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1 Glossary of terms

Abbreviations

A&AP Aircraft & Aircraft Parts

A&ES Avionics & Electro Systems

AIAC Aerospace Industries Association of Canada
BE-LF Break-Even Load Factor

BRIC countries

Brazil, Russia, India, and China

CAGR

Compound Annual Growth Rate

CAS

Civil Aerospace Sector

Category | members

The second largest (in terms of revenue per company) of the three strata of AIAC direct
members analyzed as part of this study

Category Il members

The smallest (in terms of revenue per company) of the three strata of AIAC direct members
analyzed as part of this study

CDDP Canadian Department of Defence Production
COMAC Commercial Aircraft Corporation of China, Ltd.
Deloitte Deloitte & Touche LLP

DoD US Department of Defense

E&EP Aircraft Engines & Engine Parts

EDC Export Development Canada

FTK Revenue per Tonne of Freight

GARDN Green Aviation Research & Development Network
GDP Gross Domestic Product

GEO Geosynchronous-Earth Orbit

IATA International Air Transport Association

IMF International Monetary Fund

ISS International Space Station

ITAR International Traffic in Arms Regulations

Al arge compani es:

Respondents to the 2009 AIAC Annual Membership Survey with revenues greater than $15
million

LCA Large Commercial Aircraft

LCC Low Cost Carriers

LEO Low-Earth Orbit

M&A Mergers & Acquisitions

MA&D Military Aerospace & Defense

MAS Military Aerospace Sector

MRO Aircraft Maintenance, Repair & Overhaul

MTOW Maximum Take-Off Weight

NRC-IRAP National Research Council Industrial Research Assistance Program
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Abbreviations

Other AP&S

Other Industry Related Products & Services

PPE

Property, Plant, & Equipment

Provincial members

The fourth strata analyzed as part of this study, consisting of companies belonging to
aerospace industry provincial associations

R&BA Regional & Business Aircraft

R&D Research & Development

RPK Revenues per Passenger Kilometres

SADI Strategic Aerospace & Defence Initiative

SIPRI Stockholm International Peace Research Institute

Asmal l compani es: Respondents to the 2009 AIAC Annual Membership Survey with revenues less than $15

million

Special Category members

The largest (in terms of revenue per company) of the three strata of AIAC direct members
analyzed as part of this study

SR&ED

Scientific Research & Experimental Development Program

Asurvey respondeil

Respondents to the 2009 AIAC Annual Membership Survey

SWOT

Analysis of Strengths, Weaknesses, Opportunity, & Threats

the AIAC Survey the 2009 AIAC Annual Membership Survey
UAC United Aircraft Corporation

UAV Unmanned Aerial Vehicles

us United States

YoY Year-over-Year
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2 Introduction

Del oitte & Daitedoh e walsP r(eit ai ned by the Aerospace I ndustr
(AAI ACO0) to assist in analyzing the contribution of th
economy. This analysis consists of three related but distinct phases and corresponding reports:

1 Phase 1: provides a synopsis of the Canadian aerospace industry based on a statistical analysis of the
2009 AIAC annual membershipsurvey ( it h e Al A.dhisSreportvalsoyintludes a discussion of

themember shi p6s outl ook for the sector.

1 Phase 2: evaluates the contribution of the aerospace industry to the Canadian economy by quantifying
the direct, indirect and associated impacts of the aerospace industry on measures such as expenditure
and investment, employmentandgr os s d o me s tGDRO.)fhis egbi usés macfioeconomic
and sectoral data, including the AIAC Survey results from Phasel, t o par ameteri-ze Del oi't
output model and generate numerical results. To further highlight the different ways in which the
socioeconomic impacts of the aerospace industry can be felt in the broader economy, this report also
presents four case studies drawn from specific development programs in the aerospace industry.

1 Phase 3: provides a 10 year market growth forecast and competitive analysis for the global aerospace
industry. This report includes a global market analysis, an analysis of external market drivers as well as
an analysis of the trends in the Canadian and international markets which could positively and
negatively affect the aerospace industry in the short term (1-2 years) and the long term (10 years). Also,
a global report card is presented to highlight the strengths, weaknesses, opportunity and threats facing
the Canadian aerospace industry. To highlight some of the opportunities and challenges faced by the
aerospace industry, this report concludes by examining four scenarios that relate the long term
aerospace forecast to policy-relevant issues facing the domestic aerospace industry.

Each phase is covered by a separate report. There are also a number of appendices that contain
supplementary information.

For our analyses and reports, the Canadian aerospace industry is defined to include companies that

perform the following activities: aircraft and aircraft parts design and manufacturing ( A A & AaRabajt

engines and engine parts ( fi E & EaRidnics and electro systems ( i A & EnSaitgnance, repair and

over haul (AMROO); simulation and traingiTheA&APd space r el
sector is the most diverse as a result of a wide range of aircraft types (i.e., business jets, regional aircraft,

narrow-body commercial aircraft, wide-body commercial, freighters, military jets, etc.) and the associated

range of components and technology used in each aircraft type. Furthermore, each sector within the

industry has both military and civil end-users that often have unique requirements and objectives.

The purpose of this Phase 2 report is to present the economic impacts of the Canadian aerospace
industry. To place this industry in perspective, a summary of the global and Canadian aerospace
industries (taken from the Phase 1 report) is included within this report.

Unless otherwise noted, all revenue and expenses items are presented in Canadian dollars.

! Only selected companies and sub-sectors from the space sector are included in the membership survey and statistical analysis
of the Canadian aerospace industry.
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3 Global aerospace industry

The global aerospace industry includes both the civil and military sectors, and is estimated to have
generated total sales of approximately US$380 billion in 2009, including all components of the value

chainf rom A&AP to MRO. The global civil aer od6poafdotal sect or
aerospace industry revenue, while the militaryaer ospace sector (AMASO0)54% onstitut
of revenue.? The MAS is a subset of the military aerospac e and def ense (AMA&DO) i ndust

includes many non-aerospace defense products and services.

3.1 The global civil aerospace market

The global CAS can be defined to include and segmented into A&AP (including A&ES) manufacturing,
E&EP manufacturing, MRO service providers, training and simulation, and space related manufacturing.
The largest end-users for CAS products are passenger airlines. Other end-users include logistics (freight)
companies, businesses, individuals, and non-military government sectors (including, for example,
government search and rescue aircraft).

The CAS sector is influenced by a number of factors, the most important being GDP, aircraft deliveries

and backlogs, fleet renewal and expansion, emerging markets, long term pilot and workforce shortages,

regulatory changes, and moves to more green technologies and the associated changes in research and

devel opment (fAiR&DO) intensity. Beyond revenues and i nci
CAS include revenue per passenger kiomet r e ( ARPKO) , revenue per tonne of f
passenger and freight load-factors.

The global CAS industry comprises 46% of the total aerospace market in terms of revenue. Global
revenue for the CAS was approximately US$176 billion in fiscal year 2009. The majority of the CAS
revenue is generated by the A&AP sub-sector (56%) followed by MRO (20 %) and E&EP manufactures
(16%). The CAS is now beginning to see an improvement in passenger traffic as the developed countries
begin to emerge from the recent global recession.®

The top three CAS revenue producing countries in 2009
Canada. The CAS is still concentrated in the developed world with North America controlling

approximately 40% of revenue and Europe controlling approximately 37.0% of revenue. However, a shift

in the industry is underway towards low-cost high-GDP areas including Asia-Pacific and Latin America. In

20009, CAS manufacturing revenue came predominantly fr o
followed by freight, at 10%, and other end-users at 11.5%.*

IBIS World reports that nine companies control over 95% of global CAS manufacturing revenue. Major
manufacturers in the global CAS include EADS, Boeing, United Technologies, General Electric and
Bombardier.

DataMonitor, i G| oibAeelr ospace and Defense. 0 December 2009.

Please note that this section is a summary of the Phase 3 analysis, and is reproduced herein for the purposes of assisting the
reader with the contextual positioning of the survey analysis. For more details on the current environment of the global
aerospace industry, please refer to the Phase 3 report.

IBISWorld Global Civil Aerospace Products Manufacturing, February 2010.
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Going forward, rising global GDP is expected to spur activity in the global civil aerospace industry. With

the I nternational Monetary Fund (Al MFON20f0andd.8%ist i ng gl
2011, increased air travel is expected to boost airline profitability and increase revenue for the CAS. In

addition, other key developments are also expected to have a positive impact on the aerospace industry,

including active fleet renewal and expansion, increasingly green (i.e., environmentally friendly)

technologies and associated increases in R&D spending, a growth in MRO activity as companies shift to

new technologies, the appearance of emerging markets as serious competitors, and long term pilot and

workforce shortages.

3.2 The global military aerospace market

The global MAS industry is comprised of producers and suppliers of aerospace products and services
designed to address the needs of the military departments around the world. Over recent years, the MAS
has experienced sustained revenue growth due to strong military spending in North America and Europe.®

Military spending by the worl dbds ten | aovgréghselastrinever nme n:
years with the US accounting for approximately 43.0% of the global military spend in 2009. Other major

world players include China (with approximately 6.6% of global military spending) France (4.2%) and the

Uni t ed Ki n gwitho3rB%.{ GolledSively, the top five ranking countries are responsible for 57.6% of

global military expenditures, which is estimated to have been some US$1.53 trillion in 2009.°

The global MAS industry comprises 54% of the total aerospace market in terms of revenue. Global
revenue for the MAS was approximately US$205 billion in fiscal year 2009. The majority of the MAS
revenue is generated by the A&AP sub-sector (50%) followed by MRO (30%) and E&EP manufactures
(14%).

The MAS is dominated by large players based in the US, with the top 100 military contractors generating

US$399 billion in revenue in 2009, representing an increase of 4% from 2008.° Major industry participants

in the global MAS sector include Lockheed Martin Corporation, BAE Systems, Boeing, Northrup

Grumman and Gener al Dynamics. I n 20009, Canadads CAE r al
contractors with military related revenue of US$742 million. With respect to the MRO sector, prominent

Canadian companies operating in this sub-sector include Cascade Aerospace, L-3 Communications

MAS, IMP Group, StandardAero and Vector Aerospace.

The MAS will be negatively impacted by any reductions in US and European defense budgets enacted to
combat growing budget deficits. On the positive side, growth in the Indian and Chinese markets is
expected to partially offset reductions in military spending in developed countries. As a result, more MAS
companies are expected to focus their growth strategies on these growing economies. Military spending
is, however, expected to shift toward fleet modernization, as the average age of global MAS equipment
continues to rise.

3.3 The global space market

The space sector (including guided missiles) is mall and evolving compared to the rest of the aerospace
industry, accounting for approximately 5% of total aerospace revenue in 2009. Canadian companies
operating in the global space market include MDA, COM DEV and Neptec.

I MF, AWorl d Economic Out |dencewithdy Haanting Recdver sythiy 201 g Con f i
Deloitte. Phase 3 forecast model, 2010.

SIPRI website. http://www.sipri.org/research/armaments/milex/resultoutput/trends

Ibid.

Defense News, Top 100 for 2009. June 2010.
http://www.defensenews.com/static/features/top100/charts/rank_2009.php?c=FEA&s=T1C
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Over the next 20 years, the space sector is expected to become dominated by civilian customers with
forecasts by Teal Group stating that civilian payloads will make up 77% of proposed payloads through
2028.%w

In terms of technology, the industry is trending toward launching more profitable micro- and nano-
satellites. I n addition, the service market for
for one quarter of new launches through 2020 because of the cancelation of the space shuttle program.™
Additional sector growth will revolve around the growing demand for high-speed bandwidth for use in
communications and data transfer.*

t

he

0 Teal Group, Teal Mission Model Counts 2,033 Space Payload s t hr ough 20280, online article:

https://www.tealgroup.com/index.php?option=com_content&view=article&id=41:teal-mission-model-counts-2033-space-
payloads-through-2028&catid=3&Itemid=16 published on March 25, 2009.

™ bid.

2 The Teal Group has highlighted two other future major sources of growth: the replacement of Globalstar and Orbcomm LEO
mobile communications constellations in the next two to three years, and Iridium LEO satellites in the next decade.

© Deloitte & Touche LLP and affiliated entities. AIAC i Impact of the Canadian Aerospace Industry

6

n


https://www.tealgroup.com/index.php?option=com_content&view=article&id=41:teal-mission-model-counts-2033-space-payloads-through-2028&catid=3&Itemid=16
https://www.tealgroup.com/index.php?option=com_content&view=article&id=41:teal-mission-model-counts-2033-space-payloads-through-2028&catid=3&Itemid=16

4 Canadiaraerospace industry
profile and recent developments

The following section provides a summary of the Canadian aerospace industry based on information
contained in the Phase 1 report.

4.1 Description of the Canadian aerospace industry

In 2009, the Canadian aerospace industry was estimated to have generated $22.2 billion in revenue. The
industry is a significant source of employment, employing an estimated 78,965 people in 2009, with a
corresponding payroll cost of approximately $4.6 billion.

The Canadian aerospace industry is dominated by a small group of large companies; the 14 largest
aerospace companies in Canada generated $16.1 billion in revenue in 2009, representing close to three-
guarters of total Canadian aerospace revenue. These 14 companies also dominate in terms of
employment with some 40,738 jobs (51.6% of total aerospace employment) and $3.0 billion in payroll
(64.9% of total aerospace payroll).

Employment within the Canadian aerospace industry can generally be broken up into four categories;
engineering and scientific staff, production staff, technicians and/or technologists, and all others. Of these
four groups, production staff is the largest category with an estimated 47.2% of the Canadian aerospace
workforce. Figure 1, following, illustrates the relative proportions of each category of employment.

Figure 1: Canadian aerospace employment by category*®

Technicians and/or
Technologists
12.0%

Engineering &
Scientific Staff
16.3%

Production Staff
47.2%

All others
24.5%

13 Source: AIAC Survey (2009), Deloitte
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41.1 Geographic distribution

The Canadian aerospace industry spans the entire country, with companies, research centres and post-
secondary institutions with programs focusing on the sector located in each province>. These ficentres o
aer ospace axddndustty elusters include the following:

Nova Scotia

Halifax is home to a number of world-renowned aerospace firms specializing in composite fabrication,
electronic assembilies, simulation and modeling technologies, and engine manufacturing. Companies
located in Halifax / Nova Scotia include Lockheed Martin, Pratt & Whitney Canada, IMP Group and
Composites Atlantic.

Prince Edward Island

The Charlottetown cluster specializes in engine maintenance, repair and overhaul and the manufacturing

of precision components, engine coatings and airplane interiors. Nine aerospace firms, including

Honeywell Canada, Wiebel Aerospace and Vector Aerospace operate in the province, specifically as a

part of Slemon Rae kEdWwaodel sffaPdds aerospace industry. (
Technology Centre provides a range of training opportunities for the burgeoning aerospace industry.

Quebec

Montrea | is the hub of Canadads | ar gestsedqatisoisgraatte cl uster
assembly, engine manufacturing, maintenance repair and overhaul, avionics and landing gear. Quebec

aerospace industry firms include Bombardier Aerospace, Bell Helicopter Textron Canada, Pratt & Whitney

Canada, Rolls-Royce Canada, CAE, Esterline CMC Electronics, L-3 MAS, GE Bromont, Heroux Devtek,

Safran, Thales, Mecachrome, Carillion Aerospace and Marinvent. I n 2008, QuebepottdHs aer osfy
totaled over $8 billion.

Montreal is also home to ten aerospace research centers, including the Canadian Space Agency, the
Aerospace Manufacturing Technology Centre and the Consortium for Research and Innovation in
Aerospace in Quebec. In addition, Montreal has a well integrated network of support agencies, hosting
the Quebec Aerospace Association, Aéro Montreal and the headquarters of the International Air
Transport Association (IATAQ, the International Business Aviation Council (IBACQ and the International
Civil Aviation Organization ( A | CAQOO0)

Ontario

Sout hwestern Ont ar i osecone [agestaeraspase clCstemwatirdoaed 200 firms. The

core of this cluster is Toronto and the Greater Toronto Area, a region whose key strengths lie in aircraft

parts manufacturing, aircraft systems development, and maintenance and overhaul. The Greater Toronto

Area also hosts many world-leading aerospace firms, including Bombardier Aerospace, Pratt & Whitney

Canada, Honeywell Canada, Magellan, Northstar Aerospace, Goodrich, COM DEV, Neptec and General

Dynamics. The University of Toronto Institute forAer ospace Study and Ryerson Uni ve
Aerospace Design and Innovation collaborate with industry partners on numerous R&D projects.

Manitoba

Winnipeg is the largest aerospace cluster in western Canada, and is a major centre in North America for

manufacturing composite aircraft components, and aircraft maintenance, repair and overhaul. It is home

to one of Boeingdbs ten major global sites for commerci
United States. B o e factugirdg $acilityanrMinoieg is the largash such facility in North

America.

4 www.investincanada.gc.ca/eng/industry-sectors/aerospace/aerospace-map.aspx
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The cluster is led by four global leading firms including Boeing Technology Canada, Magellan Aerospace
and StandardAero (one of the largest independent MRO firms in the world), plus 23 other established
regional and national firms and several mid-sized aerospace suppliers.

Saskatchewan

Saskatchewanés aerospace companies operate in satellit:
atmospheric research and testing, synchrotron research and development, microelectromechanical

devices, building structures, cases and harnesses, mini unmanned aerial vehicles and training programs.

The provincebs aerospace companies are |l ocated near Sa:
Networks, Scientific Instrumentations, Summit Structures, SBC Case and Dragonfly Innovations.

Alberta

Al bertads aerospace and defence industry contributes $.
Approximately 40% o f t h e outputisiexporied. ¥he province offers competitive strengths in

robotics and unmanned vehicle systems (flJVS0, space science, geomatics and navigation systems, and

maintenance, repair and overhaul. Over 50 aerospace companies are located in the Calgary area, with

strong clusters in maintenance, repair and overhaul, and information communication technology. Major

aerospace companies in Alberta include Field Aviation, Pratt & Whitney, NovAtel, Raytheon and L-3

SPAR.

British Columbia

Greater Vancouver, the prsaoaevirncd&anemaitns demmspadce pcloxi m
nei ghbouring Washington State. The clustero6s aerospace
engine overhaul, multi-role aircraft maintenance, repair and overhaul, space systems, and advanced

composite aerostructures.

The industry is also supported by one of Canadads | ar g
Columbia Institute of Technology.

Leading BC aerospace firms include ASCO Aerospace, Avcorp Industries, Cascade Aerospace, Kelowna
Flightcraft, MDA Corp., MTU Maintenance, Viking Air and Vector Aerospace.

Figure 2, following, i denaeiospacedust€@s moing aemspace @mparies,s r egi 0
research centres and universities present in that market.

4.1.2 Regional breakdown of the Canadian aerospace industry

In 2009, the majority of aerospace industry revenue was earned by entities headquartered in Quebec (an
estimated $11.5 billion or 51.9% of revenue) and Ontario (an estimated $6.4 billion or 28.9% of revenue).
In addition, the 14 largest aerospace companies in Canada produced 62.6% of their collective revenue in
Quebec and 26.9% in Ontario. A summary of estimated aerospace revenue by region is provided in
Figure 3, following.

Similar to revenue, the majority of aerospace industry employment is reported to be based in Quebec (an
estimated 45.7% of employment) and Ontario (an estimated 27.8% of employment). In addition, the 14
largest aerospace companies in Canada employ 65.5% of their collective workforce in Quebec and 24.8%
in Ontario. A summary of estimated aerospace employment by region is provided in Figure 4, following.

Consistent with these findings, the majority of aerospace payroll is earned by employees in Quebec ($2.3

billion or 49.0% of payroll), followed by Ontario ($1.4 billion or 29.2% of payroll), Western Canada ($0.6
billion or 13.0% of payroll), and Atlantic Canada ($0.4 billion or 8.8% of payroll).
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Figure 2: Canadian aerospace industry clusters®®

Province City Component Features / Companies
Companies CHC Composites Inc. GFT Aerospace Technologies
Gander Research Centres College of the Morth Atlantic
Newfoundland and Universities nia
Labrador Companies Provincial Aerospace Ltd.
St. John's Research Centres n/a
Universities Memaorial University
Atlantic Turbines Inc. Tube-Fab Ltd.
. Honeywell Wiebel Aerospace
Companies .
Prince Edward . MDS-Prad Testori
Summerside
Island Tronos Jet Marand Engineering
Research Centres nfa
Universities nfa
IMP Aerospace Pratt & Whitney Canada
. L-3 Communications Seimac Limited
Companies - -
Lockheed Martin Canada Ultra Electronics
Halifax MDA Corp. Kwave
) Research Centres Defence R&D Canada - Atlantic Mova Scotia Community College Aviation Institute
Nova Scotia
. Dalhousie University Saint Marys University
Universities
Mount Saint Vincent University University of King's College
Companies Composites Atlantic
Lunenburg Research Centres nfa
Universities nfa
Companies Industrial Rubber Company
Bathurst Research Centres nfa
. Universities nia
New Brunswick
Companies Apex Industries
Moncton Research Centres Mancton Flight College
Universities University of Moncton
Companies Heroux-Devtek Inc. Pratt & VWhitney Canada
Longueuil Research Centres nfa
Universities nia
Bell Helicopter Textron Canada Ltd. Lockheed Martin Canada
. Bombardier Messier Dowty
Companies o
: GE Aviation Sonaca NMF Canada
Mirabel
L3 Communications MAS (Canada) Ltd.
Research Centres nia
Universities n/a
Bombardier MDS-Prad
CAE Mecaer America Inc.
. CMC Esterline Mecachrome Technologies
Companies
Honeywell Rolls-Royce Canada
Quebec MDA Corp. Thales Canada
ACTS (Air Canada Technical Semvices)
Canadian Space Agency Industrial Materials Institute
Mantreal Centre de Technologie en Aerospatial NRC Institute for Aerospace Research
Research Centres Composites Development Centre of Canada
Aerospace Manufacturing Technology Centre
Consortium for Research and Innovation in Aerospace in Quebec
Concordia University Universite du Québec a Montreal
. . McGill University Ecole Polytechnique
Universities . . . .
Universite de Maontreal Ecole Mationale d'Aerotechnique
Ecole de Technologie Supérieure Ecole des Métiers de ['Aerospatiale de Montreal
Companies Qerlikon Contraves
St. Jean-sur-Richelieu Research Centres n/a
Universities n/a

5 Source: www.investincanada.gc.ca/eng/industry-sectors/aerospace/aerospace-map/aerospace-clusters.aspx, Bombardier
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Figure 2 (continued): Canadian aerospace industry clusters®®

Province City Component Features / Companies
. Comptek Advanced Structures Goodrich Canada
Companies
. Eurocopter Canada L3 Wescam
Burlington
Research Centres nia
Universities McMaster University
. COM DEV MNorthstar Aerospace
Companies
Canada Technology Heroux-Devtek Inc.
Triangle Research Centres nia
Universities University of Waterloo
Companies Kelowna Flightcraft Ltd.
Hamiltan Research Centres nia
Universities McMaster University
. 3M Canada Company General Dynamics - Land Systems Canada
Companies . . . )
Diamond Aircraft Industrie Sparton Electronics
London
Research Centres nia
Universities University of Western Ontario
Comtek Advanced Structures Curtiss-Wright Controls, Engineered Systems
Honeywell Mitsubishi Heavy Industry Canada
Companies
Magellan Aerospace Corp. Morthstar Aerospace
Mississauga .
MDA Corp. Pratt & Whitney Canada
Ont Research Centres Centre of Excellence for Materials and Manufacturing
ntario
Universities n/a
Arnprior Aerospace Meptec Design Group
Companies .
CMC Electronics Raytheon Canada
Ottawa MRC Institute for Aerospace Research MNRC Institute for Research in Construction
Research Centres . )
Mational Research Council - Aerospace Manufacturing Technology Centre
Universities Carleton University University of Ottawa
Companies Bombardier
Morth Bay Research Centres nfa
Universities n/a
Atlantis Systems International Goodrich Canada
Bombardier L-3 Electronic Systems
Companies Boeing Canada Messier Dowty
Celestica Inc. Sky senices
Toronto ) o
Field Aviation
Research Centres Holland College
. Ryerson University York University
Universities .
University of Toronto
Companies Morthstar Aerospace
Windsor Research Centres nfa
Universities University of Windsor
ACTS (Air Canada Technical Semvices) Magellan Aerospace Corp. (Bristol)
Companies Boeing Canada Standard Aero
Manitoba Winnipeg Cormer Aerospace
Research Centres Red River College
Universities University of Manitoba University of Winnipeg
Companies Bombardier
Moose Jaw Research Centres nfa
Universities nfa
Saskatchewan Companies SED Systems (Calian)
Saskatoon Research Centres nfa
Universities University of Saskatchewan

16
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Figure 2 (continued): Canadian aerospace industry clusters®”

Province City Comp: nt Features / Companies
Avmax Group Inc. NovAtel Inc.
Companies Field Aviation Pratt & Whitney Canada
Calgary General Dynamics Canada Raytheon Canada
Research Centres n/a
Universities University of Calgary
Companies Bombardier
Cold Lake Research Centres Aerospace Engineering Test Establishment
Alberta Universities n/a
Companies L-3 Spar
Edmonton Research Centres n/a
Universities University of Alberta Concordia University College of Alberta
The King's University College
Companies Meggitt Defence Systems Canada Cdn Centre for Unmanned Vehicle Systems
Medicine Hat Research Centres n/a
Universities n/a
Companies Cascade Aerospace Magellan Aerospace Corp.
Abbotsford Research Centres n/a
Universities University College of the Fraser Valley
Companies n/a
Burnaby Research Centres n/a
Universities British Columbia Institute of Technology - Aerospace Technology Campus
. Alpine Aerotech Northern Airborne Technology
British Columbia Companies Kelowna Flightcraft Ltd.
Kelowna
Research Centres n/a
Universities Okanagan University College
AcroHelipro MDA Corporation
Companies ASCO Aerospace MTU Maintenance Canada
Vancouver Avcorp Industries Viking Air
Research Centres British Columbia Institute of Technology - Aerospace Technology Campus
Universities Simon Fraser University University of British Columbia

Figure 3: Canadian aerospace 2009 revenue by region®®

Atlantic Canada
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Western Canada
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Ontario
28.9%

17

8 Source: AIAC Survey (2009), Deloitte
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Quebec
51.9%

Source: www.investincanada.gc.ca/eng/industry-sectors/aerospace/aerospace-map/aerospace-clusters.aspx, Bombardier
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Figure 4: Canadian aerospace 2009 employment by region®®

Atlantic Canada
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Western Canada
16.6%

Quebec
45.7%

Ontario
27.8%

4.1.3 Forecast 2010 revenue and employment

In 2010, the Canadian aerospace industry is projected to have generated revenue of $24.1 billion,

employing some 82,956 individuals. Canadads 14 | argest
decrease in both aerospace revenue and employment (year-over-year decreases of 0.7% for both

measures). Aerospace companies that are not directly AIAC members are forecast to make-up $1.8

billion of the forecasted $2.0 billion increase in total aerospace industry revenue as well as 2,954 of the

forecast 5,316 increase in aerospace related employment. ®

4.2 Composition of the Canadian aerospace industry

Canadads aerospace indust r €ASpIin2009aan estimated83.4% o treversue wi t hi n |
generated by the Canadian aerospace industry were in the CAS, compared to only 16.6% of revenue

generated within the MAS. As might be expected, the Canadian aerospace industry also employs a larger

number of workers in the CAS as opposed to the MAS, with 80.4% of employees working in the CAS and

19.6% working in the MAS.

4.2.1 Final markets for Canadian aerospace products and services

The Canadian aerospace industry is largely export based, with an estimated $17.3 billion in revenue (or
77.9% of total aerospace revenue) being generated from sales to foreign markets. The proportion of sales
to foreign markets differs by size of company, with the largest 14 aerospace companies in Canada
generating 86.6% of their revenue from the export market, while the rest of the industry is estimated to
generate an estimated 55.0% of their revenue from exports. Overall the largest foreign market for
Canadian aerospace products and services is the US, which accounts for an estimated $9.9 billion of
revenue (or 57.0% of total industry exports). Figure 5, following illustrates the geographic distribution of
Canadian exports.

¥ Source: AIAC Survey (2009), Deloitte
20 For more detail on the breakdown of forecast growth by stratum, please refer to Appendix 2 of the Phase 1 report.
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Figure 5: Distribution of 2009 Canadian aerospace exports by final market®
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4.2.2 Size of sub-sectors of the Canadian aerospace industry

The Canadian aerospace industry can be broken into the following seven sub-sectors:

1 Aircraft, Aircraft Parts & Components (FA&APO);

1 Aircraft Engines & Engine Parts (fFE&EPO);

1 Avionics & Electro Systems (FA&ESO);

9 Simulations & Training;

1 Aircraft MRO;

1 Space; and

9 Other Industry Related Products & Services ( fither AP&S a )

The largest sub-sector of the Canadian aerospace industry is the manufacturing of A&AP. This sub-sector
generated revenue of approximately $11.0 billion in 2009, representing some 49.2% of total industry
revenue. The second largest sub-sector is MRO, which generated an estimated $4.3 billion in 2009
(19.2% of estimated 2009 industry revenue). Figure 6, following, illustrates the relative size of the various
sub-sectors in the Canadian aerospace industry.

4.3 Investment in the Canadian aerospace industry

Investment in the Canadian aerospace industry is geared towards R&D and investments in physical

capital or property, plant, and equi pment (APPEO) . I n
estimated total of $1.9 billion in R&D and PPE, of which R&D comprised 72.7% ($1.4 billion) and PPE

comprised 27.3% ($0.5 billion).

In 2009, government programs provided an estimated $0.5 billion in funding for R&D activities by

Canadian aerospace companies, representing approximately34% of t ot al R&D spend. The
largest source of financing for R&D projects comes from internal company financing, which funded 66.2%

of R&D spend.

2L Source: AIAC Survey (2009), Deloitte
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Figure 6: Distribution of 2009 Canadian aerospace revenue by sub-sector®

Space
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2 Source: AIAC Survey (2009), Deloitte
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5 Economicimpact

5.1 Economic impact defined
Economic impacts are generally defined as changes to an economy as a result of an undertaking, activity
or developmentAs such, economic impacts measure changes in t

economy when goods and services are purchased and goods are produced, or as the result of an
infusion of capital for the construction of a new facility or service. Almost all activities can generate
economic impact.

The two most common measures of economic contribution (in addition to employment and taxes) are
gross output and gross domestic product (iGDP9. Economic output roughly corresponds to the gross
revenue of goods or services produced by an economic sector, while GDP measures only the value of
goods and services produced. As such, GDP removes items such as revenues to the suppliers of
intermediate goods and services and only includes revenue from value-added activities (labour and
capital). Alternatively, economic output adds all revenues at each stage of production together as a
measure of total production in the economy. As such economic output will always be greater than GDP
(also termed as value-added).

To estimate economic output for a sector, one must identify the gross revenue of the various firms in that
sector. However, to find GDP for a sector, care must be taken to avoid double counting, as the revenues
of one firm providing service to another are not incremental GDP. For example, in the aerospace sector,
one cannot add the value (gross revenue) of a finished aircraft to the value of the tires, fuselage, aviation
system components, etc. that were purchased in order to produce the aircraft (as the tires, fuselage,
aviation system components, etc. are already included in the value of the aircraft). As such, economic
output will always be greater than GDP (also termed as value-added), and in this regard, the economic
output multiplier for an industry will always be 1.00, whereas as the direct GDP multiplier will always be
less than 1.00 (i.e., for a given expenditure in an industry, the direct GDP impact of that expenditure will
be less than 1.00 7 in the case of the aerospace industry, the GDP multiplier for Canada is approximately
0.47).

In evaluating and quantifying the economic impact of an industry, undertaking, project, etc., four types of
impacts are typically reviewed:

9 Direct Economic Impacts: measure total expenditures on goods and services, including wages and
salaries, to operate a business, construct a project, operate a system or service, stage an event, etc.

9 Indirect Economic Impacts: refer to the purchase of goods and services needed to then produce the
goods and services that are directly purchased in support of business operations, the construction of a
facility, the operation of that facility or service, the staging of the event, etc. Indirect impacts therefore
measure the magnitude of interactions with other businesses which supply the necessary materials and
services, and lead to indirect demand for goods and services from other industries.

1 Induced Economic Impacts: refer to the impact of personal expenditures by people who have been
paid wages and salaries, whether in support of business operations, for the construction of a facility, the
operations of the facility or service, the staging of the event, etc., and for the production of indirect
goods and services.

9 Associated Economic Impacts: refer to the spin-off impacts generated by the construction of the
facility or the operations of a business, including ancillary spending by visitors, tourists and, for
example, by research institutions.

For the purposes of this assignment, the direct, indirect and induced impacts associated with the
Canadian aerospace industry have been estimated nationally and for each province (in the case of
Ontario and Quebec) and region (in the case of Atlantic and Western Canada) under review. Associated
impacts are identified and discussed in a subsequent section dealing with four case studies.
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Figure 7: Components of Economic Impac
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5.2

In evaluating the economic impact of the Canadian aerospace industry, the following economic impacts
were quantified:

Nature of economic impacts evaluated

T GDPimpactsian industry6s cont r i thelroadest mdasure & Bddnomieimpag.s ent s
The domestic product of the aerospace sector captures the value it adds to purchased inputs (including,
for example, equipment and parts, electronics and systems components, etc.) through the application of
labour and capital, and as such represents the sum of the value added by all firms in an industry. As
noted previously, value added should not be confused \
sales), since the latter includes the value of purchased inputs.

9 Economic output (spending) impacts T spending impacts measure the sum of gross sales in the
economy, including the value of purchased goods and services needed to sustain the operations of the
industry, as well as fivalue added GDPO (esfeonomical | y th
output impacts.

1 Employment impacts i industry employment is important because of the significance traditionally
attached to jobs. From a purely economic impact perspective, the significance lies in the economic
i mpacts generated fr om a inthe brdader etomy.er son al spending

9 Labour income impacts i labour income captures payments in the form of wages and salaries earned in
an industry, and form a key component of GDP.

9 Tax impacts | the estimated amount of personal and corporate income taxes generated from
operations and employment.

5.3 Methodology

In order to quantify the economic impacts of the Canadian aerospace industry, Deloitte developed an
impact model that utilized the following inputs:

1 NAICS codes for the aerospace industry were initially identified and industry data from Statistics
Canadad €ANSIM database was acquired. Industry sectors examined include:
x 336410 (aerospace product and parts manufacturing);
x 334511 (navigational and guidance instruments manufacturing); and

x 333310 (commercial and service industry machinery manufacturing).

% Source: Deloitte
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It should be noted, however, there does not exist one single industry classification code covering the

entire aerospace industry; with the exception of 336410 (aerospace product and parts manufacturing),

other subs-sectors of the aerospace industry are classified under numerous NAICS codes and therefore
reporting metrics of these codes will overlap multiple industry sectors (for example, flight simulator
manufacturing is included as part of frommercial and service industry machinery manufacturingd whi c h
is NAICS code 333310).

Information for the above noted three codes was collected and analyzed for the period covering 2004
through 2008, nationally and by province:

x Total revenue;

x Total expenses;

x Total salaries and wages;

x Total cost of energy, water utility and vehicle fuel,
x Cost of materials and supplies; and

x Total number of employees.

Summary data for NAICS codes 336410 (aerospace product and parts manufacturing), 334511
(navigational and guidance instruments manufacturing) and 333310 (commercial and service industry
machinery manufacturing) is included in Figures 8, 9 and 10 following. Figure 11 provides the total of
these three NAICS codes.

Figure 8: Summary statistics, NAICS 336410 (aerospace product and parts manufacturing)®
Principal statistics 2004 plili 2006 2007 2008
Total Revenue 14,373,302 14,392,987 14,436,712 16,252,326 17,560,162
Total Expenses 13,602,021 13,095,092 13,770,197 14,714,613 16,517,384
Total salaries and wages, direct and indirect labour (x 1,000) 2,385,224 2,302,608 2,479,280 2,600,306 2,963,086
Total cost of energy, water utility and vehicle fuel (x 1,000) 88,725 89,783 93,526 95,485 107,567
Cost of materials and supplies (x 1,000) 7,884,987 8,149,223 7,087,034 8,255,832 9,182,110
Research & Development 905,300 206,600 a12,000 1,021,000 1,106,100
Other 2,337,785 1,646,878 2,598,357 2,741,990 3,158,521
Total number of employees, direct and indirect labour (persons) 37,865 38,132 40,126 41,269 44,124
Average Salary 63,000 60,400 61,800 63,000 67,200

24 Source: CANSIM Table 301-00061,2,3,5,11,12
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Figure 9: Summary statistics, NAICS 334511 (navigational and guidance instruments manufacturing)®

Principal statistics 2005

Total Revenue 1,335,129 1,400,158 1,489,453 1,438,369 1,385,634
Total Expenses 1,205,961 1,278,215 1,363,218 1,337,417 1,299,035
Total salaries and wages, direct and indirect labour (x 1,000) 416,761 443,421 509,333 536,890 504,275
Total cost of energy, water utility and vehicle fuel (x 1,000)% 8,676 9,305 10,283 9,376 8,868
Cost of materials and supplies (x 1,[10[])7 480,236 507,161 586,705 543,011 517,968
Other 300,288 318,428 256,897 248,140 267,924
Total number of employees, direct and indirect labour 6,574 6,925 7,152 6,978 6,548
(persons)

Average Salary 63,400 64,000 71,200 76,900 77,000

Figure 10: Summary statistics, NAICS 333310 (commercial and service industry machinery manufacturing)®

Principal statistics 2004 plilik 2006 2007 2008
Total Revenue 2,547,523 2,665,464 2,911,142 3,280,552 3,901,175
Total Expenses 2,369,935 2,514,681 2,712,105 3,163,805 3,565,517
Total salaries and wages, direct and indirect labour (x 1,000) 578,142 642,125 690,016 764,001 831,796
Total cost of energy, water utility and vehicle fuel (x 1,000) 13,782 18,001 20,272 20,455 21,739
Cost of materials and supplies (x 1,000) 1,090,085 1,170,284 1,262,784 1,510,470 1,714,262
Other 687,926 684,271 739,033 868,879 Q97,720
;F;:::E!Or:_l:gnber of employees, direct and indirect labour 10,616 12,652 12,072 14,079 14,616
Average Salary 54,500 50,800 53,200 54,300 56,900

% Source: CANSIM Table 301-00061,2,3,5,11,12
% Source: CANSIM Table 301-00061,2,3,5,11,12
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Figure 11: Summary statistics, NAICS codes 336410, 334511 and 3333107

Principal statistics 2004 2005 2006 2007 2008
Total Revenue 18,255,954 18,458,609 18,837,307 20,971,247 22,846,971
Total Expenses 17,177,917 15,888,088 17,845,520 19,215,835 21,381,936
Total salaries and wages, direct and indirect labour (x 1,000) 3,280,127 3,388,154 3,678,629 3,901,197 4,299,157
Total cost of energy, water utility and vehicle fuel (x 1,000) 111,183 117,089 124,081 125,316 138,174
Cost of materials and supplies (x 1,000) 9,455,308 9,826,668 9,536,523 10,209,313 11,414,240
Research & Development 905,300 906,600 912,000 1,021,000 1,106,100
Other 4,231,299 3,556,177 4,506,287 4,880,009 5,530,265
Total number of employees, direct and indirect labour 55,055 57,709 60,250 62,326 65,288
(persons)

Average Salary 61,400 58,700 61,100 62,600 65,800

fSectoral data for the faer ospaceo0 Canadad (camipnsipgbota s al s o ac
commercial aerospace activities and aerospace activities related to defence). Like the data available
from the CANSIM database, this information details the total size of the industry, albeit for a single point
in time (2007), and includes information detailing total revenue (divided between domestic and foreign
sales), expenditures on research and development in new of existing products or process
improvements, and total employment. Unlike the above described CANSIM data, this information
compri ses | nd udefinitionyof tikaaerasmheedndustry. This data is presented in Figure 12,
following.

Figure 12: Canadian Commercial Aerospace, Defence, Industrial Marine and Industrial Security Sector Survey (2007)%
Aerospace Sector Defence Sector Induslér.i:::lt::ﬁrine Indust;i:::titrecurity
Domestic Sales B4,9311 $3.508.8 5731.0 33311
Export Sales $14,014.3 B4.067.7 55487 535624
Total Sales $518,945.4 57,566.5 $1,279.7 36835

Research and Development in new or

o . §700.8 $152.6 $20.8 5276
existing product or process improvement

Employment 73,750 31,750 6,500 3.800

Note: aerospace sector includes both commercial aerospace activities and aerospace activities related to defence

1 Finally information taken from the AIAC survey and analyzed as part of the Phase 1 report, was
reviewed (specifically revenue, employment and payroll, by province / region), and industry average
EBITDA margins (obtained from the Phase 3) report, were then used to estimate total industry
expenditures. This industry profile is presented in Figure 13, following.

27 Source: CANSIM Table 301-00061,2,3,5,11,12
2 Source: Statistics Canada, November 2009
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Figure 13: Canadian aerospace industry operating statistics, 2009-2010%

2009 2010

Central Estimate Central Estimate

Revenue ($ millions)

Atlantic Canada 1.251.0 1.359.0
Quebec 11.511.0 12,503.0
Ontario 6,415.0 6,965.0
Western Canada 3.019.0 3.279.0
Total 22.196.0 24.109.0
Employment (FTE)
Atlantic Canada 7.902.0 8.301.0
Quebec 36,054.0 37.876.0
Ontario 21,935.0 23,0440
Western Canada 13.073.0 13,7340
Total 78,965.0 82,956.0

Payroll (3 millions)

Atlantic Canada 410.0 445.0
Quebec 2.269.0 2.465.0
Ontario 1,355.0 14720
Western Canada 600.0 652.0
Total 4.633.0 5,034.0

MNon-Payroll Operating Expenses (3 millions)

Atlantic Canada 665.8 723.7
Quebec 76298 8,286.8
Ontario 4,161.5 45201
Western Canada 1,996.2 21677
Total 14,453 2 15,698.3

Total Operating Expenses ($ millions)

Atlantic Canada 1.075.8 1.168.7
Quebec 9,895.8 10,7518
Ontario 55164 59921
Western Canada 25962 2.819.7
Total 19,087.2 20,732.3

In adapting the data presented in Figure 13 from that presented in the Phase 1 report, the following
assumptions were utilized:

x 2009 industry revenue, payroll expenses and employment are as reported in the Phase 1 report;

x 2009 total operating expenses were estimated based on an assumed EBITDA margin of 14.1% of
gross revenue (as inferred from the Phase 3 report);

x 2009 non-payroll operating expenses were determined based on the difference between total
operating expenses (as calculated) and total payroll expenses;

2 Source: AIAC Survey (2009), Deloitte
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x 2010 employment levels were calculated on a pro-rate basis based on estimated 2010 employment
(82,596 jobs) and the distribution of 2009 employment by province / region;

x 2010 payroll expenses were calculated on a pro-rate basis based on estimated 2010 revenue and the
relationship between total revenue and payroll expenses in 2009 employment by province / region;
and

x 2010 non-payroll operating expenses and total operating expenses were estimated based on the
assumed EBITDA margin of 14.1% of gross revenue (as inferred from the Phase 3 report).

Together, these three sources of information formed the basis from which industry revenue, employment,
payroll and other operating expenses could be identified and estimates of economic impact could be
identified. In this regard, a series of industry estimates were produced which generally fell within the
estimated size of the Canadian aerospace industry as determined in the Phase 1 report (as illustrated by
the 2009 lower, central and upper bound estimated). For the purpose of calculating the total economic
impact of the aerospace industry in Canada and within Atlantic Canada (comprising Newfoundland and
Labrador, Nova Scotia, Prince Edward Island and New Brunswick), Quebec, Ontario and Western
Canada (comprising Manitoba, Saskatchewan, Alberta and British Columbia) the estimates of industry
revenue, employment, payroll expenses and total operating expenses as illustrated in Figure 13, above,
were utilized.

54 Economic impact multipliers

Statistics Canada input-output multipliers (for Canada and for each province) were utilized to prepare

estimates of economic impact. As noted previously, no specific industry sector multipliers exist for the

aerospace sector; as such, identified multipliersfori aer ospace pr od uwafdctsurainmg®arts me
(NAICS 336410) were utilized as a proxy for the entire aerospace sector (as can be inferred from Figure 8

and 13, above, NAICS code 336410 comprises approximately 80% to 85% of the estimated total

Canadian aerospace industry, and as such, is concluded to constitute an appropriate proxy for the entire

industry).

In addition, for Canada, Ontario and Quebec, published data was utilized. For Atlantic Canada, a proxy

estimate for each province (Newfoundland and Labrador, Prince Edward Island, Nova Scotia and New
Brunswick) was estimated based on average fATotal GDPO,
province (where estimates did not exist, they were excluded). A similar approach was adopted for

Western Canada.

Finally, induced impacts were estimated based on the induced premium calculated nationally (i.e., the
differential impact of the direct, indirect and induced impact over direct and indirect impacts).

Specific industry multipliers utilized as part of this analysis are summarized in Figure 14, following.

Figure 14: Economic Impact Multipliers®

o p|Dlelerlt|

Atlantic Canada 1.00 1.14 137 0.44 0.59 172 6.31 7.65 10.71 0.26 042 0.58

Quebec 1.00 128 154 038 051 173 34 4.08 570 021 029 041
Ontario 1.00 1.34 1.60 0.59 0.75 1.64 i 6.96 9.7 0.34 0.44 0.62
Western Canada 1.00 1.26 181 0.45 0.60 1.72 4.34 5.89 8.21 0.35 0.40 0.55
Canada 1.00 1.46 1.75 047 0.62 1.69 3.66 4.85 6.77 0.29 0.39 0.54

Note: 1. Employment multipliers are per million dollars of output. All other multipliers are per $1 of exogenous industry output
shock.
2. i DioDirect impacts
3. A D + Diflea and indirect impacts
4. A D + T1lIDireet, indicect and induced impacts

30 Source: Statistics Canada, Deloitte
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5.5 Tax impacts

The tax revenue generated by the aerospace industry was determined at two distinct levels, corporate
and personal income taxes paid by workers:

1 Corporate taxes were derived from Statistics Canada information detailing revenue and corporate taxes
paidinthefiimar , rail and ship products and other transportat
(Statistics Canada publication 61-219). Proxy estimates for the Canadian aerospace industry were
derived from this data based on the ratio of NAICS code 336410 to this broader industry. Estimates
were then grossed up to reflect the definition of the aerospace industry used in this study.

It should be noted that corporate income tax information is not generally available by province (i.e.,
provincial aggregate data would need to be estimated based on the head office locations of individual
enterprises; however, if an enterprise had their head office location in, say, Ontario, but has operations
across Canada, all of the financial data would be presented as Ontario data; Statistics Canada does not
have a method by which to re-allocate the data back to each province in which they operate).

As such, only corporate tax revenue at the national level has been estimated.

1 Personal income taxes were derived based on the average salary paid to workers in each province.

5.6 Interpretation

The reader should note that because of the way impacts were calculated (including, for example, the use
of average multipliers for each of the individual Atlantic Canadian and Western Canadian provinces), the
sum of total impacts (i.e., direct, indirect and induced) for each province and region will not equal the
guoted impacts cited for Canada (i.e., their sum may be higher or lower). In addition, it should also be
noted that the impacts expressed for each province / region are those estimated to have occurred within
that particular region / province.

5.7 General industry impacts

As noted, Statistics Canada Input-Output multipliers (W-level) were utilized to quantify the various
economic impacts associated with the Canadian aerospace industry. In its simplest terms, the Canadian
aerospace industry is projected to generate the following benefits on the economy of Canada:

National

1 In general, for each additional $100 million of output generated by the Canadian aerospace industry,
output in the rest of the Canadian economy (i.e., its indirect impact) would be expected, in general, to
increase by approximately $45.6 million. Including induced impacts, output in the rest of the Canadian
economy would be expected to increase by almost $75.0 million.

1 For each additional $100 million of output generated, the Canadian aerospace industry would be
expected, in general, to realize a total increase in employment of some 355 direct jobs (FTES).
Including indirect and induced impacts, total employment would be expected to increase by 675 jobs
(FTESs) across the country.

1 Finally, the Canadian aerospace industry is projected to have directly accounted for some $10.4 billion
in GDP in 2009, representing approximately 6.9% of C a n a dt@tad rmanufacturing GDP. Including
indirect and induced GDP impacts, the Canadian aerospace industry is projected to have accounted for
some $17.5 billion in GDP.

Atlantic Canada

1 For each additional $100 million of output generated by the aerospace industry in Atlantic Canada,
outputin At | ant i c re@i@a ecdnamygi.e., its indirect impact) would be expected, in general, to
increase by approximately $13.8 million. Including induced impacts, total output in Atlantic Canada
would be expected to increase by almost $36.8 million.
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1 For each additional $100 million of output generated, the aerospace industry in Atlantic Canada would
be expected, in general, to realize a total increase in employment of some 630 direct jobs (FTES) in
Atlantic Canada. Including indirect and induced impacts, total employment in the Atlantic region would
be expected to increase by almost 1,070 jobs (FTES).

1 Finally, the aerospace industry in Atlantic Canada is projected to have directly accounted for some
$0.55 billion in GDP in 2009 within Atlantic Canada. Including indirect and induced GDP impacts, the
aerospace industry in Atlantic Canada is projected to have accounted for some $0.94 billion in GDP.

Quebec

1 For each additional $100 million of output generated by the aerospace industry in Quebec, output in the
rest of the provincial economy (i.e., its indirect impact) would be expected, in general, to increase by
approximately $28.3 million. Including induced impacts, total output in the provincial economy would be
expected to increase by some $54.1 million.

1 For each additional $100 million of output generated, the aerospace industry in Quebec would be
expected, in general, to realize a total increase in employment of some 310 direct jobs (FTES) within the
province. Including indirect and induced impacts, total employment in the province would be expected
to increase by almost 570 jobs (FTES).

1 Finally, the Quebec aerospace sector is projected to have directly accounted for more than $4.3 billion
in GDP in 2009. Including indirect and induced GDP impacts, the aerospace industry in Quebec is
projected to have accounted for almost $7.5 billion in GDP.

Ontario

1 For each additional $100 million of output generated by the aerospace industry in Ontario, output in the
rest of the provincial economy (i.e., its indirect impact) would be expected, in general, to increase by
approximately $33.5 million. Including induced impacts, total output in the provincial economy would be
expected to increase by some $60.5 million.

1 For each additional $100 million of output generated, the aerospace industry in Ontario would be
expected, in general, to realize a total increase in employment of some 340 direct jobs (FTESs) within the
province. Including indirect and induced impacts, total employment in the province would be expected
to increase by over 970 jobs (FTES).

1 Finally, the Ontario aerospace sector is projected to have directly accounted for more than $3.8 billion
in GDP in 2009. Including indirect and induced GDP impacts, the aerospace industry in Ontario is
projected to have accounted for almost $6.2 billion in GDP.

Western Canada

1 For each additional $100 million of output generated by the aerospace industry in Western Canada,
out put in Western Canadabs regional economy (i
to increase by approximately $26.0 million. Including induced impacts, total output in Western Canada
would be expected to increase by almost $51.4 million.

1 For each additional $100 million of output generated, the aerospace industry in Western Canada would
be expected, in general, to realize a total increase in employment of some 430 direct jobs (FTES) in
Western Canada. Including indirect and induced impacts, total employment in the Western Canadian
region would be expected to increase by over 820 jobs (FTES).

1 Finally, the aerospace industry in Western Canada is projected to have directly accounted for some
$1.4 billion in GDP in 2009 within Western Canada. Including indirect and induced GDP impacts, the
aerospace industry in Western Canada is projected to have accounted for some $2.3 billion in GDP.
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Figure 15: Impact of an additional $100 million on total economic output ($ millions)*
$200.0 -

$180.0 -
$160.0 -
$140.0 -
$120.0 -
$100.0 -
$80.0 -
$60.0 -
$40.0 -
$20.0 -
$0.0 -

Canada Atlantic Canada  Quebec Ontario Western Canade

m Direct m Direct & Indirect m Direct, Indirect & Inducec

Figure 16: Impact of an additional $100 million on employment (number of FTEs)®
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Figure 17: GDP contribution of the Canadian aerospace industry ($ millions)*
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5.8 Impact assessment

5.8.1 Canada

As noted in Figure 13, above, the Canadian aerospace industry generated almost $22.2 billion in sales in
2009, with total industry output projected to increase by 8.6% in 2010, achieving total sales of more than
$24.1 billion. In generating these sales, the industry is projected to incur total costs of some $19.1 billion
in 2009 ($20.7 billion in 2010), including $4.6 billion in payroll costs (growing to approximately $5.0 billion
in 2010). Total employment in the sector is estimated at almost 79,000 people in 2009, and almost 83,000
personnel in 2010.

This level of activity is projected to generate significant economic impacts within the Canada and within
the various regions where economic clusters of aerospace activity exists.

Generally within Canada, the aerospace industry is concluded to have given rise to significant economic
activity and impact. In particular:

1 The Canadian aerospace industry is projected to have generated some $22.2 billion in total economic
output. Including indirect impacts (from feeder industries) and induced impacts (impacts generated from
the wages paid individuals employed in the direct and indirect production of goods and services), the
total economic output of the aerospace industry in Canada is projected to have totaled more than $38.8
million in 2009. In 2010, these figures are projected to increase to $24.1 billion and $42.2 billion
respectively.

1 From a GDP perspective, the Canadian aerospace industry is projected to have directly supported
almost $10.4 billion in total GDP. Including indirect and induced impacts, the total GDP contribution of
the Canadian aerospace industry is estimated to have been some $17.5 billion in 2009. In 2010, the
Canadian aerospace industry is forecast to be able to support more than $11.2 billion in direct GDP
contribution, and approximately $19.0 billion including indirect and induced impacts.

1 From an economic value added perspective, the Canadian aerospace industry is projected to have
generated some $11.8 billion in direct and more than $21.3 billion in total economic value added. In
2010, these figures are projected to increase to some $12.9 billion and $23.1 billion respectively.

% Source: Deloitte
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Figure 18: Economic Impact of the Canadian aerospace industry within Canada ($ millions)®*

Direct, Indirect

Direct Direct & Indirect & Induced

2009
Economic Output $22.196.0 $32,320.1 $38,837.9
GOP $10,3516 513,718 4 5175321
Walue Added $11.844 4 $18.601.7 $21,305.8
Employment (FTE) 79,000 107,600 150,200
Labour Income $4.633.0 $6,222 4 58,6854
Taxes

Corporate Taxes 53627 nia n/a

Provincial Income Taxes 54932 n/a n'a

Federal Income Taxes $615.9 nia n/a
Total 514718 n/a nia
2010
Economic Output $24.109.0 5351067 542 185.3
GDOP $11.243.8 $14,900.7 $19,0431
Walue Added $12.865.2 $20,205.0 $23,142.2
Employment (FTE) 63,000 116,800 163,000
Labour Income $5,034.0 $6,761.0 59,4372
Taxes

Corporate Taxes 5393.9 n'a nia

Provincial Income Taxes 5544 1 n/a nia

Federal Income Taxes $680.6 n/a n'a
Total 51.618.6 n/a nia

1 Direct employment in the Canadian aerospace industry is estimated to have been 79,000 FTEs in 2009.
Including direct, indirect and induced impacts, the total amount of employment supported by the

Canadian aerospace industry is estimated to have been 150,200 FTEs. In 2010, total direct

employment is estimated at 83,000 FTEs, while the total direct, indirect and induced employment is
projected to be supported by the Canadian aerospace industry is estimated to be 163,000 FTEs.

1 Direct labour income is estimated to have been $4.6 billion in 2009. Including employment supported by

1 Finally, the Canadian aerospace industry is projected to have supported almost $1.5 billion in revenue

the Canadian aerospace industry from an indirect and induced perspective, the Canadian aerospace

industry is estimated to have supported almost $8.7 billion in total income. In 2010, these figures are
estimated to be some $5.0 billion in direct income, and more than $9.4 billion in total income (including

indirect and induced impacts).

to the federal and provincial governments (note, property taxes and other revenue to municipal
governments have not been estimated as part of this assignment). This level of support is divided
between revenue to the federal government ($978.6 million) and Canadads
governments ($493.2 million). In 2010, total government tax revenue is projected to increase to $1.6
billion ($1.07 billion to the federal and $544.1 million to the various provincial governments).

34
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58.2 Atlantic Canada

Within Atlantic Canada, the aerospace industry is projected to have generated sales of $1.25 billion in
2009, with total industry output projected to increase to $1.36 billion in 2010. In generating these sales,
the industry is projected to have incurred total costs of some $1.1 billion in 2009 (increasing to $1.2 billion
in 2010), including $0.41 billion in payroll costs (approximately $0.45 billion in 2010). Total employment in
the sector is estimated at some 7,900 people in 2009, and almost 8,300 in 2010.

Similar to the broader Canadian industry, this level of activity is projected to generate significant
economic impacts within Atlantic Canada and within the various regions where economic clusters of
aerospace activity exists. Within Atlantic Canada, the aerospace industry is concluded to have given rise
to significant economic activity and impact. In particular,

1 The aerospace industry in Atlantic Canada is projected to have generated some $1.25 billion in total
economic output. Including indirect impacts (from feeder industries) and induced impacts (impacts
generated from the wages paid individuals employed in the direct and indirect production of goods and
services), the total economic output of the aerospace industry in Atlantic Canada is projected to have
totaled more than $1.71 billion in 2009. In 2010, these figures are projected to increase to $1.36 billion
and $2.38 billion respectively.

9 From a GDP perspective, the aerospace industry in Atlantic Canada is projected to have directly
supported $546 million in total GDP in the region. Including indirect and induced impacts, the total GDP
contribution of the aerospace industry within Atlantic Canada is estimated to have been some $940
million in 2009. In 2010, the aerospace industry in Atlantic Canada is forecast to be able to support
more than $593 million in direct GDP contribution within the four Maritime Provinces, and approximately
$1.02 billion including indirect and induced impacts.

9 From an economic value added perspective, the aerospace industry in Atlantic Canada is projected to
have generated some $705 million in direct and more than $770 million in total economic value added.
In 2010, these figures are projected to increase to some $766 million and $1.36 billion respectively.

9 Direct employmentin At | ant i ¢ aetoapace thdustry is estimated to have been 7,900 FTEs in
2009. Including direct, indirect and induced impacts, the total amount of employment supported by the
aerospace industry in Atlantic Canada is estimated to have been 13,400 FTEs. In 2010, total direct
employment is estimated at 8,300 FTEs, while the total direct, indirect and induced employment in
Atlantic Canada is projected to be 14,500 FTEs in 2010.

1 Direct labour income is estimated to have been $410 million in 2009. Including employment supported
by feeder industries, the aerospace industry in Atlantic Canada is estimated to have supported almost
$932 million in total income. In 2010, these figures are estimated to be some $445 million in direct
income, and more than $1.01 billion in total income (including indirect and induced impacts).

1 Finally, the aerospace industry in Atlantic Canada is projected to have supported some $94.5 million in
personal income tax revenue to the federal and provincial governments. This level of support is divided
bet ween revenue to the federal government d¢vicab. 4 mi | | i
governments ($39.1 million). In 2010, total government tax revenue is projected to increase to $104.4
million ($61.4 million to the federal government and $43.1 million to the various provincial
governments).
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Figure 19: Economic Impact of the aerospace industry within Atlantic Canada®

Direct Direct & Indirect ~ DiTech Indirect

& Induced

2009
Economic Output $1.251.0 §1.4238 31,7109
GDP 55460 §7357 59402
Walue Added $705.0 $688.1 $7T0T
Employment (FTE) 7,900 9,600 13,400
Labour Income $410.0 $670.9 59318
Taxes

Provincial Income Taxes $391 n/a n'a

Federal Income Taxes 3654 n/a nia
Total 5945 nia n/a
2010
Economic Output $1,359.0 $1,978.9 $2,378.0
GDOP $5931 $799.2 31,0214
Walue Added $765.9 11797 $1,356.6
Employment (FTE) 8,300 10,400 14,500
Labour Income 34450 §728.2 $1.0114
Taxes

Provincial Income Taxes 31 n/a nia

Federal Income Taxes 361.4 n/a n'a
Total $104.4 nfa n/'a

5.8.3 Quebec

Within Quebec, the aerospace industry is projected to have generated sales of $11.5 billion in 2009, with
total industry output projected to increase to $12.5 billion in 2010. In generating these sales, the industry
is projected to have incurred total costs of some $9.9 billion in 2009 (increasing to $10.8 billion in 2010),
including $2.3 billion in payroll costs (approximately $2.5 billion in 2010). Total employment in the sector
is estimated at some 36,100 people in 2009, and almost 37,900 people in 2010.

Similar to the broader Canadian industry, this level of activity is projected to generate significant
economic impacts within the province of Quebec and within the various regions where economic clusters
of aerospace activity exists. Within Quebec, the aerospace industry is concluded to have given rise to
significant economic activity and impact. In particular,

1 The aerospace industry in Quebec is projected to have generated some $11.5 billion in total economic
output. Including indirect impacts (from feeder industries) and induced impacts (impacts generated from
the wages paid individuals employed in the direct and indirect production of goods and services), the
total economic output of the aerospace industry in Quebec is projected to have totaled more than $17.7
billion in 2009. In 2010, these figures are projected to increase to $12.5 billion and $19.3 billion
respectively.

% Source: Deloitte
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1 From a GDP perspective, the aerospace industry in Quebec is projected to have directly supported
more than $4.3 billion in total GDP in the province. Including indirect and induced impacts, the total
GDP contribution of the aerospace industry within Quebec is estimated to have been more than $7.5
billion in 2009. In 2010, the Quebec aerospace industry is forecast to be able to support more than $4.7
billion in direct GDP contribution, and approximately $8.2 billion including indirect and induced impacts.

Figure 20: Economic Impact of the aerospace industry within Quebec*®®

Direct Direct & Indirect ~ DiToch Indirect

& Induced

2009
Economic Output 511.511.0 14,7657 317,743 4
GDOP $4,349.2 $5,896.2 57,5354
Walue Added 57.161.8 $8.869.5 $10,208.0
Employment (FTE) 36,100 47,000 65,600
Labour Income $2,269.0 $3,1957 34,4637
Taxes

Provincial 53231 nfa n/a

Federal 5284 4 nfa n/a
Total 5607 .4 n/a nia
2010
Economic Output $12,503.0 516,038.2 519.272.5
GOP 54,7240 56,404 4 58,184 8
Walue Added $7,779.0 $9,633.8 $11.,087.7
Employment (FTE) 37,900 51,000 71,200
Labour Income 52 4650 53477 54,8492
Taxes

Provincial $355.6 nfa n/a

Federal 313.7 n/a nia
Total 5669 4 n/a nia

1 From an economic value added perspective, the aerospace industry in Quebec is projected to have
generated some $7.2 billion in direct and more than $10.2 billion in total economic value added. In
2010, these figures are projected to increase to some $7.8 billion and $11.1 billion respectively.

fDirect employment in Quebecds aerospace industry is e:s
Including direct, indirect and induced impacts, the total amount of employment supported by the
aerospace industry in Quebec is estimated to have been 65,600 FTEs. In 2010, total direct employment
is estimated at 37,900 FTEs, while the total direct, indirect and induced employment is projected to be
71,200 FTEs in 2010.

1 Direct labour income is estimated to have been $2.3 billion in 2009. Including employment supported by
feeder industries, the aerospace industry in Quebec is estimated to have supported almost $4.5 billion
in total income. In 2010, these figures are estimated to be some $2.5 billion in direct income, and more
than $4.8 billion in total income (including indirect and induced impacts).

% Source: Deloitte
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1 Finally, the aerospace industry in Quebec is projected to have supported some $607.4 million in
personal income tax revenue to the federal and provincial governments. This level of support is divided
between revenue to the federal government ($284.4 million) and revenue to province of Quebec
($323.1 million). In 2010, total government tax revenue is projected to increase to $669.4 million
($313.7 million to the federal government and $355.6 million to the Quebec government).

584 Ontario

Within Ontario, the aerospace industry is projected to have generated sales of $6.4 billion in 2009, with
total industry output projected to increase to $7.0 billion in 2010. In generating these sales, the industry is
projected to have incurred total costs of some $5.5 billion in 2009 (increasing to $6.0 billion in 2010),
including $1.4 billion in payroll costs (approximately $1.5 billion in 2010). Total employment in the sector
is estimated at some 21,900 people in 2009, and approximately 23,000 people in 2010.

Similar to the broader Canadian industry, this level of activity is projected to generate significant
economic impacts within the province of Ontario and within the various regions where economic clusters
of aerospace activity exists. Within Ontario, the aerospace industry is concluded to have given rise to
significant economic activity and impact. In particular,

1 The aerospace industry in Ontario is projected to have generated some $6.4 billion in total economic
output. Including indirect impacts (from feeder industries) and induced impacts (impacts generated from
the wages paid individuals employed in the direct and indirect production of goods and services), the
total economic output of the aerospace industry in Ontario is projected to have totaled almost $10.3
billion in 2009. In 2010, these figures are projected to increase to almost $7.0 billion and $11.2 billion
respectively.

9 From a GDP perspective, the aerospace industry in Ontario is projected to have directly supported
more than $3.8 billion in total GDP in the province. Including indirect and induced impacts, the total
GDP contribution of the aerospace industry within Ontario is estimated to have been some $6.2 billion
in 2009. In 2010, the Ontario aerospace industry is forecast to be able to support almost $4.1 billion in
direct GDP contribution, and approximately $6.7 billion including indirect and induced impacts.

9 From an economic value added perspective, the aerospace industry in Ontario is projected to have
generated some $2.7 billion in direct and more than $4.1 billion in total economic value added. In 2010,
these figures are projected to increase to some $2.9 billion and $4.5 billion respectively.

fDirect empl oyment i n Onisestimateditshava beeno2s,oGETESIH200@.ust r y
Including direct, indirect and induced impacts, the total amount of employment supported by the
aerospace industry in Ontario is estimated to have been 62,300 FTEs. In 2010, total direct employment
is estimated at 23,000 FTEs, while the total direct, indirect and induced employment is projected to be
67,700 FTEs in 2010.

1 Direct labour income is estimated to have been $1.4 billion in 2009. Including employment supported by
feeder industries, the aerospace industry in Ontario is estimated to have supported almost $2.5 billion in
total income. In 2010, these figures are estimated to be some $1.5 billion in direct income, and more
than $2.7 billion in total income (including indirect and induced impacts).

1 Finally, the aerospace industry in Ontario is projected to have supported some $289.9 million in
personal income tax revenue to the federal and provincial governments. This level of support is divided
between revenue to the federal government ($201.6 million) and revenue to province of Ontario ($88.2
million). In 2010, total government tax revenue is projected to increase to $320.5 million ($222.5 million
to the federal government and $98.0 million to the Ontario government).
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Figure 21: Economic Impact of the aerospace industry within Ontario®

Direct Direct & Indirect ~ DiTech Indirect

& Induced

2009
Economic QOutput $6,415.0 $8,566.0 $10,293.5
GDP $3.756.6 54,8247 $6,166.0
Walue Added $2.658.4 $3.741.3 1275
Employment (FTE) 21,900 44 600 52,300
Labour Income $1,355.0 51,7891 524959
Taxes

Provincial Income Taxes $88.2 n/a n'a

Federal Income Taxes 5201.6 n/a n'a
Total 52899 nfa nia
2010
Economic Output 56,968.0 §9.304 4 $11.180.8
GDP 34,0805 $5.240.6 36,6975
Walue Added 52,8874 $4.063.8 $4.4833
Employment (FTE) 23,000 48,500 67,700
Labour Income $1.472.0 $1.943.6 52,7114
Taxes

Provincial Income Taxes $98.0 n'a n'a

Federal Income Taxes 5222 5 n'a n'a
Total $320.5 nfa n/a

|
Source: Deloitte

585 Western Canada

Within Western Canada, the aerospace industry is projected to have generated sales of $3.0 billion in
2009, with total industry output projected to increase to $3.3 billion in 2010. In generating these sales, the
industry is projected to have incurred total costs of some $2.6 billion in 2009 (increasing to $2.8 billion in
2010), including $0.60 billion in payroll costs (approximately $0.65 billion in 2010). Total employment in
the sector is estimated at some 13,100 people in 2009, and over 13,700 people in 2010.

Similar to the broader Canadian industry, this level of activity is projected to generate significant
economic impacts within Western Canada and within the various regions where economic clusters of
aerospace activity exists. Within Western Canada, the aerospace industry is concluded to have given rise
to significant economic activity and impact.

In particular,

1 The aerospace industry in Western Canada is projected to have generated some $3.0 billion in total
economic output. Including indirect and induced impacts, the total economic output of the aerospace
industry in Western Canada is projected to have totaled some $4.6 billion in 2009. In 2010, these
figures are projected to increase to $3.3 billion and more than $4.9 billion respectively.

57 Source: Deloitte
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1 From a GDP perspective, the aerospace industry in Western Canada is projected to have directly
supported $1.4 billion in total GDP in the region. Including indirect and induced impacts, the total GDP
contribution of the aerospace industry within Western Canada is estimated to have been some $2.3
billion in 2009. In 2010, the aerospace industry in Western Canada is forecast to be able to support
almost $1.5 billion in direct GDP contribution within the four western provinces, and more than $2.5
billion including indirect and induced impacts.

1 From an economic value added perspective, the aerospace industry in Western Canada is projected to
have generated some $1.7 billion in direct and more than $2.2 billion in total economic value added. In
2010, these figures are projected to increase to some $1.8 hillion and $2.4 billion respectively.

Figure 22: Economic Impact of the aerospace industry within Western Canada®

Direct, Indirect

Direct Direct & Indirect 2 Induced

2009
Economic Qutput $3,019.0 §3,802.7 $4,569.6
GDP $1,358.6 $1.824.0 $2,331.1
Walue Added $1,660.4 $1.978.7 52,2385
Employment (FTE) 13,100 17,800 24,800
Labour Income 5600.0 566584 59337
Taxes

Provincial 542 8 n/a n'a

Federal §74.5 nia nia
Total $117.3 n/a nia
2010
Economic Output $3.279.0 $4.106.4 $4,934.5
GDP 51,4756 $1,981.1 52,5318
Walue Added 51,8034 521253 524027
Employment (FTE}) 13,700 19,300 26,900
Labour Income 5652.0 5726.3 51,0147
Taxes

Provincial 347 4 nfa n/a

Federal $83.0 n/a n'a
Total $130.4 n/a nia

fDirect empl oyment i erospiieesntustry is estheateditd e Heeml3,100 FTEs in
2009. Including direct, indirect and induced impacts, the total amount of employment supported by the
aerospace industry in Western Canada is estimated to have been 24,800 FTEs. In 2010, total direct
employment is estimated at 13,700 FTEs, while the total direct, indirect and induced employment in
Western Canada is projected to be 26,900 FTEs in 2010.

1 Direct labour income is estimated to have been $600.0 million in 2009. Including employment supported
by feeder industries, the aerospace industry in Western Canada is estimated to have supported $933.7
million in total income. In 2010, these figures are estimated to be some $652.0 million in direct income,
and more than $1.01 billion in total income (including indirect and induced impacts).

% Source: Deloitte
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1 Finally, the aerospace industry in Western Canada is projected to have supported some $117.3 million
in personal income tax revenue to the federal and provincial governments. This level of support is
divided between revenue to the federal government ($74.5mi | | i on) and to Western Can
provincial governments ($42.8 million). In 2010, total government tax revenue is projected to increase to
$130.4 million ($83.0 million to the federal government and $47.4 million to the various provincial
governments).

5.9 Industry outlook impact assessment

The Phase 3 industry outlook report identified a series of growth forecasts for the Canadian aerospace
industry through 2020. These forecasts were based on alternative growth assumptions, and presumed
the following:

1 Scenario 1: presumes the Canadian share of global aerospace market remains the same; and

1 Scenario 2: presumes that the Canadian share of global aerospace market increases linearly by 10%
by 2020 (i . e .ketsh@ragroavslita llesomerialrtimes greater in 2010 than it is in 2009).

Assuming that the cost structure of the Canadian aerospace industry remains relatively similar to that
which existed in 2009 (from a cost and employment perspective), the following impacts could be inferred:

1 Under Scenario 1, the total size of the industry, in terms of total sales, is projected to grow from
approximately $22.2 billion to $31.7 billion by 2020 (42.8% total growth, with annual compound growth
of 3.6%);

Assuming similar cost profiles as existed in 2009, total industry operating costs would be expected to
approximate $27.3 billion. Total direct employment could approximately some 112,400 persons (FTESs).

1 Under Scenario 2, the total size of the industry, in terms of total sales, is projected to approximate $34.9
billion (44.6% total growth, with annual compound growth of 4.5%);

Assuming similar cost profiles as existed in 2009, total industry operating costs would be expected to
approximate $30.0 billion. Total direct employment could approximately some 123,700 persons (FTES).

Should the Canadian aerospace industry realize such growth, and assuming that the relationships
between the aerospace sector and the rest of the national economy is similar to that which currently
exists, the economic activity and impact which the sector could impart nationally could include:

1 From an economic output perspective, the Canadian aerospace industry would support between $31.7
billion (Scenario 1) and $34.9 billion (Scenario 2) in total economic output. Including indirect impacts
(from feeder industries) and induced impacts (impacts generated from the wages paid individuals
employed in the direct and indirect production of goods and services), the total economic output
supported by the Canadian aerospace industry in 2020 would approximate $55.5 billion (Scenario 1) to
over $61.0 billion (Scenario 2).

1 From a GDP perspective, the Canadian aerospace industry would support some $14.8 billion (Scenario
1) to $16.3 billion (Scenario 2) in total GDP across the country. Including indirect and induced impacts,
the total GDP impact of the Canadian aerospace industry in 2020 could increase to between $25.1
billion (Scenario 1) and $27.6 billion (Scenario 2).

1 From an economic value added perspective, the 2020 Canadian aerospace industry could be expected
to generate between $16.9 billion (Scenario 1) and $18.6 billion (Scenario 2) in direct value added
impact. Including indirect and induced impacts, the 2010 Canadian aerospace industry could be expect
to impart between $30.4 billion (Scenario 1) and $33.5 billion (Scenario 2) in total value added impact.

1 Finally, direct employment in the Canadian aerospace industry in 2020 could reach more than 112,400
persons (Scenario 1) to as many as 123,700 persons (Scenario 2). Including direct, indirect and
induced impacts, the total amount of employment supported by the Canadian aerospace industry in
2020 could reach between 214,600 (Scenario 1) and 236,000 individuals (Scenario 2).
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Figure 23: Economic Impactoftheaer ospace i ndustryés outl ook

Direct, Indirect

Direct Direct & Indirect & Induced
Scenario 1
Economic Output $31.716.8 $46,183.5 $55,497 1
GDP 3147918 519.602.8 525,052 4
Walue Added $16,925.0 $26,580.7 5304447
Employment (FTE) 112,400 163,700 214,600
Scenario 2
Economic Output 534.888.5 550,801.9 561,046.8
GOP 516,271.0 521,563 1 527 5577
Walue Added 18,6175 529.238.8 $33.4891
Employment (FTE) 123,700 169,100 236,000

5.10 Summary

The Canadian aerospace industry is a key and growing economic sector within Canada. In 2009, the
Canadian aerospace industry contributed some $10.4 billion in direct GDP impact, constituting
approximately 7% of the total GDP impact of the entire manufacturing sector. Including indirect and
induced impacts, the Canadian aerospace industry contribution some $17.5 billion in total GDP impacts.
In 2010, this impact is projected to have grown to more than $11.2 billion in direct GDP impact, and to
more than $19.0 billion including indirect and induced effects. Projecting forward to 2020, it is estimated
that the Canadian aerospace industry could achieve a direct GDP impact of between $14.8 billion and
$16.3 billion, and a total GDP impact ranging between $25.1 billion and $27.6 billion including indirect and
induced impacts. Every $100 million in additional economic output will add approximately $46.6 million in
additional direct GDP, and almost $1.7 billion, including indirect and induced impacts.

The Canadian aerospace industry is also a leading employer in the Canadian economy, as evidenced by
its almost 79,000 direct employees in 2009 and estimated 83,000 in 2010. These individuals were paid
more than $4.6 billion in 2009 (more than $5.0 million in 2010), and the industry paid almost $1.5 billion in
total taxes (more than $1.6 billion in 2010). Including indirect and induced impacts, the Canadian
aerospace industry supported 150,2000 FTE positions in 2009 and approximately 163,000 positions in
2010.

Finally, from a total economic output perspective, the Canadian aerospace is projected to have generated
$22.2 billion in total economic output in 2009; including indirect and induced impacts, economic impact
totaled $38.8 billion. In 2010, total economic output is projected to be $42.2 billion.

At the regional (in the case of Western Canada and Atlantic Canada) and provincial level (in the case of
Ontario and Quebec), the aerospace industry is estimated to have had the following impacts:
Total economic output:

1 Atlantic Canada: $1.3 billion in direct economic output, with a total impact of more than $1.7 billion in
2009 ($1.4 billion and $2.4 billion, respectively, in 2010);

1 Quebec: $11.5 billion in direct economic output, with a total impact of more than $17.7 billion in 2009
($12.5 billion and $19.3 billion, respectively, in 2010);

% Source: Deloitte
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1 Ontario: $6.4 billion in direct economic output and a total impact of almost $10.3 billion in 2009 ($7.0
billion and $11.2 billion in 2010); and

1 Western Canada: $3.0 billion in direct economic output and a total impact of almost $4.6 billion in 2009
($3.3 billion and $4.9 billion, respectively, in 2010).

Figure 24: Economic output impacts of the Canadian aerospace industry ($ millions)*
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Total GDP contribution

1 Atlantic Canada: $0.5 billion (direct) and $0.9 billion (total) in 2009 ($0.6 billion and $1.0 billion in 2010);
1 Quebec: $4.3 billion (direct) and $7.5 billion (total) in 2009 ($4.7 billion and $8.2 billion in 2010);

1 Ontario: $3.8 billion (direct) and $6.2 billion (total) in 2009 ($4.1 billion and $6.7 billion in 2010); and

1 Western Canada: $1.4 billion (direct) and $2.3 billion (total) in 2009 ($1.5 billion and $2.5 billion in
2010).

Figure 25: GDP impacts of the Canadian aerospace industry ($ millions)*
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Total economic value added

1 Atlantic Canada $0.7 billion (direct) and $0.8 billion (total) in 2009 ($0.8 billion and $1.4 billion in 2010);
1 Quebec: $7.2 billion (direct) and $10.2 billion (total) in 2009 ($7.8 billion and $11.1 billion in 2010);

1 Ontario: $2.7 billion (direct) and $4.1 billion (total) in 2009 ($2.9 billion and $4.5 billion in 2010); and

1 Western Canada: $1.7 hillion (direct) and $2.2 billion (total) in 2009 ($1.8 billion and $2.4 billion in
2010).
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Figure 26: Value-added impacts of the Canadian aerospace industry ($ millions)*
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1 Atlantic Canada: 7,900 (direct) and 13,400 FTEs (total) in 2009 (8,300 and 14,500 FTEs in 2010);

9 Quebec: 36,100 (direct) and 65,600 FTEs (total) in 2009 (37,900 and 71,200 FTEs in 2010);

9 Ontario: 21,900 (direct) and 62,300 FTEs (total) in 2009 (23,000 and 67,700 FTEs in 2010); and

1 Western Canada: 13,100 (direct) and 24,800 FTEs (total) in 2009 (13,700 and 26,900 FTEs in 2010).

Figure 27: Employment impacts of the Canadian aerospace industry (FTEs)*
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Total government revenue

1 Atlantic Canada: $94.5 million in total government revenue ($104.4 million in 2010);
1 Quebec: $607.4 million in total government revenue ($669.4 million in 2010);

9 Ontario: $289.9 million in total government revenue ($320.5 million in 2010); and

1 Western Canada: $117.3 million in total government revenue ($130.4 million in 2010).
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Figure 28: Tax impacts of the Canadian aerospace industry ($ millions)*
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Going forward, the Canadian aerospace industry is projected to continue to be significant contributor
within the national and provincial / regional economies.

4 Source: Deloitte
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6 Associatedmpacts

In addition to directly impacting the provincial and Canada's national economy, the Canadian aerospace
industry directly imparts a number of associated benefits within numerous local and regional jurisdictions.
These associated impacts generally include such community, social and broader public policy and
economic development goals as:

1 Talent development and deployment;

1 Fostering innovation and technological advancements;
fStrengthening Canadads security;
9 Fostering environmental sustainability; and

1 Local economic development through economic cluster development

6.1 Talent development and deployment

Canada's universities and colleges have internationally recognized programs to train and provide the
environment to conduct research in aerospace engineering, aerospace manufacturing engineering,
aviation and aircraft maintenance engineering. According to several Canadian universities, there is a
demand for such talent and skill sets, and as such, the future development of such programs is expected
to continue.

In recent years, Canadian universities have become more welcoming to international students who wish
to carry out research and study in the aerospace sector. With the global shortage of aerospace
engineers, this shift is expected to help meet the demand for such skills within Canada and
internationally. The Canadian Aviation Maintenance Council (ICAMCJ has also played a key role in
developing curricula as well as accrediting programs for training institutions focusing on the aerospace
maintenance sector.

Additionally, these institutions are generally located near several major clusters of aerospace firms /
organizations in Canada. This close proximity allows for collaboration between these institutions and such
clusters, for example through research and development, innovation and access to talent / skills in the
industry. Canadian universities and colleges currently work with various Canadian aerospace companies
and research centre, providing focused undergraduate and graduate programs and thus contribute to
greatlyexpandingCanadads tal ent p o @Heseiinstituteomsare sotedic gurE 29¢ | d s
following).

6.2 Fostering critical innovation and technology

Investing in aerospace and defence promotes significant technology development within the Canadian
economy. Not only does this investment promote the development of aerospace and defence technology,
but it also helps promote development in other sectors of the Canadian economy. In this regard, the
aerospace and defence industry is at the forefront of developing and utilizing new technologies. As a first
user, the aerospace and defence industry utilizes the output of several high technology industries
including electronics, information technology and new materials.
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Figure 29: Canadian University Aerospace Programs®
University / College Program

MEnNg in Aerospace Engineering, MASc in Aerospace

University of Toronto Engineering, PhD in Aerospace Engineering

York University Undergraduate program in Space Engineering

MEnNg in Aerospace Engineering, MASc in Aerospace

Ryerson University Engineering, PhD in Aerospace Engineering

University of Ottawa MASc in Aerospace Engineering, MEng in Aerospace

Engineering
BEnNg in Aerospace Engineering, MEng in Aerospace
Carleton University Engineering, MASc in Aerospace Engineering, PhD in
Aerospace Engineering
McGill University MEng in Aerospace Engineering
Concordia University Master in Aerospace Engineering
University of Sherbrooke Master Degree in Aerospace Engineering
Laval University MSc in Aerospace Engineering

University of Alberta (U of A) Undergraduate program in Mechanical Engineering

(Aerospace)
University of Manitoba Undergraduate program in Aerospace Engineering
Ecole de technologie supérieure (ETS) MEng Aerospace Engineering
Ecole Polytechnique de Montréal (EPM) MEnNg Aerospace Engineering

M.A.Sc in Aeronautical Engineering, Ph.D. in

Royal Military College of Canada (RMC) Aeronautical Engineering

Examples of aerospace technology spin-offs include those that have found important commercial
application such as:

1 microminiaturization technology used to produce the first single-chip pacemaker;

9 carbon pistons that are lighter and more heat-resistant than aluminum pistons for automotive
applications; and

9 non-destructive evaluation technologies for steel structures and other structures where detection of
fatigue and corrosion is critical.

Additionally, as a subsequent case study will discuss, Canada 6 s Shuttl e Remote Mani pul at
(MBRMSY , or ACanadar mo h-aflsuseb fecommeroial ada@ptateomsanlvarisup indastries
both within and outside of aerospace sector.

The aerospace and defence industry is a major performer of R&D in Canada, and the levels compare well
with those in other major industrial sectors. For example, the aerospace sector has invested an average
of $873 million annually in R&D between 1994 and 2003, representing an average of approximately 8% of
industry sales and accounting for an average of 14% of all manufacturing R&D. Total cumulative R&D
investment over the 10-year period totaled $8.7 billion. In 2004, three of Canada's top 20 industrial R&D
performers were aerospace and defence firms.

4 Source: www.theknowledgeworld.com
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Furthering investment towards research and innovation development in aerospace will not only draw on
the talent and skills that Canada has, but it will also showcase and build upon the potential of Canada as
an industry leader.

6.3 Economic cluster development

6.3.1 Introduction

Centres or clusters of aerospace excellence can be found in all corners of the country. As noted

previously, British Columbia is gaining global notice for program management, engineering, maintenance,

material and information systems support for military fleets; maintenance, repair and overhaul to rotary

and all fixed-wing aircraft; helicopter services. Alberta and Saskatchewan boast expertise in the

maintenance, repair and overhaul sector; an emerging centre for unmanned vehicle systems; and

excellence in after-market products and services. The two provinces are also home to a number of world

class defence electronics companies and have strong ca|
Atlantic region is recognized for maintenance, repair and overhaul sector, helicopter services; gas

turbines; software development, system integration, training and simulation.

Economicclustersaredef i ned as figeographic concentrations of int
suppliers, service providers, and associated institut i ons i n a (fBoortomicausteaasrarehat el d o

new, but their evolution and economic significance has been increasingly recognized over the past twenty

plus years. Research by Michael Porter of the Harvard-based Institute for Strategy and Competitiveness

has helped to define economic clusters in the modern era and provide insight into their advantages and

their important role within an economy. Clusters Arepr
dialogue can and must take place among companies, government agencies, and institutions such as

uni ver’sitieso

6.3.2 Key components of a cluster

An industry based cluster may begin as a result of various factors, including access to employees with
specialized skills, a university research centre, advantageous physical location, and well-developed
infrastructure.” There are also many factors that come into play which may determine how successful an
economic cluster is. Christian Ketels, of the Harvard Business School, notes that firms and organizations
in a particular cluster share four critical characteristics.*

9 Proximity - Organizations need to be sufficiently close in space to allow any positive spill-overs and the
sharing of common resources.

9 Linkages - The activities of the organizations need to share a common goal.

1 Interactions - There should be a certain level of interaction amongst the organizations.

9 Critical Mass - There needs to be a sufficient number of participants present.

46
47
48
49

http://www.isc.hbs.edu/econ-clusters.htm

Porter, Michael E. (2000). Location, Competition, and Economic Development: Local Clusters in a Global Economy.
http://www.photonicsclusters.org/whatisacluster.html

AEuropean Clusterso, Christian Ketel s, Harvard Business School , 2
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6.3.3 Cluster advantages

From an economic standpoint, a cluster may attract new investment, encourage local expansion, and

stimulate entrepreneurship.® Clusters provide benefits to organizations within a cluster such as synergies

amongst participants and knowledge sharing though close interaction, as well as overall macroeconomic

advantages including new infrastructure and the attraction of investment. Importantly, cluster

devel opment, nurturing and expansion are a central and
economic development strategy as they serve as a mechanism to attract additional growth, employment

and wealth to an area.

Additional prominent cluster advantages include:

1 Increased productivity and efficiency;
1 Innovation;
1 Increased business formation and entrepreneurship; and

9 Access to human and capital resources.

6.3.4 Canadian aerospace clusters

Several Canadian clusters are among the top ranked in North America. Compared to many other

l ocati ons, Cages dties) Borortdy Moateeal and Vancouver, also provide access to large
pools of potential employees experienced in the manufacturing of aerospace components. Canadian
cities, such as Winnipeg and Calgary, compare favourably with cities of similar size in North America, in
areas such as the presence of related industries or clusters. Specifics associated with aerospace clusters
are discussed in an earlier section of this report.

6.4 Fostering environmental sustainability

Technology from the aerospace and defence industry has played, and will continue to play, an important

role in helping to achieve environmental and sustainable development goals. These are areas where

research and development play a major role, and technology is constantly advancing. In keeping with the
industryés push towards addressing climatgeet hange, bui l
technologies are a major focus of many firms, researchers, institutions and government agencies

operating in aerospace fields.

By way of example, Canadian-developed remote sensing technology is playing a key role in monitoring
the environment. Earth observation satellites such as RADARSAT |, RADARSAT Il and SCISAT help
raise our understanding of environmental changes and improve environmental management.

A second example centres around R&D investment into more environmentally friendly aerospace
technologies that will help reduce the impact of aviation on the environment. Pratt & Whitney Canada, for
example, is undertaking long-term research aimed at developing engine technology that is more fuel
efficient, makes less noise and gives off fewer emissions than existing engines. Additionally, as will be

di scussed in a subsequent case study, Bombardierds Q40
2012
6.5 Strengthening Canada's security

The products and services produced by the aerospace industry are used in support of the federal
government's defence and national security requirements. The industry is heavily involved in providing
equipment and related support services to the Department of National Defence (fDND¢@, Canadian
Forces (fCFQ and agencies entrusted with public security.

50 http://www.business-sa.com/Content.aspx?p=58
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When DND purchases a foreign-made defence platform, Canadian suppliers play a crucial role in meeting
Canadian requirements and providing life cycle support for those platforms. Technologies produced by
the sector, such as remote sensing, satellite communications and vehicle systems, are key tools in
confronting the emerging threats to national security. The sector also allows Canada to contribute to

international cooperation, peace and security through partnerships with its allies to develop and procure
defence technology.
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7 Casestudies

As part of demonstrating the value and impact which the Canadian aerospace industry has had and will

continue to have on the Canadian and global economies, as well as on society in general, Deloitte

undertook four ficase studyo examinations of aspects /
document noteworthy achievements, features, companies, products made or pioneered by the Canadian

aerospace industry. These case studies, selected to represent a broad geographic and / or technological
cross-section of the industry, involve the following:

1 The Canadarm - demonstrates a high level of industry innovation and technological growth, a major
national contribution to the US / Canadian space programs, as well as spin-off activity leading to
technological advancement in other industries;

1 The Bombardier Q400 aircraft - an example of a nationwide supply chain, supporting the production of a
leading regional aircraft;

1 StandardAero - a leading Canadian maintenance, repair and overhaul firm with a valuable partnership
with the Department of National Defence / Canadian Forces; and

1 Composites Atlantic - illustrates the potential growth of the Canadian aerospace industry across all
regions of Canada, with the support of strategic government investment.

7.1 The Canadarm: Canadian capabilities in the space market

The Canadarm is considered C a n a dnzo$t Bamous robotic and technological achievement in
aerospace. The Canadarm refers to the Shuttle Remote Manipulator System (fFRMS¢@, Canada's
contribution to the US space shuttle program. Essentially, the Canadarm is a remote-controlled
manipulator attached to the space shuttle and used in space for deploying, capturing and repairing
satellites, positioning astronauts, maintaining equipment and transporting cargo.

7.1.1 Background

The first arm cost approximately $110.0 million to develop, and was largely carried out by the Canadian
aerospace industry under the direction of the National Research Council of Canada, after the National
Aeronautics and Space Administration (INASAJQ invited Canada to contribute to the space shuttle
program.

Five Canadarms were built and delivered to NASA between April 1981 and August 1993. The arms on
the three shuttles in service (Discovery, Atlantis and Endeavour) continue to be used.

The arm first flew in November 1981 on the second space shuttle flight and performed well, exceeding all
design goals. It was declared operational one year later after three successful test flights. Since it first
flew, the Canadarm has become an important symbol of Canadian expertise in technological fields. In the
first 80 flights of the shuttle between 1981 and 1997, Canadarms have flown 47 times. To date, the
Canadarms have been used on 88 missions.

Key achievements carried out with Canadarm have included:

1 the capture, repair and deployment of several satellites (a total of 70 different payloads have been
handled by the Canadarm, including five missions to the upgrade and repair the Hubble Space
Telescope);

1 the docking of the space shulttle to the Russian Mir space station; and

1 the removal of ice growths that were causing a blockage to a waste exit on the shuttle.
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Export-oriented, industrial returns achieved to date associated with the Canadarm include:
1 the sale and maintenance of four additional Canadarm systems to NASA totaling roughly $900 million,
along with the contribution of the original system;

1 the sale and maintenance of multiple grapple fixtures that are affixed to payloads that are handled by
Canadarm and Canadarn2;

1 support of robotic operations, including hardware maintenance, operations planning, risk management,
and real-time operations support;

1 the sale of robotic components to Japan and Europe;
1 the upgrade of Canadarm simulators; and

1 the development of robotic systems associated with other industries (medical, nuclear, etc.).

Given the success of the Canadarm, NASA initiated a contract with MDA Space Missions, headquartered
in Vancouver, to produce three Robotic Workstations. Subsequently, Canada contributed robotics for the
International Space Station, which included Canadarm?2, a Mobile Base System and the Special Purpose
Dexterous Manipul ator known as fADextreo.

The Canadarm and subsequent programs and resulting innovation and development has allowed the
establishment in Canada of an industrial capability in the high-technology fields of advanced manipulator
systems and robotics.

Figure 30: Canadarm Images - Canadarm, Canadarm2 and Inspection Boom®
N ™| 4 b 4% L& ==
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7.1.2 History

NASA first invited Canada to participate in the shuttle program in 1969, when Canada and the Canadian
aerospace industry were developing a national space policy for Canada. At the time, NASA was seeking
to broaden support for their shuttle program while defraying its direct cost with international participation.

An industry team was formed which included Spar Aerospace (how MDA Space Missions) from Toronto,
DSMA Atcon Ltd. from Toronto, CAE Electronics from Montreal and RCA from Montreal, who proposed
that Canada build the shuttle manipulator and simulation facility.

51 Source: MDA Space Missions
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With the support of National Research Council (INRC9, the Government of Canada earmarked $1.0
million for studies on the shuttle manipulator program that would help foster the space industry and
showcase Canada's ability to manage large space projects.

A memorandum of understanding between the Canadian government and NASA was signed in July 1975

and the legislation was passed in 1976. The NRC was assigned to manage the project and Spar (now
MDA Robotics Group) was named prime contractor, with DSMA, CAE and RCA as subcontractors.

Figure 31: Canadarm and Inspection Boom®?

-

7.1.3 Arm specifications

The basic Canadarm configuration consists of a manipulator arm, a Canadarm display and control panel,
including rotational and translational hand controllers at the orbiter aft flight deck flight crew station and a
manipulator controller interface unit that interfaces with the orbiter computer.

The arm is constructed with materials such as titanium, stainless steel, and ultra-high modulus graphite
epoxy, with attention to thermal design, lubrication and thermostatically controlled electric heaters. The
Canadarm was designed to have a minimum lifetime of 10 years and to be used for up to 100 missions.

52 Source : MDA Space Missions
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7.1.4 Economic impacts

7.14.1 Overview

The development and utilization of the Canadarm and subsequent technology development has involved

a number of economic / quantitative impacts, including:

1 Initial Investmenti C a n a diratial mvestment in the Canadarm program is estimated at $110.0
million;

1 Additional Spending / Investment i additional spending and investment on the Canadarm (through a
contract developed with NASA) is estimated at $786.0 million;

1 Export Activity T it is estimated that the Canadarm has resulted in excess of $700.0 million in export
sales to the United States, Europe and Japan;

1 Employment Impacts T a multi-organizational team based out of Toronto and Montreal developed the
Canadarm; MDA Space Missions alone has over 100e mpl oyees (23 % of the companyd¢
office headcount) involved in the Canadarm program from 1990 and 2009; and

1 Spin-off Spending / Investment i there has been a significant amount of spending associated with the
commercialization of spin-off research, development and innovation associated with the Canadarm;

x MDA Space Missions has been under contract-going NASA si
support of its shuttle robotic systems; revenue has averaged approximately $20.0 million annually
over the last 40 years;

x MDA is also under contract to the Canadian Space Agency to support space station robotic systems,
with annual revenue averages estimated at $37.0 million.

7.1.4.2 Nationwide employment / contractors

The Mobile Servicing System Program (including Canadarm2, Mobile Base System and the SPDM or
Dextre), has utilized contractors from across the country, with regional contributions varying by phase.
The initial phase alone had a wide spread distribution of contractors, with a large amount of contribution
from Ontario (62%) and Quebec (21%).

I Atlantic Canada - 3.2%

9 Quebec - 20.6%

9 Ontario - 62.4%

9 Western Canada - 7.2%

9 British Columbia - 6.6%

7.1.5 Associated and spin-off impacts

7.15.1 Space mission achievements / contributions

ThroughCanadads cont r idpace shutle pragam,tit aes givdisthe opportunity to build its
profile in the aerospace industry on a global scale, and as a result, positively influence national pride. Not
only did Canada contribute a significant technology to NASA through the development and provision of
the Canadarm, but in doing so it was given the opportunity to send its Canadian astronauts on space
missions with NASA.

According to the Canadian Space Agency, from 1981 to 2010 total there have been approximately 30
space missions carrying Canadian astronauts and various Canadian produced technologies.
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SincetheCanadi an Space EanadarAstorautPiodgaim)was established in 1983, twelve
Canadians have been selected to become astronauts. CSA astronauts that remain active include Chris
Hadfield, Jeremy Hansen, Julie Payette, David Saint-Jacques and Robert Thirsk. Major Jeremy Hansen
and Dr. David Saint-Jacques were selected in May 2009 and are currently in training at NASA's Johnson
Space Center.

7.1.5.2 Technology deployment and spin-off technology

Canadarm technology has been utilized in a number of capacities. As described above, in addition to the
initial Canadarm, NASA purchased four additional Canadarms to oultfit their shuttle fleet and two
inspection booms to inspect the space shuttle.

The success of the Canadarm program for NASA positioned Canada and MDA to take a leading robotics
role on the International Space Station program, through Canadarm2. Canadarmz2 is a major part of the
Canadian space robotics system, and completed its first official construction job on the International
Space Station (1SS in July 2001. The Canadarm?2 plays a key role in station assembly and
maintenance, including moving equipment and supplies around the station, supporting astronauts working
in space, and servicing instruments and other payloads attached to the space station. Astronauts receive
specialized training to enable them to perform these functions with the various systems.

On February 1, 2003 Space Shuttle Columbia disintegrated over Texas during re-entry into the earth's
atmosphere, resulting in the death of all seven crew members, shortly before it was scheduled to
conclude its 28th mission, STS-107. Following this tragedy, MDA provided NASA with an inspection
boom, based on the original Canadarm, to allow NASA to inspect the shuttle for damage. This technology
enabled NASA to resume flights following the space shuttle Columbia accident.

Figure 32: NeuroArm Image®
7

Canadarm based technology also includes various terrestrial applications. For example, the $10.0 million
NeuroArm comprises advanced robotic systems that enable surgeons to plan and execute complex
surgical procedures such as microsurgery and stereotaxy. The NeuroArm was developed for Calgary
Foothills Hospital, with close collaboration between MDA space robotic engineers and University of
Calgary physicians, nurses and scientists.

In addition, the Ontario Power Generation has a remotely operated robotic arm similar to the Canadarm,
capable of performing detailed movement to allow inspections in critical locations where a person cannot
go. Similar technologies are also utilized in the mining industry, in autonomous vehicle control and
underground GPS and traffic management.

% Source : MDA Space Missions
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The shuttle and space station robotic programs also opened the market in Japan for products such as
end effectors, grapple fixtures, cameras, and lights for Japanese robotics and Japanese transfer vehicles.

Figure 33: Canadarm Spin-off Technologies®
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The Next Generation Canadarm program is expected to generate over 125 person years of employment
through the term of the contract. MDA has committed to achieving a minimum of 80% Canadian content
on the overall project, with an estimated contract value of $46.0 million.

7.1.6 Utilizing university partnerships in technology development
The development of the Canadarm and subsequent technologies has prompted a great deal of
innovation, including the involvement of university research, application and education.

For example, MDA Space Missions, the lead team for the Canadarm, has engaged in extensive research
and development to maintain and advance its position in space robotics, while partnering with universities
worldwide to advance innovation in aerospace.

Some of these partnerships include:

9 offering post-graduate scholarships in the field of aerospace;

1 collaborating with a network of universities to help advance new enabling technologies and research
capabilities, i.e. through training and career opportunities for the next generation of engineers and
scientists;

1 utilizing a regular complement of professional experience year students on staff via internships;
9 conducting an annual forum for collaborative university research and development since 2003;

1 conducting a spacecraft design course at the University of Toronto Institute for Aerospace Studies for
more than 20 years;

1 establishing a partnership with McMaster University in the Centre for Surgical Innovation and Invention
(ACSI9, a federally funded Centre of Excellence for the Commercialization of Research (fCECRO);

5 Source : MDA Space Missions
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1 direct funding of university technology development for projects that are applicable to robotics business
areas include:

x Manipulator & Rover Simulations - $113,000;
x Vision Systems - $101,000;

x Science Instruments - $60,000;

x Medical Robotics - $450,000;

x Guidance, Navigation & Control - $33,000;

x Radiation Susceptibility - $40,000; and

x Nanosat Formation Flight - $75,000.

The following diagram shows the geographic distributi ol
across Canada.

Figure 34: MDA University Collaborations (2003 i 2010)*

7.1.7 Summary

Canadads otdopanticipatees an international partner on both the shuttle and space station
programs has provided long-term access to space missions and related technology development for
Canadian astronauts and researchers. The Canadarm is now recognized as one of Canada's greatest
technological achievements, and a great source of national pride.

% Source MDA Space Missions
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