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a. 1 
NOTICE: The program that is the subject of this report was approved by 
the Governing Board of the National Research Council, whose members are 
drawn from the councils of the National Academy of Sciences, the 
National Academy of Engineering, and the Institute of Medicine. 

This report has been reviewed by a group other than the authors 
according to procedures approved by a Report Review Committee consisting 
of members of the National Academy of Sciences , the National Academy of 
Engineering, and the Institute of Medicine. 

The National Research Council was established by the National 
Academy of Sciences in 1916 to associate the broad community of science 
and technology with the Academy's purposes of furthering knowledge and 
of advising the federal government. The Council operates in accordance 
with general policies determined by the Academy under the authority of 
its congressional charter of 1863, which establishes the Academy as a 
private , nonprofit, self-governing membership corporation. The Council 
has become the principal operating agency of both the National Academy 
of Sciences and the National Academy of Engineering in the conduct of 
their services to the government, the public, and the scientific and 
engineering communities. It is administered jointly by both Academies 
and the Institute of Medicine. The National Academy of Engineering and 
the Institute of Medicine were established in 1964 and 1970, respective­
ly, under the charter of the National Academy of Sciences. 

The program described in this report is supported by Cooperative 
Agreement No. 14-12-0001-30301 between the Minerals Management Service 
of the U.S. Department of Interior and the National Academy of Sciences. 

Limited copies are availab le from: 

Marine Board 
Commission on Engineering and Technical Systems 
National Research Council 
2101 Constitution Avenue 
Washington , DC 20418 

Printed in the United States of America 
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FOREWORD 

This report , prepared at the request of the Maritime Adminis tration 
(MARAD), addresses the question of the health and status of research and 
innovation* in support of enhanced productivity and international com­
petitiveness of U . S. maritime industries-- shipbuilding , ship operating , 
marine terminals ,  and inland waterways . The facts marshalled in the 
report on trends in the maritime industries are widely known . In the 
view of many , the pl ight of the maritime industries is  not dis s imilar 
from that of  other key industries , such as steel , autos , and textiles , 
where there is concern for competitiveness , unemployment , and communi ­
ties in crisis . 

The United S tates is increas ingly dependent on foreign trade; more 
and more U . S .  industries are finding that they mus t compete internation­
ally in order to  survive . These industries mus t now be termed world­
scale industries . They need to be managed in that context , and public 
policy needs to reflect the reality of a growing and more pervas ive 
international competition . 

*These terms encompass all of the following in this report : 
Tecbnolo&Y is in its broadest sense the organization of  both emp irical 
and theoretical knowledge into a cons is tent and sys tematic entity. The 
entity may take the spec ific form of equipment or devices , but also 
encompasses "how-to - do , "  including the organization of  work and also 
computer programs . 
Research and development (R&D) is the effort that creates the organi ­
zation of  knowledge into devices or sys tems previous ly defined as 
technology. 
Innovation is a very broad term that generally means the introduction of 
something new with a particular connotation of the commercial applica­
tion of an idea. There is a natural assoc iation of the term innovation 
with R&D because potential appl ications for technology are so pervas ive 
in our society. 
Tecbnolo&Y transfer means the adaptation of technology into practical 
use independently of the source . In this sense , technology trans fer is 
an element of the R&D proces s . 
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S trengthening competitiveness  in the U.S . maritime indus tries is all 
the more essential because of  the ir potential importance to national 
security . Three spec ial factors compl icate the systematic use of 
research and development (R&D) as part of a " cure " for the maritime 
indus tries . Firs t , the maritime industries are beset with poor economic 
conditions , some ( e . g. ,  overcapac ity) of the ir own making , others ( e.g . , 
inadequate revenues )  also the result of government supports available in 
other countries but not in the United S tates . In such a poor economic 
climate , there is very little interest  in pushing R&D . Second , the 
federal government is  systematically trying to get out of any involve ­
ment in maritime R&D . Third , the U.S. maritime industries have under ­
gone fundamental changes as they have become integrated into more 
comprehens ive transportation and manufacturing sys tems . These funda ­
mental changes have not been matched by changes in the controlling 
federal executive and legislative functions . Despite the complicating 
factors , Congress  should cons ider maritime research and innovation as an 
element of federal transportation programs and U . S .  competitiveness . 

This report was prepared by a committee appo inted by the National 
Research Counci l  and operating under the auspices of the Mar ine Board . 
Members of  the committee were selected with regard for the expertise 
necessary for the assessment and to achieve a balance of  experience and 
viewpo ints on transportation technology development and appl ication in 
general and in the maritime industries in particular . Committee mem­
bers ' backgrounds span the fields of research and development manage ­
ment , users of technology ( ship operation , shipbuilding , ports and 
terminals ,  and inland waterways ) ,  technology development ( indus try and 
academia) ,  technology trans fer , government maritime pol icy , and R&D in 
other industries . Biographies of the committee members appear in 
Appendix A .  The princ iple guiding the cons titution of the committee and 
its work , cons is tent with the policy of the National Research Counc i l , 
was not to exclude the b ias that might accompany expertise vital to the 
s tudy , but to seek balance and fair treatment . 

The committee sought to identi fy how R&D can contribute to increased 
competitiveness of the maritime industries in the international market­
place ; and , it  tried to determine how R&D can contribute to enhancing 
the availab ility of the commercial maritime industries and the ir assets 
to potential military needs in the future . 

In the first phase of  its assessment , working groups of  the commit ­
tee prepared background papers on the state o f  technology development 
and appl ication in the shipbuilding , ship operating , marine terminals ,  
and inland waterways industries . The background papers reviewed 
industry s tatus and identified needs . The development and appl ication 
of technologies relevant to the needs , and the roles of industry and 
government in address ing these needs , were then assessed. The results 
of  this phase were published in an interim report* in March 1986 . Two 

*Cop ies of Tbe Roles of Government and Industry in Research and Develop­
ment for the Mar it ime Industry are available from the National Academy 
Press , 2101 Cons titution Avenue , Washington , DC 20418 . 

vi 
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chapters of  the interim report , which substantiate much of the discus ­
s ion of  motivations and mechanisms for R&D in this report , are reprinted 
herein as Appendix B .  

In the second phase of the proj ect , documented in this report , the 
committee identified and assessed the motivations of U . S .  maritime 
companies and the government to sponsor and implement R&D . It reviewed 
mechanisms employed in other indus tries in the United S tates and in the 
maritime indus tries of other countries to s t imulate and to implement 
R&D . The committee synthes ized a set of predictions as to who the 
future sponsors of maritime indus trial R&D-might be ( or might not be ) 
and what the expected bus iness and national benefits of  such R&D might 
be ( or might not be ) . The committee also cons idered the role of current 
or new incentives , existing or new organizations , and also more 
aggress ive government , indus try , or collaborative sponsorship and 
fac ilitation of  maritime technology development and application . 

vii 
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SVMMARY AND UCQMMENDATIONS 

At the heart of  the maritime indus try ' s  economic distress is its 
inferior competitive pos ition relative to shipyards and steamship lines 
in other countries . As a result , U . S .  shipyards exist primarily to mee t  
Navy requirements ,  while government and protected cargoes make up an 
important share of  the bus iness of  ship operating companies . In the 
other parts of the maritime indus try , U . S .  ports increas ingly compete 
among themselves for a market share of the U . S .  foreign trade . Finally , 
deregulation of  rail transportation and fall ing demand for bulk move ­
ments have put the inland waterway segment into a deep depre s s ion .  
Thus , the U . S .  maritime industry i s  very competitive within itself , but 
much less so with fore ign companies . 

It is  the national pol icy to have a strong U . S .  maritime indus try 
but also to accomplish this at a reduced or minimal level of federal 
expenditures . The national interes t  is to assure sufficient maritime 
capab i l i ty to meet  defense and other international obj ectives . It is 
not necessary to quanti fy precisely what such needs are in order to 
recognize the value to the country of  some maritime activities . One of 
the elements of maintaining national maritime activity is research , 
development , and innovation . 

Mari time research , however , mus t be embedded in the overall context 
of U . S .  indus trial evolution . Many observers , including the authors of  
this  report , have concluded that the U . S .  maritime indus tries-- ship ­
bui lding , ship operating , marine terminals ,  and inland waterways - -are 
increas ingly becoming integrated elements of larger transportation and 
manufacturing sys tems . Restructuring maritime promotional programs , 
including maritime research and development (R&D), to take advantage of 
this ins ight is  the respons ib ility of  the U . S .  Department of  Transpor ­
tation and i ts legislative overs ight committees . This report contri ­
butes to this task by es tablishing an improved bas is for identifying and 
address ing the R&D needs of the maritime industries . The important task 
of p lacing these needs in the context of the overarching transportation 
and manufacturing sys tems of which they are a part was outs ide the 
purview of this study . 
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2 

PUBLIC AND PRIVATE ROLES IN MARITIME RESEARCH AND DEVELOPMENT 

For at least 2 5  years , the maritime indus tries ' research and 
development effort has been accomplished by both the private and public 
sectors , acting both separately and collaborative ly .  Private sector 
research has been motivated by competition and has resulted in such 
innovative concepts and proprietary developments as containerization , 
lighter aboard ship , container - stacking systems , intermodal sys tems , and 
shipbuilding process  improvements .  Public sector research has disclosed 
bas ic knowledge o f  specific segments of  the industry , such as the 
economic impact  of  U . S .  ports , or has been catalytic in nature , such as 
the exploration of maritime applications of satellite communications 
through demonstration proj ects . 

Many maritime issues require technical expertise in assessment and 
formulation of public policy . In other technical areas of  government 
activity , such as mil itary and energy , the government maintains large 
in-house laboratories with the need for technical competence and curren­
cy as a maj or j us tification . A maritime R&D program can fulfill a s imi ­
lar purpose for the Maritime Administration (MARAD) . 

Furthermore , there are roles and functions of  government that cannot 
be assumed by or passed through to the private sector . Establishing the 
technical bas is for modernizing regulations is an example , as is devel ­
opment o f  inland waterways and the improvement o f  ports and harbors , 
where the sovereign powers of government have been and mus t continue to 
be integrated with the evaluations and predictions of model ing and 
environmental technology . 

Some areas of  knowledge concerning the maritime industry are impor ­
tant to the nation but mos t  likely would not be examined by the private 
sector . MARAD- funded s tudies of the economic impact of the port indus ­
try on the United States created an economic model . Some ports have 
employed this model to analyze their capital programs and to j ustify 
them to local and s tate authorities . 

Many R&D and innovation areas are well within the scope and re­
sources of the private sector , but some areas can be enhanced by public 
sector involvement either independently or in a collaborative manner . 
The program to promote more effective manning of  U . S . - flag ships is an 
example of  an effort where the involvement of a government agency has 
been considered by many as necessary . MARAD ' s participation enhanced 
the acceptance of the concept by both the U . S .  Coast Guard and the 
involved labor organizations . Over the past decade there has been 
increased apprec iation of the s ignificance of private and public sectors 
acting in concert . Cos t  sharing between industry and government is a 
particularly effective form of collaboration . For private sector com­
panies that cannot j ustify more substantial R&D inves tment , it  offers 
the cons iderable advantage of financial leverage . Cost sharing with 
industry is attractive for the government because it  provides reassur ­
ances that government programs are address ing real needs and that 
developments and innovations are likely to be used . 

Recgmmend&tion: MARAD should broaden its efforts to s t imulate 
indus try to form collaborative mechanisms for the support and 
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conduct of research and innovation . Viable alternat ives for R&D 
sponsorship mus t be created beyond those already existing for 
individual companies seeking proprietary advantage . 

Where U . S. maritime indus tries have become more competitive or 
enhanced national security , it has been for one of two reasons. Either 
they have increas ingly integrated their mari time activities into an 
overall system (manufacturing sys tem in the case of shipbuilding, inte ­
grated transportation sys tem in the case of shipping and ship operat ­
ing) , or they have reaped maximum benefits of technology transfer from 
other U . S .  indus tries and from abroad , or both . Keeping up the momentum 
for sys tems integration and technology trans fer will continue to be 
important . The government can be a catalys t for this. 

PRIORITY AREAS FOR RESEARCH AND INNOVATION 

The top priority should be sys temic investigations , especially those 
address ing management , labor , and information management activities that 
might facilitate l inking the various maritime segments toge ther more 
effect ively. However , given the fragmented nature of the maritime 
indus tries , a really comprehens ive approach is l ikely to come only with 
government initiative and support. Under the conditions of s tress cur ­
rent in the maritime industries , the government in general and MARAD in 
particular should exerc ise greater leadership. 

Recommendation: MARAD should s ignificantly intens ify its proactive 
policy to promote R&D and innovation in the maritime indus tries . 
The statutory bas is for this , contained in the Merchant Marine Ac t 
of 1936 and the Merchant Mar ine Act of  1970 , continues to be rele­
vant . MARAD should seek out and pair common mot ivations ( for R&D 
and innovation) of  interes ted parties , and also create and promote 
mechanisms to foster research and innovation , espec ially cos t - shared 
ventures . 

The committee identified a number of promis ing areas where R&D and 
innovat ion can contribute to increased compe titiveness of the mar itime 
indus tries in the international marketplace ,  or where R&D and innovation 
will  enhance the availability of the commercial mari time indus tries and 
the ir assets to potential mil itary needs. 

Important areas where there is s ignificant potential for collabora ­
t ion with indus try , provided government assumes or cont inues a catalytic 
role , are : 

• Shipbuilding technology. Collaborative shipbuilding research has 
been supported by private shipbuilders for nearly 15 years and has 
achieved s ignificant improvement in shipbuilding processes , with resul t ­
ing savings in shipbuilding cos ts. Government invo lvement has been cru­
cial in organiz ing this cooperative approach and fos tering appl icat ions 
of the results. Continuing government involvement , including that of 
the U.S . Navy , is essential if these advances are to be maintained for 
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the benefit of  the U . S .  Navy , for national defense industrial prepared­
ness , and for local area labor forces . 

• Ship operation research , especially vessel manning practices . 
Technology has been developed here and abroad that enables more effi­
cient manning of ships . Other leading maritime nations have taken 
greater advantage of these opportunities . Recently , j oint management 
and labor initiatives in several U . S .  ship - operating companies with 
essential facilitation by MARAD have s tarted to bring these gains to the 
U . S .  Merchant Marine . This area promises significant improvement in 
U . S .  competitiveness and indeed is essential to prevent the United 
S tates from falling further behind foreign competitors . 

• Maritime safety . Safety of persons , property , and the marine 
environment is a maj or and costly issue in ship operations . The 
industry has supported research to improve its safety record , most  
recently to  ensure its  ability to  operate with reduced manning under 
conditions of increased safety requirements . The public interes t  in 
safety is clear . Public leadership is needed in safety research . 

• Intermodal cargo handling . The separate transportation indus ­
tries - - rail , truck , air , and maritime - -have been progres s ively dere ­
gulated so that they compete more intensely among themselves and across 
modes . However , many aspects of government involvement , such as control 
of procedures for freight clearance and documentation , remain . Substan­
tial opportunity exists for facilitating management of intermodal cargo 
transactions . Collaborative research could be directed to s implifying 
commercial and government documentation requirements and developing 
automated documentation information management sys tems . 

An area of  cons iderable opportunity where government interests are 
paramount ( and government should therefore bear the maj ority of the cos t 
o f  advancement ) is increased capability of s tate - of- the - art commercial 
vessels to load and efficiently transport mil itary cargoes . Because of 
the growing divergence between military needs and commercial require ­
ments of  ship operators , research is urgently needed to deve lop vessel 
cargo -handling and other sys tems that are flexible , commercially useful , 
and respons ive to sealift requirements . 

Recommendation : The government should maintain a j udic ious ly 
selected R&D program to continue to satisfy its unique requirements 
and to address the mos t  fertile collaborative areas , identified 
above . Both MARAD programs and the Navy sealift capability would be 
s trengthened by this . 
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EYOLUIIQN OF THE MARITIME INDUSIRIES AND MARITIME TECHNOLOGI ES 

TRENDS 

The U.S . maritime indus tries-- shipbuilders , ship operators , port 
industries , and all ied indus tries--are undergoing unprecedented change 
as the result of eros ion of the U.S . competitive pos ition in world 
shipping and trade , deregulation of  the transportation indus tries , and 
increas ingly fierce competition for discretionary government funds . The 
response to these trends will have far-reaching impl ications for the 
national defense and economic secur ity . *  

The traditional technology and organization o f  the maritime trans ­
portation indus try had a subs tantial degree of  separation and indepen­
dence from other indus tries and transportation modes. Shipbuilding was 
an indus trial process with few commonal ities in its technology and 
organization with other manufacturing . The terminal indus try and the 
ship operators were attuned to cargo patterns in which sharp trans itions 
occurred where cargoes were in effect handed over from other transporta­
tion modes by relatively primitive and unspecialized shores ide fac ili­
ties and ships . The growth of  containers and intermodal transportation 
and the development of highly mechanized facilities for bulk cargoes 
have produced a qual itative change in the integration o f  the maritime 

*Impl ications for national defense. Commerc ial decis ions , such as in­
vestment in spec ial ized versus multipurpose vessels , have hampered U.S . 
seal ift capab i l i ty. The mil itary ' s concern over this s i tuat ion has been 
shown in tes timony before Congress and in programs to purchase and 
modernize obsolete commerc ial vessels to provide rel iable available 
logis tic capab i l ity. But these programs , as vital as they are , do not 
effective ly address  the problems of sus taining U.S. forces in a remote 
theater. The Falklands crisis provided a modest preview of logis tic 
problems the United S tates would face given an emergency in the eastern 
Medi terranean or Southwest  As ia. Other scenarios that would require 
timely mil itary seal ift include confl icts in Africa and flare-ups in 
Central America. The aging National Defense Reserve Fleet and dwindl ing 
Merchant Marine are fal l ing increas ingly short o f  the minimum require ­
ment. The availab i l i ty and time respons iveness of shipyards and the 
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industries into the whole national transportation complex . In ship ­
building the reorganization of product definition and manufacturing work 
flow and the adoption of computer -based des ign and work scheduling have 
created a new level of commonality with other industries . 

These trends have been recognized in part by the inclus ion of  the 
Maritime Adminis tration (MARAD) in the U . S .  Department of Transportation 
( DOT) , by the creation of port authorities with a broad range of fac i ­
lity and transportation responsibilities , and by the ownership of  some 
shipbuilding and ship - operating companies as subsidiaries of indus trial 
companies with broad interes ts in a variety of industrial and transpor ­
tation interes ts . *  

This has not been matched by a corresponding reorganization of the 
congress ional overs ight functions , which have continued the divis ions of 
respons ibility of  an earlier time . Congress ional oversight of maritime 
policies and programs has historically emphas ized subs idies and regula­
tory s tructures and has largely ignored the importance of innovation . 
Hearings held for DOT review do not cover MARAD . Hearings concerning 
MARAD do not appear to recognize its interaction with naval ship con ­
s truction programs o r  military sealift readiness . This s tate of  affairs 
has .inhibited the full recognition of the importance of  innovation by 
private sector management , especially s ince the cost of unproductive 
operations has been borne without complaint by Congress , acting for the 
public , by means of direct and indirect subsidies (Jantscher , 197 5 ) . 

industrial base , the availability of  mariners , and the e fficiency of 
ports are collateral questions , as are the availability of  U . S . - owned , 
foreign- flag vessels , NATO and other allied fleets , and sequestering of 
hostile shipping . 
Implications for economic security. The United States is the world ' s 
largest  trading nation . Even though maritime transportation is 
essential to world trade , U . S .  maritime capability has been declining 
for years ( see Table 1). At issue is whether the maritime industries 
should be allowed to decline further or whether U . S .  economic interests 
require federal attention to arrest that decline . The committee ' s  
hypothesis  is that the position of  the United S tates as a maj or trading 
nation requires competitive , though not necessarily dominant , maritime 
indus tries . Furthermore , the committee believes that the utility of the 
Merchant Marine for national defense and economic security rests in part 
on the health of the technical base - - the technology , research and 
development , and innovation in the maritime indus tries . 

*Other reasons can be marshalled to explain these developments . The 
transfer of  MARAD to the Department of  Transportation also can be attri ­
buted to an agreement between two cabinet officers , one who wanted to 
consolidate all transportation modes in one department , and the other 
who wanted to be rid of a troublesome industry sector . The acquis ition 
of shipbuilding and ship - operating companies by outs ide corporations was 
s t imulated by corporate divers ification policies and potential tax 
benefi ts . 

· 
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TABLE 1 Status of Shipbuilding and Ship - Operat ing Industr ies, in 1970A 

and 1985 

Industrial Sector 

Shipbuilding 
Merchant ships on order 
Employment (U. S. Navy active, 

shipbuilding base) 

Ship operating 
Number of general cargo 

companies 
Privately owned U. S. flag 

vessels (number) 
Privately owned U. S. flag 

vessels (carrying capac ity, 
dwt) 

Se�going employment (billets) 

1970 

62 
133,900 

21 

632 

23,280 

37,600 

1985 

11 
115,000 

9 

393 

24,737 

17,887 

AThe year 1970 was selected as the base year since i t  was the year of 
passage of the most recent comprehensive mar itime legislat ion, the 
Merchant Marine Act of 1970. 

SOURCE: Adapted from annual reports of the Mar itime Administration and 
Statistical Abstract of the United States. 

The maritime industr ies have been studied many times. Recent major 
reports include: the U. S. Congress, Office of Technology Assessment 
(1983), An Assessment of Marit ime Trade and Technology; the U. S. 
Congress, Congressional Budge t Office (1984), U.S. Shipping and 
Shipbuilding: Trends and Policy Choices; and, the Nat ional Advisory 
Committee on Oceans and Atmospheres (1985), Shipping. Shipyards and 
Sealift: Issues of National Security and Federal Support. Congress, in 
1984, established a commission to examine national security aspects of 
the merchant marine; the commission is scheduled to report its findings 
in 1988. The House Committee on Merchant Marine and Fisheries esta­
blished, in 1985, an advisory group that called for an overhaul of 
mari time subs idies. These and other studies have documented change in 
the marit ime industr ies (see Table 1). 

Much has been accomplished in the last 15 years to improve the 
health of the technical base of the maritime industries. A list of the 
most significant technology developments and applications of the last 
decade would include: advances in shipbuilding industrial processes, 
improved utilization of the seagoing work force leading to more e ffec­
tive manning and crew reduc tion, introduc tion of fuel-effic ient diesel 
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engines into U . S .  commercial vessels , utilization of s tate - of - the - art 
technology in cargo handling and the operation of marine terminals ,  and 
a trend toward truly intermodal freight transportation networks in part 
as a consequence of government deregulation . Many of  these innovations 
were developed or improved by the U . S .  maritime indus tries ' fore ign 
competitors and were put into practice in the United S tates as the 
result of government - funded technology trans fer . 

Ports also have sought aggres s ively to modernize , but they have 
encountered obs tacles in part as the result of federal control of the 
waterways serving them . Remedies , including cost sharing of waterway 
improvements ,  were passed by Congress in 1986 after more than a decade 
of debate in which no new channels ( or deeper or wider channel s )  were 
authorized . These developments ,  the driving forces behind them , the ir 
principal benefits , and suggested roles of  industry and government in 
the past and in the future were summarized in the committee ' s  interim 
report ( see Appendix B)  and are repeated in Table 2 .  

The process of  technology development and application in the U . S .  
maritime indus tries is further illus trated by the following examples . 

• American President Lines (APL) . This company , a subsidized 
U . S . - flag general cargo ship operator , has transformed its operations in 
the las t decade , largely as the result of  innovative applications of 
technology . It s till operates traditional steamships with relatively 
high fuel and manning requirements , but a portion of its fleet is state 
of the art with diesel propuls ion ,  automated engine rooms ,  and reduced 
and more effective manning . A recently announced purchase of five new , 
large container ships from German shipbuilders will enhance the s tate of 
the art in some respects . Manning innovations have been introduced by 
means of a trial program supported by MARAD ;  the impartial involvement 
of MARAD was a critical factor in obtaining the involvement and support 
of the labor unions and the Coast Guard in more e ffective manning . 
Management has also capitalized on publicly supported advances in 
satellite communications and environmental prediction to modernize 
maritime communications and scheduling . 

Concurrent with modernizing its ocean fleet , APL is moderniz ing its 
marine terminals . Much work on crane design , terminal sys tems , and 
other technical elements has been proprietary ; however , APL has parti ­
cipated actively with other companies and MARAD in the Cargo Handling 
Cooperative Program , a cos t - shared , cooperative program of ship ­
operating companies , which is dedicated to improving marine terminal 
technology . Conducting its own market and sys tems research , APL has 
embarked on a bold , new intermodal s trategy employing larger containers 
and double - stack trains . In time , these s trategic developments can 
completely integrate maritime operations into a worldwide freight 
transportation system . 

• Todd Shipyards Corporation . An economic - lo t - size purchase of 
frigates by the U . S .  Navy in the mid- 1970s enabled this company to make 
several important s trategic advances in ship production processes . 
Profit was inves ted in a capital improvement program , mos t  notably a 
ship lift sys tem ( synchro - l ift) at its San Pedro shipyard . Series 
production of ships enabled the company to transform its ship production 
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process from traditional methods to modern manufacturing methods based 
on group technology principles. To facilitate this transformation, the 
company actively participated in the collaborative, coat-shared 
industry-government (MAlAD) National Shipbuilding Research Program. 
Corporate officials estimate that these two developments, one propri­
etary and the other partially collaborative, reduced shipyard labor 
input to its products by 30 percent over a 5-year period. 

e Port Authority of New York and New Jersey. As public bodies, 
port authorities need to demonstrate their importance, or economic 
impact, to the region they serve. A MAlAD research and development 
(R&D) project in the late 1970s sought to quantify the national economic 
impact of the port industry. Vith MAlAD support, the Port Authority of 
New York and New Jersey developed an input-output model of the economic 
impact of ports. This model is now in use in the port industry and has 
been used effectively by other ports to demonstrate their regional 
economic impact and to justify capital improvements. 

OVERVIEW 

Consideration of the advances in technology that have been accom­
plished calls into question some of the negative statistics that have 
been used to characterize the maritime industries. The number of ships 
has declined since 1970 in part because of changes in demand for ves­
sels. Petroleum, the single largest commodity (measured by volume) 
carried by water, is transported mostly by fewer but much larger vessels 
than were employed 25 years ago. The trend of fewer vessels with 
greater cargo capacity replacing more numerous, smaller vessels is now 
ubiquitous in shipping--general cargo as wel� as bulk cargo. Fewer 
ships means less demand for mariners and fewer billets. While this may 
concern the military because modern commercial vessels are ill-suited to 
carry odd-sized military cargoes or to call in undeveloped ports, it 
means lower fixed costs for the ship operators. 

The nation's ports and shipyards have modernized as well. Some 
investments have been made in both of these industries. Since 1970, the 
U.S. shipbuilding industry has invested about $3.7 billion in plant 
modernization and improvements; $100 million was planned to be spent in 
fiscal year 1986. The public ports of the United States will spend 
about $3.26 billion on facilities improvements between 1983 and 1989. 

The U.S. maritime industries have been and continue to be modernized 
and concentrated. In these ways, the U.S. industries are not much 
different from their foreign counterparts. The technical base of these 
industries is being developed in many countries; U.S. developments need 
to be considered in their global context. 

Concern for the health of the technical base needs to be directed 
less at the possibility of industrial neglect and decline than at the 
motivations of U.S. companies to identify and address worldwide condi­
tions and to conduct R&D ,  or the mechanisms that they employ to do so. 
These motivations and mechanisms may be in harmony with or in opposition 
to the supporting government policies. A case in point concerns the 
maintenance of adequate logistics capability in the Merchant Marine to 
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satisfy national requirements in an emergency . In principle , U . S .  
maritime pol icy calls for U . S .  merchant ships to be designed and built  
with a dual purpose : to  provide a competitive ,  private sector asset to 
shipping companies ,  and to have this same vessel meet defense require ­
ments in the event of  a national emergency . Achieving a practical and 

-funct ional solution to these obj ectives has been very difficult ; efforts 
to this end have all but been abandoned .  

I f  the Navy were to design its ideal merchant vessel today , i t  would 
mos t  probably be moderate in s ize , have high speed , and have roll - on/ 
roll - off ,  break-bulk capability .  It would also be self- sustaining . In 
contrast ,  current merchant cargo vessel designs , driven by the need for 
economic survival , are for large , moderate service speed , nonself­
sus taining container vessels . This dichotomy in technical requirements 
is a maj or policy dilemma of U . S .  sealift capability today . If there is 
a need to integrate government pol icy obj ectives ( i . e . , merchant ships 
with defense capabilities) into commercial practice (where there is 
otherwise no commerc ial incentive) , then it is appropriate for the 
government to pay for this ( as contemplated under the Merchant Marine 
Act of 1936 ) . 
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MOTIVATIONS FOR MAINtAINING OR StRENGTHENING 
R&D IN THE KARITIME INPUSTRIES 

Research and development (R&D) includes three sequential activi­
ties--basic research, technology demonstration, and system development. 

The initial activity, basic researcb, consists of activities prima­
rily aimed at producing physical understanding, new concepts, design 
data, and validated design procedures. It consists of activities rang­
ing from theoretical analysis to laboratory investigations to testing of 
experimental systems. These activities tend to have a large degree of 
uncertainty in their outcome. 

The second activity, tecbnolocx d!monstration, is aimed at demon­
strating improved system or subsystem characteristics to provide the 
decision maker with the confidence that the anticipated improved level 
of performance is indeed achievable in a new system. The technology 
demonstration efforts are characterized by testing configurations 
similar to the intended applications and by a modest degree of uncer­
tainty in outcome. These efforts are the final technology activity 
before system development, but before a decision to develop a specific 
system is made. 

· 

The third activity, system development, consists of activities aimed 
at producing specific systems for operational use. This is the segment 
of the R&D process that has the highest cost, and thus receives the most 
management attention. 

The three activities represent a continuous spectrum of related 
activities in which technology is generated, demonstrated, and trans­
ferred into system development. Figures 1 and 2 characterize the costs 
and risks of the R&D process. The figures show that investments in 
basic research are characterized by relatively low financial cost but 
high technical risk, whereas investment in systems development is, in 
general, low technical risk but high financial cost and risk. Rational 
management looks at the entire spectrum of activities in its decisions 
about investing in the technical base. The following sections assess 
the motivations of the private sector and the government to conduct R&D , 
both separately and collaboratively. 

13 
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FIGURE 1 Costs and risks of the research and development process. 

SOURCE: Adapted from Executive Office of the President, Office of 
Science and Technology Policy, "Aeronautical Research and Technology 
Policy," Volume 1, 1982. 

PRIVATE SECTOR MOTIVATIONS 

Research and development is undertaken in the private sector for the 
purpose of improving the performer's competitive poaition relative to 
his competition. A special case is to prevent the decay of the perfor­
mer's position relative to his competition when the competition has in 
some fashion gained in market share, product performance, or cost advan­
tage. Proposals for group-sponsored R&D will generally fail to be sup­
ported unless some special circumstance exists, such as the threat of 
government regulation. In jointly funded operations, such as the Micro­
electronics and Computer Research Consortium, the perceived competition 
is the Japanese. 

Another reason for maintaining some in-house capability is to pro­
vide an avenue for bringing new ideas into a company. 

There is a considerable spectrum of competitive advantage and disad­
vantage that R&D has the potential to create. Cost is one element of 
that spectrum. It is not difficult to perceive how R&D might decrease 
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the material or labor inputs to  a product , process , or service . An 
important factor is the degree to which the advantage gained can be 
sus tained . An improvement made through decreased manning of a ship , for 
example , can be quickly copied by all competitors s ince l i ttle propri ­
etary information would b e  involved . Concess ions made by labor unions 
and changes in government regulations are rap idly known to and access i ­
ble by all competitors . 

GOVERNMENT MOTIVATIONS 

Government sponsorship of R&D is one way to support the pub l ic 
interes t in security , publ ic safety , and ports and waterways p lanning 
and development , to ensure that the base of sc ientific and technical 
knowledge exists to support existing laws , and to promote international 
competitiveness . In support of these needs , the government : 

• Acquires data , conducts feas ibility and other analyses , and 
supports demons tration proj ects . 

• Conducts R&D in support of policy or program deve lopment , such as 
the asses sment of technology and implications of current or proposed 
laws , rules , or s tandards . The Maritime Adminis tration (MARAD) is 
uniquely qual ified to conduct analys is of government regulations that 
cons train or prevent industry from implementing innovative changes that 
would lead to improved operational productivity . Such regulations 
include the manning requirements of the U . S .  Coas t Guard and Federal 
Communications Commiss ion . Many other regulatory constraints deserve 
analys is . 

• Sponsors R&D that directly benefits the government , such as 
efficienc ies in the handling of government-impelled and preference 
cargoes or advances in naval shipbuilding technology , which reduce the 
cos t ( to the nation) of naval ship acquisition . 

Government R&D in collaboration with or in support of industry can 
be desirable where it acts as a catalyst to achieve broad national 
benefit to indus try and the nation . Government collaboration with 
industry is espec ially appropriate where the benefits of  R&D are l ikely 
to be applicable across an indus try ( and will benefit the nation as a 
whole ) ,  and where , whether because of unacceptable risk or for other 
reasons , proprietary incentives to conduct the R&D are lacking . Areas , 
such as vessel manning , where government rules need to be modernized as 
an element of improving the technical base are especially suitable for 
indus try-government collaboration . 

COLLABORATION: MOTIVATIONS 

Collaborative research efforts may involve companies in s imilar 
bus inesses ( e . g . , shipbuilders or ship operators ) or companies with 
related interes ts ( e . g . , truck , rail , and shipping interes ts all support 
development of automated sys tems for process ing freight documentation) . 
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Or , these efforts may l ink univers ities and companies , as has been the 
trend in b iomedical research , or they may involve j oint effort of gov­
ernment and industry . This latter form of collaboration , which often 
takes the form of government money linked to industry manpower or fac i ­
l it ies , has been the mains tay of the R&D program of  MARAD in recent 
years . 

A weakness perceived by industrial management in collaborative R&D 
is that the advantages gained are often not proprietary and therefore 
not sustainable . The conventional approach by government of treating 
R&D results as a public good will preclude sustainable competitive 
advantage and thus fail  to achieve substantial indus trial cosponsorship . 

The government can supply encouragement , motivation , tax incentives , 
oversight , manpower ,  management ,  laboratories , technology , and a number 
of other s timulants to collaborative R&D. In all these , cost-sharing is 
likely to be the primary factor . 
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MECHANI SMS FOR R&D STIHULAIION AND COLLABORATION 

Increased management attention to the maritime technical base will 
take the form of setting obj ectives for improvement and providing the 
resources necessary to achieve obj ectives . Whatever the obj ectives or 
resources , the means will also need to be identified . The motivations 
c ited in the previous chapter dictate the preferred means : 

• Private sector action (where proprietary advantage is a 
pos s ib i l i ty) 

• Government action (where public interes ts are paramount) 
• Collaboration (where common interes ts are identified) 

This chapter describes mechanisms for research and development (R&D) 
s timulation and collaboration employed in the maritime indus tries of 
other countries ; collaborative R&D in other indus tries in the United 
S tates ; and government and indus try cos t - sharing as a mechanism for 
s timulating R&D and innovation . *  

R&D IN THE MARITIME INDUSTRIES OF OTHER COUNTRIES 

The maritime indus tries are accorded spec ial status in many coun­
tries because of the ir important contributions to national economies 
(skilled j obs and fore ign exchange ) and national prest ige . Notwith ­
standing this , the degree of support for the maritime indus tries in 
other countries runs the gamut from extens ive and/or increas ing (Korea , 
Taiwan , Japan) to once-extens ive bu� declining (United Kingdom , Scan­
dinavia) , which is not diss imilar from the s tate of the maritime 
indus tries in the United S tates . Those countries where the degree of 
support for the maritime indus tries is or once was strong tend to have 
more mature national policies and supports , including R&D institutions . 

*The role of tax pol icy in stimulating R&D and innovation is an impor­
tant related issue . The committee did not address this topic , in part 
because of maj or changes in the tax laws dur ing the course of the s tudy . 
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The maj or maritime nations have collaborative R&D programs among 
industry , government , and research or academic institutions . Japan , 
England , Germany , Norway , France , Holland , and many others have 
government/industry sponsored , academic/independent shipping research 
institutes that foster research , development , and innovation . Examples 
are* : 

• Japan Maritime Research Institute . Sponsored by the Ministry of 
Transport , Maritime Development Promotion Fund , Japanese Shipowners ' 
Association , leading shipping and shipbuilding companies , and various 
foundations . 

• Norwegian Institute for Shipping Research . Sponsored by the 
government , Norwegian Shipowners ' Assoc iation , Det Norske Veritas , and 
various foundations . 

• Shipping Research Institute (Germany) . Rece ives both government 
( federal and s tate ) as well as industry support . 

• Netherlands Maritime Research Institute and the Shipp ing Econom­
ics Institute . These ins titutes , located in Rotterdam , are government ­
and industry - supported research organizations . 

• There are a number of different shipping research ins titutes in 
the United Kingdom . The Univers ity of Liverpool ' s  Maritime Research 
Institute and the Shipp ing Research Center at the Univers ity of Wales 
are j us t  two of  the academic shipping research institutes . There are 
o thers in Southampton and Glasgow . In addition , the British Ship 
Research Association , which receives government and indus try funding , 
performs shipping policy and economics research . 

• Many other countries , such as Spain , Braz i l , East Germany , 
Poland , the Soviet Union , China , Korea , France , and I taly , maintain 
shipping research centers . The purpose of the centers is to s tudy 
shipping economic and pol icy issues and maintain data banks to guide 
government and indus try dec is ion making . 

Ship des ign and shipbuilding research is somewhat more fragmented in 
mos t  maritime countries , with academic , government , and industry- sup ­
ported institutions involved . Ship des ign research in England , Japan , 
Germany , Sweden , Holland , and elsewhere is performed by government- and 
indus try-supported ship research organizations , such as the British Ship 
Research Association , the British Maritime Technology Corporation , and 
the Japanese Ship Research Assoc iation , as well as by academic , private , 
or indus try research organizations . 

*For purposes of comparison , the U . S .  has a National Maritime Research 
Center at Kings Point , New York . The fac ility includes the Computer ­
Aided Operations Research Facility as wel l  as an automated information 
retrieval service , although funding for programs has been curtailed . A 
number of states maintain port and waterway institutes associated with 
s tate univers ities or maritime colleges . Additional port and waterway 
research is undertaken in maj or pub l ic universities under the National 
Sea Grant Program . 
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Cons iderable ship des ign and shipbuilding research is performed in 
Japan with the central j oint government/indus try research organization 
performing about 30 percent of total national research by value ( $70  
mill ion out of a total of $260 million in 1982 ) . 

The Spanish government maintains a central ship research facility ,  
as does the Braz ilian ,  Argentinian , I talian ,  Mexican , and other govern­
ments . In Germany , the maj or publ ic ship research centers are owned by 
s tate (provinc ial ) governments such as the ship and shipbuilding re ­
search centers in Hamburg . 

In mos t  of these countries , there are also univers ity-owned or 
affil iated ship and shipbuilding research laboratories . In all the 
countries mentioned , except the United Kingdom , the national ship and 
shipbuilding research centers obtain government operating budgets 
covering 30 - 40 percent of the ir operating costs or the equivalent of 
the ir fixed fac i l i ty ,  s taff , and related costs . Additional funding is 
usually provided by shipbuilders , foundations , or ship operators and 
owners for specific research proj ects . In mos t  countries , maritime 
research is planned by j oint government and industry committees or 
s tanding research advisory groups that also supervise the performance of 
the publ icly owned research centers . 

COLlABORATIVE R&D IN OTHER INDUSTRIES IN THE UNITED STATES 

Univers i ty and Industry Cooperative Research Programs 

Many research univers ities have created programs with which compa­
nies can affiliate . These programs provide for some comb inat ion or all 
of the following : 

• Annual seminars on campus to acquaint senior members of  the affi ­
l iated indus tries with new and exciting developments in relevant fields 
of sc ience . 

• A few days of private consultation with selected staff members of 
the univers ity to discuss problems of specific concern to the ·company . 

• Spec ial arrangements for the company to request short courses for 
its s taff on current issues . 

These programs are regarded with great favor by many companies . 
However , mos t  of  those companies have made a maj or commitment to re ­
search . They have a s taff in the company particularly effective in 
do ing research that can take the advanced concepts and put them to 
work . These programs are best suited to companies that are near the 
center of advanced technology . *  

*In fairness , i t  should be noted that some U . S .  maritime companies sup ­
port and interact with research and training programs based at s tate ­
supported maritime academies and elsewhere . 
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Group Research Programs 

Many of the large independent indus trial research laboratories have 
organized group research programs . These programs have been established 
to pursue sc ientific or engineering opportunities defined by the s taff 
of those institutions and cons idered appropriate for support by groups 
of companies . Individual companies are invited to participate at a 
fixed fee per company . The j oint sponsorship gives a company access to 
information for a small fract ion of the total research expenditures .  
However , the company is not able to have individual proprietary rights 
to the information . 

Companies have supported such programs with enthus iasm on the 
grounds that they could ensure getting research results in given fields 
of work for a far smaller budget than otherwise would be required . The 
success of  these programs is evident in the satisfaction that companies 
have with them . 

These programs are not suitable , in general , for low technology 
companies . The trans lation of the findings into useful programs and 
products requires an in-house s taff of sufficient research and technical 
competence to make use of the cooperative research findings . 

Association Research 

During this ttme of marked reduction in orders for steel manufac ­
tured in the United S tates , there has been a sharp reduction in s teel 
research sponsored by U . S .  companies . The United S tates S teel Corpora­
tion closed its fundamental laboratories more than a decade ago and 
recently reduced its technical s taff by more than 1 , 000 sc ientists , 
engineers , and technic ians . In many fields , the U . S .  steel industry is 
no longer in the forefront of development as it was for more than half 
the twentieth century . To prevent a total collapse of  innovation an 
industry assoc iation , the American Iron and S teel Institute (AI S I ) ,  has 
channeled funds from its steel indus try member companies by contract to 
a number of institutions , particularly research institutes and univer ­
sities . The proj ects have generally been dedicated to the development 
of further understanding of relatively fundamental phenomena . These 
range from the relationship of microstructure to properties to s tudies 
of the bas ic reactions in the making and refining of iron and s teel . 
The findings have then been appl ied by individual companies as appro ­
priate and as feas ible cons idering the state of the ir technology and 
capital resources . 

The Edison Electric Institute studied a number of issues critical to 
the util ities , but no maj or step was taken to organize research on 
electric power generation and distribution by the utilities themselves 
until  the Electric Power Research Institute ( EPRI ) was es tablished . 
This institution provided a vehicle for the util ities interes ted in 
sponsoring research . About 70  percent of the indus try is currently 
affil iated . With a program of more than $200 mil lion per year to inves t  
in research , EPRI has sponsored work o n  energy convers ion sys tems , 
environmental control sys tems , transmiss ion systems , materials , and many 
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other issues cruc ial to the reduction of power generation costs in an 
environmentally compatible manner . 

The Assoc iation of American Railroads has had a research fac ility 
for test ing and experimentation for 50 years . I t  took a maj or s tep 
forward in becoming a maj or sponsor of research in 1970 when it reor­
ganized its research programs and began systematic increases in  funding . 

The research sponsored by the Assoc iation of American Railroads , 
with 70 percent conducted in its laboratories and the balance by univer ­
s ities and o thers , addresses critical issues in safety , operational 
e fficiency and productivity , and environmental response . Current analy ­
ses (Assoc iation of American Railroads , Research Department S tatistics 
for 198 5 )  suggest that the rate of return from this research is  5 or 10 
to 1 including the costs of implementat ion of the findings . 

Despite these high rates of return , the investment necessary to 
utilize the research is so great and the net earnings of the railroad 
industry are so small (below 5 or 6 percent in the bes t  years ) that the 
amount inves ted in research ( $20 million per year) cannot be expected to 
grow more than inflation in the next few years . 

Without the results of these research programs , it  appears that the 
railroad industry would be incurring s ignificantly higher costs from 
acc idents and would not be operating as effic iently . Furthermore , with ­
out the research , the competition from o ther modes would b e  an even more 
serious threat to the financial health of the industry . 

There has been great success in organiz ing cooperative research 
programs between the railroads and the supply industry and government . 
There have been many useful exchange programs with o ther railroads 
around the world . 

Cooperative Programs By Selected Companies 

In the last decade , there have been many ventures into j oint re ­
search with the initiative coming , in part , from individual companies .  
These companies recognized that they could not fund as much research as 
was necessary for them to remain competitive in world markets . They 
understand that j oint research will have to be trans lated into the ir own 
companies , but they have concluded that the chances of doing that are 
greater if the research is done by a consortium in which they partici ­
pate . Their affiliation helps to direct the work toward the kinds o f  
problems o f  concern to them . Their awareness o f  work in progress  means 
that they can s tart application programs years before the work is  
publ ished . 

Notable among these ventures is the Microelectronics and Computer 
Technology Corporation . The member companies j oined to create a budget 
of  up to $70 million per year for 10 years . Facil ities have been cre ­
ated at the Univers ity of  Texas in Austin ,  Texas . Some of  the proj ected 
400 -person s taff will be drawn from member companies at least in the 
beginning . Others will be recruited from univers ities or o ther compe ­
tent institutions . 
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The obj ective is to  retain U. S. leadership in computers by exploring 
advanced computer des ign concepts , advanced microchips , and related 
matters . 

Other ventures include : 

• A software productivity group aimed at improving software for 
military programs . The work will be done by the s taff , hired and 
borrowed . 

• An international consortium to develop s trong and l ighter glass 
products to compete with plastics . The work will  be done at selected 
universities . 

• A guided-wave fiber - optic technology group to develop advanced 
manufacturing methods . The work will be done by Battelle Memorial 
Institute . 

• A group to develop improved bo iler pumps . The work will be done 
by member companies .  

Results are not yet available to permit full evaluation of the 
effectiveness of these latter programs . The fact that all of them are 
being supported by maj or companies indicates that the ir findings will be 
subj ected to very critical evaluation . 

COLLABORATION : MECHANISMS 

In the government support of R&D , cost - sharing by the private sector 
is a well - established method of government and industry col laboration . 
As earlier noted , the feas ibility and mechanisms of cost - sharing are 
based on a coinc idence of motivations on the part of the government and 
the private sector organization participating . The government is usu­
ally the R&D organiz ing entity based upon its determination that the 
public at large will benefit and the organization performing the R&D 
will  benefit in the form of products or services that can become a part 
of its ongoing bus iness . The government may have the additional mot i ­
vat ion of  wanting t o  increase the likel ihood of the dissemination and 
implementation of  the R&D results so that the perceived public benefit 
will  actually be obtained . It seems evident that as the sphere of  the 
private sector entity ' s contribution increases , so does its motivation 
to recapture its inves tment by later activity in the marketplace . 
Certainly , this is the case at high levels of  indus trial cos t - sharing 
( i . e . , 50 percent or greater) .  

The government may also increase the contractor ' s  inducement for 
implementation by granting it proprietary rights to patents . Success ive 
administrations have issued policy memoranda enabling such grants , and 
this policy has later been incorporated into procurement regulations 
covering the various federal agencies . The mos t  recent case is a memo ­
randum issued February 18 , 1983 , that has been implemented in Chapter 18 
of the Federal Acquis ition Regulations . It extends first patent rights 
to contractors , in the hope that they will do a better j ob of commer ­
c ializ ing inventions than federal agenc ies . 
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Elements of  the government have become concerned that R&D results 
not covered by patents , which are publ ished as government reports or 
sc ientific papers , become the bas is for initial implementation over ­
seas . In some cases , contract language creates requirements for 
government approval of all disclosure of the research results . This 
disclosure control often acts to improve the contractor ' s  proprietary 
position beyond that assoc iated with patents . 

The bene fits of  cos t - sharing to the general public are the economic 
activities that come from the implementation of the R&D resul ts . The 
contractor benefits from reduced cost of the R&D work and the competi ­
tive advantage he may obtain from implementing the results . The govern­
ment bene fits from increased assurance of  implementation and a reduced 
cost in carrying out its policy obj ectives . 
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PRIQRITX ARIAS FOR RESE&RCH AND INNOVATION 

The discuss ion of motivations and mechanisms to s trengthen research 
and development (R&D) and innovation in the maritime industries provides 
a bas is for cons idering whether important R&D and innovations should be 
addressed through collaboration with industry or directly by the govern­
ment . Even in those instances where government interes ts are paramount , 
some collaboration with industry may s till be pos s ible , especially if 
there is  potential for a company to gain some s trategic advantage . 

Certain institutional and environmental factors are conducive to 
successful collaboration . 

Firs t , important needs or opportunities should be identified that 
R&D can address . The needs should have maj or rather than marginal 
impact on the profitability of the indus try . 

Second , there should be a commonal ity of  motives among the col labo ­
rating parties , and the collaborating parties should be healthy or 
s table enough so that adequate funding can be generated and inves ted in 
R&D over the years necessary to reap financial returns . 

Third , the managers and inves tors who would partic ipate should have 
suffic ient motivation to collaborate ; this will be the result of dis ­
cernible and quantifiable benefits . 

Fourth , there is a history or precedent for collaboration in the 
industry in R&D or other common endeavors . 

Fifth , industry leaders , particularly the chief executive officers 
of  the maj or commercial enterprises , but also those of labor , govern­
ment , academia ,  and other institutions , are enthus iastic or at least 
supportive of  the value and concept of collaborative R&D . 

S ixth , private institutions and talent exi s t  to provide infrastruc ­
ture for planning , conducting , and transferring the results of R&D to 
users and implementers . 

The committee identified a number of promis ing areas where R&D and 
innovation can contribute to increased competitiveness of the mari time 
industries in the international marketplace , or where R&D and innovation 
will enhance the availability of commerc ial mari time indus tries and 
the ir assets to potential mil itary needs . These areas are assessed from 
the s tandpoint of attractiveness for direct government action , or for 
government collaboration with industry , in Table 3 .  
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TABLE 3 Assessment of Important Research and Development/Innovation Areas 

Nature of Government 

Role PotenUal for Successful Government-Industry Collaboration 

Important Government Government Shared Goals/ Benefits Private R&D 

Needs Needs Action Is Healthy from R&D Can History of SupporUve lnsUtutlons 
Area Exist Paramount Catalyst Industry Be Projected Collaboration Leaders Exist 

Shipbuilding • • � • � 0 0 
technology 

Ship operation • • � � � 0 0 
research 

Govenvnent cargo • • � • 0 0 0 
preference 

MIUtary sealift • • � • 0 0 0 
cargoes 

MariUme safety � • � � 0 0 0 

lntermodal cargo • • • � 0 0 0 
handDng 

Port development � • • • � 0 0 

Market research � • � 0 0 0 0 

Waterway � • 0 � 0 0 0 
development 

Key: e Yea, strongly � Some or rnoclerat.ly 0 No or llmHed 
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AREAS WERE COLLABORATION IS  ATTRACTIVE 

Shipbuilding Technology* 

Over the past 15 years , research in shipbuilding technology has been 
devoted not only to s teel fabrication and assembly , but also to the 
overall control of  shipbuilding processes . 

Initiatives by the industry and government National Shipbuilding 
Research Program (NSRP) during the past decade have created a bas ic 
unders tanding among U . S .  shipbuilders that address ing the elements of 
the shipbuilding process separately is not effective . More attention is 
being given to the systemic nature of manufacturing aimed at shipyard 
operations for a great variety of activities , including warship overhaul 
and modernization and the building of produc ts other than ships , all 
with the same management approach . 

The bas is for such flexible manufacturing is a product work break­
down structure that features integrated hull construction , outfitting , 
and painting through focus on interim products , i . e . , parts , subassem­
blies , and assemblies , that are class ified by problems inherent in their 
manufacture ( group technology) .  Such work is performed on both virtual 
and real production l ines harmonized by other disciplines , such as sta­
tistical control of accuracy variations and line heating for accurately 
forming curved hull parts . 

Among the prerequis i tes for more successful implementation is need 
for the shipyard to control , or at least negotiate , contract des igns . 
This is a logical outcome to the increas ing significance of  product 
liability and also is  necessary to the continued development of a manu­
facturing system . Heretofore a shipbuilding contract described only 

*This section primarily addresses new ship cons truction . The ship re ­
pair industry involves different markets and technologies , and was not 
addressed in this s tudy , except by impl ication . 

§The National Shipbuilding Research Program is a cooperative venture 
between the shipbuilding industry and the Maritime Adminis tration . I t  
provides financing and management of research proj ects t o  improve the 
productivity of  U . S .  shipyards and their competitiveness in the world 
shipbuilding market . The program , initiated in 197 1 , is financed by 
both industry and government and provides for industry involvement in 
technical management and execution through involvement of the Society of 
Naval Architects and Marine Engineers ' Ship Production Committee ( SPC ) . 
The SPC collaborates with MARAD in the management of the program , espe ­
cially to set program priorities , ass ign respons ibil ities for proj ects , 
provide technical direction , and ass is t  in demons trating program re ­
sults . Panels of  the SPC work to exchange technical information , iden­
tify new problems and recommend opportunities for R&D , oversee ongoing 
proj ects , and demonstrate completed work . The costs of research pro ­
j ects are shared by the partic ipating shipyards and the government , 
o ften on a fifty - fifty bas is . 
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what the performance and design specifications of the ship would be. In 
today's competitive market , specifying the required qual ity of the 
completed ship and the build strategy that shall be used is vital for 
complete understanding of the product by both parties. 

As a result of efforts by the Ship Production Committee ( SPC ) to 
implement the NSRP methodology , the ship manufacturing process has moved 
forward significantly. Appl ied research has been accompl ished in areas 
hav ing a strong impact on the productivity picture of American ship­
yards. Under the aegis of the NSRP , projects and publ ications under­
taken by the SPC panels have been reported in NSRP publ ications and in 
the Journal of Ship Production of the Soc iety of Naval Architects and 
Marine Engineers (SNAME ) . * 

The top management of the U. S. shipbui lding industry is just start ­
ing to understand the vital l ink between marketing efforts and technol ­
ogy development as a means of assuring survival by maintaining products 
throughout the ir l ife cycle. Through the dissemination of NSRP results , 
sh ipbui lding management is becoming increasingly aware that the sh ift to 
a produc t-oriented work breakdown structure accompanied by a trans ition 
to a more product-oriented management and labor organizational structure 
can pay large dividends in improved cost and schedule performance. 

In the context of all of the foregoing , U. S. shipyards , inc luding 
naval shipyards , are now fac ing their greatest challenge in finding ways 
to shift rap idly to product organizations commensurate with the product ­
oriented methods they are apply ing in varying degrees. Up to the pre ­
sent , they have ignored or have been s low in conveying the logic and 
princ ip les of product orientation to first-l ine supervisors and shop 
stewards . As a consequence , changes in trade cogniz ance , which have 
already started , are slow moving. 

Collaborative research should continue to support implementation and 
further development of integrated product-or iented shipyard operations 
with some focus on robotics insofar as it contributes to development of 
the entire manufacturing system as compared to isolated applications. 
Simultaneously , research should address innovative products , inc lud ing 
but not l imited to ships , that can be produced with a shipyard manu ­
facturing system. As a matter of higher priority , research should 

*Included in publ ished reports are the following aspects , to name a few , 
of the manufacturing process : advanced pipe technology ; painting of 
structural steel shapes ; des ign for zone outfitting ; design mode l ing ;  
integrated hul l  construction , outfitting , and painting ; process lanes ; 
l ine heating ; manual on planning and production control for shipyard 
use ; outfit planning ; p ipe p iece family manufacturing ; precontract 
negotiation of technical matters ; process analysis via accuracy control ; 
product work breakdown structure ; semi-automatic beam l ine feasibil ity ; 
ship producib i l ity as it relates to series production ; standard struc ­
tural arrangements ; use of scale models as a management tool ; zone 
painting method ; product-oriented material management ; and flexible 
production schedul ing . 
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also focus on bottlenecks that retard the trans itions to product organi ­
zations . 

Toward this end , the mos t  l ikely obj ectives for improving the tech ­
nical base are advances in process technology , computer applications , 
and management and labor cooperation . Through the cooperative efforts 
of the NSRP , an important beginning has been made toward all three 
obj ectives . 

The approach should be to let the technical and economic constraints 
dictate the requirements ,  which may lead to recommending any mix of: 

• Product redesign ; 
• Redefinition and s tandardization o f  processes ; 
• Increased attention to tolerances ; 
• An economically rational mix of people , automation , and other 

machines ; and 
• Coordinated des i gn ,  fabrication , information handling , assembly , 

and inspection . 

The goal o f  this R&D should be a computer - integrated manufacturing 
(CIM) s trategy built upon the foundation of a " common" data base accep ­
table to the shipbuilding industry and the Navy . Advances in computer 
appl ications should proceed with the development of the data base con­
current with increases in the use of computer - aided manufacturing (CAM) 
from the enhanced computer-aided engineering and des ign ( CAE & CAD) . 

To make CIM feas ible , research should proceed s imultaneously in 
improving process technology ; foremost is the need for rational ization- ­
that is , the process of  defining designs and methods based on balanced 
cons ideration of competing performance and cost requirements . Rational ­
ization of  today ' s  naval ships is limited by too much emphas is on de ­
tailed des ign and performance spec ifications , too l ittle understanding 
of processes , and too narrow cons ideration o f  des ign alternatives . ( I t  
i s  DQt l imited by lack of bas ic technology , although there i s  a lack o f  
spec ifications for des igning appropriate equipment . )  As a part of  
rationalization , group technology principles �s t be developed for and 
adopted by the shipbuilding indus try . This will , then , lead to ration­
al ized production and the ability of  the industry to utilize flexible 
manufacturing sys tems that will s ignificantly reduce product cos t . 

S imul taneously , the top management of industry and labor , with 
ass is tance from a number of government agenc ies , needs to commence 
research toward applying the princ iples of decentral ized dec is ion 
making . These should include all levels of manufacturing , including 
detail des ign ,  planning , scheduling , production , quality , and risk/gain 
sharing . 

Ship Operation Research 

Collaborative programs are under way to improve worker-management 
relations on ships in order to create an atmosphere of mutual respect 
and understanding that will permit far better util ization of the coun­
try ' s available seafaring labor than is  experienced today . Princ ipal 
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improvements will be directly coup led with the betterment of the work ing 
atmosphere and the increased self- esteem of the individuals involved. 
The ultimate result , bes ides reduced manning of ships ( see Table 4) , 
wil l  be an average uplifting of the abilities of  seamen while s imul­
taneously improving the ir work l i fe and the ir importance as members of 
the management team .  This is in the national interest because these 
s tatus escalations permi t the flexib i l ity needed should an emergency 
arise requiring the manning of greater numbers of vessels to back up the 
armed forces . The people who have been brought into the effective 
manning concept will be able to train the newcomers to the profession 
and will relate to the changing requirements with greater fac i l i ty .  

The parties interes ted in effec tive manning proj ects are the labor 
unions , the vessel shores ide management , the armed forces , and , of 
course , the individuals involved .  The labor unions are interes ted 
because thi s  effort s ignifies a more secure future made pos s ible through 
acceptance of obl igations that they have been attempting to acquire for 
years . I t  further points the way to survival in the face of  severe 
fore ign competition . 

The ship operators , l ikewise , are the rece ivers of a pos itive return 
from innovation in this area . I t  is easy to see that the ir costs wil l  
decrease while reliability will ascend t o  a higher level s imply because 
the people on the j ob have a different attitude when they attain a 
higher degree of  self-management . 

The armed forces having a specific need for the availab i l ity of  
capab le personnel in  time of  national emergency are naturally interested 
in the results . 

Las tly , the individuals involved have the greates t  interest s ince 
they are closest to the action , are mos t  able to see the changes in 
their personal work- l ife effects , and therefore see that they will reap 
the mos t  immediate benefits . 

The definition of the innovation is worth clarifying . I t  i s  prima ­
rily sociological research , supported by technical deve lopment . In 
order to proceed , a third party must be accepted as an ombudsman , ref ­
eree , guiding influence , and arb itrator by all directly interested 
parties . This role is made all the more important by the fact that 
existing union contracts on subs idized ships are the major stumb l ing 
block to reduced manning levels . 

Why mus t the directly interested parties engage in the project? The 
main reason is survival . American- flag operators are in an internation ­
a l  marke t . The ir capital costs may b e  the equivalent of  the fore ign ­
flag operator if ships have been acquired on the world market , i . e . , 
from foreign shipyards . Their fuel cos t may be equal to that of the 
fore ign- flag operator if advanced propuls ion plant technology is uti­
l ized . The difference in operating cost caused by the human element on 
the vessels is the gap that must be bridged .  I t  cannot be done by down­
ward adj ustment of wages . I t  must be done by real ignment of  duties , 
increased individual effic ienc ies , and rede finition of work areas . The 
improvement o f  on-board management techniques can greatly reduce the 
cost o f  ship operation to aid in regaining the competitive edge . 

The methods involved in ship operation manning innovation are novel 
and not easy to ass imilate . For this reason , it  is vital to the 
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TABLE 4 Reduced Manning o f  Ships 

European and 
Ship Type Older U. S. Newer U . S. As ian Advanced 

Cargo Vessels 

1950s - era general cargo 45 
ship ( 17 , 000 dwt) 

Modern large container 35+ 21 14 - 18 
ship ( 33 , 000 dwt) 

Modern dry bulk 23 - 30 18+ 
( 45 , 000 - 63,000 dwt) 

Roll on/roll off 34 21+ 16 - 24 
( 21,000 dwt) 

Tankers 

T - 2  27 - 35 
37,000 to 50 , 000 dwt 21- 23 18+ 
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miss ion ' s success that programs be administered on a level that can 
comprehend the difficulties . 

Industry experience to date has been generally positive , in part 
because of the Maritime Administration ' s  (MARAD) careful support of 
industry attempts in this area . Early results have been met with 
extraordinary enthusiasm by the individuals aboard ship . The resulting 
operation has shown many areas of required change in methodology both 
on- ship and onshore . Not every directly involved party was convinced 
that this new approach was going to improve his c ircumstances , but this 
opinion has lessened to some extent . The fact is that under the 
environment being molded to fit the spec ific needs , the effic iency of  
the vessels is at  a peak that is unobtainable without employment o f  the 
concept on o ther U . S . - flag vessels . 

Government support for ship operation manning innovation has been 
matched with equal funds and energy from industry . Continued activity 
will show the soundness and value of more ship operation research and 
innovation to the entire U . S .  maritime industry . 

Maritime Safety 

The public interes t  in improving maritime safety s tems from 
opportunities to reduce loss of human life , to improve environmental 
conditions , and to demonstrate leadership in an area of international 
concern . There is a private , or corporate , interest in safety as well 
that includes all of  the above plus the potential for improved profits 
as the result of improved operating efficiency and reduced losses and 
insurance premiums . 

Conventional knowledge of the merchant marine industry suggests that 
improvements in safety performance might be poss ible from R&D efforts in 
the following areas : 

• S imulator l icensing and training for specific vessel types as a 
means of reducing human error casualties ; 

• Techniques and technology for alcohol and drug testing prior to 
the assuming of deck and engine watches ; 

• Automated navigation systems for maneuvering in congested 
channels ; 

• Improved direct control technology for collis ion avoidance 
systems ; 

• Better resource allocation in regulatory enforcement ; 
• Improved fail - safe systems to prevent bilge and oil transfer 

pollution ; 
• Improved technology for identifying the source of  water and air 

pollution ; 
• Improved des ign , work , and habitation fac ilities to reduce 

personal inj ury ;  
• Improved navigation and weather warning systems that reduce human 

error resulting from inattention to duty ; and 
• Advanced fire detection and firefighting systems . 
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The traditional mechanisms for R&D in maritime safety have been 
through the U . S .  Coast Guard ' s  and MARAD ' s R&D programs , with the Coast 
Guard having played a dominant role . Because of its economic implica­
tions and the competitive disadvantage it may impose on U . S . - flag ships , 
maritime safety R&D is of vital interest to MARAD . Obj ectives of this 
agency should be determining how merchant marine safety requirements 
affect the competitive capability of the U . S .  Merchant Marine , how 
safety performance and regulation impact effic iency , and what remedies 
can be developed . 

Safety R&D , like other forms of R&D , does not produce immediate 
bottom- l ine results . Accordingly , vessel operators are not motivated to 
expend large sums of money in maritime safety R&D , particularly in the 
current bus iness environment . 

In the public sector there has historically been j urisdictional 
friction over which agency should conduct safety R&D . These j urisdic ­
tional concerns seem to have l imited the amount and scope of  safety R&D 
work that might have otherwise occurred . 

The lack of  private funding and interagency j urisdictional problems 
possib ly can be overcome by creating a s ingle entity that pools money 
from a variety of public and private sources .  

The fi�s t step toward a safety R&D program is to define the level of  
safety performance of  the U . S . - flag fleet and to  identify and document 
costs relating to inefficient safety regulation and poor safety perfor ­
mance . Once this information is known , the potential payoff from im­
provements can be identified and comprehens ive safety R&D strategies and 
mechanisms can be recommended . 

S imilar to the potential for safety improvement in the ship - operat ­
ing industry , there may be opportunities for collaborative e fforts to 
improve safety in the shipbuilding industry and in marine terminals .  

Intermodal Cargo Handl ing 

Lowering the cost of  the movement of goods in the United States 
increases the ability to export and the marketab i lity of  products . On 
the import s ide , reduced transportation costs lower the prices to con­
sumers . In addition to manufacturer and consumer advantages ,  the rai l ­
roads , motor carriers , and ports can all bene fit from research that 
improves equipment efficiency and the productivity of operations . 
Collaborative efforts have particular promise because of  the need for 
integration of the various modes into a s ingle intermodal system . 

National research initiatives can develop a dialogue and cooperative 
agreements between parties involved in the intermodal movement of  
goods . They can define the problems , develop the advanced technology , 
advance the proj ects , and poss ib ly administer the programs . The govern­
ment should act as a trigger to bring the various entities of  the pri ­
vate sector together . 
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Port Development 

Port development will  speed cargo flows , and this will  resul t in 
less costly operation and more efficient use of terminals .  The direct 
bene ficiaries of  port developments are the ocean carriers , who will be 
able to experience rapid turnarounds and thus more productive use of  
their capital investments , and ports ( including terminal operators and 
related port labor) because of the competitive advantage they will  
rece ive . Shippers and cons ignees (and indeed the local community and 
the general public )  are indirect beneficiaries of port developments .  

Research in port operations is uniquely suited to collaborat ion 
because of the difficulty of maintaining proprietary advantage for long 
(because of  the public nature of the enterpris e ) . A steering committee 
comprised of representatives of maj or interes ted parties should desig­
nate the operation or operations that are most  l ikely to benefit from 
the research . 

In recent years , competitive barriers in the industry regarding the 
sharing of information have eased cons iderably ; however ,  there is still  
a l imit as  to how far an individual operator or carrier will  disclose 
sens itive information to a public forum . 

AREAS WHERE GOVERNMENT INTERESTS ARE PARAMOUNT 

Government Cargo Preference 

Cargo preference has been a long-term ins trument of U . S .  shipp ing 
pol icy . I t  has been appl ied to government as well as various other 
types of cargoes . S imilarly , the United S tates has been , s ince 1970 , a 
party to several bilateral cargo reservation agreements such as those 
with Argentina and Braz i l . The United S tates , on the other hand , has 
opposed certain international agreements such as the Code of Conduct for 
Liner Conferences proposed by the United Nations Conference on Trade and 
Development (UNCTAD ) , which came into force in October 1983  and incor ­
porates recommendations for cargo sharing . By and large , cargo prefer ­
ence laws have not worked wel l . They have increased the cost of  U . S .  
international trade and reduced incentives for fleet replacement and 
productivity improvements , and they have not increased the overall share 
of U . S .  shipping from U . S .  foreign trade as well as cross trades . 

The Shipp ing Act of 1984 has curtailed the powers of  l iner confe r ­
ences by mandating rights of independent action , including permitting 
the use of service contracts by conference members . Several conferences 
have been planned to assess and discuss impacts of the 1984 act . *  

*The Federal Maritime Commission and Old Dominion Univers ity sponsored a 
conference in June 1986 ( Chadwin , 1986 ) . The Maritime Administration 
and the Containerization and Intermodal Institute convened one in Jan­
uary 198 7 . The Federal Maritime Commiss ion plans another in June 1987 . 
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There appear to  be many questions on the future use and effective ­
ness of cargo preference provis ions in both bulk and liner shipping . 
Little research has been performed on the effect of cargo preference on 
the cost of  shipping , participation of  national shipp ing b inational and 
cross trades , and on the expans ion or renewal of fleets . 

Research is  needed on the effect of cargo preference on : 

• Investment in l iner shipping ; 
• Cost of  shipping operations ; 
• S tructural changes in the l iner shipping indus try ; 
• Integration of  l iner shipping into intermodal operations ; 
• Joint venturing and novel financing of l iner operations ; 
• Liner service qual ity ;  
• Economic cos t o f  liner shipping ; and 
• Competitiveness in bilateral l iner trades . 

S imilar issues should be studied in bulk shipping . Cargo preference 
is obviously a highly political factor that affects many economic sec ­
tors , such as industry and agriculture , as well as international rela­
tions , defense preparedness , and more . The problem is that many of  
these factors are noted by proponents and opponents of  cargo preference 
without any real backup of  information on the impact of  cargo preference 
on these . 

Obj ective research funded by the government is urgently required to 
determine the direct and indirect effects of cargo preference . 

Military Seal ift Cargoes 

The primary intention of the Merchant Marine Act of  1936 was to 
develop a U . S . -flag fleet capable of serving the foreign commerce of the 
United S tates And contributing to the national defense . Prior to the 
advent of  containerization , this obj ective was fulfilled by multipurpose 
liner vessels that were capable of  carrying the full range o f  commerc ial 
and military cargoes , thereby making them equally suitable for c ivilian 
and mil itary service . 

With the commencement of the " container revolution , "  however ,  the 
logis t ics of the U . S . -flag commercial operations diverged radically from 
the needs of the mil itary shipper .  While modern fully containerized 
ships are capable of  providing service for containerized defense cargoes 
moving to modern port facil ities , the nonse lf-sus taining container ship 
is by bas ic design unsuitable for transporting a large segment of  mil i ­
tary cargoes , which include palle tized general cargo , tanks , trucks , 
hel icopters , and so on . I t  is , in fact , incapable of delivering even 
containerized cargo to remote or underdeveloped port fac i lities in time 
o f  national emergency without the assis tance of subs tantial auxiliary 
cargo -handl ing equipment . Spec ialized crane ships are now be ing pro ­
vided for this purpose . 

Unlike U . S . -flag operators who have focused the ir efforts almost 
entirely on container operations and pure container ships , the inter­
national market has developed , in  addition to  container ships , a large 
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fleet of militari ly use ful multipurpose vessels . These include pure 
roll - on/ro l l - off ( ro - ro )  vessels , combination ro - rojcontainer vessels , 
and modern vehicle carriers capable of  carrying light and heavy vehi ­
cles , containers , and break-bulk cargo . 

Had they been able to recognize that the commercial decis ions of 
U . S . - flag operators were resulting in an eros ion of  U . S .  seal ift capa ­
bility ,  U . S .  Department of Transportation ( DOT )  pol icymakers respons ible 
for U . S .  maritime programs might have ini tiated the necessary programs 
that would have led to a reestablishment of a cohes ive integration 
between the commercial and national defense aspects of the Merchant 
Marine . Unfortunately , these programs have not been developed and 
respons ibi l i ty of maintaining an adequate U . S .  seal ift readiness  has , in 
the interim , fallen on mi l i tary planners . 

The military ' s concern over this s i tuation was indicated in recent 
tes timony before Congress , and programs such as the SL- 7 convers ions , 
T - AKX ,  and T - 5  have been undertaken to provide the U . S .  Department of 
De fense ( DOD) with rel iable and immediately available logistic capa­
bility to complement the Rap id Deployment Force and other DOD readiness 
programs . S imilarly , a buildup of the Ready Reserve Fleet (RRF) has 
been undertaken to provide initial surge seal ift and to perform the 
secondary miss ion of resupply . But these programs , as vital as they 
are , do not effectively address the problem of  sus taining U . S .  forces in 
a remote theater . The Falklands crisis provided a modest preview of 
logis tic problems that the United States would face given an emergency 
in the eastern Mediterranean or Southwest  As ia . The aging National 
Defense Reserve Fleet (NDRF) and dwindl ing U . S .  Merchant Marine are 
fall ing increas ingly short of the minimum requirement for seali ft 
readiness . 

MARAD should cons ider es tablishing a research program ( in collabo ­
ration with DOD) to address this problem . Such a program might even­
tually lead to plac ing under the American- flag vessels with a dual 
purpose : ( 1) to provide the DOD with a modern seal ift capability at a 
minimal cos t , and ( 2 )  to strengthen and expand a commerc ially viable 
U . S .  Merchant Marine .  The obj ectives of  such a program might be to 
develop or to obtain U . S . - owned ,  U . S . - flag ships of the highes t  inherent 
defense uti l i ty that are equipped with mil itary sealift enhancement 
features , operating in the commerc ial sector during peacetime , and 
dedicated to DOD seal ift in time of emergency . 

The implementation of the program through award of  appropriate 
contracts would make a properly s tructured sealift enhancement program 
analogous to the C ivil Reserve Air Fleet ( CRAF) concept for mil itary 
airl ift . I t  is noted that the Air Force recently entered into a $ 104 
million CRAF contract with Pan American Airways to equip five commerc ial 
747s with defense features allowing rap id convers ion to mil itary cargo 
transports . The contract provides initial payment for convers ion of the 
aircraft and annual payments to the owner to compensate for lost commer ­
c ial uti l i ty . The cost per aircraft year in this CRAF contract is 
several t imes higher than the cos t would be per ship year to equip them 
for DOD use . 

The dual - use princ iple underlying this program is the foundation of 
its cos t - effectiveness . S tudents of modern logistics recognize the 
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dual -use concept a s  one of  the cornerstones of  Soviet seapower strat ­
egy . I t  has provided the Soviets with a fleet auxiliary that is inte ­
grated into their defense planning and is continually maintained in a 
status of full  operational readiness by the nature of its commercial 
deployment . 

Market Research 

At the heart of the maritime industry ' s  economic distress is its 
inferior competitive pos ition relative to shipyards and s teamship l ines 
in other countries (U . S .  Congress , 1983 ; Ladomirak , 198 5 ) . As a result , 
U . S .  ship operators ( except for liner operators ) and shipyards compete 
primari ly for government bus iness . Thus , U . S .  shipyards exist primarily 
to meet Navy requirements , while government and protected cargoes make 
up an important share of the bus iness of  ship - operating companies . 

In the other parts of the maritime indus try , U . S .  ports increas ingly 
compete among themselves for market share of the U . S .  foreign trade . 
Finally , deregulation of  rail transportation and falling demand for bulk 
movements have put the inland waterway segment into a deep depression .  
Thus , the U . S .  maritime industry i s  very competitive within itself , but 
much less so with foreign companies . 

I t  is the national policy to have a strong U . S .  maritime industry 
but also to accomplish this at a reduced or minimal level of federal 
expenditures .  The national interest  is to assure sufficient maritime 
capab i l ity to meet defense and other international obj ectives . I t  is 
not necessary to quantify precisely what such needs are in order to 
recognize the value to the country of some marit ime activitie s . 

Competitive market forces in each maritime indus try sector determine 
the relative success or failure of individual companies . However ,  
fore ign and U . S .  government policies and macroeconomic factors impact 
the overall health and competitiveness of  the steamship and shipbuilding 
sectors . In turn , a healthy U . S .  maritime industry can have a profound 
effect on such vital national interests as : 

• Volume and direction of  world trade and balance of  payments , 
• Availability of  ships for national de fense , and 
• S ize of  direct costs to the government and taxpayers of  costs of 

government - financed cargoes ( e . g . , food shipments ) .  

Therefore , it  is strongly in the national interes t  to as sure that 
U . S .  government policies and expendi tures cons ider the competitive 
market forces acting on the industry and that the government plan its 
policies and expenditures to improve the competitive pos ition of  the 
industry . 

One of the elements of maintaining national maritime activity is 
research , development , and innovation . The largest funding for these 
programs has been by the U . S .  Navy and the U . S .  Army Corps of  Engineers 
to achieve their own miss ions . MARAD and the U . S .  Coas t Guard have 
smaller R&D programs . However , MARAD ' s program is particularly 
important to the maritime industry because it has been conducted in 
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collaboration with the industry and its primary obj ective is to improve 
the competitiveness of ship - operating l ines , shipbuilders , ports , and 
waterways . 

Organizations with an important stake in the outcome of research 
into maritime competitiveness and market research include : 

• The federal government , which needs such information to formulate 
and evaluate its policies regarding the Merchant Marine ; 

• American export indus tries and American consumers of imports , 
which rely on U . S .  and fore ign shipping ; 

• Railroads and motor carriers , which interchange cargo with ocean 
carriers ; 

• State and local governments and authorities , which run seaports 
and inland waterways ; and 

• The maritime indus try itse lf . 

The obj ective of competitive maritime research is to develop new or 
improved knowledge of  the economics ,  operations , and markets for U . S .  
ships and shipyards . This includes improving knowledge on how shipping 
via the U . S .  maritime industry is affected by world market conditions 
( exogenous factors ) ,  and in turn by prices and conditions in the mari ­
time indus try itself ( endogenous factors ) .  A portion of  such research 
will be proprietary - - conducted by commerc ial companies for their own 
competitive advantage and by the government for setting policy . How­
ever , there is a great deal of common data that all parties need that 
can be collected best and most effic iently by the government or col ­
lected collaboratively by the industry . Also , research into the compe ­
titive impacts of existing policies , fore ign actions , barriers to the 
U . S .  industry , and changes in technology can be performed j ointly for 
the benefit of many . 

The value of  new or improved information is difficult to quanti fy ,  
and how much information i s  enough is a j udgment call . However , infor ­
mation that can be developed j ointly for multiple users is clearly less 
expens ive to the indus try and to the government than overlapping or 
dupl icative proprietary research . 

Further ,  with better information , the U . S .  government and the 
maritime industry will be able to anticipate and respond to changes in 
world markets to better achieve national and commercial goals . These 
goals include increas ing the e ffectiveness of government expenditures to 
improve the competitiveness of the maritime indus try ; to further the 
larger national interests cited above ; and to achieve the bus iness 
obj ectives of individual corporations . 

Economic models of  world markets exist  now for the maj or commodities 
transported by the U . S .  maritime industry . An example of  needed re ­
search is  to supplement these models and their existing data bases with 
addi tional historical data on variables describing the maritime indus ­
try . This wil l  allow the development of  maritime pol icy - oriented 
industry models , which can forecast the e ffects of pol icy and market 
changes on the maritime indus try . Such research is best done organi ­
zationally by private industry responding to government requests for 
proposal , to the extent the knowledge to develop such models does not 
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exist in-house i n  MARAD and such agenc ies a s  the Department of Com­
merce . I t  is  pos s ible that some of the maj or shipp ing companies and 
indus try trade as sociations will  want to partic ipate in the mode l deve l ­
opment process and share costs and data . They would benefit from having 
a powerful predictive tool for their own purposes . However , the govern­
ment may want to keep certain elements of  the work in-house in the pub ­
l ic and national interest . 

In general , as described in the inter im report of this  committee , 
maritime industry research can range from corporate proprietary at one 
extreme , through increas ing degrees of collaboration and cos t - sharing , 
to government proprietary at the other extreme . Research involving col ­
laboration between companies and between companies and government are of 
particular interes t  here . For example , government - funded and privately 
performed research is an organizational concep t that is in place now . 
However , the ins titutional s tructures for sustained industry collabora ­
tion are not in place . Other indus tries , such as railroads and high ­
ways , have established the organizational s tructures and financ ial 
arrangements to accompl ish extens ive nonproprietary research programs 
for the j oint benefit of the ir partic ipants . In the maritime indus try , 
on the other hand , the indus try-wide institutions are frequently lobby­
ing organizations for corporate members such as the Council of  Amer ican­
flag Ship Operators , the American Institute of Merchant Shipping , the 
Shipbuilders Council  of  America , and the Amer ican Association of Port 
Authorities . Such organizations have minimal personne l , funding , or 
interest  to undertake research . 

A second type of maritime institution is the technical profess ional 
organization for individuals , such as SNAKE . SNAKE performs some l im­
i ted research , but does not have the corporate involvement or  funding 
support to accompl ish subs tantial research . 

Other organizations such as the American Bureau of Shipp ing also 
have strong technical credentials , but do not currently have the funding 
or the charter to lead a competitive maritime research program . Educa­
tional ins titutions also have the technical resource s .  They would need 
corporate endorsement and adequate funding to be effec tive maritime re ­
search institutions . 

Cooperative research in the maritime indus try will  remain meager 
with or without government funding unti l  an institution evolves or is 
created that attracts senior corporate involvement and funding , together 
with the technical and professional resources to manage and carry out 
the research . Absent such cooperative institutions , collaborative in­
dus try research may disappear as MARAD ' s research and development budge t 
declines . 

The barriers and dis incentives to collaborative research are for ­
midable . Several have already been mentioned : the proprietary nature 
of competitive and market information ; the lack of e ffec tive ins titu­
tions that comb ine corporate involvement and funding sources with tech ­
nical resources ;  the deb ilitating financ ial condition of much of the 
indus try ; and the low priority that most  maritime indus try leaders place 
on R&D . 

However , the costs of not undertaking the maritime indus try market 
analyses described above appear to be quite large . Cons iderable 
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addi tional cost will be incurred by all the interes ted parties by not 
having timely information for dec iding on policies affecting the mar i ­
time indus try . As made clear above , these additional ( opportuni ty) 
costs of  not having appropriate information are not confined to maritime 
indus try related costs ; rather these maritime industry costs are proba­
bly dwarfed by the opportunity costs and benefits foregone from not 
having timely information for decis ions on maritime industry policies 
that affect the maj or national interests c i ted above . 

Waterway Development 

The construction ,  operation , and maintenance of waterways , despite 
the prospec ts of  local cos t - sharing , and of aids to navigation are 
essentially federal respons ibilities . Therefore , R&D should continue to 
be primarily federal respons ibilities , espec ially s ince national and 
international systems coordination is required . 

Research and development is needed to develop and control waterway 
des ign and maintenance in a manner that balances transportation safety 
and efficiency with the cost of the waterway to the government and the 
benefits of the waterway to the nation . The direc·tly interes ted parties 
are the U . S .  Army Corps of Engineers , U . S .  Coast Guard , MARAD , ship 
operators , harbor p ilots , and port agenc ies . The Corps of Engineers is 
respons ible for the s tudy , construction ,  operation , and maintenance of  
waterways . The Coast Guard is respons ible , through aids to  navigation 
and regulations , for navigational safety on such waterways . MARAD is 
directly concerned with the impact on vessel and port operations . 
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5 

ANALYSIS OF PROGRAM BENEFITS AND StRATEGIES 

While many factors influence the compet i t ive s tatus of industries , a 
great deal of evidence suggests that attention to the health of an in­
dustry ' s technical base is one of the important factors . *  U . S .  maritime 
indus trial management spends 1 . 2  to 1 . 7  percent of  revenues on research 
and development (R&D) (U . S .  Congress , 198 5 ) . This figure is small when 
compared with industries that create and market products , but it is not 
out of l ine for the service sector of the economy . 

This chapter cons iders the bene fits of R&D in each industrial sector 
and proj ects which strategies - -private sec tor action , government action , 
or collaboration - -will be best suited to programs to achieve proj ected 
benefits . Table 5 summarizes program benefits and strategies . 

SHIPBUILDING 

The U . S .  Navy remains the only market of consequence for U . S .  ship ­
bui lders . This s i tuation will continue for the foreseeable future . The 
technical base o f  the shipbuilding indus try has been strengthened during 
the 1980s as the resul t of large capi tal inves tment , including some in­
vestment in R&D , made pos s ible by Navy shipbuilding orders , and through 
technology trans fer and R&D undertaken collaboratively under the aus ­
p ices of the National Shipbuilding Research Program (NSRP ) . 

Through the dissemination of NSRP results , shipbuilding management 
is becoming increas ingly aware that the shift to a produc t - oriented work 
breakdown structure accompanied by a trans ition to a more product ­
oriented management/labor organizational structure can pay large divi ­
dends in improved cos t and schedule performance . Toward this end , the 
mos t  l ikely obj ectives for improving the technical base are advances in 
process technology , computer appl ications , and management and labor 

*Other important factors in the U . S .  maritime indus tries that are not 
amenable to resolution as the result of R&D are improvements needed in 
marketing practices , and the resul ts of compe titive tac tics of  trading 
partners ( e . g . , foreign subs idization of shipyards and ship buyers ) that 
are not matched by the U . S .  government . 
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TABtE 5 Researc:h and Irn:JVatioo Benefits an::l strategies 

Imustrial. Sector Program Benefits 

Shipt::ui.1.din Advaroes in OCIIp1ter �licatims, 
tec:bnol.ogy process technology, management,� 

labor c:xq:Jeratioo 

Ship c:prat.i.RJ Qrlp c:pratioo :rurther qlerat.J.nj, cost, �ca 
xesearch i.Dpr:oYements 

Maritime safety rower costs: reduced loss of life and 
injury rate: cleaner envhament: 
i.Dpraved worlt envil:ament 

Military sealift Reduced cost to govemment, enhar¥:Jed 
capability of OCIIIIIel:Ci.al vessels for 
military missi.ms 

GaYerrlllent RediXBi cost to govemment 
cazgo 
preferen::e 

�/tetmi.nal.s Intermdal cazgo Aut.aaate terminals, freight 
haroling documentatioo; illproYe use of human 

resources 

lbrt developiiE!llt QJst-effective design, ClalSb:uctioo, 
maintenarx:le and qleratims 

Inland waterways waterway Redooe cxnrtruct:i� 
developiiE!llt costs, ur::demize infrast:r:uc::t 

All Market research IDproved respoosiveness toward world 
market cx:ntitiCI'lS 

J\Alt'OPriate strategies 

CDltirue/expan::l goverrmentlimustry 
ooll.al:loratioo. Navy participatioo 
essential in current market 

Private-sector strategy �te 
because of possibility of gaininq 
market niche an::l necessity of 
meet.irq world CXIIpE!titioo 

Gaverrment cost-sharing 'WWl.d be 
neoessa:ry if United states is to 
becaDe a leader in sh.ip-q:lerat.. 
tec::iloology, because of difficulty 
of qaini.rq proprietary advantage 

sane potential for imust:ty oollabo-
ratioo, particularly if cost-shared 
with goveiT'IIIlE!Jl 

Gaverrment leadership essential . 

sane potential for cost-sharing 
if strategic advantages can be 
dsllcnst.rated 

Gaverrment leadership essential . 

sane potential for cost-sharing 
if strategic advantages can be 
dsllcnst.rated 

Potential for imust:ty oollaboratioo 

Government strategy-waterways are a 
public respcxlSibility 

Government strategy-waterways are a 
public respcxlSibility 

Government leadeJ::ship essential. 
sane potential for cost-sharing 
if strategic advantages can be 
deloonstrated 
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cooperation . Through the cooperative efforts of  the NSRP , an important 
beginning has been made toward all three obj ectives . 

1 .  Process technology improvements have resulted from reorganiz ing 
shipbuilding and ship repair work in order to rational ize and integrate 
the ship des ign , material procurement , and production processes in 
accordance with the princ iples of group technology . Further obj ectives 
mus t be to improve component supplier partic ipation in the process and 
to implement flexible manufacturing where it best fits the needs of the 
shipbuilding process . Accelerating the development and implementation 
of  e ffective s tandards is an important prerequis i te to achieving both of 
the forego ing obj ectives . 

2 .  Computer appl ications achievements include fairly s ignificant 
computer - aided des ign ( CAD) capabilities on the part of mos t  ship ­
builders and ship des ign firms . Many shipbuilders have also es tablished 
a rudimentary , partial computer - aided manufacturing ( CAM) capability .  
Development of an integrated CAD/CAM sys tem is an important continuing 
obj ective . A most important j o int Navy and indus try initiative has j ust  
s tarted to  develop a comprehens ive digital data exchange capability 
among shipbuilders , design organizations , and the Navy . This effort 
should become the driving force toward better integration and coordi ­
nat ion of the entire shipbuilding and logistics support process - - from 
pre liminary and bas ic design through material procurement , cons truction , 
and operational logis tics support . 

3 . Management/labor cooperation improvements are needed to cap i tal ­
ize on technological improvements in the shipbuilding process . The 
tradit ional management and labor barriers and , bas ically , adversary 
relationship mus t evolve into a more rational and flexible relationship 
that will facilitate the es tablishment of integrated smal l work teams 
cons isting of management , planning , design ,  and production personne l . 
These personnel would work together to achieve mos t  e ffect ive ly the 
individual interim products characteristics of zone - oriented ship con­
s truction and repair . Trade and craft cognizance rules must adj us t to 
this new reality , as mus t management ' s  propens ity not to share infor ­
mation flows and the dec is ion-making process fully with production 
employees .  In order to lay the groundwork for change on the part o f  the 
individual shipyards and their respective labor forces , the NSRP esta ­
blished a Human Resources Innovation program some years ago . Contin­
uation of  this program and its forward- looking indus try and labor 
obj ectives would appear to be mos t  important to the survival and wel l ­
be ing of the indus try . 

The private sec tor R&D strategy is we ll es tablished in the ship ­
building indus try and has been the driving force behind large capital 
inves tments . The contribution of the collaborative NSRP is  also recog ­
nized and apprec iated . However ,  the future of collaboration in this 
indus try is a concern . To be successful , the obj ectives of the NSRP 
have to be set by top - level management . Furthermore , in the past , the 
government has cos t - shared proj ects . Given the market s i tuation in the 
shipbui lding industry , Navy partic ipation , both in setting obj ectives 
and in cos t - sharing , is essential . 
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SHIP  OPERATING 

Many U . S .  ships are fuel ineffic ient , have high levels of manning , 
and are not very automated . While technological improvements have been 
deve loped in these and o ther areas of ship operations and management in 
recent years , the United S tates appears to be behind o ther nations in 
terms of  the amount of  R&D it supports as well as the degree to which 
technological advances in these areas have been implemented .  

In the area o f  e ffective manning , for example , ship machinery 
automation has enabled many U . S .  ships to reduce substantially the ir 
manning requirements over the las t 10 years . But s till  lower crew 
levels have been achieved on Japanese , Scandinavian , and Wes t  German 
ships . U . S .  research and development in the area of  ship energy e ffi ­
c iency has also taken a back seat to European and As ian e fforts . U . S .  
companies have taken an active role , however ,  in develop ing ship manage ­
ment sys tems that use recent advances in automation to improve ship 
safe ty , communications , and l iving conditions as well assure e fficient 
vessel  operations . 

The mos t  dramatic U . S .  innovation that still  continues to evolve and 
improve cargo handl ing and transport is containerization . The use of  an 
integrated mult imodal system to transport cargo has resulted in s ignifi ­
cant t ime and money savings in intermodal point - to -point through move ­
ments . Other developments in cargo process ing include the practice of 
changing the form of  the cargo to fac ilitate cargo transfer or transport 
( for example , the packaging of bananas ) .  

A number o f  both private and public organizations have conducted R&D 
on ship and barge operations and have implemented innovations . A wide 
range of  private organizations have deve loped or implemented innovations 
including shipping companies , component manufacturers , shipyards , con­
sulting firms , univers ities , industrial research organizations , class i ­
fication soc ieties , and architectural and engineering firms . Several 
maritime technological developments have been fallouts from innovations 
in other areas , such as space and communications research . Areas of  
particular opportunity in  the future continue to  be  the range of  operat ­
ing , cost , and service improvements .  An area of need is improvement in 
mari time safety . 

The private sector s trategy is appropriate for pursuing advances in 
operating , cost , and service improvements because of the poss ibil ity of 
proprietary advantage . Furthermore , the international competition that 
exists in the ship - operating industry assures that operators who want to 
remain competitive wil l , at a minimum , introduce new technology as soon 
as it is available . As in the shipbuilding industry , government cost ­
sharing has been helpful in acce lerating technology transfer and in 
addres s ing improvements in management and labor practices . 

To address improvements in maritime safety there appears to be some 
potential for collective support by an industry assoc iation , particular ­
ly when cost - sharing with government is pos s ible . The critical deter ­
mining factor is the prospect of lower insurance rates . While it is 
quite clear that the U . S .  shipping industry is at a world competitive 
disadvantage because of its substantially higher premium rates ( for 
personnel acc idents ) ,  it is not clear why this is so . If the reasons 
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derive from such things as the cost of settlements of  inj ury c laims in 
U . S .  courts , then R&D is a futile solution . I f , on the other hand , 
there is  an acc ident inc idence differential , then R&D can perhaps be 
expected to improve the premium differential , and collective industrial 
support of  such R&D is not a vain prospect .  

Segments o f  the ship - operating industry have pleaded in the past for 
greater collaborative e ffort ( of ship operators ) directed to ship opera ­
t ion R&D (Marine Board , 1983 ) . *  These efforts have been unsuccessful 
probably because of the highly competitive nature of the maritime 
industry . 

PORTS/TERMINALS/INTERMODAL ADVANCES 

The construc tion , operation , and maintenance of waterways , desp ite 
the prospects of local cos t - sharing , are essentially federal respons ib i ­
l i t ies . There fore , R&D have been , and should continue to be , federal 
respons ibilities espec ially s ince national and international systems 
coordination is required . 

More effic ient port operations will increase productivity and reduce 
costs , both of which are vital to military and commerc ial obj ectives . 
Breakthroughs in material -handl ing techniques may also aid the domestic 
equipment manufacturing sector by providing a " leg-up "  on the fore ign 
competition . Other less - direct benefits might be a reduction in cargo 
damage and conservation of energy . 

In new terminals , the latest  in technology is sought with regard to 
layout , ease of traffic flow , engineering criteria , and personnel e ffi ­
cienc ies . Other ideas are high dens ity , multilevel terminals ,  buffer 
sys tems for increas ing crane productivity , and better l ighting systems 
for round- the - clock operations (Marine Board , 1986 ) . 

Equipment is a maj or item of materials handl ing that rece ives much 
attention by the manufacturer , although not necessarily by the user . 
Improvements needed in this area include equipment that uses less room , 
is less likely to break down and require maintenance , can be more eas ily 
operated with driver comfort , and can lead to greater productivity . 
Equipment ideas encompass higher , wider transtainers and more flexible 
l i fting devices to accommodate different - s ized containers . 

Better use of s torage space could substantially improve productivity 
in the marine terminal . More effic ient management of the dock space 
where goods �re stripped or s tuffed would enable more units of cargo to 
be handled on a daily basis . Vertical storage of chass is as a space 
saver is also awaiting improvement . 

Better management could rel ieve some of the challenge marine ter ­
minal personnel face when a ship arrives late and the terminal is 
expected to make up the time . What methods can be used to make more 

*This subj ect was also discussed by the Advisory Board of the Maritime 
Adminis tration before the board was abolished . 
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e ffic ient use of  what already exists ?  How can supervisors and field 
managers be ass i s ted in becoming strategic thinkers ? 

The s tandardization and transmiss ion of documents comprise a maj or 
area of marine terminal operations awai ting consensus and solution . 
Coordination of documents from all of the parties in an international 
transaction occurs at the terminal . Shippers , cons ignees , forwarders , 
brokers , carriers , Customs authorities , statistical collection agenc ies , 
carriers by sea , rail , truck , and barge , and public safety and environ­
mental authorities all need information on a timely bas is . 

Sys tems also need to be deve loped that improve the safe handl ing of 
containers and equipment . The securing of containers onto rail  cars or 
trucks could be improved . 

Many cons ider the current use of  computers in marine terminals to be 
at an early stage of development . Future appl ications can include auto ­
mating documentation , invoic ing , and location of ' containers , improving 
chass is and related cargo equipment as well as fac ility equipment , main­
taining historical records , and forecasting . 

Computers can also be used for s imulation and model ing . The high 
costs of testing and develop ing full - scale models can be avo ided by 
computer s imulation , which aids management dec is ion making . Computer ­
aided des ign allows draftsmen to be designers , and for marine terminal 
deve lopment , CAD can create complete mode ls and s imulations before a 
penny is spent on the s ite . 

The true integration of intermodal movement of  goods is j us t  in its 
infancy . The load center concept , which calls for the concentrat ion of 
cargo volume for ocean transportation and handl ing e ffic ienc ies , creates 
the need for new methods and transportation systems to move containers 
quickly between the ocean ,  rail , and truck modes to or from origins or 
des tinations . I t  is in the national interest to des ign and develop 
marine inland satell ite , rail , and truck terminals to handle large flows 
of  cargo with minimal delays . 

The study of  the movement of goods is not l imited to the phys ical 
handl ing of the container but mus t include the paperwork necessary to 
move the shipment , the inspection requirements of government bodies , 
i . e . , Customs and Agriculture , and the proper equipment that could han­
dle l ight and heavy loads for safety on highways and roads . Studies 
must  combine the new technologies of the rail double s tacks and motor 
carrier , 102 - inch -wide , double bottom trailers into the des ign of future 
transportation systems . 

Lowering the cost of the movement of  goods in the United S tates in­
creases the nation ' s ab ility to export as well  as the marketabil ity o f  
i t s  produc ts . Reduced transportation costs also help lower the price o f  
imports t o  the consumer . Bes ides the manufacturer and consumer advan­
tages , the railroads , motor carriers , and ports can all benefit from 
research that improves equipment effic iency and operational productivity 
and reduces overhead costs . 

As in the shipbuilding industry , the private sector strategy is well 
es tabl ished among ports ( as landlords ) and terminals as evidenced by the 
large capital investments that have been made and that are planned . The 
ultimate bene fic iaries of port and terminal improvements , however , are 
the shippers and cons ignees .  In many cases these are federal entities . 
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There are also many parties whose interests are s imilar to those of  the 
port and terminal operators . These include the fre ight carriers ( ship , 
truck , rail ) , labor , and equipment manufacturers . As a result of the 
multiplicity of  congruent interests , this  sector would benefit from 
collaborative R&D . A trade assoc iation , such as the American Assoc ia­
tion of  Port Authorities (AAPA) , would appear to be in the mos t  central 
pos ition to bring potentially interested parties together to addres s  
questions of  standardization , automation ( o f  both mater ial and document 
handl ing) , and management and labor improvements . *  Government cos t ­
sharing could b e  instrumental in bringing interes ted parties together , 
as i t  has been in the shipbuilding industry . The seeds for this have 
already been sown in the Cargo Hfndl ing Cooperative Program of the 
Maritime Administration (MARAD) . U . S .  Cus toms is leading some 
demonstration e fforts with ports to computerize fre ight documentation . 

INLAND WATERWAYS 

Technology developments in the inland waterways sector of the 
maritime indus try have resulted in dramatic increases in transportation 
productivity through improvements in vessel and barge des ign and operat ­
ing sys tems . However ,  the current depress ion and overcapac ity in the 
industry have dried up incentives and investment for further improve ­
ments . Consequently , R&D is now l imited to MARAD - funded study proj ects 
and U . S .  Army Corps of Engineers and Coast Guard proj ects aimed at 
improving the phys ical infrastructure . The deve lopment needs of the 
industry include improved management , information , and communications 
systems . Also , the indus try needs a technical capac ity for partic ipat ­
ing in deve loping intermodal sys tems . 

Previous comments about waterways as a public respons ib ility and the 
relevance of private sector and collaborative s trategies to ship opera ­
tion apply equally to the inland waterways , even though the nature of 
obj ectives set by management will differ somewhat .  In the case of the 
waterways , the American Waterways Operators is in a pos it ion to foster 
collaborative R&D . 

*A more comprehens ive listing of  needs that could be addressed collabo ­
ratively appears in Improvin& Productivity in U . S .  Marine Container 
Terminals (Marine Board , 1986 ) . 

§The Cargo Handl ing Cooperative Program is a j oint venture of  five 
U . S .  general cargo ship operators supported by the Maritime Administra­
tion . The overall obj ective of the program is to improve cargo -handl ing 
productivity and thus improve the competitive pos ition of the U . S . - flag 
carriers . 
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NEEDED - -NEY INSTITUTIONS FOR TECHNICAL ADVANCEMENT 

There are many institutions in the United States with some capab i l ­
ity t o  conduct R&D i n  support of the U . S .  maritime industries . The in­
stitutions include univers ities , maritime academies ,  nonprofit research 
centers , government laboratories and research programs , consulting com­
panies , technical departments of maritime companies , and entrepreneurs . 
In this , the maritime industries are no different from counterpart in­
dustries , and the contributions of these institutions are legion . In 
fact , the technical resources of these U . S .  institutions are the envy of 
the world .  

Yet , despite past accomplishment and current capability ,  with sever­
al very spec i fic and narrow exceptions , there does not seem to be any 
mechanism for setting priorities , planning programs , or pool ing funds to 
address  shared obj ectives . Nor are there mechanisms for integrating the 
interes ts of  Congress , the executive branch , indus try , and academia in 
an effect ive way . 

Other countries seem to have gone to greater lengths to create 
shared institutions to promote and achieve commercial technical advance ­
ment that i s  in the national interest . I n  Japan , for example , technical 
advancement is promoted through nationally chartered R&D organizations 
that include indus tries , suppliers , and users in their membership . 
Support flows to the organizations from both the publ ic and private 
sectors . A planning committee , composed of representatives of member 
organizations and academics ,  develops the R&D program . Committees are 
then organized to implement the program . 

Variations of this institution occur in a number of  other coun­
tries . The essential elements of the institution are : government par ­
tic ipation (espec ially seed money) , top - level industry direction and 
overs ight , program planning by the technical community , pooling and al ­
location of R&D resources (money , people , fac i l ities ) .  The U . S .  mari ­
time industries have nothing of  this sort . 

Earl ier it  was shown that some U . S .  industries , e . g . , electric 
utilities , s teel , electronics ,  and railroads , are working toward these 
kinds of arrangements .  In other words , much can be done under current 
rules and conditions . But what does it take to make it happen? In 
every instance of accomplishment in this arena , there has been an exter ­
nal push - - usually e i ther los ing ground to stiff competition or the 
threat of government intervention . There has also been a catalytic 
agent , e i ther an industry assoc iation or the government in one way or 
another .  

While the maritime industries certainly seem to be burdened with 
competition suffic ient to spark interest in new approaches in advanc ing 
the technical base , it is doubtful whether there is a prime mover . 
Certainly the federal government has backed away from any such role . 

What about the organizations that serve the industry? The trade 
assoc iations , such as the American Institute of  Merchant Shipp ing , the 
Counc il of American- flag Ship Operators , the Lake Carriers Association , 
the American Waterways Operators , and others , are organized along paro ­
chial l ines . Furthermore , they have historically concentrated their 
efforts on pol icy versus technical issues . No s ingle assoc iation 
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promotes the national interest  in the maritime industries . The profes ­
s ional assoc iations and societies , such as the Soc iety of Naval Archi ­
tects and Marine Engineers ( SNAKE ) , have never been chartered nor funded 
by their members or sponsors to exerc ise the kind of  leadership that is 
needed . Despite the current state of  affairs , there are some pros ­
pects . The SNAKE Ship Production Committee does attempt to follow the 
Japanese mode l to an extent . 

Progress  in the ports indus tries will  depend on the partic ipation of 
all involved interes ts - - ship , port , cargo , terminal , truck , rail manage ­
ment , and labor and government . All of these interests already partic i ­
pate actively i n  the technical activities of the AAPA . I t  would seem 
that the AAPA faces a real opportunity . I t  could form a strong techni ­
cal program within the organization , as was done by the Assoc iation of  
American Railroads and the American Petroleum Institute , or it could 
cause an independent entity such as the Electrical Power Research Ins t i ­
tute t o  b e  es tabl ished . The public port authorities of  the Uni ted 
S tates would have much to gain and very l ittle to lose from such devel ­
opments . However ,  the catalytic ingredient of  top - level management 
commitment is still  miss ing . 

The inland waterways industry is  in some respects s imilar ( in its 
readiness for the creation of an industry R&D ins titution) to the ports 
industry in that the maj ority of interested parties participate in the 
industry trade assoc iation , the American Waterways Operators . 

The ship - operating sector does not have the extent o f  preemergent 
conditions of the other sectors . Evidence of this l ies in the near 
total inaction of this industry in response to a maj or e ffort in 1983 to 
develop an R&D program for industry implementation and to describe 
alternative organizations for implementation (Marine Board , 198 3 ) . 
Operators ' severe economic problems probably eclipsed the call for a 
cooperative industry R&D effort at that time . 
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CONCLUSIONS 

The commi ttee has sought to identify how research and deve lopment 
(R&D) can contribute to increased competitiveness  of the maritime indus ­
tries in the international marketplace . And , it  has tried to de termine 
how R&D can contribute to enhanc ing the availability of  the commercial 
maritime industries and the ir assets to potential mi l itary needs in the 
future . Numerous spec ific areas have been identified where R&D might 
make a contribution to both of these goals . 

In those ins tances where U . S .  maritime indus tries have become more 
competitive or enhanced national security , it has been for one of two 
reasons . Either they have increas ingly integrated their maritime activ­
i ties into an overall sys tem (manufacturing system in the case o f  ship ­
building , integrated transportation sys tem in the case of shipping and 
ship operating) , or they have reaped maximum benefits of  technology 
trans fer , or both . 

Keep ing up the momentum for sys tems integration and technology 
trans fer will continue to be important . Such efforts should be directed 
to those parts of the maritime transportation sys tems where there will 
be greates t  benefit . Technical areas identified in the report include 
ship operation management inc luding manning , port improvements , and 
intermodal cargo -handl ing improvements . 

So far as military seal ift capabilities are concerned , there is a 
real need for develop ing technology and s trategies to better util ize the 
increas ingly dominant container ship to support the nation ' s seal ift 
needs . Particular emphas is should be p laced on the development of capa­
bilities for mob ile off- loading and on- loading capabilities where i t  may 
be necessary to move military goods into ports that do not have contain­
er capabilities . 

The top priority for maritime R&D should be sys temic investigations , 
espec ially those address ing management ,  labor , and information manage ­
ment activities that might fac ilitate linking the various maritime seg­
ments together more e ffectively . However , given the fragmented nature 
of the maritime industries , a comprehens ive approach is l ikely to come 
only with government initiative and support . 
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AfPENPIX A :  
BIQGRAPHIES OF COMKIITEE MEMBERS 

GEORGE F .  MECHLIN , JR . , chairman , has spent mos t  of  his bus iness career 
working in advanced technology areas . He has been with Westinghouse 
Electric Corporation s ince 1949 and is currently vice -pres ident of 
research and development and general manager of research laboratories . 
Dr . Mechlin is a member of the National Academy of Engineering , a member 
of  the Commis s ion on Engineering and Technical Systems , past member and 
chairman of the Marine Board , and past member and chairman of several 
Marine Board committees concerned with engineering safety in the marine 
environment . He holds master ' s  and doctor ' s  degrees in phys ics from the 
Univers ity of  Pittsburgh . Dr . Mechlin is a member of a number of pro ­
fess ional societies and is the rec ipient of  the U . S .  Navy Meritorious 
Public Service Award ,  the Wes tinghouse Order of Merit , and the John J .  
Montgomery Award .  

DANIEL BRAND i s  an expert in transportation engineering and research . 
He has been vice -pres ident of  Charles River Associates , Inc . , s ince 
1977 . Mr . Brand has been chairman of several committees of the Trans ­
portation Research Board . He also was vic e - chairman of the American 
Public Trans i t  Association ' s (APTA) Pol icy and Planning Committee . 
Author ,  editor , and co - author of  numerous publications , he has been 
active in other professional activities in the transportation field . He 
was undersecretary , Executive Office of Transportation and Construction , 
Commonwealth o f  Mas sachusetts , from 1975 - 1977 . He ·was assoc iate profes ­
sor at Harvard Univers ity ,  1970 - 1975 , and lecturer at the Massachusetts 
Institute of Technology , 1969 - 1970 . Mr . Brand has a mas ter ' s  degree in 
c ivil engineering from the Massachusetts Institute of  Technology ; he 
also attended the Univers ity of Vienna and the Swiss Federal Institute 
of Technology . 

JOSE FEMENIA is a maritime engineering educator and an expert on marine 
fuels and operations . S ince 1974 , he has been chairman of  the Engineer ­
ing Department at the S tate Univers ity of New York ( SUNY) Mari time Col ­
lege , Fort Schuyler , New York . He i s  also a vis iting profes sor at the 
World Maritime Univers ity in Malmo , Sweden . His research interests 
include marine power plant evaluation , ship vibration , pollution con­
trol , and marine fuels . From 1979 to 1980 , he served on the National 
Research Council  Committee on Alternate Fuels for Maritime Use . He is a 
life member and past member of  the executive counc il  of the Society of  
Naval Architects and Marine Engineers . Mr . Femenia holds an M . S .  degree 
in mechanical engineering from the City Univers ity of New York ( 19 6 7 )  
and a B . E .  i n  marine engineering from the SUNY Maritime College ( 1964) . 

ERNST G .  FRANKEL is professor of ocean systems at the Massachusetts 
Institute of Technology (MIT) and also ports , shipp ing , and aviation 
adviser to the World Bank . Author of over 100 papers on shipbuilding , 
ship operations , port development , and other aspects o f  ocean sys tems , 
Dr . _ Frankel has worked and consulted for numerous shipbuilders , ship 
operators , government agenc ies , port adminis trations , and manufacturing 
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companies . He has authored texts on both shipbui lding and shipping . 
His research and consulting interes ts include ship product ion and 
fabrication , naval ship des ign and operation , sys tem rel iab i l i ty and 
maintainab i l i ty ,  transport system analys is , port planning and des ign ,  
transportation economics , port and coas tal engineer ing , international 
shipp ing and shipbuilding , shipyard management , and naval ship procure ­
ment . At MIT , he teaches graduate courses in these areas as wel l  as 
spec ial courses to indus try and government executives . Dr . Frankel 
rece ived a B . S .  degree from London Univers ity ,  a mechanical engineering 
certificate from MIT , an M . B . A .  degree from Bos ton Univers ity , and a 
Ph . D .  from London Univers ity .  Dr . Frankel is a member of numerous 
profess ional societies inc luding the Society of Naval Architects and 
Marine Engineers and the Royal Ins t i tute of Naval Architects . 

ANDREW E .  GIBSON is a shipp ing company executive , with pol icy - level 
government experience . S ince 1983 , he has been chairman of Amer ican 
Automar , Inc . , an American ship owning and chartering company . From 
19 7 9 - 1982 , he was pres ident of Delta S teamship Lines , Inc . , a leading 
American shipp ing company operating 24 vessels in trade from the United 
S tates to Latin America . He has also been pre s ident of  Maher Terminals , 
Inc . ( 19 7 5 - 197 7 )  and Inters tate Oil Transport Co . ( 19 7 3 - 1974) . From 
1969 - 1 9 7 2 , Mr . Gibson served in the Nixon adminis tration as ass istant 
secretary of commerce for mari time affairs and then as ass is tant 
secretary of commerce for domestic and international bus iness . He has 
also served as an ambassador - level international trade nego tiator . 
Mr . G ibson is a member of  the board of direc tors of the Panama Canal 
Commiss ion and the Industrial Pol icy Advisory Committee of the Depart ­
ment o f  Commerce . He i s  also a director o f  the American Bureau o f  
Shipp ing . Mr . Gibson holds a B . A .  degree in economics from Brown 
Univers i ty ( 19 5 1 )  and an M . B . A .  degree from New York Univers i ty ( 1959 ) . 

WILLIAM J .  HARRI S has been invo lved in materials science and indus trial 
research and development for many years . He founded the Research and 
Tes t  Department of the Association of American Railroads and built this 
department into a focal po int of planning and coordination of tech ­
nical development for the railroad indus try . Earlier i n  h i s  career , 
Dr . Harris worked on materials science prob lems and issues while on the 
s taff of Battelle Memorial Ins t i tute and also during his service with 
the Materials Advisory Board of the National Research Counc i l . His 
profess ional activities have inc luded membership and service with the 
Engineers Joint Council , the American Ins t i tute of Mining , Metallurgi ­
cal , and Pe troleum Engineers , the Me tallurgical Soc iety , and o ther or­
ganizations . He is a member of the National Academy of Engineering , and 
has served on many National Research Counc il  study groups . Dr . Harris 
rece ived a B . S .  degree in chemical engineering and an M . S .  degree in 
engineering from Purdue Univers i ty in 1940 , and an Sc . D .  in metallurgy 
from the Mas sachusetts Institute of Technology in 1948 . Dr . Harris 
re tired from the Associa- tion of American Railroads in 1985 and is 
currently distinguished professor of  transportation engineering at Texas 
A&M Univers ity . 
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JOHN H .  LEEPER is concerned with technology deve lopment and economic 
feas ib i l i ty of maritime proj ects . He is pres ident of the engineering 
consulting firm of Phillips , Cartner & Co . , which he j oined in 1985 . 
Before that he was with S imat International , Ltd . , where he directed 
proj ects on port and carrier marketing , intermodal transportation , 
fore ign- trade zones , and port and carrier financ ing . He regularly val i ­
dates economic and market analyses on new transportation and maritime 
ventures .  Prior to j oining S imat International , Mr . Leeper was for 
several years a senior proj ect manager with the Maritime Transportation 
Research Board of the National Research Council . Mr . Leeper is  pas t 
chairman of  the Panel on Economic Analys is of Mar ine Transportation 
Sys tems of  the Society of Naval Architects and Mar ine Engineers , and is 
a member of  a number of  other profess ional soc ieties . He holds a B . S .  
degree in transportation economics from the Univers ity of Colorado 
( 19 6 0 )  and an M . B . A .  degree from the American Univers i ty ( 19 6 7 ) . 

FRANK W .  NOLAN , JR . is an expert in marine terminal des ign and opera ­
tion . He spent 38 years with the International Terminal Operating 
Company , retiring in 1984 as vice -pres ident of engineer ing and purchas ­
ing . He is  currently an assoc iate of Container Transport Technology 
Co . ,  which provides engineer ing services and technical management 
support in the areas of terminal deve lopment , container handl ing and 
logistics , terminal management , and container and related transport 
equipment des i gn .  Mr . Nolan is past chairman of the Cargo Handl ing 
Pane l of the Soc iety of Naval Architects and Marine Engineers . He is 
currently vice - chairman of the International Cargo Han�l ing Coordination 
Assoc iation . Pas t service with the National Research Council  includes 
membership on the Committee on Ship Operation R&D and the Committee on 
Intermodal Terminal Des ign .  Mr . Nolan has a B . S .  degree in marine 
transportation from the Mas sachusetts Ins t i tute of Technology . 

EDWIN J .  PETERSEN has 2 3  years ' experience in ship cons truc tion , repair , 
des ign ,  and research and development management ,  and 14 years ' act ive 
service with the U . S .  Navy . Currently vice -pres ident and general mana ­
ger , Naval Technology Division ,  Todd Pac ific Shipyards Corporation , he 
established and manages this new organizational element which was 
founded to develop and promote conceptually advanced naval ship des igns 
with emphas is on highly efficient des ign and cons truc tion methods . He 
also develops and manages the corporation ' s  research and deve lopment 
program . His previous experience at Todd includes service as vice -pre ­
s ident of  programs and resources , assis tant general manager , and program 
manager for frigate cons truction . Earl ier in his career , Mr . Pe tersen 
was assoc iated with Des igners and Planners , Inc . , and De foe Shipbuilding 
Co . In the Navy , Mr . Petersen he ld a number of  engineering duty ass ign ­
ments , including proj ect management and waterfront supervis ion of con­
s truction and repair at naval and private shipyards . Mr . Pe tersen is a 
member of  the American Society of Naval Engineers as well as the Society 
of Naval Architects and Marine Engineers . He recently s tepped down from 
the chairmanship of the Ship Production Committee of that society . 
Mr . Petersen holds a B . S .  degree in engineering from the U . S .  Naval 
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Academy and an M . S .  degree i n  naval architec ture and marine engineering 
from the Massachusetts Ins t i tute of Technology . 

MILTON PIKARSKY is  an engineer and manager with broad experience in 
transportation sys tem research and operations . Currently a dis t in ­
guished professor at C i ty College of New York , other academic appoint ­
ments he has he ld inc lude director of transportation research and 
research professor , I l l ino is Institute of Techno logy Research Ins t itute , 
and adj unct professor at the Univers i ty of I l l ino is at Chicago . 
Professor Pikarsky has worked as a public works c ivil engineer , and has 
been commiss ioner of pub l ic works for the City of Chicago . He has also 
been chairman of the Chicago Trans it  Authority . Professor Pikarsky 
served on the Transportation Advisory Committee of  the Federal Energy 
Adminis tration . He was elected a member of the National Academy of 
Engineering (NAE) in 1 9 7 3 , has served on the NAE Committee on Pub l ic 
Engineering Pol icy , and currently serves on the Governing Board of the 
National Research Council . He has also been chairman of the Transpor ­
tation Research Board and chairman of  the NAE Bay Area Rap id Trans i t  
Committee . Professor Pikarsky was elected Chicago ' s  Engineer of  the 
Year ( 19 6 8 )  and C ivil Engineer of 1970 , I l l ino is Sect ion of American 
Soc iety of Civil Engineers . He has authored two books and a number of 
technical papers on the subj ects of public works and urban transpor ­
tation policy and management . 

ROBERT N .  STEINER is an expert in marine terminals and ports . He has 
served with the Port Authority of New York s ince 1967 . He is  currently 
deputy direc tor of the port department , where he directs the planning , 
maintenance , operation , promotion ,  and development of marine terminal 
fac i l i t ies . Early in his career , he sailed as a deck officer in the 
U . S .  Merchant Marine and was employed by Sea - Land Service in the marine 
operations and marine terminals departments .  Mr . Ste iner is a member of 
a number of profe s s ional and trade organizations . He graduated in 1962  
from the U . S .  Merchant Marine Academy at Kings Po int with a B . S .  degree 
in marine transportation . 

JOHN F .  WING has extens ive experience in transportation sys tems and 
operations . He is  senior vice -pres ident , Booz , Allen & Hamilton , and is  
manager of the firm ' s Transportation Consulting Divis ion .  His personal 
consult ing practice is in the marit ime field , where he directs s tudies 
of  economic analys is and new technology evaluation for l iner and bulk 
fleets , market research for marine equipment , manning , development and 
feas ib i l i ty for seaports , evaluation of barge versus rail movement ,  
marine safe ty and risk analys is , and other marine - re lated pol icy , 
technical , and economic evaluations . Mr . Wing ' s early profess ional 
experience included engineering as s ignments with Alcoa S teamship Company 
and ship des ign with Bethlehem S teel ' s  Shipbuilding Divi s ion .  Mr . Wing 
has lectured on transportation economics at the Univers i ty of Michigan 
and at Clemson Univers i ty , and has presented papers for the Society of 
Naval Architects and Mar ine Engineers and the Society of Automot ive 
Engineers . He is a pas t chairman of the Marine Board of the National 
Research Counc i l . Mr . Wing rece ived his B . S .  degree in naval 
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architecture and marine engineering from the Massachusetts Institute of 
Technology and his M . B . A .  degree from Harvard Univers ity . 

H .  PETER YOUNG is vice - president of  marine operations for American 
Pre s ident Lines , Ltd . (APL) . He is an expert on ship operation and 
fleet management . Mr . Young is currently respons ible for all fleet 
operations , maintenance and repair , fuel purchas ing , vessel des ign , 
acquis ition ,  and construction . S ince j oining APL in 1979 , he has served 
as director of  vessel maintenance and repair , managing director of 
breakbulk services , and managing director of the Taiwan region . Prior 
to 1979 , Mr . Young spent 3 years with Seaworthy Systems as manager of 
marine systems . He additionally held technical pos itions for 5 years in 
the marine appl ication of  gas turbines and related fuel research and 
development with United Technologies Corporation after a 2 -year s t int as 
a l icensed seagoing marine engineer . He is  an engineer ing graduate of 
the U . S .  Merchant Marine Academy , class of 1969 . In 1972 , he obtained 
an M . S .  degree in management from Rensselaer Polytechnic Institute . 
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APPENDIX B 

EXCERPIS FROM "THE RQLES OF GOVERNMENT AND 
INDUSTRY IN RESEARCH AND DEVELOPMENT FOR THE HARITIHE 

INDUSTRIES : AN INTERIM REPORT" 
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u I s I HARITIKE INDUSTRIES ; STAIUS I TRENDS I AND NEEDS 

STATUS 

The U . S .  maritime indus tries ( i . e . , shipbuilding , ship operating , 
marine terminals ,  and coas tal and inland waterways shipp ing and ship ­
building) are in the midst of  rapid change as the result of an eroding 
U . S .  competitive pos ition in world shipping and trade , deregulation of 
the fre ight transportation indus tries , and increas ing competition for 
scarce government funds . One consequence of these change s is the over ­
supply and overcapacity of capital as sets , including ships and barges , 
shipbuilding capac ity , and in some cases underuti l ized marine termi ­
nals . Some of the oversupply/overcapac ity is nominal - - too many or too 
much . In other ins tances the oversupply/overcapacity is s tructural - - the 
surplus fac i lities are too old or poorly s i ted for modern conditions . 
The problem of  oversupply/overcapacity adversely affects the bus iness  
cl imate in the maritime indus tries . 

The bus iness cl imate for U . S . - flag shipping is both depressed and 
intensely competitive , with excess capac ity high on the l i s t  of causes . 
Any time any segment shows s igns of  profitability ,  as did the U . S .  
cruise bus iness  several years ago , fore ign shipbuilders and the govern­
ments that support them produce additional tonnage for virtually any 
owner . The result once again is oversupply . Given the long l i s t  of  
failures that such a shipbuilding policy has generated , many of  the 
developed countries are reassess ing the wisdom of continued support of 
shipbuilders , with the result that clos ings are taking place at an 
accelerated rate . 

The mounting losses incurred by the shipowners has hit the interna ­
tional lending institutions particularly hard . Recent difficulties of  
several maj or shipowners have sent shock waves through the banking in ­
dus try . I t  will  be increas ingly difficult for even the soundes t  ship ­
ping companies to obtain financing in the future . This will lead to 
further divers i fication out of the indus try . 

As a defens ive move , many European ship operators are " flagging out " 
existing tonnage or selling off the ir fleets and chartering in cheaper 
third- flag vessels . This indicates that time has run out on the ir e f ­
forts a t  cost reduction for their national flag ships . Given the exis t ­
ing overtonnaging , fre i ght rates have plummeted t o  a point where any tax 
or regulatory burden or crew cost differential cannot be absorbed . Many 
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owners have concluded that ne ither the available sys tems nor the tech­
nologies exist  that can produce sufficient increases in productivity in 
the short run to offset the cost differential enj oyed by the third- flag 
carriers . 

A new generation of 4 , 000 twenty - foot equivalent unit (TEU) contain­
er ships is now servicing the United S tates . This additional low-unit ­
cost transportation capac ity virtually guarantees that 1986  wil l  be 
another year of depressed fre ight rates . The demise of well - es tabl ished 
shipping companies is l ikely to continue . 

Al though the dollar has begun to weaken against the maj or curren­
c ies , the lag time built  into fore ign trade transactions precludes any 
subs tantial change in U . S .  trading patterns in the short - to -mid term . 
For example , there is no recognized forecas t indicating any maj or 
improvement in the U . S .  grain and coal export picture that is essential 
for a subs tantial increase in traffic on the rivers . Existing ove r ­
capacity a l s o  wil l  continue t o  depress  freight rates i n  this area as 
will the reduction in the world price of petroleum . The drop in o i l  
prices has also dampened activity i n  the oil  service and supply sectors , 
and the shipbuilders and repairers that serve that industry . No im­
provement is  in s ight . 

TRENDS 

The U . S .  maritime industries are faced with a continuation of trends 
already wel l  begun .  The most  competitive shipbuilding and ship operat ­
ing companies wil l  certainly survive . The surviving ship operators , in 
particular , wil l  become part of a highly competitive international in­
dus try , but much of the ir expans ionary efforts will  be in the intermodal 
land transportation systems so that the ship itself wil l  continue to be 
de emphas ized . 

The domestic fleet will continue to shrink and some changes may taka 
place in the cabotage laws , particularly as they pertain to the require ­
ment that all vessels be U . S .  built . Because of increas ingly competi ­
tive land transport alternatives , the higher cost of some Jones Act 
services can no longer be passed along to the consumer . At present , the 
cheaper tug-barge systems are taking over , but some provision for for ­
e ign building i s  inevitable i n  the future . 

Many state governments appear to be willing to continue to stimulate 
port improvement and expans ion through the use of s tate -backed indus ­
trial bonds , tax incentives , and subs idies . This will  sustain a compe ­
titive environment that puts pressure on port costs and at the same t ime 
wil l  result in excess port capacity nationwide . 

There is a growing concentration of cargoes at a smaller number o f  
ports . Th i s  concentration is caused b y  the neces s i ty of  improving the 
util ization of  cap ital - intens ive ships , double - stack trains , and modern 
marine terminals .  To increase the number of  vessel voyages and unit 
train round- trips , carriers must l imit the number of port and terminal 
s tops . Load centers have deve loped around high capacity ,  high service ­
frequency ports that offer throughput effic iencies . The growing number 
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of container double - stacked unit- trains has benefited the U . S .  carriers 
that introduced them by substantially reducing inland costs . 

The concentration of  ship operating activities is hardly good news 
for some shipbuilders . The largest shipbuilders are sustained with Navy 
work ; the smaller shipbuilders must develop new markets or go out of  
bus iness . 

NEEDS AND OPPORTUNITIES 

Even in this depressed c l imate , there are a number of  opportunities 
for improvement that could add to the overall profitability of  segments 
of the U . S .  maritime industries . 

Shipbuilding 

Given the lack of any s ignificant commerc ial market , the princ ipal 
beneficiary of increased e fficiency or improved shipbuilding and ship 
repair techniques is the U . S .  Navy . A number of  worthwhile proj ects are 
be ing undertaken to accomplish this . These proj ects constitute a col ­
laborative effort within the indus try , with government sponsorship . 
Despite such efforts in process technology (where benefits accrue to the 
government in the form of reduced costs for building and overhauling 
naval vessels ) ,  U . S .  shipbuilders have j ust  begun to scratch the surface 
of opportunities that could be created through market research , develop ­
ment of  new products , and entry into new markets . An example o f  this is 
the industrial plant and floating plant market ,  which is already creat ­
ing employment for some U . S .  shipyards . Private collaborative opportu­
nities to exploit the fore ign market for these units are available 
through the use of  export trading companies and foreign trade zones . 

Without government support it will be difficult for the U . S .  ship ­
builders to be internationally competitive within the foreseeable 
future . U . S .  government ass istance in international marketing and in 
low interest financ ing of foreign sales is appropriate and necessary . 
The absence of any international demand for American-built ships , 
together with high U . S .  labor costs , greatly restricts the available 
market and guarantees an insurmountable price differential . 

Ship Operating 

Improved utilization of the seagoing work force leading to more 
effective manning and pos s ibly crew reduction offers a real opportunity 
for future savings and is be ing undertaken with the cooperation of some 
of the U . S .  labor unions and the U . S .  Coast Guard . A number of the 
European maritime nations and Japan are well ahead in this e ffort . 
Several maj or U . S .  shipping companies are trans ferring the e ffect ive 
manning technology of  Europeans and others into the ir operations . A 
MARAD - sponsored R&D program with indus try and labor has fac ilitated 
advances in this area . The technical bas is still  needs to be developed 
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for revis ing maritime education and training curricula and for making 
manning and l icens ing changes in the context of U . S .  maritime safety 
regulations . 

Long- term efforts relating to energy efficiency are being success ­
fully undertaken by European diesel engine manufacturers and the ir As ian 
l icensees . Given the l imited U . S .  market , there is little incentive to 
undertake independent research in this country ; however , U . S .  ship 
operators ( and shipbuilders ) are monitoring overseas deve lopments and 
should cons ider partic ipating in future developments .  

Marine Terminals 

No s ignificant technological l imitations impede marine terminal 
operations . Most modern container terminal operators are aware of and 
use the latest technologies when their use is cos t - effective . The two 
most  promis ing areas for productivity improvement in the next five years 
are advances in automation of information flow within marine terminals , 
and improvements directed to the performance of the human element , 
including management and labor . 

As in other sectors of the maritime industries , technology develop ­
ment and appl ication in marine terminals is healthiest  in certain As ian 
and European countries . Any shortcomings in performance in U . S .  termi ­
nal operations compared to foreign operations of s imilar capab i lity is 
due more to the performance of the human element - -management , docks ide 
labor , organization , and work practices - - than it is to a need for new 
technological development . 

Generally speaking , labor has not impeded the technical development 
and appl ication of most competitive technology in U . S .  marine termi ­
nals . However , in East and Gulf Coast ports , long s tanding labor/ 
management agreements have denied much of the cost - saving benefits of  
new technologies to  the terminal operator ; this has impeded full utili ­
zation . Manning levels o f  longshore gangs in these areas are two to 
three times the s ize of those in most areas of the world , and crane 
productivity in U . S .  terminals is less than that of the mos t  productive 
terminals in the world . In spite of  this disadvantage , terminal opera­
tors have continued to innovate ,  albeit with a resultant squeeze on 
profitability .  In contrast to other economic sectors of the maritime 
indus tries , there is healthy competition in the marine terminals indus ­
try between ports , between terminals ,  and between labor unions . As a 
result of relocation of ports and creat ion of new marine terminals , the 
traditional labor union alignments are being challenged by newcomers to 
the longshore industry . High labor costs are creating an opportunity 
for new approaches and organizations and its growth is bound to 
continue . 
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Inland Waterways 

S ince all bas ic waterway improvements are government sponsored , the 
lack of funds and time - consuming procedures for approval of waterway 
proj ects are maj or barriers to improvements in operating conditions and 
bus iness opportunities . Nevertheless , incremental operational improve ­
ments that modestly reduce cost and increase service can reasonably be 
expected , based on past performance . Opportunities for improving the 
productivity of  vessel operations are to be found in advances  in the 
engine room , hull design and materials , improved maneuvering , personnel 
safety and health , training of  personne l , better communications , and 
e liminating burdensome regulations . 

OTHER CONSIDERATIONS 

Given the depressed earnings in the maritime industries , any real 
interest  in technology development and appl ication on the part of the 
industry will only be to identify short- term opportunities for cos t 
saving or market segment enhancement . Additionally , with continued 
government emphas is on the eventual el imination of all direct subs idies 
for the maritime industry and reduced federal investment in ports , only 
proj ects that further these �hort - term goals can be expected to have 
federal support unless they can be presented as essential to national 
security . 

Copyright © National Academy of Sciences. All rights reserved.

Strengthening Research and Innovation in the Maritime Industries
http://www.nap.edu/catalog.php?record_id=18903

http://www.nap.edu/catalog.php?record_id=18903


4 

TECHNOLOGY DEVELOPMENT AND APPLICATION 
IN IHE MARITIME INDUStRIES 

This chapter presents an overview of technology development and 
appl ication in the maritime indus tries in recent years and identifies 
the roles of indus try and government in these endeavors . I t  addresses 
the forces that are driving developments , the key developments , the 
organizational infras tructure that produced the developments , and 
additional needs of the indus try . 

The sources of information for this overview were background papers 
on the state of technology development and appl ication in each of the 
four economic sectors be ing addressed- - ( 1 )  shipbuilding , ( 2 )  ship 
operating , ( 3 )  marine terminal operations , and ( 4 )  inland waterway 
operations . 

The papers were developed by experts from each of the industry 
sec tors [ the members of the work groups are listed at the end of this 
excerp t ] . The definition of technology development and application in 
those papers and in this interim report is broad , as has been ex ­
plained . I t  encompasses development and commercial appl ication of 
changes in hardware , operating methods , information systems , and manage ­
ment sys tems . This broad definition was adopted because it  encompasses 
the types of engineering and operating advances that appear to be impor ­
tant in the maritime industries . 

The framework for this chapter is to examine , for each of the four 
indus try sectors , the economic issues and driving forces in the sector , 
then to identify key technology accomplishments and the ir benefits , the 
infras truc ture for accomplishment ( i . e . , how and by whom the work was 
conduc ted and implemented) , and finally to assess remaining needs and 
opportunities . 

U . S .  SHIPBUILDING INDUSTRY 

A paucity of merchant shipbuilding and ship repair work is has tening 
a contraction of the U . S .  shipbuilding indus try . Even expanded Navy 
ship acquisition programs require less than the indus try ' s  capac ity .  
Shipyard employment , with several exceptions , is down , and several yards 
have closed . 

Intense competition for a l imited market has resulted . On a global 
scale , an increas ing number of shipbuilders are chas ing a decreas ing 
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volume of commercial shipbuilding work. In many instances, foreign 
governments are making available varied forms of direct and indirect 
subsidies, as well as liberal credit terms, which enable their ship ­
builders to offer favorable prices. The United States i s  not of the 
same disposition. 

U. S. shipbuilders have not, in modern times, competed in the world 
market for many reasons. These reasons include disparities o f  costs of 
labor, lower productivity, unfavorable fore ign exchange rates , stricter 
laws affecting employment and ship des ign, separation of des ign and 
product ion segments of the industry, and a lack of support by the U . S .  
government to the extent that other governments support their ship ­
building industries . Furthermore, the federal government has not 
provided direct subsidies for commercial ship cons truc tion s ince 1981 . 

The scarcity of merchant ship work has made shipbuilding , conver­
sion ,  and repair for the U. S. Navy increasingly important to American 
shipyards . To this end, a 600 - ship Navy that includes 15  carrier battle 
groups, nuclear submarines, and greater amphibious assault capabil ities 
will be reached by 1990 . Mos t  of the ship construction contracts to 
achieve that obj ective have been placed. The maj ority of this work is 
being undertaken in a handful of shipyards . Four shipbuilders employ 
approximately 70 percent of the total new cons truction work force .  

The industry has made s ignificant advances in shipbuilding produc ­
t ivity through technology advancements and better management in the 
des i gn ,  planning, and production processes , in part as a resul t  of the 
competitive award of naval shipbu ild ing contracts with incentives to 
minimize cost . The MARAD R&D program facilitated the introduction and 
appl ication of technology advances in U . S .  shipyards . 

A Navy survey found that many defense contractors will modernize 
their facilities when contractual incentives and long- term market 
stabi lity prov ide a viable base for bus iness investment . Absent these 
conditions , naval shipbuilders will seek direct government funding for 
plant modernization. 

S ince 1983 , as a consequence of improved shipyard productivity and 
lower - than- estimated inflation , some shipyards have been able to del iver 
ships ahead of schedule and under budget . The costs o f  some naval ship 
construc tion programs have dropped by as much as 34 percent . These 
sav ings have been achieved through comb inations of fac i l ities improve ­
ments , changes in labor/management attitudes , production management 
sys tems , advances in construction techniques , and wider use of computer 
sys tems in design and production . The shipbuilders themselves have 
identified and created these opportunities for improved productivity ; 
the necessary investments have come from the shipbuilders with contrac ­
tual incentives from the Navy . 

During 1981 , the Navy funded s ix top - down self- assessment surveys 
with leading shipbuilders to identify what technologies would improve 
naval shipbuild ing productivity . Shipbuilders submitted technology 
proposals directed toward improved manufacturing techniques , processes , 
or machinery. The outcome of  the survey revealed that the shipbuilders 
were extremely conservative in their approach to technology development 
because barely 6 percent of the 160 technology proposals required 
production technologies whose feas ibility had been proven only under 
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laboratory conditions . The remaining 94 percent of technology proposals 
mainly called for technology transfer from other shipyards or indus ­
tries , which could be implemented with minimum risk and delay . 

While conservatism with respect to introducing new production tech­
nologies in a shipyard environment was evident , cons iderable production 
gains have been achieved by the shipbuilders . Some have acted indepen­
dently , responding to the incentives created by the naval ship acquis i ­
tion programs ; some have obtained direct government funding o f  advances 
under the Manufacturing Technology Program of the U . S .  Department of  
Defense ; all  have benefited from the collaborative National Shipbuilding 
Research Program . 

The National Shipbuilding Research Program is a cooperative venture 
between the shipbuilding industry and KARAD . I t  provides financ ing and 
management of research proj ects to improve the product ivity of  U . S .  
shipyards and their competitiveness  in the world shipbuilding market .  
The program , initiated in 197 1 , is financed by both industry and govern­
ment and provides for industry involvement in technical management and 
execution through involvement of the Society of Naval Architects and 
Marine Engineers ' Ship Production Committee ( SPC ) . The SPC collaborates 
with KARAD in the management of the program , especially to set program 
priorities , ass ign responsibilities for proj ects , provide technical 
direction , •nd ass ist  in demonstrating program results . Panels of the 
SPC work to exchange technical information , identify new problems and 
recommend opportunities for R&D , oversee ongoing proj ects , and demon­
strate completed work . The costs of  research proj ects are shared by the 
lead shipyard and the government , often on a fifty- fifty bas i s . 

Two developments in shipbuilding technology have great potential and 
should be advanced by the Navy , shipbuilders , and suppliers . They are 
integration of engineering and production to support zone - oriented , 
modular ship cons truction and the use of computers in shipbuilding . 

Shipbuilders , suppliers , and the Navy are introduc ing computers in 
the three fundamental areas of their operations : des ign ,  manufacture , 
and production management . Yet ,  shipbuilders ' systems are , in general , 
cons iderably behind the s tate of  the art . Because the Navy is the maj or 
shipbuilding customer in the United States , it has the obligation to 
initiate industry-wide innovations that will lead to s ignificant commu­
nication and productivity improvements , leaving selection and implemen­
tation of  computer sys tems to the shipbuilders and suppl iers themselves . 

The traditional , adversary relationship between management and labor 
hinders technology development and application in the shipbuilding in­
dus try . Personnel are the most important resource in the ship develop ­
ment and production process , yet until quite recently management and 
organized labor have shown l ittle interes t  in working together as an 
integrated team . Important issues to be resolved in order to maximize 
efficiency of  the shipbuilding process include : work rule flexibility ,  
cross - craft training and ass ignment , automation o f  the shipbuilding 
process , and employee involvement . The National Shipbuilding Research 
Program has recently initiated a Human Resources Innovation Program to 
address these important issues . 

In summary , technology developments in the shipbuilding indus try 
focus on manufac turing and production improvements aimed at productivity 
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gains and reduced costs . Cons iderable progress has been made in the 
las t 5 years in reducing the labor hours in shipbuilding . Navy ship ­
building programs have been the primary drivers for these advances , 
which have been accomplished by the shipyards . The collaborative indus ­
try- government National Shipbuilding Research Program , adminis tered by 
the MARAD ,  has served as a principal driving force to plan ,  organize , 
and manage this R&D . The program has facilitated technology transfer 
in this arena , and has funded supporting research and development . 

In view of its current role as the mos t  direct benefic iary of  
improvements to  the shipbuilding process , the U . S .  Navy would benefit 
from having within its organization a central focus for collaborating 
with the shipbuilding industry and with the MARAD on developing and 
implementing process technology . A shipbuilding technology divis ion was 
recently established at DTNSRDC , which could fil l  this role . 

U . S .  SHIP OPERATING INDUSTRY 

As the largest international trading nation , the U . S .  presents an 
immense market for U . S .  and foreign ship operating companies . Mos t  
U . S . - flag operators have not been cos t competitive , but this  has not 
prevented vigorous partic ipation by U . S .  operators in the l iner trades . 
This partic ipation was made pos s ible in the 1950s , 1960s , and 1970s by 
the government ' s  subs idy programs but increas ingly in recent years by 
appl ication of  U . S . - developed container technology and intermodal 
systems . 

The U . S .  shipping industry includes general cargo and bulk cargo 
sesments . The general cargo sector includes several aggress ive con­
tainership operators competing successfully for international cargo . 

The maj or East/West l iner trade routes are served by modern , large 
to ultra- large container ships supported by foreign- flag feeder ships 
and an expanding U . S .  and worldwide intermodal network operating under 
increas ingly sophisticated control systems . 

The general cargo trade protected by the Jones Act is  served mos tly 
by older container ships operating in coastwise trade and to Puerto 
Rico , Hawaii , and Alaska . The trade also supports a few highly compe ­
titive , modern coastwise integrated tug barge sys tems also operating to 
both Alaska and Puerto Rico . 

The U . S . - flag bulk carrier segment comprises mainly older vessels 
carrying petroleum , grain , and dry bulk cargoes in the cabotage and 
Jones Act res tricted trades . Few U . S . - flag vessels are operating compe ­
titively in the international bulk trades . Most  of the vessels operat ­
ing in foreign trade are subs isting on government - aid cargoes .  They are 
generally old by world s tandards and require fre ight rates more than 
double the world scale , even after subs idy ,  because of high labor and 
other costs . 

· 

Technology developments in the ship operating industry wil l  be 
discussed in three areas : ( 1 )  containerization , ( 2 )  effective manning , 
and ( 3 )  management and control . 
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Containerization 

The transition to containers in liner shipping has transformed ship 
and port des ign and operations as well as the economics of ocean ship ­
p ing . Rapid growth in containerization and intermodalism in the 1970s 
and 1980s was made poss ible by several key technology innovations . 
These included changes in ship configuration , cargo handling equipment , 
terminals , and rail cars as well as new marketing , operating , and 
management systems . 

The most modern containerships can carry in excess of 4 , 000 20 - foot 
containers . They are powered by fuel - effic ient , slow- speed diesel en­
gines , and have hull forms that minimize resistance and reduce construc ­
tion costs . Increas ing use of automation and restructuring of shipboard 
work is allowing crew s izes to be reduced . 

Both rail and ocean carriers have caused the development and imple ­
mentation of innovations such as : 

• Lightwe ight , articulated rail cars des igned to carry double ­
s tacked containers .  

• Automated information systems for process ing and shipping data 
between carriers , shippers , terminals ,  and third parties . 

At ports and terminals ,  developments have been directed toward more 
rapid and efficient trans fer of larger unit loads between ocean carriers 
and land carriers . 

The container revolution and the evolving intermodal transportation 
systems are the result not only of technology development ; as , or more , 
important have been the creativity and willingness of managers to take 
maj or capital inves tment risks to gain a competitive advantage . Thus , 
developments were driven by commerc ial incentives to increase produc ­
tivity of phys ical assets and human resources and to be able to offer 
better service than competitors . 

There has been only modest industry-wide or cooperative research and 
development in this arena , nor has there been an infrastructure to lead 
such work . This is hardly surpris ing cons idering the highly competitive 
nature of the U . S .  industry and the minimal history of cooperative re ­
search in the maritime industry . However , some collaboration motivated 
by necessity has occurred ; examples include the standardization of 
container s izes and lift po ints . More recently , MARAD has sponsored a 
Cargo - Handling Cooperative Program ( CHCP) modeled after the National 
Shipbuilding Research Program . Under the CHCP , U . S .  l iner operators , 
which also operate marine terminals , are investigating technologies 
needed by all , such as systems for automatic identification of contain­
ers . S ignificant advances are being achieved through this cooperative 
indus try - government program . 

Effective Manning 

At the present time , manning levels for new large oceangoing con­
tainer ships and s ingle -product tankers are generally in the 18 - to 
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22 -person range . Ten to fifteen years ago the manning levels for compa­
rable vessels were in the 30 to 35  range . In some instances , the reduc ­
tions have been achieved without s ignificant planning ; in other cases , 
there has been considerable j oint experimentation and negotiation by 
management , labor , ship , and shore personnel . 

Manning changes require innovations in operating practices and 
hardware - - engine , deck , bridge , food service , and other equipment - - as 
wel l  as fleet management practices . In reduc ing manning , it  is also 
necessary to address human factors elements , such as the effects of 
isolation on worker performance and safety . Most  of the effective 
manning advances to date were developed and appl ied first by fore ign 
ship operators , often as the result of collaborative national programs . 

In addition to the technology development required for more 
effective manning , organizational changes are required based on work 
redesign . Work redes ign refers to del iberate efforts to modify the 
organization of shipboard work . This might include s tructural changes 
such as new billets , new management practices ,  and revised union work 
rules . Research to identify the educational and training needs of  
present- day and future seafarers is needed . 

One important work organization change has been that of intradepar ­
tmental flexibil ity in which individuals take on more respons ibilities 
within their own departments ,  e . g . , steward/cook , cook/baker , and 
electric ian/reefer/j unior engineer . 

Crew continuity ,  a potentially important manning innovation , is very 
difficult to achieve in the U . S .  merchant marine because of the current 
surplus of labor . Unions attempt to spread diminishing j ob opportuni ­
ties among their members . 

Hardware innovations enabl ing further manning reductions have large ­
ly proceeded from foreign shipyards , frequently in association with 
nationally funded R&D efforts . Shipyards and governments wishing to 
continue the export of merchant ships are quite aware of customer inte r ­
est  i n  smallest- crew vessels .  As the level of manning drops into the 
mid- teens , a need develops for s ignificant further technology innovation 
in hull and machinery maintenance . 

In the U . S .  ship operating industry , the advances in effective man­
ning are being achieved primarily within individual s teamship companies 
working with their unions . Engineering des ign organizations have pro ­
vided guidance on the availab i l i ty of supporting hardware . Also , MARAD 
has performed an important catalys t role through sponsoring technology 
transfer , and fac i l itating j oint labor - management approaches to problem 
solving . 

Ship Management and Handl ing 

A number of ship management functions have been partially or fully 
automated through use of computers and satell ite communication sys tems 
with a resulting pos itive effec t on ship management methods and 
organization . 

Ship routing systems were introduced based on sate l lite weather 
information , accurate pos i tion measures , and onboard and shore -based 
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computer systems that could determine the optimum course and speed for a 
ship to minimize its fuel consumption while achieving its des ired arri ­
val t ime within acceptable levels of probability .  Ship routing systems 
used various weather and ship progress  forecasting techniques . The U . S .  
Navy has been the princ ipal sponsor of this technology development . 

Other important technological developments have been in the area of 
ship condi tion management . This refers to implementation of an optimum 
s trategy for fuel and water consumption as a result of monitoring the 
tanks , s tores , and pos itions of cargo ; and computing ship s tability ,  
trim , draft , list , bending moment , and shear in near- real time . 

Further reductions in manning and auto -pilots controlled by a com­
puter routing/collis ion avo idance sys tem are expected appl ications . 
Other technological changes will  probably include remote cargo and ship 
condition management whereby preprogrammed cargo loading/discharge and 
ship condition changes are performed without shipboard crew involvement . 

Research and development in ship management systems has been per ­
formed by commerc ial equipment suppl iers and research firms . MARAD has 
been a princ ipal sponsor of research in this area through its Fleet 
Management Technology Program , which has funded research , testing , and 
implementation work on weather routing , collis ion avoidance , and other 
management sys tems . Many technological advances are fallouts from 
developments in other areas such as space research , satellite systems , 
communications research , and automated data base sys tems . 

Interest developed " in the early 1970s in the interac tion between 
safety in ship operations and ship handling . This was the resul t of a 
number of collis ions , rammings , and groundings involving tankers and 
also vessels s triking bridges . 

The primary sponsors of research on the safety of ship handling were 
the U . S .  Coas t Guard and MARAD with guidance from the Society of Naval 
Architects and Marine Engineers ( SNAKE) . There has been a continuing 
R&D effort directed at prediction and improvement in ship handling and 
controllability .  This effort is at a very low funding level after a 
peak in the mid- 1970s . For commerc ial transportation application MARAD 
was the maj or source of funds although these now are minimal . In se ­
lec ted cases , the U . S .  Coast Guard and U . S .  Army Corps of Engineers have 
also funded work . The Navy has also supported some basic work in ship 
controllability which can be applied to commerc ial vessels . Industrial 
funding has been very limited . 

Ship/waterway interface technology concerns the prediction of ship 
performance in a particular harbor , channel ,  or waterway , and the 
determination of the effects of changes in the waterway on safety or 
operating e fficiency . The driving force behind R&D in this area is 
harbor/waterway development and maintenance proj ects . Smali changes in 
channel and turning bas in dimens ions can have very maj or cost and 
environmental impacts . The primary sponsors of research have been 
MARAD , the Corps of Engineers , and the Coast Guard . SNAKE Panel H- 10 
has continued to provide guidance . 

The maj or tool in this research is  the real time , man in the loop , 
ship handl ing s imulator , of  which MARAD ' s Computer -aided Operations 
Research Facility is the mos t  advanced in the U . S .  Implementation of 
research in this area has been quite rapid . I t  has become a s tandard 
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procedure to use s imulators t o  evaluate alternatives i n  port and water ­
way des ign . Dec isions affecting the expenditure o f  hundreds o f  millions 
of dollars for port and waterway cons truction have been made on the 
bas is of s imulator s tudies . 

The shipbuilding and operating s ide of the industry with few excep ­
tions has made little inves tment in ship handling research . The most  
notable exception has been oil company sponsorship of  research assoc i ­
ated with tanker maneuvering in shallow water i n  the late 1970s . Fleet 
management is  another area of opportunity . However , the barriers to 
more effective technology development for the ship operating indus try 
include lack of economic incentives and a weak R&D infrastructure . 

In summary , technology developments in the ship operating industry 
focus on implementation of containerization and intermodal sys tems , 
effective manning , and ship management and handling . Containerization , 
which revolutionized the liner segment of  the industry , was developed 
primarily by operators investing in capital intens ive ships and cargo 
handl ing equipment spurred by market and profit potential . The next 
revolution may be in e ffective manning , with operators and labor trying 
to catch up with a competitive advantage already achieved by foreign 
operators . MARAD has played an important supporting role in effective 
manning technology transfer and fac i l i tation , and in ship management 
computer systems development . 

U . S .  MARINE TERMINAL INDUSTRY 

Every coastal metropolitan region of the United S tates centers on a 
commercial port . The hubs of ports are marine terminals ,  which are 
complex networks of rece iving , s toring , and transporting facilities for 
cargo carried by ships . At marine terminals ,  cargo is trans ferred 
between deep sea vessels , feeder vessels , and inland transportation 
modes . 

Deregulation on both the land and ocean s ide has changed the compe ­
titive balance subs tantially . Each element in the transport chain- ­
ocean carriers , inland carriers , and seaport marine terminals - - mus t  now 
s tand alone in the shipper ' s  evaluation of leas t  system cos t . Further ­
more , under the rapidly growing intermodal systems that are developing 
in the deregulated operating environment , a s ingle carrier may be re ­
spons ible for the entire routing from origin to destination . Conse ­
quently , where past port routing dec is ions were made on the bas is of 
tradition and legal precedent (under outdated shipping laws ) , current 
routings are made on the bas is of cos t and service performance . 

In summary , only marine terminals in those ports that recognize the 
need to improve productivity will survive the competition heightened by 
deregulation . Advances in seaport marine terminal technology as well as 
channel depth , labor -management relations , equipment and fac i l ities , 
management techniques and computer systems can improve terminal produc ­
tivity . These areas are discussed next for general cargo terminals as 
well  as bulk cargo terminals . 
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Channel Depth 

The 40 - to 45 - foot deep channels at the maj or ports are adequate for 
virtually all of the largest ships in service or being constructed for 
the transport of general cargo . The extens ive need for landside con ­
tainer s torage space , however , has led to relocation of container termi ­
nals  away from traditional "downtown" shipping centers to outlying areas 
of ports , neces s i tating e i ther development of new access channels or 
deepening of relatively shallow secondary channels . The advantages 
inherent in the use of large vessels will probably impose pressures for 
further improvement of the main channels at maj or ports including the 
widening of channels for wide -beamed ships . 

Channel improvements under today ' s regulatory environment require 
resolution of technical problems associated with dredging . Better meth ­
ods for dredging and removal of dredged materials with minimal adverse 
environmental impacts need to be developed . The technical bas is needs 
to be developed to increase the util ization of dredged materials and to 
view them as a resource , as opposed to their current s tatus as a waste 
material that needs to be disposed of . At estuarial ports , where 
s ignificant sal inity intrus ion may result from deepening of a channe l , 
me thods have to be developed to prevent contamination of water supply 
sys tems that have intakes in the estuary . A means for protec ting timber 
piles exposed by dredging to attack by marine borers must also be 
devised . Solutions to ·such technical problems are be ing sought by the 
dredging indus try and port development organizations . 

A maj or phys ical cons traint to increas ing the depth and width of 
many ships is  the l imitation of navigation locks in the Panama Canal , 
the St . Lawrence Seaway , and on inland rivers . The cons truction of a 
sea- level canal across the Isthmus of Panama or , alternatively , new 
locks for accommodating large bulk carriers will , even if  adopted , 
require over a decade to complete . 

Al ternatives to waterway deepening include the offshore cons truction 
of terminals either of man-made platforms or islands in deep water . 
Another alternative is to serve exceptional ly deep - draft vessels at a 
l imited number of ports , each within a maj or region of the nation . 

The use of wide -beamed ships and draft - ass is tance devices also would 
avoid the need for channel deepening . Both of these  concepts could , 
however ,  s till necessitate some dredging work . 

The princ ipal federal organizations concerned with marine transport 
and channel works are MARAD , the Coas t Guard , the U . S .  Army Corps of 
Engineers , and the Environmental Protection Agency . Several of these 
organizations sponsor R&D in advancing marine transport and port deve l ­
opment . MARAD issues planning criteria for U . S .  port development and 
funds s tudies on port s iting , operating , and financ ing . I t  also aids 
the planning of port fac ilities and shipping operations by compil ing 
s tatistics  of the nation ' s waterborne commerce , and updating inventories 
of  port facil ities and vessel fleets . One of MARAD ' s  thrusts in tech ­
nology is  its computer - aided operations research fac ility ( CAORF) . 
Located at the U . S .  Merchant Marine Academy at King ' s Point , New York , 
CAORF s imulates navigation operations for the planning of waterways . 
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The U . S .  Army Corps of Engineers conducts a maj or part o f  the re ­
search on the technical and environmental issues 

"
involved in channels , 

bank protection , and flood control works . The Corps ' Waterways Exper i ­
ment Station a t  Vicksburg , Mississippi including i t s  Coastal Engineering 
Research Center is among the few laboratories engaged in the study of 
hydraulic and sediment regimes , and other phenomena affecting channel 
development and shore protection . The Corps also conducts research on 
improvement of dredging equipment and operations . 

The EPA and other government agencies have compiled a s ignificant 
body of knowledge on ways to mitigate the adverse impacts of port and 
channel proj ects on the environment . S tate and municipal agenc ies , port 
authorities , and consulting engineers conduct s tudies oriented primarily 
to solving technical problems for specific port proj ects . Univers ity 
researchers also make valuable contributions to understanding the phys i ­
cal phenomena affecting coastal , port , and offshore works . 

The main barriers to waterway improvements are a lack of funds and 
the complicated and time - consuming procedures for approval of waterway 
proj ects . 

Labor -Management Relations 

The application of technology to the operations of the marine termi ­
nal industry has had and continues to have a profound impact on the use 
of longshore labor as well as on labor-management relations within the 
industry . The use of containers for packaging ship cargo , for example , 
has prompted s ignificant productivity gains by reducing labor cos ts and 
more efficiently using capital assets such as oceangoing liner vessels . 
To a lesser extent , the introduction of bulk self-unloading vessels , the 
mechanization of spec ial product carriers such as banana - carrying ships , 
and the development of other labor - saving technology have all improved 
the labor productivity of the marine terminal industry . The application 
of computer technology to terminal management and information process ing 
is also affecting the use and productivity of the work force . 

I t  is apparent that a maj or labor management challenge facing the 
marine terminal industry on the Atlantic and Gulf coasts arises from the 
lack of flexibility in the traditional work rules . The high costs of 
redundant workers in marine terminals makes this particularly ineffi ­
cient . I t  is poss ible that increased appl ication of technology in 
marine terminals on the Atlantic and Gulf coasts will be accompanied by 
the use of a nontraditional waterfront work force . 

Equipment and Facilities 

Land within ports is  in increas ing demartd . More effic ient use of 
this scarce commodity will be an important area for development in the 
future . 

In the area of marine container equipment and fac i l i ties , the maj or 
technological developments implemented s ince 1975 have been improvements 
in the efficiency of containerized transportation systems . With a few 
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exceptions , notably intermodal operations and technology , there have 
been no maj or breakthroughs s imilar to those seen in the previous two 
decades . 

Some of  the technological advancements in the area of containers 
include des igns which are lighter , allow for safer and more trouble ­
free/maintenance - free operation , and prevent cargo damage . Mos t  of  
these des igns were developed in response to  operating feedback of 10 to  
15  years of operations with containers prior to  1975 . 

A particularly beneficial development are containers des igned to fit 
cargo and intermodal transportation requirements more effic iently . High 
cube containers , 45 - foot containers , 24 - ton/20 - foot containers , and 
other des igns provide economy of scale in the handl ing of spec ific cargo 
for certain trade routes . 

Many container terminals do not operate at anywhere near optimum 
capac i ty .  This is because ports often have caused the development of 
new terminal facilities for other than economically rational reasons , 
such as the des ire to promote c ivic image . The only rational ization of 
terminal usage occurs indirectly through the choice by ship operating 
companies of the publ ic terminals that they will call at . 

The infras tructure supporting technological developments in marine 
terminal fac i lities and equipment is varied . Successful proj ects typ i ­
cally include a comb ination of government and private sector involve ­
ment . Proj ects completed mos t  quickly and with the greates t  impact ,  
however , are sponsored ·and developed by a s ingle company . 

A formidable barrier to innovation in marine terminal equipment and 
facilities is high R&D costs . These cos ts are typically too large for 
one company , port authority ,  or manufacturer to bear on its own . Mil ­
l ions o f  dollars o f  theoretical research , prototype work , evaluation , 
and analys is may be required to develop an automated piece of handl ing 
equipment , for example . S imilarly , computer sys tems development 
includes maj or operational impact analyses , hardware and software devel ­
opment , and careful implementation prior to use . Although the sys tem 
may be cos t - effective on paper over a period of time , the resource allo ­
cation may be too large for an individual terminal operator or carrier 
to reasonably undertake on his own . The sophistication and complexity 
of  some proj ects also often surpass the technological capab i l i ties of 
any one group . Without suffic ient return on inves tment , engineering 
developments that originate in the United S tates are l ikely to be ap ­
plied initially overseas . 

Attempts to pool resources to surmount these problems have not been 
successful in the past . There are inherent difficulties in coordinating 
common or associated entities , such as port authorities , carriers , and 
manufacturers . Varying profit motives , proprietary notions , and diffi ­
culties in focus ing a number of individuals on a common goal are typical 
s tumbl ing blocks . 

Another barrier to innovation is the assumed res is tance of labor to 
such change . Some organizations do not implement labor - saving improve ­
ments for this reason . In addition , many third-world nations have 
lobbied in international forums against change , particularly in the area 
of container development . They fear that once they enter into the fray 
of intermodal container operations with s tandard equipment and fixed 
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port facilities , development of more efficient containers and automated 
ports will make their investments obsolete . 

The cost of buying , maintaining , and controlling ocean containers 
has resulted in renewed interest  in break-bulk cargo handling . Highly 
automated systems for handling break-bulk cargoes have been developed in 
Europe and will be introduced into the U . S .  in the near future . 

Computer Systems 

Great strides have been made over the last 20 years by us ing the 
computer as a management tool . Recently , for example , terminal opera­
tors have developed the capability to s imulate alternative engineering 
operations to discern optimum operating configurations . On another 
front computer systems' are being developed to facilitate the movement of 
freight documentation between brokers , customs officials , and the port 
authority . 

Management systems technology is available to accomplish maj or gains 
in terminal productivity , but the maj or elements - - information networking 
on a grand scale and an electronic identification system for cargo con­
tainers - - are outside the control of the terminal operator . Standardiza­
tion and transmiss ion of documents constitute a maj or area of marine 
terminal operations awaiting consensus and developaent . 

The maj ority of companies involved in the operation of marine termi ­
nals do not perform R&D . Marine terminal operations frequently rely on 
external sources for ideas as well as input . 

A l imited amount of cooperative development and testing is under ­
taken under the Cargo Handling Cooperative Program established by MARAD 
in partnership with liner companies .  

Bulk Terminals 

Technical developments in bulk marine terminals have emphas ized 
increases in speed , capacity , and automation . Cons iderable improvements 
have been made in speed and capacity of ship -based , self-unloading cargo 
handling systems : less dramatic advances have been seen in shore -based 
systems . Aided by advances in computer technology , bulk handl ing is 
increas ingly automated . With the aid of programmable controllers , an 
operator not only can run an entire bulk handl ing plant but also 
diagnose malfunctions of any component and prescribe remedies without 
leaving his control room . 

The current profit squeeze in the marine terminals industry has l im­
ited application of new technology developments in  the United S tates . 
Occas ionally , new concepts and improvements of existing systems have 
been developed by engineering companies . The Technical Univers ity of 
Hanover in Germany as well as various manufacturing companies in Japan 
and Europe have been the main source of recent R&D achievements .  

A prime motivation for innovation during the past 5 years has been 
the growing need for improvement in effic iency and profit in the face of 
high interest rates and capital shortages . His torically , cargo handling 
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equipment manufacturers undertook a large share of  this respons ibility ,  
but with severely depressed margins these corporations have not been 
able to contribute as they had in the past . Much of the recent develop ­
ment work , consequently , has resulted from partnerships between users 
( such as steel and power companies and operators of facilities ) and 
engineers . 

In summary , technology deve lopments in the marine terminal indus try 
focus on channel improvements , labor -management relations , equipment and 
fac i l ities productivity improvements ,  and computer systems . Terminal 
developments have paralleled the container revolution in the l iner in­
dus try .  In the bulk industry , advances in speed and capacity of cargo 
handl ing have outs tripped the ability of inland cargo sys tems to accom­
modate them . Only in the area of channel improvements is there a 
substantial , es tablished R&D program because , his torically , harbor 
development has been the respons ibi lity of a federal agency- - the Corps 
of Engineers , which has sponsored its own research for its own needs . 

U . S .  INLAND WATERWAYS INDUSTRY 

The Mississippi River and its navigable tributaries are the heart of 
the commerc ial inland waterways system of the United S tates . Intra­
coastal waterways extend along the Gulf and Atlantic coasts . In the 
Wes t , the Columbia- Snake Waterway provides shallow draft navigation 
above Portland , Oregon to Lewiston , Idaho . The Great Lakes and the 
Tenn -Tom waterway round out the U . S .  inland waterways . Nearly 35 , 000 
vessels , primarily barges and towing vessels , operate in the domestic 
coastal and inland water transportation sys tem of the United S tates . 

The barge and towing indus try. carry more than 12 percent of the 
nation ' s total freight at 2 percent of the total fre ight bill . The 
maj or commodities carried , petroleum and petroleum produc ts , coal , 
grains , and sand and gravel , can accept the slow del ivery of barge 
movement because of the low cos t . 

His torically , the U . S .  government did not charge water carriers for 
the use of navigation facilities provided by the government . These 
facilities include locks , dams , and other improvements on the rivers , 
locks on the Great Lakes , and harbor improvements on the Great Lakes and 
on the coast . This policy has been changed .  P . L . 95 - 502 established a 
fuel tax on inland river carriers beginning at 4 cents a gallon in 1980 
and increas ing incrementally to 10 cents a gallon in 1985 . 

Domestic water transportation was a growth industry for the quarter 
century preceding the decade of the 1970s . During that decade many 
national and global changes occurred to turn this indus try into a mature 
one due to the construction of excess equipment in certain trades and 
due to a decrease in the demand for bulk commodities in other trades . 

The euphor ia of the 1970s has turned into the depression of  the 
1980s . I t  is estimated that excess equipment amounts to about 30 per ­
cent over what is required and fre ight rates have plummeted to the 
levels of the early and mid- 1970s . Other problems involve the infra­
s tructure . Locks and dams on the rivers and the S t . Lawrence Seaway are 
in need of  replacement and repair . 
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The industry has until recent years steadily improved its  productiv- · 

ity . An important development in towboat des ign was the adopt ion of the 
Kort nozzle , which increases towing ability by directing the flow of 
water around the propeller . Most importantly , towboats operating on the 
Miss is s ippi River have increased dramatically in s ize and power , and 
tow-handling capability has been improved by the installat ion of flank­
ing rudders . 

Barges have also undergone a s imilar evolution resulting from early 
experiments . Steel barges , with s treamlined rakes , lessened res istance 
so that horsepower requirements are from 45 to 60 percent below those of 
their more cumbersome predecessors . Barge types have been improved ; 
weather-proof covered barges now protect cargoes and tank barges carry 
all manner of l iquids . The barges are des igned for minimum resistance 
in fleet operation . 

Breakthroughs in technology or inventions that would revolutionize 
the operation of river vessels are not expected in the near term . Mos t  
of the future advancements will probably b e  developed b y  other indus ­
tries rather than through original development by the maritime industry . 

What can be real istically achieved lies in the area of incremental 
improvements , innovations , and refinements to what already exists . The 
maj or areas for opportunities for improving the operation of the vessel 
are the engine room , hull des ign ,  and materials ; improved maneuvering ; 
personnel safety and health ; training of personne l ; and communications . 

Hull design and materials improvements result in small increases in 
speed and fuel savings . Variable pitch propellers and increased use of  
bowboats and bow thrusters enhance fuel efficiency . More emphas is on 
training of personnel adds to efficiency and safety . 

Telemetry systems , which improve communications between the vessel 
and the home office , enable the office and vessel to be in constant 
contact , allowing the office to monitor the vessel ' s  performance , loca­
tion of  equipment , and loading and discharging of cargo and to evaluate 
planned performance so that greater efficiencies can be achieved . 

The invention of a universal barge coupling ,  which could be retro ­
fitted at reasonable cost and be s imple and safe to operate , would be a 
breakthrough in speeding fleet make -up and turnaround time . 

Opportunities for increas ing lock capacity exis t . Lock controls 
could be centralized and automated . Closed c ircuit televis ion cameras 
could expedite lockages because a person would not have to walk from one 
end of the lock to the other to make sure everything was in order . 
Separate facili ties could be cons tructed to take care of  recreational 
boat traffic . Impact barriers could be ins talled to protect gates . 
Double gate sys tems could be ins talled as an alternative to having two 
chambers . If  one gate is damaged , the other would be operable without 
having to shut the chamber down . Replaceable fenders , energy absorbers , 
or rolling fenders could be installed on lock walls to prevent damage . 
Waiting areas could be provided near lock gates . More respons ive and 
flexible scheduling procedures could be es tablished and priority given 
to fas ter locking tows . 

The cost of locks and dams may be reduced as new construction tech­
niques are developed such as precasting various e lements of  a lock 
structure and/or precasting entire segments of locks and assembl ing them 
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by us ing post tens ioning and pres tress ing methods . Technological ad ­
vances in the des i gn  of locks and dams over the pas t several decades 
have improved safety , service t ime , and maintenance requirements .  
Additional savings in this area as a result of research and development 
should resul t in improvements which wi ll offset any increase in con­
s truc t ion costs . 

Phys ical mode l ing for waterway sys tems is an expens ive undertaking . 
More e ffort needs to be directed at deve lop ing mathematical models for 
portions of the sys tem . 

Finally , ongoing research needs to be continued to extend the navi ­
gation season in the colder areas . New technologies include lock -wall 
heat ing elements , espec ially for locks be ing rehabil i tated , air curtains 
at lock entrances ,  ice control by booms and o ther s truc tures , coating 
for lock walls and gate s , and protection for float ing mooring b i tts . 

The inland waterways indus try lacks organized information on which 
to base management dec i s i ons . During the las t 10 years KARAD ,  through 
its Cooperative Industry Research Program , has funded mos t  of the 
research s tudies conducted in the industry . S ince the proj ects usually 
have the participation of indus try , KARAD ' s programs have been guided 
toward commerc ially viable goals . 

Maj or areas of research include maintenance and repair , advanced 
ship sys tems , market analys is , ship board automation , navigation and 
communications , cargo handl ing , energy conservation , and flee t manage ­
ment . 

Maintenance and repair proj ects evaluated underwater cleaning and 
inspec t i on techniques as a me thod of extending the period between dry 
dockings . Research on marine coatings and prevent ive maintenance has 
produced better rus t inhib itors and ant i - foul ing bottom paints . 

Example proj ects included the Vessel Vi tal S igns Monitor ing Sys tem 
s tudy which evaluated the need to obtain , transmit ,  and analyze ves s e l  
equipment performance data t o  produce dec is ion- oriented management 
information to aid the maintenance department . 

Another proj ect is for better communications for the wes tern rivers 
and the Gul f Intercoas tal Waterway . A prototype sys tem tes ted in 1985 
resul ted i n  a succe s s ful vessel t o  shore communicat ion . The ent ire 
sys tem wil l  be capable of handl ing vo ice and data communications . 

The forego ing areas of technology development and appl ication 
represent a high r i sk if a s ingle company attempted the work alone . 
However , with init ial funding by KARAD and cost sharing by the pr ivate 
companies involved , this research was pos s ible . 

In summary ,  technology deve lopments in the inland waterways sector 
o f  the maritime indus try have resulted in dramatic increase s in trans ­
portat ion productivity through ves sel and barge des ign and operat ing 
sys tems . However , the current depress ion and overcapac i ty in the indus ­
try have dr ied up incent ives and inves tment for further improvements . 
Consequently , research and deve lopment is now l imi ted to MARAD - funded 
s tudy proj ects and Corps of Engineers and Coas t Guard proj ects aimed at 
improving the phys ical infrastructure . The development needs of the 
indus try include improved management , information , and communicat ions 
sys tems . Also , the indus try needs a technical capac i ty for partic i ­
pat ing in deve lop ing intermodal sys tems . 
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WORK GROUPS O F  THE COMKITIEE 

SHIPBUILDING 

Edwin J .  Pe tersen , Leader 
Todd Pac ific Shipyards Corp . 

San Pedro , Cal i fornia 

John Boyls ton 
Seaworthy Sys tems , Inc . 
Solomons , Maryland 

J e s s  W .  Brasher 
Robert S laughter 
Ingal ls Shipbui lding Co . 
Pascagoula ,  Mis s i s s ippi 

Erns t Frankel 
Mas sachusetts Ins t i tute of 

Techno logy 
Cambridge , Mas sachusetts 

C .  L.  French 
National S teel & Shipbuilding Co . 
San Diego , Cal i fornia 

James Lisanby 
Naval Services Internat ional , Inc . 
Washington , D . C .  

James F .  Wilkins 
Kenner , Louisiana 

SHIP OPERATIONS 

Erns t Franke l , Leader 
Massachuse tts Ins t i tute of Technology 

Cambridge , Massachusetts 

Daniel Brand 
Charles River As sociates , Inc . 
Bos ton , Mas sachuse tts 

Charles R .  Cushing 
C .  R .  Cushing & Company 
New York , New York 

Jose Femenia 
SUNY Mar i t ime College 
Bronx , New York 

Andrew E .  G ibson 
American Automar , Inc . 
Washington , D . C .  

John H .  Leeper 
Phi l l ips Cartner & Co . 
Alexandr ia , Virginia 

Eugene R .  Miller , J r . 
Hydronaut ics 
Laure l , Maryland 

Mi lton P ikarsky 
C i ty College of New York 
New York , New York 

John F .  Wing 
Booz , Allen & Hami l ton , Inc . 
Bethe sda , Maryland 

H .  Peter Young 
American Pre s ident Lines , Ltd . 
Oakland , Cal i fornia 
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MARINE TERMINALS 

Frank W .  Nolan , J r . , Leader 
ITO Inc . , Retired 

New York , New York 

Leo Donovan 
Booz , Al len & Hami l ton , Inc . 
Bethesda , Maryland 

Lee Lane 
Bradley Gewehr 
Association of American 

Railroads 
Washington , D . C .  

Eugene K .  Pentimonti 
American Pres ident Lines , Ltd . 
Oakland , Cal ifornia 

Milton H .  Pikarsky 
C i ty Col lege of New York 
New York , New York 

Chris topher Redl ich , Jr . 
Marine Terminals ,  Inc . 
Long Beach , Cal ifornia 

Albert Ros s e l l i  
Harry Ekiz ian 
T . A . M . S .  
New York , New York 

Robert N .  S te iner 
Michael Morrow 
Wil l iam Cronin 
Port Author i ty of New York/ 

New Jersey 
New York , New York 

David Tolan 
Sea - Land Services , Inc . 
I s e l in , New Jersey 

A .  Yobey Yu 
ORBA Corporat ion 
Mt . Lakes , New Jersey 

INLAND WATERWAYS* 

Wi l l iam A .  Creelman 
Mar ine Consultant 
S t . Louis , Missour i 

*Reviewed working paper . 

Robert Meyer 
National Marine Service 
Hous ton , Texas 
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