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Executive Summary

This repot identifies,to the extent knowable at this early stagcompaniesn the shipbuilding value
chaincapable of providing the products and services necedsargnstruct and maintain theessels
procured under the NSP&dmakesrecommendations to government and industry about increasing
the participation2 ¥ b 2 @I { O2 (nihigityalue @2a¥ bikthg shifbaiilding value chain.

In particular, the purpose ohvestigating the value chaimg the NSPS vessels is to:

T 5A4020SNJ 0KS @I fdz2S OKIFIAY LRAAGAZ2Y | YR 2LJJ2 NI dzy Al
1 Identify innovation and technology trends in the Arctic/Offshore Patrol Ships (AG@RE)Support

Ships (JSS), Polar Icebreaked Offshore Fisheries/ Offshore OceanograjhienceVessel

(OFSV/OOSValue chainsPlease nte thatthe Canadian Surface Combatant (C&@)e chairis

omitted from the reportdue todifferencesin its size scope, angiroductionschedule.
1 Make recommendations for supporting the participation of Nova Scotia companies in the global

value chains for these vessedgid make recommendationt® industry and government about

opportunities to move into higher valuactivities within the value chain.

b2@l { O20Al Qgportudiiésin thé NSSPS shigbRildingalue chainsWe discovered that

b2@F {O020AF Qa O2YLI yASaANSPNsBipbuilirigiue dhifing WeledaRiafe8 R || ONR &
particularly for theCanadiaricebreaker andhe science vessel§Vhile the details differ for each value

chain, overallwe foundthatb 2 @+ { O2 GA I Q& FANNXA& | NB LI} NI AOdz | NI & .
systems, specifically navigatioglectronic and communicatisrequipment, and shipbuilding

engineering and support services. Nqv® 2 0 A Qa ¢S 1y SaasSa Ay (G(KS @It dzS
product manufacturindpy multinational firmsand the increasing consolidation of production by non

Canadian multinational firmig the shipbuilding sectoilhe national offset policyhe Canadian

Industrialand Regional Benefits (IRBeelsto counter the impact of these trends in the NSPS

shipbuilding value chains.

The report identifies a number of opportunities for Nova Scdfiarket opportunities exist within

specific subsystems of the vessels procured in the NSPS, particularly in high technology instrumentation.
Opportunities for developing the shipbuilding sector in Nova Scotia inchedeircg value chain linkages

with multinational corporationseeking to provide systems to the NSPS vesSglsortunities exist for

Nova Scotia to use investments required under the Canadian offset fi®tBjandthe Value

Propositionto developglobally competitivecapabilitieswithin specific, niche areas in shipbuilding and

allied ocean technology and marine energy sectors.

Innovationand technology trendsThe report identifiesive market and technology trends across the
value chains we studied.

1 Multifunctional and moduladesign
1 Systems integration
9 Signature reduction
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9 Fuel economy and ballast water management
1 Unmannedvehicles

Multifunctional/modular designships are designed with the capability to carry out several missions or

to addmissionspecific packages over timeor example, the proposed AOPS design provides space for a
larger naval gun, additional equipment space for Search & Rescue (SAR) and environmental response
operations, enhanced cargo handling, and a larger helicopter and associated aircraft securiagland h
down systems to conduaurveillance, search and rescue gmvironmental responseNational

governments can achieve multiple objectives with one vessel, and consolidate financial capital and
human resources into one vessel instead of three or four.

Systems integrationThe main developmeritends are towardnore integration of command and
control, communications, command support systems, wider bandwiitfiber optic networks and
distributed processing. Mulsensor data systems are becoming mooetssticated and comprehensive.
The development of systems to integrate, mangagyed present to the operators the evncreasing
amount of operational data is a major trend in software development for sophisticated vessels.

Signature reductionA major dsign trend in shipbuildingpecifically in naval shipbuildirig,to reduce a

G NASGe 2F aardayl GdzNB&aé¢ LINPRIZOSR o6& | aKALD { KALJ
being reduced through the design of external surfaces and the apiplicat radar absorbent paints to

GKS KdzZf YR &dzLISNB G NHzOGdzNBEP LY FNF NBRT 2N aKSIGé X
areas, either by cooling or concealing exhaust plumes. Underwater noise signature is being reduced by

better designindhulls and propellers to be more hydrodynamic and using air masking techniques.

Internal noise signature caused by machinery is being reduced by applyimgiselfmonitoring

techniques which identify the source of internal noise. Finally, magnetic signitreduced through

the use of noAmetallic materials and demagnetizing metallic components.

Fuel economy andallast water managemeniNaval architects are emphasizing improvement of speed,
seakeeping, dynamic stability, and fuel economy in ships. New international regulsdiomsntering
into forcewill requireballast waterto be treated before discharging

UnmannedvehiclesUnmannedvehiclesin the air, surface, and underwatare becoming increasingly
commonon a variety oghipsfor reconnaissance, surveillanoetargeting

RecommendationsWe were asked to make recommendations to the Province of Nova Scotieotew t
support NovaScotia companieis the NSPS Shipbuilding value chainsow to movethe Province and
its companiesnto higher valueadded activitiesn the value chainsandc)what value chain
development activitieshould be conductetly the Province

A. Supporting Nova Scotia companies

A.l. Connect wih key players in the value chainSince the overwhelming majority of the supply
chain for the NSPS vessels is under the control of platform and mission systems integrators (and their
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suppliers), attentiorof the private sector and government should be focused on how companies enter
the supply chaisof thesekeyvalue chain actors

Our recommendationd companiesabouthow to connect with key value chain playergto:

1

Participate in industry forums arelents as they take place. CanSec, WestDef, DefSec, and
Industry Days hosted by tiered suppliers provide good opportunities for companies to exchange
information about needs and capabilities.

Communicate clearly what your enterprise has to offer and hawds value to the large
O2YLI ye&Qa adzLlL & OKIAy®

Maintain up to date, accurate and detailed information about products and services on the
company website and on the Canadian Company Capabilities registry on Industry Canada.
Register on the dime supplie portals of the major platform and mission systems integrators
and subsystems manufacturers. Companies use this information to collect information about
potential supply chain partners.

Monitor MERX Canadian Public Tenders Service (www.merx.com) for imgcprojects and
bidding opportunities in Canada.

Our recommendations to governments due

T

1

A.2.
four kinds of barriers to enter the shipbuildinglya chain: information, network, certification, and
coordination gaps. We recommend that government wiark

T

Know the companies and their capabilities in the shipbuilding value ch#ieiirgeographic
area of responsibility. Governments can create potential supplisriig using the existing
knowledge about theompanies in their region, the Canadian Company CapabiltigistR/
hosted by Industry Canada, and information provided in this report.

Facilitate site visits to companies in the higher tiers of the produndtierarchy. As with
industry forums, the ability of buyers to meet potential suppliers provides the opportunity
for a quick exchange of information about needsl @apabilities among companies.

Attend industry forums and events to develop contacts fanpanies, particularly SMEs,
not able to attend.

Communicate to companies how large firms meet suppliers.

Help SMEs overcome barriers to entry in the shipbuilding value ¢Wénfound that SMEs face

Close information gaps: Since many of the companies in the ocean technology and
shipbuilding sector are SMEs, governments should recognize anmpanate the resource

and capacity constraintsf SMEs in program design.

Close network gaps: Foster linkages between local suppliers and systems integrators by, for
example, developing and increasing the frequency of meetings between integrators and
SMEsParticipation in industryelevant trade associations can help close networsgar

SMEs

10
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1 Close certification gaps: Evaluate small business assistance programs in the province to
identify needs and gaps in program offerings. In particular, conswmeiucting a capability
assessment of SMEs in Nova Scotia, especially in rural areas and First Nation communities,
and developing or enhancing capacity development assistance programs.

1 Close coordination gaps: Foster linkages among Nova Scotia and Cdimadida offer
systems or suisystem solutions to Tier 1 firms.

A.3. Inform value chain actors about the effect of public and private regulations on the value;chain
We found thatpublic and private regulations significaniffect the conduct of the vae chain and what
companies can participate it. We recommend that Nova Scotia providtgormation about the IRRNnd

the Controlled Goods Program arpublidy available websiteadvertise its existence, andmpile a
reference guide about common reqamentsof large companieplaced on suppliers.

A.4. Improve communications about NSPS and relevant policies to companies and ¢ii#ens
found that confusion exists about the status of the NSPS process, particularly the time horizon and
decison-making br different vesselshe difference between production and-service support
contracts, how access to the shipbuilding valueirclis governed, and what opportunities exist for new
business. Weecommend that Nova Scotige existing organizations andaslished networks to
provide information to small business, rural areas, and citizens about the stitiig BISPS, the
relevantpublic and privatgoliciesregulatingaccesgo the supply chainand the responsibility domain
of different levels of govement inregulating the shipbuilding value chaasgsisting companieand
providing information.

B. Moving into higher valuadded activities; We found emerging technology opportunities in

specific systems, and that many of the best niches for high \adtirgties occur at the junctures

between different GVC stages. Specific examples include the interface between design and component
production (dampening of anthropomorphic noise, engine vibrations, acoustic technology and vessel
design), and the commaeiadization nexus between production and marketing of new end products. We
recommend that Nova Scotia focus sector development strategies and programs on actors that

LI NOAOALI G4ST FYR FNB fSFRSNE Ay>X (KS#oSlevéldopBy Ra T
technology for sustaining and growing the shipbuilding industry; and grow and nurture a pool of
technologybased entrepreneurs by encouraging entrepreneurial training.

C. Conducting regional value chain development activities

C.1. Connect wittkey players in th norrcombat vessel value chairWWe found thatopportunities
existforb 2 @ { O 2 i the nAricontbat WeBSsalaluechainsdue to complementarities between
companycapabilities in acoustics and digital imaging technologies angriheary purposergsearch
activities) ofthe vessels being built by Seas.While we recognize that accessing the supply chains for
the noncombat vessels will require extra effort, we recommend that the Province increase engagement
with the governments bBritish Columbia and Vangeer, work to establish links with Tier 1 and Tier 2
companies participating in the nezombat value chain, ani consider conducting a mulfirovincial

11
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trade mission to Western Canada, perhaps in partnership with ACOfegndal development
authorities.

C.2. Plan for the future

The NSPS presents a tremendous opportunity for Nova Scotia and Atlantic Canada to develop a globally
competitive shipbuilding sector in niche, high value areas. We recommend that the Province develop a
plan for how todevelop the international competitiveness of the shipbuilding and related ocean
technologysectors in Nova Scotia by evaluating how to increase the quantity ofjiglity research

with commercial relevance, growing and nurturing a pddakechnologybased entrepreneurs, using the

t NEGAYOSQa AYyy20 GA2Y AYFNI AGNHzOGdzZNBE G2 adzadl Ay
and availabilityof investment capitato create and grow companies in the sector.

C.3. Broaden horizons

We found thatfurther evaluation is warranted in three areas: workfodevelopment lessons learned

from large government procuremegitandhow to improvecoordinationwithinb 2 @1 { r€giiah | Q a
innovation systemWe recommend conducting a local laboarket analysis and workforce planning
studyto identify occupational and education ga@scomparative study of large, recent, and relevant
government procurements to identify models, best practices, and lessons learned from other regions;
and a study evaluating opportunities and gaps in existing programs to develop a coordinated, rational
processby whichactors in government, education, industry, and researciik together tocontinue to

build aregional innovation systeteveraginghe strengths already in Nova Scotia.

12
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1. Introduction

1.1. Report Overview

TheNational ShipuildingProcuremeniStrategy{NSPS$Rannounced in October, 201a&ffersa unique

opportunity for the Province oNova Scotia to develop and expaiteishipbuilding and ocean

technology sectos. The vessels procured under the NSPS will provide direct demand for the products

and services of companies in Nova Scotia and can provide the basis for developing global expertise in

niche areas of shipbuilding. The purpose of this réfoto identify, to the extent knowable at this still

early stage of the process, companies capablgroviding the products and services necessary to
O2yaildNHzOG YR YFAYUlIAYy GKS @SaasSt)andtdnek® dzNB R dzy RS N
recommendations to government and industry abautreasing their participatiom high value areas of

the shipbduldingvalue chain.

1.1.1. Project purpose and scope

The primary purpose of the study is to identify and analyze the value chains NISIR& vesselwith

the exception of the Canadian Surface Combatants (CS@aanhaller Canadian Coast Gud&@iCG)
vesselannounced in April 2012Ve limited our study because the CSC is both a much larger and much
later program than others in the NSPS, and because the vessel descriptions for the smaller CCG vessels
were not publically available during the research peridtie analysis will provide insight into the local

and global value chains involved in the design, construction aadririce support (ISS) of the vessels.

In particular, the purpose of the GVC analysis is to:

f Discover the value chain positiof and opportinities forb 2 @1 { O2 A Qa O2 YL} yASAT
1 Identify innovation and technology trends in the Arctic/Offshore Patrol SA@$ S)Joint Support
Ships (JSS), Polar Icebreaked Offshore Fisheries/ Offshore Oceanograpkisel value chains;
1 Make recommendatios for supporting the participation of Nova Scotia companies in the global
value chains for these vessels; and
1 Make recommendations to industry and government about opportunities to move into higher value
activities within the value chain.

The results oftie study will informthe Province of Nova Scotia support the efforts of Nov  { O2 G A | Q&
companies to maximize and upgrade over time their participation in the global supply chain for the NSPS
vesselsIn addition, the results will be used to support inthysconsultation, mobilization, and capacity
building.

The purpose of this chapter is to provide a general overview of the vessels being built by the NSPS and
the shipbuilding value chain. After the overvighe report will investigate each NSPS vesEeése
chapters will:
T LRSYGAFe YINJSG yR GSOKy2f238 GNBYyRa Ay (KS ¢
the hightechnology systems proposed for the vessels;
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1 Provide a value chain schematic to:
o Discover the value chain position of NqvadD2 G A I Q& O2 YL} yASaT
o ldentify the multinational corporationthat operate in the value chains and where they are
positioned;
0 5SGSN¥AYS YR ARSY(GATeY 6KSNB LRaaAroftSzT AYyRA
GVG; and
0 Analyze market opportunites y G KS D/ & FT2NJ b2@F {O02GAl Qa O2

A concluding chapter will summarize the findings from our research and make recommendations to
AYRdzaGNE yR 3A2@SNYYSyld 062dzi NBIA2Yy It @ fdzS OKI A
participation in tke shipbuilding GVC for the vessels being built under the NSPS.

1.1.2. Research methods

We conducted the research for this report in four phases. In the first phase, we reviewed secondary
source materials press releases, industry publications, and online souré@sinformation on the

NSPS, the vessels being built, a preliminary schedule for building the vessels, and general information
about the shipbuilding industry. The purpose of this phase was to better understand the shipbuilding
industry, the specific sps being built for the NSPS, and to begin identifying important actors in the
production network of goods or services for these vessels.

In the second phase, we contacted naval architects, lead firms, classification societies, and regulatory
bodiesin the shipbuilding industry to develop a preliminary understanding of the shipbuilding value
chain. Actors contacted during this phase were federal and provincial government agarcCasada
industry orgaizations, and lead firmsnowledgeable about the scope, conduct, and general dynamics
of the shipbuilding industry and the NSPS. A research trip to Nmte Sluring the 2012 Atlantic
Defenceand ®curity @nference (DefSec Atlantic) provided an excellent opportunity for irgeivig
companies, government agencies, and other actors in the value chain. As a result of these interviews, we
modified the shipbuilding value chain found in tNeva Scotia Ocean Technolagport to better

reflect the unique aspects of the vessels beugt in the NSPSIn particular, we highlighted the phases
of design, the important role of systems integrators, amiphasized services throughaile pre-
production, production, and pogtroduction phases of the value chain.

In the third phase of re=arch, additional interviews were conducted with lead and local firms, experts in
technology and shipbuilding, and regulatory agencies. The objective of this phase was to better
understand specific technical or regulatory aspects not fully apparent eté¢bend stage, to identify
additional companies in the value chain nodes, and to better understand their role in the production
system. At this phase of the research, our questions became quite specific and covered the full range of
issues discussed in thisport. The topics and questions covered during the seconddaf interviews

! TheNova Scotia Ocean Technolagport is available attttp:/cggc.duke.edu/pdfs/201203-
05_NovaScotia OTReport.pdf

14


http://cggc.duke.edu/pdfs/2012-03-05_NovaScotia_OTReport.pdf
http://cggc.duke.edu/pdfs/2012-03-05_NovaScotia_OTReport.pdf

The NSPS Shipbuilding Value Chains

are summarizedrigurel. After completing the interview, we compiled a draft version of the report for
external review in the fourth stage.

In the fourth phase of research, CGGC contacted individuals who armfeethed about the industry
and asked them to review the valukain and accompanying report. We requested that they provide
comments and corrections of either fact or interpretation. Revisions to the report as a result of the
external review process were made, and the client was given the opportunity to give fimavappf
the report.

Figurel: Research questions

Value Chain Who are the main players?
governance How can Nova Scotia’s companies enter the main players’ supply chains?

What can government do to better support them?

Regulatory

issues How do public & private regulations affect the value chains?

Innovation What are the promising technologies in the sector?

How can government foster development of technology?

Regional issues What opportunities exist for regional cooperation and trade?

Developing How can NS best position itself for future advantage?
advantage for

the future

Priority What don’t we know that we need to know?

research needs
Source: Duke Center on Globalization, Governance & CompetivéngesGGGC)

Conducting value chain studies in this manner is time intensive, but provides a level of detail and
understanding of industries not replicable by a review of only secondary source materials or a
guantitative analysis of buyesupplier relationships common in other industry analyses. A boitigpm
ground level perspective offers insights into marketshtemlogy trends, and the effective role for
government action that would be difficult to achieve using other methods.

One limitationto our research should be notedir8e the contracts and designs for the vessels have not
been finalized, @aange ofuncertainty exists about who will supply ship systems and subsystems for the
vessels. Our approach throughout the value chain chapters was to identify the systems we think are
important or unique to the ships, and to provide a list of suppliers for eaotpoonent. When we had
information about companies likely to provide a component or subsystem, we highlighted the company
name. When we had a lower level of certainty about who would provigecomponent, we listed the
leading manufacturersf the system, ocompanies with which we know the integrator or shipbuilder
hadworked in the past. As such, we reflected in our list of component suppliers the necessary
uncertainty at this preliminary stage of the desiguild process.
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1.1.3. Report organization

The report $ organized in three part$he first part provides a general introduction of the NSPS vessels
and the shipbuilding value chain. The second part analyses the value chains for each of the NSPS vessels,
with the exception of the Canadian Surface Combatahicivis omitted from this report. The third part
summarizes our findings and recommendations.
M Part 1:0Overview
o Ch.1: Introduction
0 Ch.2: Shipbuilding value chain
1 Part 2 the NSPS Shipbuilding Value Chains
o Ch.3: AOPS
0 Ch.4: Joint Support Ship
0 Ch.5: Polar Ideeaker
o Ch.6: Science Vessels
9 Part 3: Findings and recommendations
o Ch. 7Findings and recommendations

1.2. National Ship building Procurement Strategy (NSPS)

The NSPS is the largest purchase of maritime vessels by the Canadian government since WWII.
Announcedn October2011, the NSPS will purchase G8billion in combat and nenombat vessels

over the next 2630 years. Th€AD25 billion combat portion of the program wasvarded to Irving
Shipbuildingnc. (ISI) to build 15 Canadian Surface Combatants &8&Gix to eight Arctic/Offshore

Patrol Ships (AOPS) ftwet Department of National Defead DND)The $8 billion nortombat portion of

the program was awarded to SeaSpan Shipyards (Vancouver) to build up to three Joint Support Ships
(JSS), one Polar leebker, three Offshore Fisheries Science Vessels (OFSV), and one Offshore
Oceanographic Science Vessel (OOSy)re2 summarizes the vessels procured under the NSPS.

Figure2: The NSPS Combat and NGombat Vessels

Combat Canadian Surface Combatant (15 vessels) .
Vessels Irving
($25B) 7/ Shipbuilding

Arctic/Offshore Patrol Ship (up to 8 vessels) (Halifax)
Non- Joint Support Ship*** (up to 3 vessels)
Combat

* %k
?gegs;a)-:'ls Polar Icebreaker (1 vessel) Seaspan
[~ Shipyards
Offshore Oceanographic Science (1 vessel) (Van%wer &
Victoria)

Offshore Fisheries Science (3 vessels)

* Does not include the $2B for small vessels construction (116 vessels) or the $500-$600m/yr for repair& refit (ISS)
** Does not include $5.2B Canadian Coast Guard vessels announced in April, 2012
*** Current JSS configuration contains armament
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1.2.1. The NSPS Vessels

The preliminary NSPS vessel budget and constructaogs for the vessels covered in this repante
listed inTablel.

The six to eight Arctic Offshore Patrol Ships (A@RRSYymed naval icelassed offshore patrol vessel

The ships will be capable ofcondusd y 3 F N¥ SR LI G4NRBf | yR adz2NBSAtflyoS
tF OAFAO 461 SNBP ¢KS YAadarzy 2F GKS akKALla Aa (2 LN
Exclusive Economic Zon@&EZ)The estimeed project cost is CAB1 billion(TBS2012).

The two or three Joint Support Ships (JSS) will supply fuel, ammunition, spare parts, food and water, and
provide logistics support to forces deployed ashore. The JSS will also be home base for the maintenance
and operation of helicopterduring ceploymentand provide a limited sealift capabilitfhe estimated

project cost is CAR.6 billion(TB$2012).

The Polar Icebreakés scheduled toeplace the CCASuis S. St. Laureint2017. It will be the largest,
most powerful ship ever built in Canada, with planned-120m in length, accommodate 100 operating
and 25 additional personnel, 2 helicopter pads and large cargo spaceofisieuction is planned for
20152017 and will @st approximately CAD 800illion (CCG, 2012b)

Tablel: PreliminaryNSPS VessBludgetand Construction Period

In-Service
# of Construction  Unit Cost Support Construction

Vessel Class ships | Funding (CAB) (CADn) (CADn) Period

Arctic/Offshore Patrol (AOPS) 6-8 3,074 384-512 3,000 20152024
Joint Support (JSS) 2-3 2,613 871-1,307 2,000 20162018
Polar Icebreaker 1 80¢* 800 n.a. 20152017
Offshore Fisheries (OFSV) 3 244 81 37.8 20132015
Offshore Oceanographic (OOSY 1 144 144 14.7 20132014

Sourcs: (1) TBS2012; (2)DND, 2018; (3) DFO, 201,24) CCG, 2012(5) DND, 2012h(6) TBS 2012

Offshore Fisheries Science Vessels (OFSV) will replace 4 @e23s¢l¥ A 8 A A 2Y SR Ay 1(1KS Mt
The primary missions of the OFSV will be fisheries science, oceanography and hydragragnps

will be55m in length, capable of staying at sea for 31 days. The vessels will have modern propulsion

systems, integrated bridge, modern acoustic sensard,raodern deck and trawl equipment. Two

vessels are expected for delivery in 2014, the third is planned for 2015. The estimated construction cost

is CAD244 million(CCG, 2012b)

The Offshore Oceamgpaphic Science Vessel (OOSV) when delivered valrégacement for the CCGS

Hudsom dzA f G Ay mMopcod ¢KS @SaasSt YI Ayconduct® LISNI G§Sa 2y |/
20SIy23INYLKAO RIFEGE O2ftf SOGA 2 yWnitéoNstiorRldmidithefSeah y 3 / | Y I
(UNCLOS8I) for areasin excess of 200 miles from the coast. The data areuwsebby oceanographic

researcherspil & gas, and mining industriehe expected delivery of the vessel is 2015 at a total

construction cost 0CAD144 million(CCG, 2012b)
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The NSPS vessel budgetd construction priods provided in this reporare preliminary. fie NSPS

process is an ongoing effahd a number of factors influence the determinationtioé budget and
construction period, including the need to get design and production detaildified. The relevant

Federal government actors for large procurements are the lead agency-KaMpor Department of
Fisheries and Oceag<Coast Guard) responsible for definition of requirements and project supervision,
Public Works and Government ServiGaada (PWGSC) for the procurement process, Industry Canada
(IC) for the Industrisdnd Regional Benefits policy and management of the Value Proposition, and the
Treasury Board Secretariat (TBS) for contract approval.

1.2.2. The NSPS Shipyards: Irving Shipbuild ing Incorporated and Seaspan

The ships Wl be built by Irving Shipbuilding loiporated(1SI)(Halifax, Nova Scotia) and Seaspan
(Vancouver and Victoria, British ColumbRlpase se€igure3. L { Halféx shipyard can build complex
vessels such as cruise ships, anchor handling tugs, supply vess&syaiithnadian NavfRCNand
CanadiarCoast GuardCCGyessels. ISlurrentlyis buildingnine Mid-Shore Patrolessels (MSPX{Qr

the CCGscheduled for delivery in Fall 201aihdw / bFdgate Life Extension ProgrdfFELEXJor the
NSPSSIwas awarded th@pportunity to build the CSC and AOPS.

Seaspan, formerly Washington Marine Group, describes itself assatiation of Canadian companies
involved in coastal andeep searansportation, bunkering, ship repair and shipbuilding services in
Western North America. It includes a 35 acre custom built site in North Vancouver, and can design,
construct, repair andgnaintain ocean vessels of all types. The work o I & lpibrtigr{o&ithe NSPS

ships will be split 80/20 between the North Vancouver yard conducting major vessel fabrication and its
facility in Victoria tasked with final outfitting, tests and trials befdedivery of the vesselganadian
Sailings, 201® ! Y2y 3 { S| aLJ y Q ée v@szbuNsBporiion bikhe FESHENE \Zessel NS
Service Support Contract and thMCSProtecteurat Victoria Shipyards, building nine new chip barges

at Vancouver Bpyards, and commercial ship repair at Vancouyerdock (BC Shipping News, 2012)

Figure3: Major Canadian Shipyards

Vancouver Shipyards

Vancouver, British Columbia Kiewit Offshore Services

Marystown, Newfoundland

\ ?
‘ -
Davie Yards Inc. ‘
Lévis, Québec \ J »
$ /
/0

Seaway Marine & Industrialinc. [ @ Irving Shipbuilding Inc.
St. Catharines, Ontario Halifax, Nova Scotia

Source: Westerfzconomic DiversificatioBanada
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In April 2012, the Canadian Coast Guard announced the pseabfean additionaCAD5.2 billion from

Seaspan under the NSPS program. Although details of the purchase are still emerging, an im&aew

Shipping Newwith Brian CarterPresident of SeaSpan Shipyaéis] I § SRY a ¢ KS I2FSNYYSyi
an additional 5.2 billion over 11 years for renewal and refits to the Canadian Coast Guard fleet, including
helicopters. A large portion of this will be for new builds that will fall under our umbrella agreement to
supplynonO2 Yo I & aKALA 2@SNI mZnnn (2yyE®aShipgndgllews, SQNE Ay
2012,12).

BothISland Seaspan have announced major facility upgrades to prepare for construction of the NSPS
vesselsISIwill conducta GAD300million expansia of its facilitiesand has announced that Hatch
Engineering will provide engineering support for facility expandio@ctder 2012, SeaSpan

announced a CAROO million expansion of its facilities. STX Korea was hired to help design a facility
increasimy the efficiency of the shipbuilding process through block assembly and extensivatfiténg
capabilities. In additiorSeaspan will have a 3@0nne gatry crane to support block assembly and

vessel erection at the facility, and will add a new blamst paint building needed for nesonstruction

and repair worBC Shipping News, 2012; Shaw, 2012
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2. The Shipbuilding Value Chain

Modern shipbuilding involves multiple actors to desigonstruct and maintain a shigigure4

illustrates the complex set of desigoroduction and postproductionactivities involving multiple actors
across the shipbuilding value chain. The purpose of this section is to illustrateipheigding process
using the value chain as an orienting framework.

Figure4: Shipbuilding Value Chain

q Component Component Assembly & Post Production
Design 5 L . :
Production Distribution Integration Services

Preliminary Platform Platform Platform Maintenance &
Design systems systems systems Repair (In-
components components Integration service

Contract Design Mission Missions Mission
systems systems systems
components components Integration

support)

Technical
Training &
Customer
Support

Basic Design Hull & outfit Hull & outfit Hull assembly
components components & outfitting

Detailed Design

‘ Materials Planning & Procurement Production Support Services

‘ Production Planning & Engineering

Supporting Institutions

Research l Education & Training l Government

l Policies & Regulations

SourceDukeCGGC

The shipbuilding value chain is comprised of three major phasegrpoiction, production, and post
production.Thepre-productionphase of shipbuilding includes the phases of design and project
management. Theroductionphase includes hull constructipplatform and mission systems
production and integration. Hull construction components and activities are those requiredild the
structure of the ship. Platform systems aremponentsand subsystemseeded to move and control
the movement of the vesd. Mission systems atbe componentsand subsystemeeeded to make the
vessel perform the tasks for which it is designed. As one ship architect we interviewed stated, hull
O2yaidNHzOGA2Y A& aYlF(1Ay3a GKS
NE agKe @&2dz 02 dmdegroductiosactiiitdsdingifide @paif, lconverdian &
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maintenance (ISS) of the vessel after its final construction, and training & customer supgores
summarizes the phases and activities of modern shipbuilding.

Figure5: Modern shipbuilding is comprised ahultiple phases and activities

~

. . » design phases (preliminary, contract,
Ship design { basic, and detailed)

> Pre-production
Project management

IRB management

Materials Planning & Procurement
Production Planning & Engineering

* Hull
* Outfit & furnishings

Propulsion plant
* Electric plant
* Auxiliary systems
* Integrated Platform Management

Project
Management

Hull
construction

Platform >~ Production

Systems

System (IPMS)

« Command & Surveillance (C4IS)
* Armament (if relevant)
+ Outfit & furnishings

Missions
Systems

O Vet Vet Vo

Post- { * Repair & maintenance (ISS)

-
production « Training & customer support } Post-production

SourceDukeCGGC

The actors conducting each activity and phase differ across shipbuilders, regions of the world, and over
GAYS® . SF2NBE (KS mMohppnQazr AKALIWDdZAf RSNE 6SNB-@GSNIAO
service support was conducted by thiip owrer or the shipbuilder after delivery of the ship. For large
government projects, thehip owner shipbuilder, and iservice support provider was the government
GKSYaSt 2Sasx aLISOATAOIfte (GKS ylriAz2yaqQ ylrg@ge 2N 021

5dz2NAYy 3 KS wmppaAQAaGS yKRS SvahySiORAE 5t fRe Yy YA OAa SAGKAY (F
more fragmented shipbuilding model. In Asia, modular shipbuilding, in which pieces of the hull of up to

300 tons are separately built and assembled in blocks, dramatically increasézheffiand reduced

O2atad 5dz2NAYy3I GKS mopynQas (afsedasdNindidr hew ShipaaA LIo dzA f R
New shipyards in South Korea used the downturn to consolidate market share in shipbuilding by offering

large commercial vessels at unpeglentedly low pricesThe South Korean firms, like Hyundai Heavy

Industries and Samsung Heavy Industries, rose to prominence by building huge shipyards capable of

block construction and vertically integrating the steps of the shipbuilding process, img i

integration of major systems.

Meanwhile, shipyards in North Ameri@nd Europe mostly sustained themselves by building customized,
specialty ships, like cruise ships, research vessels, and fulfilling government contracts, especially military
orders.Platform and mission systems on these vessels became more complex as they were infused with
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hightechnology. R&D costs for developing new systems skyrocketed, leading to consolidation among

suppliers of highech components like propulsion systems anckgrated electronic suites. These firms

gained control over component production through vertical integration and licensing agreements, and

they integraed forward into posfproductiond SNIA OSasx € SFRAyYy3 (G2 GKS SYSNBHS
integrators. Tie model that has emerged in North America and Europe is for shipyards to contract the
installation and integration of full ship systems to systems integrators to share risk and rationalize their

supply chains.

North American/European shipbuilders areomting modular design and construction methods

developed in Asia. North American and European shipbuilders are investing in capability improvements
to produce hulls in sections and install subsystems, for example HVAC, plumbing, and electrical wiring,
before the hull is assembled. Seam has announced aAD300 million contract with STXKorea for
upgrading their shipyards with this capabilitglwill begin similar upgrades to its facility as it prepares

for construction of the AOP$Iused modulashipconstruction for the Halifax Class Frigaagdts St.

John NBfacilitiesin the 1980s

The competitive context of the shipbuilding value chain is important as it illustrates the ability of
shipbuilders to organize the activities and phases of shiplogjloi ways that reflect past practices, core
competencies and global trends. Shipbuilders, as the prime contractor for the NSPS vessels, are affected
by global shipbuilding industry trends even as they sit at the top of a complex global supply chaén for th
vessels. Thus, shipbuilders both affect and are affected by the shipbuilding global value chain.

We now turn to the phases and specific components of the shipbuilding value chain, beginning with the
phases of desigriPlease noteFirms identified in theliscussion of value chain segments are

supplemented in the data appendix with a listing of global, Canadian, and Nova Scotia companies in the
shipbuilding value chain at the subsystems leVakirmentionin thisoverviewchapterisintendedonly

for illustration purposes and does nimhply either their inclusion or exclusion in the value chains for the
NSPS vessels.

2.1. Design

¢KS &LIANIf AKALI RSaAdy LINROSaa GeLAOlrtte o60S3aAya ¢
mission requirements of theessel. A ship architect can then begin the process of defining the

parameters and features of the ship. (S&gure6). The major design phases have different ohjezs

and may be conducted by different firms.
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(p))

Figure6: Ship design process adt dzZ3KQ&a 2 KSSft ¢ 0
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The major phases are:

1 Concept design phasdhe key objective is to arrive at the feasibility of the project. The design
0S3aAAya GAGK 'y dzyRSNBRUGIFIYRAY3I 2F GKS AKALIQA NBJ
from conservative to those incorporating the latest advances in technology, sysaemsull
configurations and sizes. Concept designs showing the greatest promise are evaluated based on
the tradeoffs in the weapons systems (if armed), optimization of the hull for powering,
seakeeping, and stability, signature reduction, propulsion,raadning/automation.

 t NBEft AYAYLl NB 62 NJThéKeyohjértve is tB [Sah thapfojett)Ouriag3he
preliminary phase, major equipment is selected, and the general arrangement of the hull and
equipment is made. General arrangement plans giahitects, builders and owners a chance to
4SS GUKS o0lIaAaoz 2N aaSYSNIféx FNNFy3ISYSyd 2F LI
stores, holds, tanks and engineering before designs are finalized and yard work begins.

1 Contract design phaselhe key ofective is to arrive at the costing of the project. The contract
design phase selects a single, preferred design from a number of feasible designs in the concept
phase. Specification of the hull form is conducted and initial selection of systems and major
equipment is made. Prediction of drag on the hull of the ship is a challenging task for the naval
architect. One of the major design tasks is to estimate the powering performance so that
propulsion requirements can be determined. Estimates of resistandgpawer progress from
the use of empirical data from similar ships to a more reliable approach to predict resistance,
including scalanodel testing. An initial design and build strategy for the project may also be
conducted at this phase.
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91 Detailed designimse- The key objective is to construct the vessel. Detailed plans for the
various parts of the ship are made. Specifically, this phase includes details of compartment
arrangements, specifications of equipment integration, shock specification and maibiléin
For combat or armed vessels, a full engineering analysis of weapons performance and
OKI N} OGSNARaGAOa Aa 02y RdzO(&uRInoideAr@ vibiaRidny 3 | yI £ & &
weight and stability. This phase also covers construction standadsding how factory
automation, cutting of parts in the factory, and data management will be conducted in a specific
AKALRINR® ¢KAa fFGGSNI LKFaS Aa OFffSR (KS 0O2vya

2.1.1. Design trends in shipbuilding

Multifunctional/modular designships are designed with the capability to carry out several missions or

to add missiorspecific packages over time. For example, the proposed AOPS design provides space for a
larger naval gun, additional equipment space$aarch & Rescue (SAR) and environmental response
operations, enhanced cargo handling, and a larger helicopter and associated aircraft securing and haul
down systems to conduct surveillance, search and rescue, or environmental response. National
governmentscan achieve multiple objectives with one vessel, and consolidate financial capital and

human resources into one vessel instead of three or four.

Systems integratiorithe main development trersdare towards more integratioof command and

control, commungations, command support systems, wider bandiwilwith optical fiber data links

and distributed processing. Mulsiensor data systems are becoming more sophisticated and
comprehensive. The development of systems to integrate, manage and present todatestag the
everincreasing amount of operational data is a major trend in software development for sophisticated
vessels.

Signature reductiomA major design trend inavalda KA L0 dzA f RAy 3 A& (2 NBRdAzOS | ¢
produced by a ship. Ship signatures allow detection by senRadar signature iseingreduced

through the design of external surfaces and the applicatioradér absorbent paintto the hull and

supesstructure. Infrared, 2 NJ & Kignhatiiré i€being reducday masking high temperature areas,

either by cooling or concealing exhaust plumdaderwater noise signature ieingreducedby better

designinghulls and propellerto be more hydrodynamic andsingair masking techniquesgnternal

noise signature caused by machinery is being reduced by apghifgpise monitoring techniques

which identify the source of internal noise. Finalljgagnetic signature is reduced through thse of

non-metallic mateials anddemagnetizing metallic components.

Fuel economy andallast watr managementNaval architects are emphasizing improvement of speed,
seakeeping, dynamic stability, and fuel economy in ships. New international regulations which will enter
into force requiring the bilge to be cleaned of fouling organisms, which will require ballast water
management systems.

UnmannedvehiclesUnmanned vehicles the air, surface, and underwatare becoming increasingly
common on a variety of vessels for recorssaince, surveillanaar targeting
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2.2. Component Production

A ship isa system of system3he main systemand subsystemfor a shipareillustrated inFigure7. The
shipidzA f RA Yy 3 A Y Rdza (i Ndain9dteihSim@fouRniaid satedjoried: K A LIQ &

91 Hull: fabricated using raw materials, such as steel, aluminum or composite materials. In modern
shipbulding hulls are built in sections. Steel plates are cleaned, straightened, shaped, and cut by
specialized plat® dzZNy Ay 3 YIF OKAyYySa (2 o0dAfR GKS aKALIQA 2d
G2 6KAOK GKS &a1Ay Aa I 00l Ofpdrieds, Pexifically thaikael, 2 F (1 K S
girders, frames and beams.

1 Platform SystemsPlatformsystemsare systems and subystemsequired tomove and control
the ship, and to make it inhabitablPlatform systems includgropulsion engines and parts,
propellershaft and blades, and ruddefgajor platform sibsystems include HVAC and the
Integrated Platform Management System (IPMS).

1 Mission Systemssystems requiredo fulfill the purpose of the vessel. Subsystemdude:
navigational, electronic and communtn systems, including a dynamic positioning (DP)
system differential global positioning system (DGPS), radar apparatus, radio navigational aid
devices, radio remote control apparatus, as well as surveying and hydrographic devices.

9 Outfit & furnishings:Deck and optional equipmelnistalled depending on the intended use of
the ship Outfit and furnishingsnayinclude deck equipment such as winches, cranes, or pumps.

Outfit and furnishingnay be installed during or after construction.

Figure7: Ship Systems and Subsystems
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2.2.1. Hull

¢tKS KdzZtf A& GKS YIAYy 0602Ré 2F (KS akKaLl Oz2zyairaday3
to which the skin is attachedlease se€igure8. The skinmade of shell plating, provides water

tightness and strength. The plates have various thicknesses to reduce the total weight of the metal used
and give the vessel additional strength at its broadest part. The plates, attached in rows from bow to

stern, arecalled strakes. They are lettered consecutively, beginning at the keel and going upward. The
bottom row of strakes on either side of the keel, are called garboard strakes. The strakes at the turn of

the hull, running in the bilge, are bilge strakes. Tinekes running between the garboard and bilge

strakes are called bottom strakes and the topmost strakes of the hull are sheer strakes. The upper edge

of the sheer strake is the gunwale.

The framework consists of the keel, frames, girders, beams, and ladkh&heeelis the structural
backbone of the ship, and runs the length of the ship. The keel provides longitudinal strength and
distributes local stresses to other parts of the ship, particularly when it isloicked. To the keel are
attachedframesand girders.Frames are the vertical ribs of the ship and provide strength to the hull.
Girders are the longitudinal beams making up the bottom of a ship. The center girder is always one
continuous piece and is fastened to the keel with a continuous weldk DEamssupport the deck(s)
andbulkheadsstrengthen the sides of the ship to resist water pressure.

Figure8: Hull detail
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SourceGlobalSecurity.org

The interior of the ship is divided by the bulkheads and decks into watertight compartments. The
number of compartments is limited by the arrangement of mechanical equipment, particularly the
engine room, and needed cargo space to hold large equipmentantiners.
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Hulls may be constructed with single or double bottoDeuble bottomsprovide an extra level of

protection against seawater and are favored when the operation of the ship may lead to the puncture of

the outer hull. A double bottom creates aatertight space between the bottom plating and the tank

021 GKS 61 GSNIAIKG aSNASa 2F LX I GSa Garkr OKSR G2
AGNBY3IGK YR OFNNE GKS akKALIQa OFNH2 FYyR YI OKAYySNE
bottom, typically between .75 and 1.5 meters, and divided into watertight compartments. These

O2YLI NI YSyida GeLAOrtte aiuz2NB FdsStsx 2AtZ 2NJolffla
trim.?

The superstructure refers to the parts of a shifher than masts and rigging, built above the hull and
main deck.

The hull is protected against rust and fouling organisms with specialized coatings. The coatings act as a
deterrent to the settlement of marine organisms on vessel surfaces below the VusgeModern hull

coatings are sophisticated and require specialized skill to properly apply and cure the coatings. Coatings
are integral to the performance of some ships, particularly icebreakéoglern hull coatings are an area

of significant global @ S NOK I yR Iy FFNBI 2F FOQUGA@GAGE TFT2NJ b2gdl
existing antifouling paints use biocides to kill any marine growth on the hull, which affects the marine

life of the waters where the ships operate. International regiglas are changing quickly and forcing the
development of new noibiocide bottom paints.

2.2.2. Platform Systems

Platform systemare the mostlymechanicahnd supporting electronicomponents andulsystems
needed to move and control a ship, includiprg@pulsion engines and parts, propeller shaft and blades,
and rudders. Major platform subsystems include HVAC and the Integrated Platform Management
System (IPMS).

2.2.2.1. Propulsion system
¢CKS YIFAY O02YLRYySyila 2F I AKALQAYABRNIZ % ALINR IR {40 SN
propeller. Theengineis the principal source of power on a vesg#ease se€igure9. Dieselmechanical
0 2 NJ GRRVIRNGSSG litel-eleatriB mdiofis &ré used in most ships, althowgdrshipsmay alsause gas
or nuclear turbines to generatgower for high speed sprints and to generate the large amounts of
energy required foweapons systemsThepropeller shaftmade of hardened stegtelivers power from
an engine to the propeller. Thgropelleris attached to the end of the shaft and transforms rotation into
F2NBIFNR 2NJ ol O1gFNR OGKNHzZaAGP® ! ONARST RAaOdzaaizy 27
system is provided below.

WS RSNE AYUSNBAGSR Ay FRRAGAZ2YLFE AYF2NNIGAR2Y | o62dzi Kdz
coverage ahttp://www.tc.gc.ca/eng/marinesafety/tptp146094-construction150.htm
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Figure9: Ship propulsion system
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There are three main ship propulsion types: dirddive diesel, diesedlectric systems, and steam
turbines. Of these, direadrive diesel engines are the most commonly used, followed by detsetric
systemsSteam turbines, with the exception odg axd nuclear steam turbinesre generally antiquated
modes of ship propulsion arate not be used in the vessel categories covered in this refaible2
summarizes th configurations of diesehechanical and dies&lectric engines commonly found among
different vessel categories.

Table2: Common configurations of diesehechanical and gkselelectric engines

Vessel categories

Benefis

Category

Propeller type

simplicity, efficiency, ease

direct-drive : ; Large tankers, bulkers, container
. Fixed propeller | of operation and : .
diesel . vessels, vehicle carriers
maintenance
Diesel Mediumsizedships and
mechanical | 45 hje specialized vessels, including
) Controllable - .
engine, itch Flexibility,redundancy anchorhandling tug supply
singleshaft P (AHTS) vessels, research vessel
and cable ships.
Smaller engine rooms, Cruise ships, ferries, iggassed
diesetelectric reduced noise &ibration, | vessels, production support
with fixed Fixed propeller | flexibility in design and vessels, dredgers, submarines,
. prop power use, redundancy, | warships (including the K/V
Diesel -
electric fuel efficiency Svalbarg, and research vessels

Dieselelectric
with
azimuthing
thruster

azimuthing
thruster

Cruise ships, ferries, iadassed
vessels, research vessels

Energy efficiency,
maneuverability

SourceDukeCGG(Cbased on Leduc, 2001 arghippipedia, 2012
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Directdrive diesel systentonsist of a single diesel engine that directly turns the shaft and a fixed pitch
propeller. The speed of the engine (205 rpm) is the speed of the propeller. Reverse thrust is possible,
if a variable cam is installed, by running the engine in revérse.direct drive system is commonly

found in large tankers, bulkers, container and vehicle carriers. The overwhelming benefit of the direct
drive system is its simplicity, efficiency, and ease of operation and maintenance.

A more sophisticated direatrive diesel system (shown above) is the doubgine, singleshaft
configuration. Two medium speed engines (or one medium and one small engine) are connected to a
gear box that reduces the speed for optimum propeller efficiency. A clutch disconnects one éngit
needed, which provides redundancy, versatility, and efficient operafibe. system is equipped with a
controllable pitch propeller that allows for efficient operation at any speed and work load. The chief
benefit of this configuration of the dgelmechanical propulsion system is flexibility. It is commonly
found in mediumsized ships and specialized vessels, including ad@madling tug supply (AHTS)

vessels, research vessels, and cable ships.

Dieselelectric systemshange the way the diesehgine transmits power. For most of the"26entury
dieselelectric systems could not compete with direct drive diesel systétasiever technological
advances in diesallectric systems improved, particularly in power electronics and motor drives, and
reduced their costs. Modern dieselectric systems have advantages for vessels that require dynamic
positioning, or frequent changes in speed and direction. The benefits of dilesziic systems over
direct-drive diesel engines are:

1 Smaller engine room#arge diesel engines are replaced with multiple smaller generators;

1 Reduced noise & vibration due to shorter shatfts;

9 Flexibility in design and power use: smaller engines cdondated in any part of the vessel
independent of where the power will be usebhe power of one unit can be shared with
multiple systems on the ship;

1 Redundancygenerators can be reassigned to cover any machine downtime;

1 Fuel efficiencythe system can provide better fuel efficiency durirgripds of low speed or load
use (CAMarine Insight, 2010).

Instead of directly powering the shaft and propeller, the diesel engine generates eleactidciy

generator, which in turn fuels electric propulsion motors used to provide power to the ship, including
turning the shaft and propellgMarine Insight, 201;1Patel, 2012 Specifically, theliesel engine turns
generatorsat a high RPM to producdectricity. The electricity is carried via cables to switchboards
which transmit it either to transformers or frequency converters isolating the current flow and achieving
the proper voltage levels. The electricity then powers electric motors at the stern, which are connected
to a shaft and fixed pitch propell@MAN, 2012. These steps may be consolidated. For example, the
electricgeneratorsmay control the frequency and voltage necessary to turn the shafts and propellers
(Patel, 2012 Dieselelectric engines are found on an increasing number of vessel categoriasseeunfa

their redundancy and versatility. Cruise ships, ferriesclassed vessels (including icebreakers),
production support vessels, dredgers, submarines, war ships (including tr&vEibard, and research
vessels have all been fitted with diesgéctric propulsion system@dnanes, 2003)
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Shafting and thrust block

Propeller shafts deliver power from an engine to the propeReapeller shafts must be strong enough
to bear the torque of the motorDrive shaftsare generally made of forged carbon steel, though at times
low alloy steel forgings are used, yielding substantial reductions in weight.

The thrustblock, an important component of the propulsion system, transmitstkinast produced by

the rotating propé £ SNJ Ay i2 (GKS &aKALIQa Kdzf £ &0 NHzOG dzNBE ® ¢ K Nz
LIK@aAOlIf F2NODS 3ISYSNI (SR theust)is KtSictudaly adcirdnodaidtiRol Jdzf & A 2 Y
move the ship forward. The most common type of thrust block igdalMichell Bearing, named after

its 1905 inventor. Michell Bearing is still in operation and owned by-Rolse Power Engineering (UK).

Propellers

Propellers transform rotation of the shaft into forward or backward thrust. When a propeller rotates,
the force created by theotation acts against the mass afcolumn of water to propel the ship forward.
Propellers may be fixed or controllable pitétixed pitch propellemre more efficient in transmitting
power at fixed rotational speed&ontrollablepitch propellersare used in vessels where rotational
speeds vary because of needed maneuverability and control. For example, coastal and specialized
vessels, such as dredgers, fes; coastal freighters, mediusized tugs, cruise ships, and research
vessels, often have controllable pitch propellers because they provide an increased level of control in
littoral waters, and can be used to navigate in ports with limited or no tug service availability. Propulsion
systems also affect the choice over the tyggoropeller to usePropellers are typically made of
corrosion resistant metal alloys, such as alumirste®l, nickel, aluminum and bronze. Propllers require
careful analysis of expected load, strength, and efficiency requirements.

Azimuth thrusters aran important development in ship propulsion. An azimuth thruster is a
configuration of ship propellers placed in pods that can be rotated in any horizontal direction, making a
rudder unnecessary. Azimuth thrusters provide ships with better maneuveradnilitydramatically

improved fuel efficiency. Azimuth thrusters are often used in cruise sleipggs, iceclassed vessels,

and research vessels.

2.2.2.2. Electric Plant
Electricity is needed to power auxilissystemdclimate controlcombat systemsship contrd, anchor
handlingg see auxiliary systems section for full list), lighting, and emergency systems on the ship. The
type of propulsion plant determines how electric power is generated and distributed on the ship.
Electric power generators are normally dnivfrom their own dedicated diesel engine. However, ships
with dieselelectric propulsion systems drive the electric generators from the main propulsion plant.

The SOLAS international maritime regulations require at least two electric generators fpisansdin
electrical power system. @ electrical generator must be independent of the maiop®llers and shaft.
The consequence is that most ships have three electricity generators to ensure compliance with the
regulation. One of the three generators isad for the normal load, while the other two are used to
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provide power in case of an unusually heavy electric load or the main generator is out of §efvice
Marine, 2000)

The core elements of a marine electric distribution system are the main switothbo@tor control of
auxiliary systems, and emergency services. Under normal operational conditiemsain switchboard
distributes electric power to power panels. Power panels, located close to the system demanding the
power, provide electricity to aubary, lighting and emergency systems on the ship. The main
switchboard is generally located near the center of the distribution system, normally the main engine
room or machinery control room.

Motor controls Auxiliary systems, such as ventilation ararication systems, often have motors. The
control of these motors can either be centralized or decentralized, depending on the design, size, and
operational purpose of the ship. The benefit of centralized systems is that they place the machinery
control ard necessary protective systems in one location, typically via video display located on the
bridge or machinery control room. Decentralized systems can be manually started and stopped near the
location of the auxiliary system. Their overwhelming benetfitdd they are inexpensive and easy to
troubleshoot. The drawback of decentralized systems is the need for a higher degree of mechanical
enclosure to ensure that cabling is protected from the corrosive effects of the marine environment.

Emergency servicek the event of a fire or flooding it is likely that the main generators and

switchboard would be disabled. To ensure that electrical supplies are available to emergency and safety
systems, an emergency generator and switchboard are typically locatee afewnain deck in a space
isolated from the main machinery. Emergency services are supplied from the emergency switchboard
using distributed panels for navigation, safety and emergency lighting services.

For shipboard installations, specific protectiveteyns are required to shut down all ventilation systems
and all fuel oil systems in the event of fire. The arrangement of the motor control center for motorized
auxiliaries (i.e., centralized or not) affects how the wiring for emergency services is degtgndighting,
the circuitry arrangement must be designed so that fire or flooding in one area will not cause loss of
lighting in other areas or along escape routes.

2.2.2.3. Auxiliary systems
Auxiliary systems provide essential supporting capabilities neemtetid operation and maintenance of
the ship. These systems consist of:

Integrated platform management system (IPMS)

Ship steering system

Berthing, mooring & towing systems

Climate control (HVAC), fire extinguishing & water systems
Fluid, fuels handling. storage

Anchor handling & stowage systems

Auxiliary boats & stowage system
Replenishmentat-sea(RAS)

Aircraft/helicopterhandling, servicing & stowage

To To To o Do Do Io o Do

31



The NSPS Shipbuilding Value Chains

A Environmental pollution control systems

Integrated Platform Management System (IPMS)

The IPMS integrates machinargntrol, damage control, and @moard training functions on the ship.

Specifically, the IPMS provides monitoring and control of ship propulsion, electric power generation,

some machine controlled auxiliary systems (watersgstems, and stability control) and, if relevant,

damage control systems on the vess@h-board training systems can provide operational drills and

emergency training without interfering with the monitoring and contrdlo 4t KS A KABIQa ae a i Svy:
MAPPSSemens Sperry Marine, and Imtecre major IPMS manufacturers.

Ship steering system

The ship steering system includes the rudder and the system needed to control the rudder. Several
marine rudder types exist. Raythedmschutzspeciaizes in shifsteeringcontrol systems

Berthing, mooring & towing systems

Berthing, mooring and towing systems are used to assist with port navigation and docking of the vessel.
Berthing and mooring systems provide direction and range information to dock the vesseltomhiig
systems are used to interface with tugs at port. These systems often are integrateshi@isystem in

large vesseldMampaey(Netherlands) is an example oh@anufacturerof integrated bertling, mooring

and towing systems.

Climate control, fire exbquishing & water systems

This group of subsystems includes climate control (HVAC), firgeishing and water systems.

Heating, ventilation, and air conditioning systems (HVAK):purpose of the HVAC system is to
maintain a standard of air quality temperature and humidity for personnel ata remove equipment
generated heat. Areas requiring critical temperature control are supported by heating and/or air
conditioning, essential to the equipment's operatidie ventilation systermemovesinternally-

generated cataminants, fumes and humiditfPortable ventilation systems remove smoke and gas, and
are designed for emergency applications where the installed ventilation system becomes inoperative.
Warships have sophisticated HVAC and air handlingragstie lock out outside air to prevent injuries in
case of chemical, biological, radiological or nuclear (CBRN) aBtasiswerk Marine specializes in

marine HVAC systems.

Fire extinguishingSystems needed to prevent and limit the spread of fires onbtzed/essel. Fire
extinguishing systems are linked to the command managemestéesyfor continual monitoring.

Water & drainagesystemsThree main watesystems exist on large vessdle jacket cooling water

system, the firemain, and the Electror@ooling Water Systems (ECW3)e jacket cooling water system

Ad SaaSyiaAiart FT2NIYFAYGFrAYAy3d GKS aKALIQA Sy3aiaySa o
used to a cool mechanical systems on the ship, including combat equipment and asysims, with
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seawater. The firemain is designed with loops and valves allowing small sections of the ship to be

isolated in event of a fire. ECWS removes the heat generated by electronic equipment. Usually

electronic equipment will not operate if the B is interrupted or degradefrainage systems

YFEAYGlrAy (GKS aKALIQa odzzelyoOe IyR atloAatAate oe O2y
and firefighting Drainage systems consist of the main and secondary drainage piping. The main drain

line removes water from themain machinery and principal auxiliary spaoghile thesecondary

drainage systelB Y2 #S& 6+ SN FNRY (KS aKALIQa O2YLI NIYSyda

Fluid, fuels handling & storage

Fluid, fuels handling and storage systems ensure propetiioning of diesel fuel and lubrication oil
systemsMarine fuels used by the main engines and boilers are a viscous, tarry substance known as

KSIF @& FdzSt 2Af 61 ChOod al NAYyS FdzSta oAttt 0S02YS ayg
warming oils.

Anchor handling & stowage systems

' YOK2N) KFyRfAYy3 YR adG2¢l3S deaitSya NS 1 NHS oAy
anchors. Major manufacturers of these systems are FRadfgce and Macgregor (subsidiary of Cargotec).

Auxiliary lmats & stowage system

Large vessels have auxiliary boats and stowage systems for the storage, launch and recovery of smaller
boats used for operational and lHgaving purposes. Auxiliary boats and davits may be manufactured by
a number of small craft marfacturers and crane manufacturers.

Replenishmentt-sea

Replenishmentat-sea (RAS) systems are used to transfer fuel, ammunition, and ship stores from one
ship to another while under way. Hepburn Engineering has manufactured several of tie-ship

suwpply systems and supply systems simulation and training modules used by the Canadian Navy. Rolls
Royce Marine is alsomajor supplier of RAS systems.

Aircraft’helicopter handling, servicing & stowage

Aircraft on the vessel require proper handling, sengcnd storage. Jared Engineering (US), a subsidiary
of PaR Systems (US) specializes in aircraft handling for the naval and marine indndaid3N) part

of CurtissWright (US)has a long history of producing shipbodrelicopterhautdown systems fothe
Canadian and US Navy.

Environmental pollution control systems

Environmental pollution control systems are becoming standard to control air, liquid and solid waste
produced by ships. Specifically, thgs®lution controlsystems include:

I air emissions
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solid waste management systems

black water and grey water

fuel and oil pollution prevention

ballast water/invasive species management systems

=A =4 =4 =

National and international regulations are increasing the number of environmental pollution control

systems on dps. Air regulations are in effect, or soon will come into effect, limiting nitrogen dioxide,

sulfur dioxide, and particulate matter released from vessels. Solid waste, sewage (black water), and

runoff from baths and showers (grey water) are increasinghtnicted by national and international

environmental regulations. The International Maritime Organization (IK@)vention for the Control

FYR alylFaSYSyid 27F { KA LJA Seeksloimprbva e qualityidd ddllast waker { SRA Y S
released by shipsThe regulation requires ballast water to be treated and disinfected prior to release as

a control against invasive species. Compliance with marine environmental regulations is voluntary for
sovereign vessel@an2005) which includes the NSPS vesddtavever, it is our understanding that the

RCN and CCG have decided to be compliant with the IMO convention.

2.2.3. Mission Systems

Mission systems are the components and subsystems required to fulfill the purpose of the vessel.
Mission subsystems are generally electronic and include: navigational, electronic and communication
systems, including a dynamic positioning (DP) system eéliffial global positioning system (DGPS),
radar apparatus, radio navigational aid devices, radio remote control apparatus, and surveying and
hydrographic devices.

2.2.3.1. Command and Surveillance systems
Command and surveillance systems provide essential comatiori¢ control, and operations
management for the ship. In naval vessels, command and surveillance systems are referred to as
command, control, communication, computer, intelligence, and surveillance (C41S) systems. C4IS
systems may includeommand managaent system (CMShavigation system, internal and external
communication systems, meteorological and oceanographic systems, surveillance system, and
electromagnetic (E3) and radiation control systems.

The command management system (CMS) is an integred @f equipment that provides monitoring

and control of the vessel and its auxiliary equipment. The CMS provides data display, processing, and
system interface with the operational components of the vessel (navigation, radar, weather, and
weapons systems)

Navigation capability provides ship positioning and targeting for weapons systems through the
utilization of onboard electronics (receiving signals generated from satellites or-bhsezl
transmitters) and deptksounding equipment and systems.

Internd communications may include a public address system, a wireless communications system, a
telephone system, and a closed circuit television system to communicate emergency and non
emergency information on board key internal communications system on moaships is the
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Ethernet (or equivalent) data communications network. In government ships, particularly in navy and
coast guard ships, the internal communications system is often divided into unclassified and classified
network. External communications aggovided by radio transceivers, terminal equipment and

antennas, and may include satellite comnications and data transfe@ff-ship communication

networks exist that support varying levels of stipship and shifio-aircraft data exchange at varying
classification levels (Lirk6, for examplg.

Electronic warfare and intelligenagathering capability consist of receivers for signal intercept, source
analysis and active/passive deception devices.

2.2.3.2. Armament System
The armament system provides the meansfighting on the ship. The armament system may include
anti-aircraft, antiship, and antsubmarine warfare systems. For vessels covered in this report, the
armament system is only relevant for the AOPS and JSS. As currently configured, the AORGhiWll be |
armed with 25mm and 12.7mm mounted naval gund amiscellaneous small arms. As currently
conceived, the]SS will havat least oneClosein Weapons Systems (CIWS), two 12.7mm naval guns, and
some decoy launching capabilities.

2.2.4. Oultfit and furnishings

Outfit and furnishings include the ship fittings, deck machinery, optional equipment and the furnishings
for storage compartments and living/working areas.

Ship fittings are the devices that are used to secure rigging and lines on the ship. These Ieaksde ¢
(used for securing lines), chocks (used for securing heavy machinery), and bitts (used for securing the
AKALIQAa Y22NRAY3 YR (26Ay3 tAYySavo

Deck machinery will depend on the type of vessel and its planned operations. Typically, deck machinery
includeslaunch and recovergystemgLARSHor optional equipment, and winches used to move cargo
or equipment on the ship.

Optional equipment will vary greatly on the intended operational uses of the vessel. Optional equipment
relevant for the vessels being tuinder the NSPS includes aircraft (helicopters and unmanned aerial
vehicles), ROV/AUV, and lab space.

Furnishings for living, working, and storage compartments on the ship include furniture, lights, and
lockers needed for the comfortnal safety of onboad personnel.

2.3. Component Distribution

Distributors act as intermediaries between product manufacturers and the systems integrators or
shipyardsTwo main types of firms distributmponentsn the shipbuilding industrylhe firsttype of
firm specializesn procuring and deliveringeeded materials or components tbe shipyardsand
systems integratorslypically, these firms are regional, or, at most, national companieselfirms
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firms.

The second type of company is the distribution arm of large multinational firms. Some of the best
recognized branded manufacturers in the shipbuilding industry develop or own exclusive distribution
networks. Product manutdurers with exclusive distribution networks typically own the network in the
home market, and, at times few neighboring countries, but ushstribution agreements wh

providers in other markets to extend their reach globally.

2.4. Assembly & Integration
The main activities in assembly and integration are:

9 Hull blocking & assemblyHull subassemblies are coated with protectant or specialized marine
coatings, welded together to form large prefabricated units, and welded into position to form
the ship. Once assembled, the shipdady for launch and outfitting.

1 Outfitting: After launch, the ship is berthed indiitting-out basirg for completion. The main
machinery, piping systems, deck gear, lifeboats, accommodation equipment, plumbing systems,
insulation, rigging and deck coverings are installed. The tendartbg shipbuilding idustryis
to schedule the outfitting of a vessel in sectioimsprderto synchronize fitting work in the
different sections and compartments.

1 Systems integrationSystemsintegrators install platforms and mission systems and enthee
crossfunctionalityof subsystems. As subystems become increasingly complex, the role of a
systems integrator has become increasingly important.

As illustrated irFigurel0 below, production assembly and integration activities are organized
hierarchically, with the prime contractor holding the contractual relationship withsthi@ owner(in this
case, the Canaan Federal Government, specifically the RCN and.d®@& prime contractor is
responsible for a wide range of activities, including procurementcsuttracting, risk management,
scheduling, and IRB management. For the vessels contracted under NSRBn¢heoptractors ardSl
and Segsan.
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Figurel0: Shipbuilding Production System

* Prime Contractor (project management; IRB management)

+ Platform systemintegrators (propulsion & auxiliary systems)

* Mission systems integrators (command, surveillance &
armament systems, outfit & furnishings)

+ Shipbuilder (hull, outfit & furnishings)

* Sub-system manufacturers (HVAC, Sensors,
Communications, Winches...)

* Suppliers to Tier 1

* Sub-system components
s Suppliers to Tier 2

* Raw materials and subcomponents
for sub-systems

¢ Suppliers to Tier 3

SourceDukeCGGC

Just below the primes are the systems integrators. System integrators tend to specialize in either
platform systems or mission syshs.Platform systemsire those needed for the ship to float and move

on the water. Platform systems for the marine industry are similar to general industrial equipment used
in other large, industrial sectors of the economy, including power plants, oil refineries and chemical
plants. The companies providing platform systems are large, consolidated multinational firms. In terms
of the systems described Figure7 [the ship systems figureplatform systems include propulsion,

electric power, auxiliary systems, deck machinery, and the integrated platform management system
controlling most of these systemilission systemare those needed for the ship to fulfill its design
purpose. In contrago platform systems, mission systems consist of higiplgcialized companies

making products for specific applications in the mauieéenceindustry. Mission systems are sourced
from a number of firms organized for the purpose by the mission systemgrator. In terms of the
systems described iRigure7, mission systems include the command and surveillance system (with the
exception of integrated platform managemt system), and the armament system, if relevant.

Below the systems integrators are the suppliers to the platform systems integrators, the mission
systems integrators, and to the shipbuilders responsible for hull construction and, typically, the outfit
and furnishings. These company actors are typically referred to as the second tier suppliers. Additional
tiers to this system increase in specialization and generatlyedse in the size of the firm.
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2.5. Production Support Services

Materials planning and progrement. Asthe design for a ship develophe shipbuildeidentifies

suitable subcontractors to supply items the shipyard does not produce. Materials planning and

procurement requires coordination between the design and procurement functions of theuslujpiy

value chainThe design team provides the material definition and estimation for steel, pipes, and cables,
0KS aKALIQa adzoaeadsSvyazr YSOKFIYyAOFf FyR StSOGNRYAO
the procurement team gathers technicalgatuct information to create a database of suppliers.

The procurement function for the hull and structural portions of the vessel typically is conducted by the
AKALIWDdzZA f RSNE Ay 02 2 NRA Y khip bvingt The pracKremient BinctiofdfiilelQda RS & A
AKALIQAa &addzoaeadSvyaszr alLISOAFAOLfte GKS YSOKIyYyAOFExX S
is conducted by thelatform and missionsystems integratafor the vessel, in coordination with the

ship design team anship owner Lower-tier companiesnayact as suppliers to the systenmgegrators

and the shipbuilder.

Equipment selection is an iterative process as complete information about component products is
received from suppliers. Oftentimes, the ship designer will use a genericoz@mpto act as a

LI I OSK2f RSNJ F2NJ FTdzZNIKSNJ RS@St2LIAy3 (KS &AKALIQa
information. Product specifications from different suppliers then can be gathered by the design team
and examined as suitable alternatives liotie product is finally selected in the final detailed design
stage.

puj;
w»
Q¢

Selection of equipment in the design and build phase has implications for thgpumhiction inservice

support phaseFor example, propulsion systems made by two manufacturers mag/ $imilarprices

meet design specifications, and yet have different maintenance costs and schedules. Evaluating systems
for total cost of ownership has become one reason why coordination between the design and build

team and the irservice support providehas become increasingly common for complessels,

especially naval vessels.second reason for increased coordination between the design and build team
and inservice support is the creation and delivery of the technical datk@gewhichprovides the

G266y SNRA Y y dzildrge veSsilsie Bethhiclyita packadé lidie technical

specifications and maintenance schedufe® NJ (i Ks$stemskahdLsiibaysteniEhecoordination

between the DAB and ISS provider can be conducyehintegrated logistical support (ILS) provider.

Production planning and engineerind’roduction planning and engineering is a complex undertaking
involving design, assembly, and installation. It ensures that, as the desithe shipdevelops;

individual parts and equipment are allocated to the appropriate stage in the production hierafchy o
assemblies and subassemblies. Production planning and engin@ssindes assembly and production
planning, cut and weld planning, and approval and releasesijd data. Production planning and
engineering requires coordination with the design ph&$gecialized firms are often retained for
production planning and engineering, though some shipbuilders maintain this capabHhibyige.
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2.6. Post-Production Service s

In-Service SupporflSS)In-service support provides the maintenance, conversion and repair of the

vessels. lsservice support generally is conducted at planned intervals to ensure the ships remain

seaworthy and in good conditiokVhile inservice suppd historicallyhas been conducted by threhip

owner, the increasd sophistication of naval and coastagd vessels require that the shipbuilder or

specialized service provider conducts maintenance and repair. The ISS for each NSPS vessel category is a
separate contract.

Technical TrainingTechnical training includes simulation used to train personnel on the operation and
YFEAYGSyl yoS 27 (i k&fenéeludgechava @duced, thé dpefaiichal éxpense of
onboard training makes companies sgaized in virtual reality and training simulation attractive
alternatives.On a warship, functional trainers are typically included as part of the initial combat systems
delivery.

2.7. Supporting Organizations and Institutions
2.7.1. Education and researc h

Education and research institutions are important to the developmentefshipbuilding value chain.
Universities and research centers provide the conditions necessary to support the development of
shipbuildingfor two key reasons. Firségducational ingtutions assist iworkforcedevelopment, from

joiner and journeyman to project managers and systems engineers, needed to build the NSPS vessels.
Community colleges and universities are important in helping supply personnel capable of fulfilling these
functions. Second, niversities and research centesige important actors in developing new systems

used on sophisticated marine vehicléke the ships being constructed for the NS&®) applying new
solutions to problems faced in the marine environmentf D2 dzA A S | Yy A S NAbaliagt Qa Ay @S
water facility within the Aquatron Laboratoigvestigating howo reduce thepresenceof invasive

species in bilge water is one examdlell ® - I @A S NI 4 -foliBggp&ritshidat o nbtyharra the: vy (i A
marine environments a secon@éxample DRDEAtlantic conductacoustics, marine materials and ship
dynamics researciThird, developments in a number of high technology subsystems and instruments,
includingthe instrumentation profiled irb 2 @I { O 2 (i &chnQldgieseS (CFGCE2012are the

result ofuniversity researchersollaborating with businesand governmentUniversity esearchers are

in the unique position obeing able to tap existing technical expertise, either at the home institution or
through research networks, twolveproblems. Participation in these formal and informal research
networks is important to the development of the technology and eventual commercialization

products in the shipbuilding y R & dzLJLJ2 NJi valiekhaing Rdza (i NA S & Q

2.7.2. Government agencies

The relevant Federal government actors for large procurements are the lead agencyNEYMDr
Department of Fisheries and Ocean€oast Guard) responsible for definition of requirements and
project supervision, Public Works and Gimraent Services Canada (PWGSC) for the procurement
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