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Executive Summary  

This report identifies, to the extent knowable at this early stage, companies in the shipbuilding value 

chain capable of providing the products and services necessary to construct and maintain the vessels 

procured under the NSPS, and makes recommendations to government and industry about increasing 

the participation ƻŦ bƻǾŀ {ŎƻǘƛŀΩǎ ŎƻƳǇŀƴƛŜǎ in high value areas of the shipbuilding value chain.  

In particular, the purpose of investigating the value chains of the NSPS vessels is to: 

¶ 5ƛǎŎƻǾŜǊ ǘƘŜ ǾŀƭǳŜ ŎƘŀƛƴ Ǉƻǎƛǘƛƻƴ ŀƴŘ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ƻŦ bƻǾŀ {ŎƻǘƛŀΩǎ ŎƻƳǇŀƴƛŜǎΤ  

¶ Identify innovation and technology trends in the Arctic/Offshore Patrol Ships (AOPS), Joint Support 

Ships (JSS), Polar Icebreaker, and Offshore Fisheries/ Offshore Oceanographic Science Vessel 

(OFSV/OOSV) value chains. Please note that the Canadian Surface Combatant (CSC) value chain is 

omitted from the report due to differences in its size, scope, and production schedule. 

¶ Make recommendations for supporting the participation of Nova Scotia companies in the global 

value chains for these vessels, and make recommendations to industry and government about 

opportunities to move into higher value activities within the value chain. 

 

bƻǾŀ {ŎƻǘƛŀΩǎ Ǉƻǎƛǘƛƻƴ ŀƴŘ opportunities in the NSPS shipbuilding value chains: We discovered that 

bƻǾŀ {ŎƻǘƛŀΩǎ ŎƻƳǇŀƴƛŜǎ ŀǊŜ ǿŜƭƭ ǇƻǎƛǘƛƻƴŜŘ ŀŎǊƻǎǎ ǘƘŜ NSPS shipbuilding value chains we evaluated, 

particularly for the Canadian icebreaker and the science vessels. While the details differ for each value 

chain, overall, we found that bƻǾŀ {ŎƻǘƛŀΩǎ ŦƛǊƳǎ ŀǊŜ ǇŀǊǘƛŎǳƭŀǊƭȅ ǎǘǊƻƴƎ ƛƴ ǘƘŜ ǎǳǇǇƭȅ ƻŦ ŀŘǾŀƴŎŜŘ ǎǳō-

systems, specifically navigation, electronic and communications equipment, and shipbuilding 

engineering and support services. Nova {ŎƻǘƛŀΩǎ ǿŜŀƪƴŜǎǎŜǎ ƛƴ ǘƘŜ ǾŀƭǳŜ ŎƘŀƛƴǎ ƛƴŎƭǳŘŜ ƭƛƳƛǘŜŘ Ŧƛƴŀƭ 

product manufacturing by multinational firms and the increasing consolidation of production by non-

Canadian multinational firms in the shipbuilding sector. The national offset policy, the Canadian 

Industrial and Regional Benefits (IRB), seeks to counter the impact of these trends in the NSPS 

shipbuilding value chains.  

The report identifies a number of opportunities for Nova Scotia. Market 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 include creating value chain linkages 

with multinational corporations seeking to provide systems to the NSPS vessels. Opportunities exist for 

Nova Scotia to use investments required under the Canadian offset policy (IRB) and the Value 

Proposition to develop globally competitive capabilities within specific, niche areas in shipbuilding and 

allied ocean technology and marine energy sectors.  

Innovation and technology trends: The report identifies five market and technology trends across the 

value chains we studied.  

¶ Multifunctional and modular design 

¶ Systems integration 

¶ Signature reduction 
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¶ Fuel economy and ballast water management 

¶ Unmanned vehicles 

 

Multifunctional/modular design: ships are designed with the capability to carry out several missions or 

to add mission-specific packages over time. For 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 securing and haul-

down systems to conduct surveillance, search and rescue, or environmental response. National 

governments can achieve multiple objectives with one vessel, and consolidate financial capital and 

human resources into one vessel instead of three or four.  

Systems integration: The main development trends are toward more integration of command and 

control, communications, command support systems, wider bandwidths in fiber optic networks, and 

distributed processing. Multi-sensor data systems are becoming more sophisticated and comprehensive. 

The development of systems to integrate, manage, and present to the operators the ever-increasing 

amount of operational data is a major trend in software development for sophisticated vessels. 

Signature reduction: A major design trend in shipbuilding, specifically in naval shipbuilding, is to reduce a 

ǾŀǊƛŜǘȅ ƻŦ άǎƛƎƴŀǘǳǊŜǎέ ǇǊƻŘǳŎŜŘ ōȅ ŀ ǎƘƛǇΦ {ƘƛǇ ǎƛƎƴŀǘǳǊŜǎ ŀƭƭƻǿ ŘŜǘŜŎǘƛƻƴ ōȅ ǎŜƴǎƻǊǎΦ wŀŘŀǊ ǎƛƎƴŀǘǳǊŜ ƛǎ 

being reduced through the design of external surfaces and the application of radar absorbent paints to 

ǘƘŜ Ƙǳƭƭ ŀƴŘ ǎǳǇŜǊǎǘǊǳŎǘǳǊŜΦ LƴŦǊŀǊŜŘΣ ƻǊ άƘŜŀǘέΣ ǎƛƎƴŀǘǳǊŜ ƛǎ ōŜƛƴƎ ǊŜŘǳŎŜŘ ōȅ ƳŀǎƪƛƴƎ ƘƛƎƘ ǘŜƳǇŜǊŀǘǳǊŜ 

areas, either by cooling or concealing exhaust plumes. Underwater noise signature is being reduced by 

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

Internal noise signature caused by machinery is being reduced by applying self-noise monitoring 

techniques which identify the source of internal noise. Finally, magnetic signature is reduced through 

the use of non-metallic materials and demagnetizing metallic components.  

Fuel economy and ballast water management: Naval architects are emphasizing improvement of speed, 

seakeeping, dynamic stability, and fuel economy in ships. New international regulations soon entering 

into force will require ballast water to be treated before discharging. 

Unmanned vehicles: Unmanned vehicles in the air, surface, and underwater are becoming increasingly 

common on a variety of ships for reconnaissance, surveillance or targeting. 

Recommendations: We were asked to make recommendations to the Province of Nova Scotia how to a) 

support Nova Scotia companies in the NSPS Shipbuilding value chains, b) how to move the Province and 

its companies into higher value-added activities in the value chains, and c) what value chain 

development activities should be conducted by the Province.  

A. Supporting Nova Scotia companies 

A.1. Connect with key players in the value chains ς Since 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), attention of the private sector and government should be focused on how companies enter 

the supply chains of these key value chain actors.  

Our recommendations to companies about how to connect with key value chain players are to: 

¶ Participate in industry forums and events 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 how it adds value to the large 

ŎƻƳǇŀƴȅΩǎ ǎǳǇǇƭȅ ŎƘŀƛƴΦ 

¶ 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 online supplier 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 upcoming projects and 

bidding opportunities in Canada. 

Our recommendations to governments are to: 

¶ Know the companies and their capabilities in the shipbuilding value chain in their geographic 

area of responsibility. Governments can create potential supplier lists by using the existing 

knowledge about the companies in their region, the Canadian Company Capabilities Registry 

hosted by Industry Canada, and information provided in this report.  

¶ Facilitate site visits to companies in the higher tiers of the production hierarchy. As with 

industry forums, the ability of buyers to meet potential suppliers provides the opportunity 

for a quick exchange of information about needs and capabilities among companies.  

¶ Attend industry forums and events to develop contacts for companies, particularly SMEs, 

not able to attend. 

¶ Communicate to companies how large firms meet suppliers. 

A.2. Help SMEs overcome barriers to entry in the shipbuilding value chain ς We found that SMEs face 

four kinds of barriers to enter the shipbuilding value chain: information, network, certification, and 

coordination gaps. We recommend that government work to: 

¶ Close information gaps: Since many of the companies in the ocean technology and 

shipbuilding sector are SMEs, governments should recognize and incorporate the resource 

and capacity constraints of 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 

SMEs. Participation in industry-relevant trade associations can help close network gaps for 

SMEs. 
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¶ Close certification gaps: Evaluate small business assistance programs in the province to 

identify needs and gaps in program offerings. In particular, consider conducting a capability 

assessment of SMEs in Nova Scotia, especially in rural areas and First Nation communities, 

and developing or enhancing capacity development assistance programs. 

¶ Close coordination gaps: Foster linkages among Nova Scotia and Canadian firms to offer 

systems or sub-system solutions to Tier 1 firms.  

A.3. Inform value chain actors about the effect of public and private regulations on the value chain ς 

We found that public and private regulations significantly affect the conduct of the value chain and what 

companies can participate in it. We recommend that Nova Scotia provide information about the IRB and 

the Controlled Goods Program on a publicly available website, advertise its existence, and compile a 

reference guide about common requirements of large companies placed on suppliers. 

A.4. Improve communications about NSPS and relevant policies to companies and citizens ς We 

found that confusion exists about the status of the NSPS process, particularly the time horizon and 

decision-making for different vessels; the difference between production and in-service support 

contracts, how access to the shipbuilding value chain is governed, and what opportunities exist for new 

business. We recommend that Nova Scotia use existing organizations and established networks to 

provide information to small business, rural areas, and citizens about the status of the NSPS, the 

relevant public and private policies regulating access to the supply chain, and the responsibility domain 

of different levels of government in regulating the shipbuilding value chain, assisting companies, and 

providing information. 

 B. Moving into higher value-added activities ς We found emerging technology opportunities in 

specific systems, and that many of the best niches for high value activities 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 commercialization nexus between production and marketing of new end products. We 

recommend that Nova Scotia focus sector development strategies and programs on actors that 

ǇŀǊǘƛŎƛǇŀǘŜΣ ŀƴŘ ŀǊŜ ƭŜŀŘŜǊǎ ƛƴΣ ǘƘŜǎŜ ǘǊŜƴŘǎΤ ǳǎŜ ǘƘŜ ǇǊƻǾƛƴŎŜΩǎ ƛƴƴƻǾŀǘƛƻƴ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ to develop 

technology for sustaining and growing the shipbuilding industry; and grow and nurture a pool of 

technology-based entrepreneurs by encouraging entrepreneurial training. 

C. Conducting regional value chain development activities 

C.1. Connect with key players in the non-combat vessel value chain ς We found that opportunities 

exist for bƻǾŀ {ŎƻǘƛŀΩǎ ŦƛǊƳǎ in the non-combat vessel value chains due to complementarities between 

company capabilities in acoustics and digital imaging technologies and the primary purpose (research 

activities) of the vessels being built by Seaspan. While we recognize that accessing the supply chains for 

the non-combat vessels will require extra effort, we recommend that the Province increase engagement 

with the governments of British Columbia and Vancouver, work to establish links with Tier 1 and Tier 2 

companies participating in the non-combat value chain, and to consider conducting a multi-provincial 
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trade mission to Western Canada, perhaps in partnership with ACOA and regional 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 to develop the international competitiveness of the shipbuilding and related ocean 

technology sectors in Nova Scotia by evaluating how to increase the quantity of high-quality research 

with commercial relevance, growing and nurturing a pool of technology-based entrepreneurs, using the 

tǊƻǾƛƴŎŜΩǎ ƛƴƴƻǾŀǘƛƻƴ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ǘƻ ǎǳǎǘŀƛƴ ŀƴŘ ƎǊƻǿ ǘƘŜ ǎƘƛǇōǳƛƭŘƛƴƎ ƛƴŘǳǎǘǊȅΣ ŀƴŘ ŜȄǇŀƴŘƛƴƎ ŀŎŎŜǎǎ 

and availability of investment capital to create and grow companies in the sector.  

C.3. Broaden horizons 

We found that further evaluation is warranted in three areas: workforce development, lessons learned 

from large government procurements, and how to improve coordination within bƻǾŀ {ŎƻǘƛŀΩǎ regional 

innovation system. We recommend conducting a local labor market analysis and workforce planning 

study to identify occupational and education gaps; a comparative 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 

process by which actors in government, education, industry, and research work together to continue to 

build a regional innovation system leveraging the strengths already in Nova Scotia.   
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1. Introduction  

1.1.  Report Overview   

The National Shipbuilding Procurement Strategy (NSPS), announced in October, 2011, offers a unique 

opportunity for the Province of Nova Scotia to develop and expand its shipbuilding and ocean 

technology sectors. 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 report is to identify, to the extent knowable at this still 

early stage of the process, companies capable of providing the products and services necessary to 

ŎƻƴǎǘǊǳŎǘ ŀƴŘ Ƴŀƛƴǘŀƛƴ ǘƘŜ ǾŜǎǎŜƭǎ ǇǊƻŎǳǊŜŘ ǳƴŘŜǊ ǘƘŜ b{t{ όǘƘŜ άb{t{ ǾŜǎǎŜƭǎέ) and to make 

recommendations to government and industry about increasing their participation in high value areas of 

the shipbuilding value chain.  

1.1.1. Project purpose and scope  

The primary purpose of the study is to identify and analyze the value chains for the NSPS vessels, with 

the exception of the Canadian Surface Combatants (CSC) and the smaller Canadian Coast Guard (CCG) 

vessels announced in April 2012. We 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 period. The analysis will provide insight into the local 

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

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

¶ Discover the value chain position of and opportunities for bƻǾŀ {ŎƻǘƛŀΩǎ ŎƻƳǇŀƴƛŜǎΤ  

¶ Identify innovation and technology trends in the Arctic/Offshore Patrol Ships (AOPS), Joint Support 

Ships (JSS), Polar Icebreaker, and Offshore Fisheries/ Offshore Oceanographic vessel value chains; 

¶ Make recommendations for supporting the participation of Nova Scotia companies in the global 

value chains for these vessels; and 

¶ Make recommendations to industry and government about opportunities to move into higher value 

activities within the value chain. 

 

The results of the study will inform the Province of Nova Scotia to support the efforts of Novŀ {ŎƻǘƛŀΩǎ 

companies to maximize and upgrade over time their participation in the global supply chain for the NSPS 

vessels. In addition, the results will be used to support industry consultation, 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 overview, the report will investigate each NSPS vessel. These 

chapters will: 

¶ LŘŜƴǘƛŦȅ ƳŀǊƪŜǘ ŀƴŘ ǘŜŎƘƴƻƭƻƎȅ ǘǊŜƴŘǎ ƛƴ ǘƘŜ ǾŜǎǎŜƭΩǎ ǾŀƭǳŜ ŎƘŀƛƴΣ ƛƴŎƭǳŘƛƴƎ ŘŜǘŀƛƭŜŘ ŀƴŀƭȅǎƛǎ ƻŦ 

the high-technology systems proposed for the vessels; 
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¶ Provide a value chain schematic to: 

o Discover the value chain position of Nova {ŎƻǘƛŀΩǎ ŎƻƳǇŀƴƛŜǎΤ 

o Identify the multinational corporations that operate in the value chains and where they are 

positioned; 

o 5ŜǘŜǊƳƛƴŜ ŀƴŘ ƛŘŜƴǘƛŦȅΣ ǿƘŜǊŜ ǇƻǎǎƛōƭŜΣ ƛƴŘƛǾƛŘǳŀƭ ŎƻƳǇŀƴƛŜǎΩ ƭƻŎŀƭ ŀƴŘ ŘƛǊŜŎǘ ƭƛƴƪŀƎŜǎ ƛƴǘƻ 

GVCs; and 

o Analyze market opportunities ƛƴ ǘƘŜ D±/ǎ ŦƻǊ bƻǾŀ {ŎƻǘƛŀΩǎ ŎƻƳǇŀƴƛŜǎΦ 

 

A concluding chapter will summarize the findings from our research and make recommendations to 

ƛƴŘǳǎǘǊȅ ŀƴŘ ƎƻǾŜǊƴƳŜƴǘ ŀōƻǳǘ ǊŜƎƛƻƴŀƭ ǾŀƭǳŜ ŎƘŀƛƴ ŘŜǾŜƭƻǇƳŜƴǘ ŀŎǘƛǾƛǘƛŜǎ ǘƻ ƛƴŎǊŜŀǎŜ bƻǾŀ {ŎƻǘƛŀΩǎ 

participation in the 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 sources - for information 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 ships 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 

bodies in the shipbuilding industry to develop a preliminary understanding of the shipbuilding value 

chain. Actors contacted during this phase were federal and provincial government agencies in Canada, 

industry organizations, and lead firms knowledgeable about the scope, conduct, and general dynamics 

of the shipbuilding industry and the NSPS. A research trip to Nova Scotia during the 2012 Atlantic 

Defence and Security Conference (DefSec Atlantic) provided an excellent opportunity for interviewing 

companies, government agencies, and other actors in the value chain. As a result of these interviews, we 

modified the shipbuilding value chain found in the Nova Scotia Ocean Technology report to better 

reflect the unique aspects of the vessels being built in the NSPS.1 In particular, we highlighted the phases 

of design, the important role of systems integrators, and emphasized services throughout the pre-

production, production, and post-production phases of the value chain.  

 

In the third phase of research, 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 at the second 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 this report. The topics and questions covered during the second round of interviews 

                                                           
1
 The Nova Scotia Ocean Technology report is available at http://cggc.duke.edu/pdfs/2012-03-

05_NovaScotia_OTReport.pdf 
 

http://cggc.duke.edu/pdfs/2012-03-05_NovaScotia_OTReport.pdf
http://cggc.duke.edu/pdfs/2012-03-05_NovaScotia_OTReport.pdf
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are summarized Figure 1. 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 are well-informed about the industry 

and asked them to review the value chain 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 final approval of 

the report.  

 

Figure 1: Research questions 

 
Source: Duke Center on Globalization, Governance & Competiveness (Duke CGGC) 

 

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 

quantitative analysis of buyer-supplier relationships common in other industry analyses. A bottom-up, 

ground level perspective offers insights into markets, technology trends, and the effective role for 

government action that would be difficult to achieve using other methods. 

One limitation to our research should be noted. Since the contracts and designs for the vessels have not 

been finalized, a range of uncertainty 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 each component. 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 provide the component, we listed the 

leading manufacturers of the system, or companies with which we know the integrator or shipbuilder 

had worked in the past. As such, we reflected in our list of component suppliers the necessary 

uncertainty at this preliminary stage of the design-build process.  
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1.1.3. Report organization  

The report is organized in three parts. The 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 Combatant, which is omitted from this report. The third part 

summarizes our findings and recommendations.  

¶ Part 1: Overview 

o Ch.1: Introduction 

o Ch.2: Shipbuilding value chain 

¶ Part 2: the NSPS Shipbuilding Value Chains 

o Ch.3: AOPS 

o Ch.4: Joint Support Ship 

o Ch.5: Polar Icebreaker 

o Ch.6: Science Vessels 

¶ Part 3: Findings and recommendations 

o Ch. 7: Findings 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. 

Announced in October 2011, the NSPS will purchase CAD 33 billion in combat and non-combat vessels 

over the next 20-30 years. The CAD 25 billion combat portion of the program was awarded to Irving 

Shipbuilding Inc. (ISI) to build 15 Canadian Surface Combatants (CSC) and six to eight Arctic/Offshore 

Patrol Ships (AOPS) for the Department of National Defence (DND). The $8 billion non-combat portion of 

the program was awarded to SeaSpan Shipyards (Vancouver) to build up to three Joint Support Ships 

(JSS), one Polar Icebreaker, three Offshore Fisheries Science Vessels (OFSV), and one Offshore 

Oceanographic Science Vessel (OOSV). Figure 2 summarizes the vessels procured under the NSPS.  

Figure 2: The NSPS Combat and Non-Combat Vessels*  
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1.2.1. The NSPS Vessels 

The preliminary NSPS vessel budget and construction periods for the vessels covered in this report are 

listed in Table 1.  

The six to eight Arctic Offshore Patrol Ships (AOPS) are armed naval ice-classed offshore patrol vessels. 

The ships will be capable of conducǘƛƴƎ ŀǊƳŜŘ ǇŀǘǊƻƭ ŀƴŘ ǎǳǊǾŜƛƭƭŀƴŎŜ ƻŦ /ŀƴŀŘŀΩǎ !ǊŎǘƛŎΣ !ǘƭŀƴǘƛŎ ŀƴŘ 

tŀŎƛŦƛŎ ǿŀǘŜǊǎΦ ¢ƘŜ Ƴƛǎǎƛƻƴ ƻŦ ǘƘŜ ǎƘƛǇǎ ƛǎ ǘƻ ǇǊƻǾƛŘŜ ǎƛǘǳŀǘƛƻƴŀƭ ŀǿŀǊŜƴŜǎǎ ŀƴŘ ŜƴŦƻǊŎŜƳŜƴǘ ƻŦ /ŀƴŀŘŀΩǎ 

Exclusive Economic Zones (EEZ). The estimated project cost is CAD 3.1 billion (TBS, 2012a). 

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 helicopters during deployment and provide a limited sealift capability. The estimated 

project cost is CAD 2.6 billion (TBS, 2012a).  

The Polar Icebreaker is scheduled to replace the CCGS Louis S. St. Laurent in 2017. It will be the largest, 

most powerful ship ever built in Canada, with planned 120-140m in length, accommodate 100 operating 

and 25 additional personnel, 2 helicopter pads and large cargo space. The construction is planned for 

2015-2017 and will cost approximately CAD 800 million (CCG, 2012b).  

Table 1: Preliminary NSPS Vessel Budget and Construction Period 

Vessel Class 
# of 
ships 

Construction 
Funding (CADm) 

Unit Cost 
(CADm) 

In-Service 
Support 
(CADm) 

Construction 
Period 

Arctic/Offshore Patrol (AOPS) 6-8 3,0741 384-512 3,0002 2015-20245 

Joint Support (JSS) 2-3 2,6131 871-1,307 2,0002 2016-20181 

Polar Icebreaker 1 8004 800 n.a. 2015-20174 

Offshore Fisheries (OFSV) 3 2444 81 37.83 2013-20156 

Offshore Oceanographic (OOSV) 1 1444 144 14.73 2013-20146 

 Sources: (1) TBS, 2012a; (2) DND, 2012a; (3) DFO, 2012; (4) CCG, 2012b; (5) DND, 2012b; (6) TBS, 2012b 

Offshore Fisheries Science Vessels (OFSV) will replace 4 vessels ŎƻƳƳƛǎǎƛƻƴŜŘ ƛƴ ǘƘŜ мфтлΩǎ ŀƴŘ мфулΩǎ. 

The primary missions of the OFSV will be fisheries science, oceanography and hydrography. The ships 

will be 55m in length, capable of staying at sea for 31 days. The vessels will have modern propulsion 

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

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

is CAD 244 million (CCG, 2012b). 

The Offshore Oceanographic Science Vessel (OOSV) when delivered will be a replacement for the CCGS 

Hudson ōǳƛƭǘ ƛƴ мфсоΦ ¢ƘŜ ǾŜǎǎŜƭ Ƴŀƛƴƭȅ ƻǇŜǊŀǘŜǎ ƻƴ /ŀƴŀŘŀΩǎ !ǘƭŀƴǘƛŎ /ƻŀǎǘ ŀƴŘ conducts 

ƻŎŜŀƴƻƎǊŀǇƘƛŎ Řŀǘŀ ŎƻƭƭŜŎǘƛƻƴ ŦƻǊ ƧǳǎǘƛŦȅƛƴƎ /ŀƴŀŘŀΩǎ ŎƭŀƛƳ ǳƴŘŜǊ ǘƘŜ United Nations Law of the Sea 

(UNCLOS III) for areas in excess of 200 miles from the coast. The data are also used by oceanographic 

researchers, oil & gas, and mining industries. The expected delivery of the vessel is 2015 at a total 

construction cost of CAD 144 million (CCG, 2012b). 
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The NSPS vessel budget and construction periods provided in this report are preliminary. The NSPS 

process is an ongoing effort and a number of factors influence the determination of the budget and 

construction periods, including the need to get design and production details finalized. The relevant 

Federal government actors for large procurements are the lead agency (DND-Navy or Department of 

Fisheries and Oceans ς Coast Guard) responsible for definition of requirements and project supervision, 

Public Works and Government Services Canada (PWGSC) for the procurement process, Industry Canada 

(IC) for the Industrial and 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 will be built by Irving Shipbuilding Incorporated (ISI) (Halifax, Nova Scotia) and Seaspan 

(Vancouver and Victoria, British Columbia). Please see Figure 3. L{LΩǎ Halifax shipyard can build complex 

vessels such as cruise ships, anchor handling tugs, supply vessels, and Royal Canadian Navy (RCN) and 

Canadian Coast Guard (CCG) vessels. ISI currently is building nine Mid-Shore Patrol Vessels (MSPV) for 

the CCG, scheduled for delivery in Fall 2014, and w/bΩǎ Frigate Life Extension Program (FELEX). For the 

NSPS, ISI was awarded the opportunity to build the CSC and AOPS.  

Seaspan, formerly Washington Marine Group, describes itself as an association of Canadian companies 

involved in coastal and deep sea transportation, 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 and maintain ocean vessels of all types. The work on {ŜŀǎǇŀƴΩǎ portion of the 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 before delivery of the vessels (Canadian 

Sailings, 2011)Φ !ƳƻƴƎ {ŜŀǎǇŀƴΩǎ ŎǳǊǊŜƴǘ ǇǊƻƧŜŎǘǎ ŀǊŜ the west coast portion of the FELEX, the Vessel In-

Service Support Contract and the HMCS Protecteur at Victoria Shipyards, building nine new chip barges 

at Vancouver Shipyards, and commercial ship repair at Vancouver Dry-dock. (BC Shipping News, 2012) 

Figure 3: Major Canadian Shipyards 

 
Source: Western Economic Diversification Canada 
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In April 2012, the Canadian Coast Guard announced the purchase of an additional CAD 5.2 billion from 

Seaspan under the NSPS program. Although details of the purchase are still emerging, an interview in BC 

Shipping News with Brian Carter, President of SeaSpan Shipyards, ǎǘŀǘŜŘΣ ά¢ƘŜ ƎƻǾŜǊƴƳŜƴǘ ŀƴƴƻǳƴŎŜŘ 

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 

supply non-ŎƻƳōŀǘ ǎƘƛǇǎ ƻǾŜǊ мΣллл ǘƻƴƴŜǎΣ ōǳǘ ǿŜΩǊŜ ƛƴ ŜŀǊƭȅ Řŀȅǎ ȅŜǘ ŦƻǊ ǘƘƛǎέ (BC Shipping News, 

2012, 12). 

Both ISI and Seaspan have announced major facility upgrades to prepare for construction of the NSPS 

vessels. ISI will conduct a CAD 300 million expansion of its facilities, and has announced that Hatch 

Engineering will provide engineering support for facility expansion. In October 2012, SeaSpan 

announced a CAD 200 million expansion of its facilities. STX Korea was hired to help design a facility 

increasing the efficiency of the shipbuilding process through block assembly and extensive pre-outfitting 

capabilities. In addition, Seaspan will have a 300-tonne gantry crane to support block assembly and 

vessel erection at the facility, and will add a new blast and paint building needed for new construction 

and repair work (BC Shipping News, 2012; Shaw, 2012).   
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2. The Shipbuilding Value Chain  
 

Modern shipbuilding involves multiple actors to design, construct and maintain a ship. Figure 4 

illustrates the complex set of design, production, and post-production activities involving multiple actors 

across the shipbuilding value chain. The purpose of this section is to illustrate the shipbuilding process 

using the value chain as an orienting framework.  

Figure 4: Shipbuilding Value Chain 

 

Source: Duke CGGC 

The shipbuilding value chain is comprised of three major phases: pre-production, production, and post-

production. The pre-production phase of shipbuilding includes the phases of design and project 

management. The production phase includes hull construction, platform and mission systems 

production and integration. Hull construction components and activities are those required to build the 

structure of the ship. Platform systems are components and subsystems needed to move and control 

the movement of the vessel. Mission systems are the components and subsystems needed to make the 

vessel perform the tasks for which it is designed. As one ship architect we interviewed stated, hull 

ŎƻƴǎǘǊǳŎǘƛƻƴ ƛǎ άƳŀƪƛƴƎ ǘƘŜ ǘǳōέΣ ǇƭŀǘŦƻǊƳ ǎȅǎǘŜƳǎ ŀǊŜ ǊŜƭŀǘŜŘ ǘƻ άƳƻǾƛƴƎ ǘƘŜ ǘǳōέ, and mission systems 

ŀǊŜ άǿƘȅ ȅƻǳ ōƻǳƎƘǘ ǘƘŜ ǘǳōΦέ CƛƴŀƭƭȅΣ post-production activities include repair, conversion & 
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maintenance (ISS) of the vessel after its final construction, and training & customer support. Figure 5 

summarizes the phases and activities of modern shipbuilding.  

Figure 5: Modern shipbuilding is comprised of multiple phases and activities 

 
Source: Duke CGGC 

 

The actors conducting each activity and phase differ across shipbuilders, regions of the world, and over 

ǘƛƳŜΦ .ŜŦƻǊŜ ǘƘŜ мфрлΩǎΣ ǎƘƛǇōǳƛƭŘŜǊǎ ǿŜǊŜ ǾŜǊǘƛŎŀƭƭȅ ƛƴǘŜƎǊŀǘŜŘ ŘŜǎƛƎƴŜǊǎ ŀƴŘ ǇǊƻŘǳŎŜǊǎ ƻŦ ǎƘƛǇǎΣ ŀƴŘ ƛƴ-

service support was conducted by the ship owner or the shipbuilder after delivery of the ship. For large 

government projects, the ship owner, shipbuilder, and in-service support provider was the government 

ǘƘŜƳǎŜƭǾŜǎΣ ǎǇŜŎƛŦƛŎŀƭƭȅ ǘƘŜ ƴŀǘƛƻƴǎΩ ƴŀǾȅ ƻǊ Ŏƻŀǎǘ ƎǳŀǊŘΦ  

 

5ǳǊƛƴƎ ǘƘŜ мфрлΩǎΣ ŀƴŘ ŜǎǇŜŎƛŀƭƭȅ ǎƛƴŎŜ ǘƘŜ мфулΩǎΣ ŘȅƴŀƳƛŎǎ ǿƛǘƘƛƴ ǘƘŜ ǎƘƛǇōǳƛƭŘƛƴƎ ƛƴŘǳǎǘǊȅ ƭŜŘ ǘƻ ŀ 

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 increased efficiency and reduced 

ŎƻǎǘǎΦ 5ǳǊƛƴƎ ǘƘŜ мфулΩǎΣ ǘƘŜ ǿƻǊƭŘǿƛŘŜ ǎƘƛǇōǳƛƭŘƛƴƎ ƛƴŘǳǎǘǊȅ Ŏƻƭƭapsed as demand for new ships sank. 

New shipyards in South Korea used the downturn to consolidate market share in shipbuilding by offering 

large commercial vessels at unprecedentedly low prices. The 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, including the 

integration of major systems. 

Meanwhile, shipyards in North America and 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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high-technology. R&D costs for developing new systems skyrocketed, leading to consolidation among 

suppliers of high-tech components like propulsion systems and integrated electronic suites. These firms 

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

they integrated forward into post-production ǎŜǊǾƛŎŜǎΣ ƭŜŀŘƛƴƎ ǘƻ ǘƘŜ ŜƳŜǊƎŜƴŎŜ ƻŦ ǘƻŘŀȅΩǎ ōƛƎ ǎȅǎǘŜƳǎ 

integrators. The 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 are adopting 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. Seaspan has announced a CAD 300 million contract with STXKorea for 

upgrading their shipyards with this capability. ISI will begin similar upgrades to its facility as it prepares 

for construction of the AOPS. ISI used modular ship construction for the Halifax Class Frigates at its St. 

John, NB facilities in 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 shipbuilding in 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 chain for the 

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 design. Please note: Firms identified in the discussion 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 level. Their mention in this overview chapter is intended only 

for illustration purposes and does not imply either their inclusion or exclusion in the value chains for the 

NSPS vessels. 

2.1.  Design 

¢ƘŜ ǎǇƛǊŀƭ ǎƘƛǇ ŘŜǎƛƎƴ ǇǊƻŎŜǎǎ ǘȅǇƛŎŀƭƭȅ ōŜƎƛƴǎ ǿƛǘƘ ŀ ŘŜŎƛǎƛƻƴΣ ǳǎǳŀƭƭȅ ōȅ ǘƘŜ ǎƘƛǇΩǎ ƻǿƴŜǊΣ ŀōƻǳǘ ǘƘŜ 

mission requirements of the vessel. A ship architect can then begin the process of defining the 

parameters and features of the ship. (See Figure 6). The major design phases have different objectives 

and may be conducted by different firms.  
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Figure 6: Ship design process όάtǳƎƘΩǎ ²ƘŜŜƭέύ 

 
Source: MarineWiki 

The major phases are: 

¶ Concept design phase - The key objective is to arrive at the feasibility of the project. The design 

ōŜƎƛƴǎ ǿƛǘƘ ŀƴ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǘƘŜ ǎƘƛǇΩǎ ǊŜǉǳƛǊŜƳŜƴǘǎ ŀƴŘ ŘŜǾŜƭƻǇƛƴƎ ŀ ǊŀƴƎŜ ƻŦ ǎƻƭǳǘƛƻƴǎΣ 

from conservative to those incorporating the latest advances in technology, systems, and hull 

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, and manning/automation.  

¶ tǊŜƭƛƳƛƴŀǊȅ όƻǊ άōŀǎƛŎέύ ŘŜǎƛƎƴ ǇƘŀǎŜ - The key objective is to plan the project. During the 

preliminary phase, major equipment is selected, and the general arrangement of the hull and 

equipment is made. General arrangement plans give architects, builders and owners a chance to 

ǎŜŜ ǘƘŜ ōŀǎƛŎΣ ƻǊ άƎŜƴŜǊŀƭέΣ ŀǊǊŀƴƎŜƳŜƴǘ ƻŦ ǇŀǎǎŜƴƎŜǊ ŀƴŘ ŎǊŜǿ ǎǇŀŎŜǎΣ ƳŀŎƘƛƴŜǊȅ ǊƻƻƳǎΣ 

stores, holds, tanks and engineering before designs are finalized and yard work begins.  

¶ Contract design phase - The key objective 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 resistance and power progress from 

the use of empirical data from similar ships to a more reliable approach to predict resistance, 

including scale-model testing. An initial design and build strategy for the project may also be 

conducted at this phase. 
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¶ Detailed design phase - 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 maintainability. 

For combat or armed vessels, a full engineering analysis of weapons performance and 

ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƛǎ ŎƻƴŘǳŎǘŜŘΣ ƛƴŎƭǳŘƛƴƎ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ ǎƘƛǇΩǎ ǎǘǊǳcture, noise and vibration, 

weight and stability. This phase also covers construction standards, including how factory 

automation, cutting of parts in the factory, and data management will be conducted in a specific 

ǎƘƛǇȅŀǊŘΦ ¢Ƙƛǎ ƭŀǘǘŜǊ ǇƘŀǎŜ ƛǎ ŎŀƭƭŜŘ ǘƘŜ ŎƻƴǎǘǊǳŎǘƛƻƴ όƻǊ άōǳƛƭŘέύ ŘŜǎƛƎƴΦ  

2.1.1. Design trends  in shipbuilding  

Multifunctional/modular design: ships are designed with the capability to carry out several missions or 

to add mission-specific packages over time. For 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 securing and haul-

down systems to conduct surveillance, search and rescue, or environmental response. National 

governments can achieve multiple objectives with one vessel, and consolidate financial capital and 

human resources into one vessel instead of three or four.  

Systems integration: The main development trends are towards more integration of command and 

control, communications, command support systems, wider bandwidths with optical fiber data links, 

and distributed processing. Multi-sensor data systems are becoming more sophisticated and 

comprehensive. The development of systems to integrate, manage and present to the operators the 

ever-increasing amount of operational data is a major trend in software development for sophisticated 

vessels. 

Signature reduction: A major design trend in naval ǎƘƛǇōǳƛƭŘƛƴƎ ƛǎ ǘƻ ǊŜŘǳŎŜ ŀ ǾŀǊƛŜǘȅ ƻŦ άǎƛƎƴŀǘǳǊŜǎέ 

produced by a ship. Ship signatures allow detection by sensors. Radar signature is being reduced 

through the design of external surfaces and the application of radar absorbent paints to the hull and 

superstructure. Infrared, ƻǊ άƘŜŀǘέΣ signature is being reduced by masking high temperature areas, 

either by cooling or concealing exhaust plumes. Underwater noise signature is being reduced by better 

designing hulls and propellers to be more hydrodynamic and using air masking techniques. Internal 

noise signature caused by machinery is being reduced by applying self-noise monitoring techniques 

which identify the source of internal noise. Finally, magnetic signature is reduced through the use of 

non-metallic materials and demagnetizing metallic components.  

Fuel economy and ballast water management: Naval 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.  

Unmanned vehicles: Unmanned vehicles in the air, surface, and underwater are becoming increasingly 

common on a variety of vessels for reconnaissance, surveillance or targeting. 
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2.2.  Component Production  

A ship is a system of systems. The main systems and subsystems for a ship are illustrated in Figure 7. The 

shipbǳƛƭŘƛƴƎ ƛƴŘǳǎǘǊȅ ŎŀǘŜƎƻǊƛȊŜǎ ŀ ǎƘƛǇΩǎ main systems into four main categories: 

¶ Hull: fabricated using raw materials, such as steel, aluminum or composite materials. In modern 

shipbuilding hulls are built in sections. Steel plates are cleaned, straightened, shaped, and cut by 

specialized plate-ōǳǊƴƛƴƎ ƳŀŎƘƛƴŜǎ ǘƻ ōǳƛƭŘ ǘƘŜ ǎƘƛǇΩǎ ƻǳǘŜǊ ǎǳǊŦŀŎŜΣ ƻǊ άǎƪƛƴέΦ ¢ƘŜ ŦǊŀƳŜǿƻǊƪΣ 

ǘƻ ǿƘƛŎƘ ǘƘŜ ǎƪƛƴ ƛǎ ŀǘǘŀŎƘŜŘΣ Ŏƻƴǎƛǎǘǎ ƻŦ ǘƘŜ ǎƘƛǇΩǎ ǎǘǊǳŎǘǳǊŀƭ Ŏomponents, specifically the keel, 

girders, frames and beams.  

¶ Platform Systems: Platform systems are systems and sub-systems required to move and control 

the ship, and to make it inhabitable. Platform systems include propulsion engines and parts, 

propeller shaft and blades, and rudders. Major platform subsystems include HVAC and the 

Integrated Platform Management System (IPMS).  

¶ Mission Systems: systems required to fulfill the purpose of the vessel. Subsystems include: 

navigational, electronic and communication 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.  

¶ Outfit & furnishings: Deck and optional equipment installed depending on the intended use of 

the ship. Outfit and furnishings may include deck equipment such as winches, cranes, or pumps. 

Outfit and furnishing may be installed during or after construction.  

Figure 7: Ship Systems and Subsystems 

 
Source: Duke CGGC, based on the ABS Expanded Ship Work Breakdown Structure (ESWBS) 
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2.2.1. Hull  

¢ƘŜ Ƙǳƭƭ ƛǎ ǘƘŜ Ƴŀƛƴ ōƻŘȅ ƻŦ ǘƘŜ ǎƘƛǇ ŎƻƴǎƛǎǘƛƴƎ ƻŦ ŀƴ ƻǳǘǎƛŘŜ ŎƻǾŜǊƛƴƎ όάǎƪƛƴέύ ŀƴŘ ŀƴ ƛƴǎƛŘŜ ŦǊŀƳŜǿƻǊƪ 

to which the skin is attached. Please see Figure 8. The skin, made 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, are called 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. The strakes 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 bulkheads. The keel is 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 is dry-docked. To the keel are 

attached frames and 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 weld. Deck beams support the deck(s) 

and bulkheads strengthen the sides of the ship to resist water pressure.  

Figure 8: Hull detail 

 

Source: GlobalSecurity.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 equipment and containers.  
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Hulls may be constructed with single or double bottoms. Double bottoms provide 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 a watertight space between the bottom plating and the tank 

ǘƻǇΣ ǘƘŜ ǿŀǘŜǊǘƛƎƘǘ ǎŜǊƛŜǎ ƻŦ ǇƭŀǘŜǎ ŀǘǘŀŎƘŜŘ ǘƻ ŀ ǎƘƛǇ ōƻǘǘƻƳΩǎ ŦǊŀƳŜǿƻǊƪ ǳǎŜŘ ǘƻ ƛƴŎǊŜŀǎŜ ƭƻƴƎƛǘǳŘƛƴŀƭ 

ǎǘǊŜƴƎǘƘ ŀƴŘ ŎŀǊǊȅ ǘƘŜ ǎƘƛǇΩǎ ŎŀǊƎƻ ŀƴŘ ƳŀŎƘƛƴŜǊȅΦ ¢ƘŜ ŘƻǳōƭŜ ōƻǘǘƻƳ ƛǎ ŀǘ ǎƻƳŜ ƘŜƛƎƘǘ ŦǊƻƳ ǘƘŜ 

bottom, typically between .75 and 1.5 meters, and divided into watertight compartments. These 

ŎƻƳǇŀǊǘƳŜƴǘǎ ǘȅǇƛŎŀƭƭȅ ǎǘƻǊŜ ŦǳŜƭΣ ƻƛƭΣ ƻǊ ōŀƭƭŀǎǘ ǿŀǘŜǊΣ ŀƴŘ Ŏŀƴ ōŜ ǳǎŜŘ ǘƻ ŀŘƧǳǎǘ ǘƘŜ ǎƘƛǇΩǎ ƭƛǎǘ ŀƴŘ 

trim.2  

The superstructure refers to the parts of a ship, other 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 water line. Modern 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 icebreakers. Modern hull coatings are an area 

of significant global reǎŜŀǊŎƘ ŀƴŘ ŀƴ ŀǊŜŀ ƻŦ ŀŎǘƛǾƛǘȅ ŦƻǊ bƻǾŀ {ŎƻǘƛŀΩǎ {ǘΦ CǊŀƴŎƛǎ ·ŀǾƛŜǊ ¦ƴƛǾŜǊǎƛǘȅΦ aƻǎǘ 

existing anti-fouling paints use biocides to kill any marine growth on the hull, which affects the marine 

life of the waters where the ships operate. International regulations are changing quickly and forcing the 

development of new non-biocide bottom paints.  

2.2.2. Platform Systems  

Platform systems are the mostly mechanical and supporting electronic components and subsystems 

needed to move and control a ship, including propulsion 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 

¢ƘŜ Ƴŀƛƴ ŎƻƳǇƻƴŜƴǘǎ ƻŦ ŀ ǎƘƛǇΩǎ ǇǊƻǇǳƭǎƛƻƴ ǎȅǎǘŜƳ ŀǊŜ ǘƘŜ ŜƴƎƛƴŜ όάǇǊƛƳŜ ƳƻǾŜǊέύΣ ǇǊƻǇŜƭƭŜǊ ǎƘŀŦǘΣ ŀƴŘ 

propeller. The engine is the principal source of power on a vessel. Please see Figure 9. Diesel-mechanical 

όƻǊ άŘƛǊŜŎǘ-ŘǊƛǾŜέύ ŀƴŘ ŘƛŜǎel-electric motors are used in most ships, although warships may also use gas 

or nuclear turbines to generate power for high speed sprints and to generate the large amounts of 

energy required for weapons systems. The propeller shaft, made of hardened steel, delivers power from 

an engine to the propeller. The propeller is attached to the end of the shaft and transforms rotation into 

ŦƻǊǿŀǊŘ ƻǊ ōŀŎƪǿŀǊŘ ǘƘǊǳǎǘΦ ! ōǊƛŜŦ ŘƛǎŎǳǎǎƛƻƴ ƻŦ ŜŀŎƘ ƻŦ ǘƘŜǎŜ ŎƻƳǇƻƴŜƴǘǎ ƻŦ ǘƘŜ ǎƘƛǇΩǎ ǇǊƻǇǳƭǎƛƻƴ 

system is provided below.  

                                                           
2
 wŜŀŘŜǊǎ ƛƴǘŜǊŜǎǘŜŘ ƛƴ ŀŘŘƛǘƛƻƴŀƭ ƛƴŦƻǊƳŀǘƛƻƴ ŀōƻǳǘ Ƙǳƭƭ ŎƻƴǎǘǊǳŎǘƛƻƴ Ƴŀȅ ǊŜŦŜǊ ǘƻ ¢ǊŀƴǎǇƻǊǘ /ŀƴŀŘŀΩǎ ŜȄŎŜƭƭŜƴǘ 

coverage at http://www.tc.gc.ca/eng/marinesafety/tp-tp14609-4-construction-150.htm  

http://www.tc.gc.ca/eng/marinesafety/tp-tp14609-4-construction-150.htm
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Figure 9: Ship propulsion system 

 

Source: http://www.propellerpages.com/?c=articles&f=2006-02-17_Ship_Propulsion 

 

9ƴƎƛƴŜ όάǇǊƛƳŜ ƳƻǾŜǊέύ 

There are three main ship propulsion types: direct-drive diesel, diesel-electric systems, and steam 

turbines. Of these, direct-drive diesel engines are the most commonly used, followed by diesel-electric 

systems. Steam turbines, with the exception of gas and nuclear steam turbines, are generally antiquated 

modes of ship propulsion and are not be used in the vessel categories covered in this report. Table 2 

summarizes the configurations of diesel-mechanical and diesel-electric engines commonly found among 

different vessel categories.  

Table 2: Common configurations of diesel-mechanical and diesel-electric engines 

Category Name Propeller type Benefits Vessel categories 

Diesel-
mechanical 

direct-drive 
diesel  

Fixed propeller 
simplicity, efficiency, ease 
of operation and 
maintenance 

Large tankers, bulkers, container 
vessels, vehicle carriers 

double-
engine, 
single-shaft 

Controllable 
pitch 

Flexibility, redundancy 

Medium-sized ships and 
specialized vessels, including 
anchor-handling tug supply 
(AHTS) vessels, research vessels, 
and cable ships.  

Diesel-
electric 

diesel-electric 
with fixed 
prop 

Fixed propeller 

Smaller engine rooms, 
reduced noise & vibration, 
flexibility in design and 
power use, redundancy, 
fuel efficiency 

Cruise ships, ferries, ice-classed 
vessels, production support 
vessels, dredgers, submarines, 
warships (including the K/V 
Svalbard), and research vessels 

Diesel-electric 
with 
azimuthing 
thruster 

azimuthing 
thruster 

Energy efficiency, 
maneuverability 

Cruise ships, ferries, ice-classed 
vessels, research vessels 

Source: Duke CGGC, based on Leduc, 2001 and Shippipedia, 2012 

http://www.propellerpages.com/?c=articles&f=2006-02-17_Ship_Propulsion
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Direct-drive diesel systems consist of a single diesel engine that directly turns the shaft and a fixed pitch 

propeller. The speed of the engine (90-105 rpm) is the speed of the propeller. Reverse thrust is possible, 

if a variable cam is installed, by running the engine in reverse. The 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 direct-drive diesel system (shown above) is the double-engine, single-shaft 

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 engine if not 

needed, which provides redundancy, versatility, and efficient operation. The 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 diesel-mechanical propulsion system is flexibility. It is commonly 

found in medium-sized ships and specialized vessels, including anchor-handling tug supply (AHTS) 

vessels, research vessels, and cable ships.  

Diesel-electric systems change the way the diesel engine transmits power. For most of the 20th century 

diesel-electric systems could not compete with direct drive diesel systems. However, technological 

advances in diesel-electric systems improved, particularly in power electronics and motor drives, and 

reduced their costs. Modern diesel-electric systems have advantages for vessels that require dynamic 

positioning, or frequent changes in speed and direction. The benefits of diesel-electric systems over 

direct-drive diesel engines are: 

¶ Smaller engine rooms: large diesel engines are replaced with multiple smaller generators; 

¶ Reduced noise & vibration due to shorter shafts; 

¶ Flexibility in design and power use: smaller engines can be located in any part of the vessel 

independent of where the power will be used. The power of one unit can be shared with 

multiple systems on the ship; 

¶ Redundancy: generators can be reassigned to cover any machine downtime; 

¶ Fuel efficiency: the system can provide better fuel efficiency during periods of low speed or load 

use (CAT Marine Insight, 2010). 

Instead of directly powering the shaft and propeller, the diesel engine generates electricity via a 

generator, which in turn fuels electric propulsion motors used to provide power to the ship, including 

turning the shaft and propeller (Marine Insight, 2011; Patel, 2012). Specifically, the diesel engine turns 

generators at a high RPM to produce electricity. 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 propeller (MAN, 2012). These steps may be consolidated. For example, the 

electric generators may control the frequency and voltage necessary to turn the shafts and propellers 

(Patel, 2012). Diesel-electric engines are found on an increasing number of vessel categories because of 

their redundancy and versatility. Cruise ships, ferries, ice-classed vessels (including icebreakers), 

production support vessels, dredgers, submarines, war ships (including the K/V Svalbard), and research 

vessels have all been fitted with diesel-electric propulsion systems (Adnanes, 2003). 

file:///C:/Users/lcb9.ASADMIN/Documents/Nova%20Scotia%20Shipbuilding/2.Drafts/Overview/2012-11-12%20Overview.docx%23_ENREF_47
file:///C:/Users/lcb9.ASADMIN/Documents/Nova%20Scotia%20Shipbuilding/2.Drafts/Overview/2012-11-12%20Overview.docx%23_ENREF_57
file:///C:/Users/lcb9.ASADMIN/Documents/Nova%20Scotia%20Shipbuilding/2.Drafts/Overview/2012-11-12%20Overview.docx%23_ENREF_46
file:///C:/Users/lcb9.ASADMIN/Documents/Nova%20Scotia%20Shipbuilding/2.Drafts/Overview/2012-11-12%20Overview.docx%23_ENREF_57
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Shafting and thrust block 

Propeller shafts deliver power from an engine to the propeller. Propeller shafts must be strong enough 

to bear the torque of the motor. Drive shafts are generally made of forged carbon steel, though at times 

low alloy steel forgings are used, yielding substantial reductions in weight.  

The thrust block, an important component of the propulsion system, transmits the thrust produced by 

the rotating propeƭƭŜǊ ƛƴǘƻ ǘƘŜ ǎƘƛǇΩǎ Ƙǳƭƭ ǎǘǊǳŎǘǳǊŜΦ ¢ƘǊǳǎǘ ōƭƻŎƪǎ ŀǊŜ ŜǎǎŜƴǘƛŀƭ ŦƻǊ ŜƴǎǳǊƛƴƎ ǘƘŀǘ ǘƘŜ 

ǇƘȅǎƛŎŀƭ ŦƻǊŎŜ ƎŜƴŜǊŀǘŜŘ ōȅ ǘƘŜ ǎƘƛǇΩǎ ǇǊƻǇǳƭǎƛƻƴ ǎȅǎǘŜƳ όǘƘŜ thrust) is structurally accommodated to 

move the ship forward. The most common type of thrust block is called a Michell Bearing, named after 

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

Propellers 

Propellers transform rotation of the shaft into forward or backward thrust. When a propeller rotates, 

the force created by the rotation acts against the mass of a column of water to propel the ship forward. 

Propellers may be fixed or controllable pitch. Fixed pitch propellers are more efficient in transmitting 

power at fixed rotational speeds. Controllable pitch propellers are used in vessels where rotational 

speeds vary because of needed maneuverability and control. For example, coastal and specialized 

vessels, such as dredgers, ferries, coastal freighters, medium-sized 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 type of propeller to use. Propellers are typically made of 

corrosion resistant metal alloys, such as aluminum-steel, nickel, aluminum and bronze. Propllers require 

careful analysis of expected load, strength, and efficiency requirements.  

Azimuth thrusters are an 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 maneuverability and dramatically 

improved fuel efficiency. Azimuth thrusters are often used in cruise ships, ferries, ice-classed vessels, 

and research vessels.  

2.2.2.2.  Electric Plant  

Electricity is needed to power auxiliary systems (climate control, combat systems, ship control, anchor 

handling ς 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 driven from their own dedicated diesel engine. However, ships 

with diesel-electric propulsion systems drive the electric generators from the main propulsion plant.  

The SOLAS international maritime regulations require at least two electric generators for a ship's main 

electrical power system. One electrical generator must be independent of the main propellers and shaft. 

The consequence is that most ships have three electricity generators to ensure compliance with the 

regulation. One of the three generators is used 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 service (DC 

Marine, 2000).  

The core elements of a marine electric distribution system are the main switchboard, motor control of 

auxiliary systems, and emergency services. Under normal operational conditions, the main switchboard 

distributes electric power to power panels. Power panels, located close to the system demanding the 

power, provide electricity to auxiliary, 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 and lubrication 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 and 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 benefit is that 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 services: In 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 located above the main 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 protective systems 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 designed. For lighting, 

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 needed for the operation and maintenance of 

the ship. These systems consist of: 

Å Integrated platform management system (IPMS) 

Å Ship steering system  

Å Berthing, mooring & towing systems 

Å Climate control (HVAC), fire extinguishing & water systems  

Å Fluid, fuels handling & storage 

Å Anchor handling & stowage systems  

Å Auxiliary boats & stowage system 

Å Replenishment-at-sea (RAS)  

Å Aircraft/helicopter handling, servicing & stowage 
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Å Environmental pollution control systems 

Integrated Platform Management System (IPMS) 

The IPMS integrates machinery control, damage control, and on-board training functions on the ship. 

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

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

damage control systems on the vessel. On-board training systems can provide operational drills and 

emergency training without interfering with the monitoring and control oŦ ǘƘŜ ǎƘƛǇΩǎ ǎȅǎǘŜƳǎΦ [-3 

MAPPS, Siemens, Sperry Marine, and Imtech are 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. Raytheon Anschutz specializes in ship steering control 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 vessel, while towing 

systems are used to interface with tugs at port. These systems often are integrated into one system in 

large vessels. Mampaey (Netherlands) is an example of a manufacturer of integrated berthing, mooring 

and towing systems. 

Climate control, fire extinguishing & water systems 

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

Heating, ventilation, and air conditioning systems (HVAC): The purpose of the HVAC system is to 

maintain a standard of air quality in temperature and humidity for personnel and to remove equipment 

generated heat. Areas requiring critical temperature control are supported by heating and/or air 

conditioning, essential to the equipment's operation. The ventilation system removes internally-

generated contaminants, fumes and humidity. Portable 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 handling systems to lock out outside air to prevent injuries in 

case of chemical, biological, radiological or nuclear (CBRN) attack. Bronswerk Marine specializes in 

marine HVAC systems.  

Fire extinguishing: Systems needed to prevent and limit the spread of fires onboard the vessel. Fire 

extinguishing systems are linked to the command management system for continual monitoring.  

Water & drainage systems: Three main water systems exist on large vessels: the jacket cooling water 

system, the firemain, and the Electronic Cooling Water Systems (ECWS). The jacket cooling water system 

ƛǎ ŜǎǎŜƴǘƛŀƭ ŦƻǊ ƳŀƛƴǘŀƛƴƛƴƎ ǘƘŜ ǎƘƛǇΩǎ ŜƴƎƛƴŜǎ ǿƛǘƘƛƴ ǎŀŦŜ ƻǇŜǊŀǘƛƻƴŀƭ ǘŜƳǇŜǊŀǘǳǊŜǎΦ ! ǎƘƛǇΩǎ ŦƛǊŜƳŀƛƴ ƛǎ 

used to a cool mechanical systems on the ship, including combat equipment and auxiliary systems, 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 ECWS is interrupted or degraded. Drainage systems 

Ƴŀƛƴǘŀƛƴ ǘƘŜ ǎƘƛǇΩǎ ōǳƻȅŀƴŎȅ ŀƴŘ ǎǘŀōƛƭƛǘȅ ōȅ ŎƻƴǘǊƻƭƭƛƴƎ ŀƴŘ ǊŜƳƻǾƛƴƎ ǿŀǘŜǊ ŘǳǊƛƴƎ ƴƻǊƳŀƭ ƻǇŜǊŀǘƛƻƴ 

and firefighting. Drainage systems consist of the main and secondary drainage piping. The main drain 

line removes water from the main machinery and principal auxiliary spaces, while the secondary 

drainage system ǊŜƳƻǾŜǎ ǿŀǘŜǊ ŦǊƻƳ ǘƘŜ ǎƘƛǇΩǎ ŎƻƳǇŀǊǘƳŜƴǘǎ ŀƴŘ ǊŜƳƻǘŜ ǎǇŀŎŜǎΦ 

Fluid, fuels handling & storage 

Fluid, fuels handling and storage systems ensure proper functioning of diesel fuel and lubrication oil 

systems. Marine fuels used by the main engines and boilers are a viscous, tarry substance known as 

ƘŜŀǾȅ ŦǳŜƭ ƻƛƭ όIChύΦ aŀǊƛƴŜ ŦǳŜƭǎ ǿƛƭƭ ōŜŎƻƳŜ άǿŀȄȅέ ƛŦ ƴƻǘ ǇǊƻǇŜǊƭȅ ƘŀƴŘƭŜŘ ŀƴŘ ǎǘƻǊŜŘ ƛƴ ǘŀƴƪǎ ǿƛǘƘ 

warming coils.  

Anchor handling & stowage systems 

!ƴŎƘƻǊ ƘŀƴŘƭƛƴƎ ŀƴŘ ǎǘƻǿŀƎŜ ǎȅǎǘŜƳǎ ŀǊŜ ƭŀǊƎŜ ǿƛƴŎƘŜǎ ǳǎŜŘ ǘƻ ƭŀǳƴŎƘΣ ǊŜǘǊƛŜǾŜΣ ŀƴŘ ǎǘƻǊŜ ǘƘŜ ǎƘƛǇΩǎ 

anchors. Major manufacturers of these systems are Rolls-Royce and Macgregor (subsidiary of Cargotec).  

Auxiliary boats & stowage system 

Large vessels have auxiliary boats and stowage systems for the storage, launch and recovery of smaller 

boats used for operational and life-saving purposes. Auxiliary boats and davits may be manufactured by 

a number of small craft manufacturers and crane manufacturers.  

Replenishment-at-sea 

Replenishment-at-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 the ship-to-ship 

supply systems and supply systems simulation and training modules used by the Canadian Navy. Rolls-

Royce Marine is also a major supplier of RAS systems. 

Aircraft/helicopter handling, servicing & stowage 

Aircraft on the vessel require proper handling, servicing and storage. Jared Engineering (US), a subsidiary 

of PaR Systems (US) specializes in aircraft handling for the naval and marine industries. Indal (ON) part 

of Curtiss-Wright (US) has a long history of producing shipboard helicopter haul-down systems for the 

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, these pollution control systems include: 

¶ 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 

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

systems on ships. 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 increasingly restricted by national and international 

environmental regulations. The International Maritime Organization (IMO) Convention for the Control 

ŀƴŘ aŀƴŀƎŜƳŜƴǘ ƻŦ {ƘƛǇǎΩ .ŀƭƭŀǎǘ ²ŀǘŜǊ ŀƴŘ {ŜŘƛƳŜƴǘǎ seeks to improve the quality of ballast water 

released by ships. The 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 vessels (Tan 2005), which includes the NSPS vessels. However, 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, differential 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 communication, 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 (C4IS) systems. C4IS 

systems may include: command management system (CMS), navigation 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 integral piece of 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 shore-based 

transmitters) and depth-sounding equipment and systems.  

Internal 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. A key internal communications system on modern ships 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 are provided by radio transceivers, terminal equipment and 

antennas, and may include satellite communications and data transfer. Off-ship communication 

networks exist that support varying levels of ship-to-ship and ship-to-aircraft data exchange at varying 

classification levels (Link-16, for example).  

Electronic warfare and intelligence-gathering 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 means for fighting on the ship. The armament system may include 

anti-aircraft, anti-ship, and anti-submarine warfare systems. For vessels covered in this report, the 

armament system is only relevant for the AOPS and JSS. As currently configured, the AOPS will be lightly 

armed with 25mm and 12.7mm mounted naval guns and miscellaneous small arms. As currently 

conceived, the JSS will have at least one Close-in Weapons Systems (CIWS), two 12.7mm naval guns, and 

some decoy launching capabilities. 

2.2.4. Outfit 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 include cleats 

(used for securing lines), chocks (used for securing heavy machinery), and bitts (used for securing the 

ǎƘƛǇΩǎ ƳƻƻǊƛƴƎ ŀƴŘ ǘƻǿƛƴƎ ƭƛƴŜǎύΦ  

Deck machinery will depend on the type of vessel and its planned operations. Typically, deck machinery 

includes launch and recovery systems (LARS) for 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 built under 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 comfort and safety of onboard personnel. 

2.3.  Component Distribution  

Distributors act as intermediaries between product manufacturers and the systems integrators or 

shipyards. Two main types of firms distribute components in the shipbuilding industry. The first type of 

firm specializes in procuring and delivering needed materials or components to the shipyards and 

systems integrators. Typically, these firms are regional, or, at most, national companies. These firms 
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Ƴŀȅ ŎƻƳōƛƴŜ ƳŜŎƘŀƴƛŎŀƭ ƻǊ ŜƭŜŎǘǊƻƴƛŎ ŎƻƳǇƻƴŜƴǘǎ ŀƴŘ ƻŦŦŜǊ ǘƘŜǎŜ άōǳƴŘƭŜŘέ systems to higher tiered 

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 manufacturers with exclusive distribution networks typically own the network in the 

home market, and, at times, a few neighboring countries, but use distribution agreements with 

providers in other markets to extend their reach globally.  

2.4.  Assembly & Integration  

The main activities in assembly and integration are: 

¶ Hull blocking & assembly: Hull 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 ship is ready for launch and outfitting. 

¶ Outfitting: After launch, the ship is berthed in a άfitting-out basinέ for completion. The main 

machinery, piping systems, deck gear, lifeboats, accommodation equipment, plumbing systems, 

insulation, rigging and deck coverings are installed. The tendency in the shipbuilding industry is 

to schedule the outfitting of a vessel in sections, in order to synchronize fitting work in the 

different sections and compartments. 

¶ Systems integration: Systems integrators install platforms and mission systems and ensure the 

cross-functionality of sub-systems. As sub-systems become increasingly complex, the role of a 

systems integrator has become increasingly important.  

As illustrated in Figure 10 below, production assembly and integration activities are organized 

hierarchically, with the prime contractor holding the contractual relationship with the ship owner (in this 

case, the Canadian Federal Government, specifically the RCN and CCG). The prime contractor is 

responsible for a wide range of activities, including procurement, sub-contracting, risk management, 

scheduling, and IRB management. For the vessels contracted under NSPS, the prime contractors are ISI 

and Seaspan. 
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Figure 10: Shipbuilding Production System 

 

Source: Duke CGGC 

Just below the primes are the systems integrators. System integrators tend to specialize in either 

platform systems or mission systems. Platform systems are 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 in Figure 7 [the ship systems figure], platform systems include propulsion, 

electric power, auxiliary systems, deck machinery, and the integrated platform management system 

controlling most of these systems. Mission systems are those needed for the ship to fulfill its design 

purpose. In contrast to platform systems, mission systems consist of highly-specialized companies 

making products for specific applications in the marine defence industry. Mission systems are sourced 

from a number of firms organized for the purpose by the mission systems integrator. In terms of the 

systems described in Figure 7, mission systems include the command and surveillance system (with the 

exception of integrated platform management 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 generally decrease in the size of the firm. 
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2.5.  Production Support Services  

Materials planning and procurement: As the design for a ship develops, the shipbuilder identifies 

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

procurement requires coordination between the design and procurement functions of the shipbuilding 

value chain. The design team provides the material definition and estimation for steel, pipes, and cables, 

ǘƘŜ ǎƘƛǇΩǎ ǎǳōǎȅǎǘŜƳǎΣ ƳŜŎƘŀƴƛŎŀƭ ŀƴŘ ŜƭŜŎǘǊƻƴƛŎ ŎƻƳǇƻƴŜƴǘǎΣ ŀƴŘ ŘŜŎƪ ŀƴŘ ƻǇǘƛƻƴŀƭ ŜǉǳƛǇƳŜƴǘΣ ǿƘƛƭŜ 

the procurement team gathers technical product information to create a database of suppliers.  

The procurement function for the hull and structural portions of the vessel typically is conducted by the 

ǎƘƛǇōǳƛƭŘŜǊΣ ƛƴ ŎƻƻǊŘƛƴŀǘƛƻƴ ǿƛǘƘ ǘƘŜ ǎƘƛǇΩǎ ŘŜǎƛƎƴŜǊ ŀƴŘ ship owner. The procurement function for the 

ǎƘƛǇΩǎ ǎǳōǎȅǎǘŜƳǎΣ ǎǇŜŎƛŦƛŎŀƭƭȅ ǘƘŜ ƳŜŎƘŀƴƛŎŀƭΣ ŜƭŜŎǘǊƻƴƛŎΣ ŀƴŘ ƻǇǘƛƻƴŀƭ ŜǉǳƛǇƳŜƴǘ ŎƻƳǇƻƴŜƴǘǎΣ ǘȅǇƛŎŀƭƭȅ 

is conducted by the platform and missions systems integrators for the vessel, in coordination with the 

ship design team and ship owner. Lower-tier companies may act as suppliers to the systems integrators 

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 generic component to act as a 

ǇƭŀŎŜƘƻƭŘŜǊ ŦƻǊ ŦǳǊǘƘŜǊ ŘŜǾŜƭƻǇƛƴƎ ǘƘŜ ǎƘƛǇΩǎ ŘŜǎƛƎƴ ǿƘƛƭŜ ǘƘŜ ǇǊƻŎǳǊŜƳŜƴǘ ƻŦŦƛŎŜ ƎŀǘƘŜǊǎ ƳƻǊŜ 

information. Product specifications from different suppliers then can be gathered by the design team 

and examined as suitable alternatives until one product is finally selected in the final detailed design 

stage.  

Selection of equipment in the design and build phase has implications for the post-production in-service 

support phase. For example, propulsion systems made by two manufacturers may have similar prices, 

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 in-service support provider has become increasingly common for complex vessels, 

especially naval vessels. A second reason for increased coordination between the design and build team 

and in-service support is the creation and delivery of the technical data package, which provides the 

άƻǿƴŜǊΩǎ Ƴŀƴǳŀƭέ ŜǉǳƛǾŀƭŜƴǘ ŦƻǊ large vessels. The technical data package lists the technical 

specifications and maintenance schedules ŦƻǊ ǘƘŜ ǎƘƛǇΩǎ systems and subsystems. The coordination 

between the DAB and ISS provider can be conducted by an integrated logistical support (ILS) provider.  

Production planning and engineering: Production planning and engineering is a complex undertaking 

involving design, assembly, and installation. It ensures that, as the design for the ship develops; 

individual parts and equipment are allocated to the appropriate stage in the production hierarchy of 

assemblies and subassemblies. Production planning and engineering includes assembly and production 

planning, cut and weld planning, and approval and release of design data. Production planning and 

engineering requires coordination with the design phase. Specialized firms are often retained for 

production planning and engineering, though some shipbuilders maintain this capability in-house.  



The NSPS Shipbuilding Value Chains 

39 
 

2.6.  Post-Production Service s 

In-Service Support (ISS): In-service support provides the maintenance, conversion and repair of the 

vessels. In-service support generally is conducted at planned intervals to ensure the ships remain 

seaworthy and in good condition. While in-service support historically has been conducted by the ship 

owner, the increased sophistication of naval and coast guard 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 Training: Technical training includes simulation used to train personnel on the operation and 

ƳŀƛƴǘŜƴŀƴŎŜ ƻŦ ǘƘŜ ǾŜǎǎŜƭǎΩ ǎȅǎǘŜƳǎΦ !ǎ defence budgets have reduced, the operational expense of 

onboard training makes companies specialized 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 development of the shipbuilding value chain. 

Universities and research centers provide the conditions necessary to support the development of 

shipbuilding for two key reasons. First, educational institutions assist in workforce development, 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, universities and research centers are important actors in developing new systems 

used on sophisticated marine vehicles, like the ships being constructed for the NSPS, and applying new 

solutions to problems faced in the marine environment. DaƭƘƻǳǎƛŜ ¦ƴƛǾŜǊǎƛǘȅΩǎ ƛƴǾŜǎǘƳŜƴǘ in a ballast 

water facility within the Aquatron Laboratory investigating how to reduce the presence of invasive 

species in bilge water is one example. {ǘΦ ·ŀǾƛŜǊΩǎ ǊŜǎŜŀǊŎƘ ƛƴǘƻ ŀƴǘƛ-fouling paints that do not harm the 

marine environment is a second example. DRDC-Atlantic conducts acoustics, marine materials and ship 

dynamics research. Third, developments in a number of high technology subsystems and instruments, 

including the instrumentation profiled in bƻǾŀ {ŎƻǘƛŀΩǎ hŎŜŀƴ ¢echnologies report (CGGC, 2012), are the 

result of university researchers collaborating with business and government. University researchers are 

in the unique position of being able to tap existing technical expertise, either at the home institution or 

through research networks, to solve problems. Participation in these formal and informal research 

networks is important to the development of the technology and eventual commercialization of 

products in the shipbuilding ŀƴŘ ǎǳǇǇƻǊǘƛƴƎ ƛƴŘǳǎǘǊƛŜǎΩ value chains. 

2.7.2. Government  agencies 

The relevant Federal government actors for large procurements are the lead agency (DND-Navy or 

Department of Fisheries and Oceans ς Coast Guard) responsible for definition of requirements and 

project supervision, Public Works and Government Services Canada (PWGSC) for the procurement 














































































































































































































































