cell Initiative.  The FCTC will support validation/testing of component and sub-component projects conducted at other NRC institutes. It will also provide the Canadian industry with the product development infrastructure required for business development. And it will offer a means of demonstrating newly developed products and systems, of training personnel, and of interacting with other international programs
Inquiries: (604) 221-3000
http://www.nrc.ca/icvan/
Institute for Aerospace Research (IAR) - Ottawa, Ontario and Montreal, Quebec

Serves as the leading performer of aeronautical R&D in Canada. IAR maintains and develops the core competencies and the knowledge base critical to Canadian aerospace community needs. IAR fosters innovation in the design, manufacture, performance, use and safety of aerospace vehicles and supports the development commercialization and implementation of leading edge technologies through world-class facilities and by networking nationally and internationally. 

Inquiries: (613) 993-0141
http://www.nrc.ca/iar/
Institute for Biodiagnostics (IBD) - Winnipeg, Manitoba

Has a dynamic environment with state-of-the-art facilities and equipment and  a team committed to fostering research and excellence through innovation.

Inquiries: (204) 983-7692
http://www.nrc.ca/ibd/
Institute for Biological Sciences (IBS) - Ottawa, Ontario

Does research in neurobiology and immunochemistry important to the health and pharmaceutical sectors.

Inquiries: (613) 993-5975
http://www.nrc.ca/ibs/
Institute for Chemical Process and Environmental Technologies (ICPET) - Ottawa, Ontario

Develops chemical process technologies and value-added materials to help Canadian industries improve the commercial viability of their products, reduce costs, manage environmental performance and increase the efficiency of process operations.

Inquiries: (613) 998-8192




http://www.nrc.ca/icpet/
Institute for Information Technology (IIT) - Ottawa, Ontario and Fredericton, New Brunswick
Assists industry through collaborative research and development projects in information technology.

Inquiries: (613) 993-3320
http://www.nrc.ca/iit/
Institute for Marine Biosciences (IMB) - Halifax, Nova Scotia

Carries out Aquaculture and Genomics research in collaboration with industry, university and government. 

Inquiries: (902) 426-6829
http://www.nrc.ca/imb/
Institute for Marine Dynamics (IMD) – St. John’s Newfoundland
Pursues research with industry and the public sector in ship technology, marine operations and safety and offshore engineering.  

Inquiries: (709) 772-2469
http://www.nrc.ca/imd/
Institute for Microstructural Sciences (IMS) - Ottawa, Ontario
Provides leadership, in collaborating with Canadian industry and universities, to  develop the strategic base for information technology; that is, in the development of enabling technologies related to future hardware requirements for information processing, transmission acquisition and display.

Inquiries: (613) 993-4583
http://www.nrc.ca/ims/
Integrated Manufacturing Technologies Institute (IMTI) - London, Ontario

Carries out collaborative research with industrial, university and government partners, in Virtual Manufacturing and Precision and Freeform Fabrication.

Inquiries: (519) 430-7000




http://www.nrc.ca/imti/
Institute for National Measurement Standards (INMS) - Ottawa, Ontario
INMS provides the recognized primary centre of reference, in Canada, for the accuracy, validity and traceability of physical measurements and of appropriate chemical measurements and plays a leading role in Canadian national systems of physical and chemical measurement. 
Inquiries: (613) 990-8750
http://www.nrc.ca/inms/
Institute for Research in Construction (IRC) - Ottawa, Ontario

Develops and maintains competencies and knowledge critical to construction industry requirements. IRC supports development, commercialization and implementation of leading construction technologies and develops building codes and standards for the provision of a safe and sustainable built environment. 

Inquiries: (613) 993-2443
http://www.nrc.ca/irc/
National Institute for Nanotechnology (NINT) – Edmonton, Alberta
Is a key resource for an Integrated Nano-Structures Network in Canada. NINT will provide direct support to the network through an internship program for post-graduates and post-doctorate fellows, and by making its facilities available to other organizations so that they can conduct experiments or production. 

Inquiries: (613) 991-3390
 http://www.nrc.ca/nanotech/
Plant Biotechnology Institute (PBI) - Saskatoon, Saskatchewan

Researches the metabolic modification of oilseeds to increase oil content and to create specialty plant oils for new markets. Similar research is altering wheat starch for novel uses and for new international markets. Investigation of metabolic pathways has led to a significant reduction in anti-nutritional compounds in common commercial crops
Inquiries: (306) 975-5568
http://www.nrc.ca/pbi/
Steacie Institute for Molecular Sciences (SIMS) - Ottawa, Ontario
Works in partnership with researchers inside and outside NRC developing innovative technologies in therapeutics, diagnostics, advanced electronics, telecommunications, precision manufacturing, optoelectronics, information sciences, and advanced materials.

Inquiries: (613) 990-0970
 http://www.nrc.ca/sims/
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