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Abstract

A number of accidents in the shipping industry has increased the public and political pressure to improve safety. In response, safety regulations require a new approach in the prevention of accidents by the use of risk management. The reason is that underlying causes of major accidents are not failures of technical systems, but rather failures of safety management practices, which have been designed to prevent them. 

The primary purpose of this paper is to test the hypothesis: “When a vessel is becoming substandard?”, and “How can the shipowner solve the problem in a cost effective way?’’

The authors are based on real cases and examine the master’s point of view, as well as the owner’s. Authors are introducing a risk-based safety management system, in an attempt to identify the proper barriers that could help to absolve the phenomenon of substandard ships. 

The first option for the introduction of a risk -based Safety Management System, aims to show that all possible hazard controls and emergency preparation measures are in place. The second option is that the ‘’Safety Case types’’ demonstrate how safety has been considered and incorporated into the design or modification of a vessel (this comprises of quantitative risk assessment and Safety Management System).

The authors believe that the subject is well – timed, since the phenomenon of shipping safety is strongly related to the existence of substandard ships, affecting the shipping industry in a down-rate way.    

1. Introduction

In order to prove the existence of a substandard ship, its main characteristics are taken into consideration.

· The first one, “… involvement in a maritime accident with the loss of a human life or/and property or/and the pollution of the environment as a result…”, recent marine casualties prove that substandard ships are a fact.

· The second one, “… non-compliance with the rules and regulations in force…” is indeed difficult to prove or even in that case determine the exact number of existing substandard ships, because of the inappropriate inspection standards and procedures. 

Reviewing the printed material and the statistical resources regarding substandard ships, we observe that the results of the examination of the most severe casualties in the history of the merchant marine have shown that:

· 28.9% derives from stranding.

· 29.0% derives from collision.

· 21.0% derives from fire.

· 21.1% derives from failure of the management procedures within the ship.

A brief analysis of the above statistic shows that all the factors arise from the ship herself.

IMO’ s opinion on this subject is very enlightening. The organisation observes that the common causes of a casualty are the state of education, the sea experience of the captain, and the company’s management level.

Cross-examination of the above-mentioned studies shows that the main factors affecting marine accidents are:

· The state of education, and the experience of the Master, and

· The vessel’s condition.

2. Identification of Substandard Vessel

From the last century due to the sea transported dangerous cargoes, and the huge growth of vessels both in number and size, the consequences of a marine accident is not only the loss of seafarers and properties, but at times it is the physical damage on our environment as well. Therefore shipping safety nowadays is the concern of all the market players. The governments although responsible for ensuring that shipping and specifically ships meet safety standards set by international conventions, for political reasons they are trying to get others to accept responsibility
. This immediate reaction of the governments sometimes leads to the right decision, while at times prudent parties or the whole system takes the blame. 
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Source: E. Vardikos, ‘’The Substandard Ships’’, Dissertation at MSc International Trade and Transport London Guildhall University, September 2001

“Substandard ship” is usually identified by the surveying parties, such as Port State Control, I.T.F, Flag State, Classification, Insurers
 and Charterers inspection. Thus, we may characterise as “Substandard” any ship that meets the following conditions (see the above Diagram):

· When she gets involved in a maritime accident with result the loss of a human life or/and property or/and the pollution of the environment,

· When there is no compliance with its Flag State requirements and its classification standards, and

· When she does not operate according to the local and/or International rules and regulations.

3. Modern approach to safety policy 

A number of accidents in the chemical, oil and gas, shipping and nuclear industries has increased the public and political pressure to improve safety. Safety regulations require new approaches that move towards risk management. The reason is that underlying causes of major accidents are not failures of technical systems, but rather failures of safety management practices designed to keep them in place. 

The first option for the introduction of a risk-based Safety Management System, aims to show that all possible hazard controls and emergency provision measures, are in place. The second option is the Safety Case type demonstration of how safety has been considered and incorporated into the design or modification of a vessel (this comprises of quantitative risk assessment and Safety Management System)
.

From the Institutional point of view, I.S.M Code is usually treated as a Quality Management System. The Code adopts a goal oriented approach, rather than a proscriptive approach in order to determine what should be achieved (Safety objective), not the means to achieve it. I.S.M Code explicitly requires:

· Safeguards to be established against all identified risks

· Providence for measures ensuring that a company can respond at any time to hazards, accidents and emergency situations involving its ships

On the other hand, the I.M.O’s Formal Safety Assessment has the following characteristics:

· The Formal Safety Assessment methodology was introduced to facilitate the IMO decision-making process regarding new regulations for the shipping industry, and

· F.S.A is defined as the process of identifying hazards, evaluating risks and deciding on a course of action to manage these risks in a cost effective manner.

Our proposed methodology - and the introduction of risk-based methodologies - is helping the shipping industry to:

· Develop an effective SMS to protect people, assets, environment and corporate reputation and avoid business interruption, and

· Ensure compliance with existing regulations (ISM Code) and forthcoming requirements.

Therefore it is considered worthy to take under consideration the new approaches in shipping safety, such as demonstration of the Typical portrayal of risk and the As Low As Reasonably Practicable (ALARP) diagrams. The SMS model goes further into  the risk management process by building up the bow ties diagram and then identifying and understanding clearly the definition of a “substandard ship”. 

3.1 Demonstration of ALARP

If someone is prosecuted for failing to comply with a duty “so far as is reasonable” it has to be proved that it was not “reasonably practicable” to meet the requirements or that there were no better practicable means of meeting the requirement
.
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Source: THESIS software (originally developed by SHELL and EQE) 

3.2 Objectives of a risk based SMS

· Risks are identified and evaluated,

· Suitable controls are in place to manage these risks, and

· Line management has the responsibility to ensure that the risk controls are operational at all times.
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Source: THESIS software (originally developed by SHELL and EQE) 

The risk management process is developed mainly through the following steps, which have to be followed by the company’s ship and ashore staff:
· Hazard analysis – Identify what can go wrong (the hazards), examine causes, effects and control measures in place.

· Risk assessment – Estimate how often (frequency of occurrence) and how bad it will be (severity of consequences) and assess the risk.

· Risk management – Decide what we should do about it – implement appropriate risk reduction measures (prevention and mitigation) – Link controls to SMS

4. The proposed approach

The proposed hazard analysis strategic approach suitable for the shipping industry is based on the bow-tie diagrams
. In addition, it is very useful representation of the hazard identification and risk management process readily understood by all levels in the organization.

4.1 The bow-tie approach and preventive measures

Each specific hazard is represented by one or several threats. Threats have the potential to lead to a top (initiating) event (“release” of hazard). And each top (accidental) event may lead to unwanted consequences.

For each threat, one or several preventive measures or “barriers” can be specified to prevent or minimize the likelihood of hazard release. For every barrier there could be escalation factors, which affect the effectiveness the whole system. Each of these barrier failure modes can be controlled by a secondary barrier or escalation factor “controls”.
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Source: THESIS software (originally developed by SHELL and EQE) 

For each possible consequence, one or more recovery measures (mitigation and emergency provision) need to be in place to stop event propagation and/or to minimize consequences. Each recovery measure can be associated with one or several failure modes (escalation factors). Control measures (secondary barriers) can be specified to prevent or minimize these failures.

4.2 Linking with SMS

Safety critical management activities and tasks are the actions taken to ensure that barriers, recovery measures and escalation controls are effective at all times. Within the THESIS database, each task is described in detail (execution party, inputs, competence, and methods of verification) and can be associated with the hazard controls.
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Risk management is easily understood by all parties and can be demonstrated. Safety critical tasks can be used for allocation of responsibilities, while bow ties can be used for hazard awareness training. 

5. Substandard ship causation path

In the following causation path diagram the three main threats and its escalation factors
, which are linked to a substandard ship and have the potential to lead to a top (initiating) event (“release” of hazard)
 are recorded. 

The graduation of escalation factors of a substandard ship is based on the existing inspection system and the procedures the author experienced. Cargo owner, Charterer and Banker cannot be considered as main threats, as they have no control on the ships’ operation. The shipowner is the one who actually hires and pays all the other players and/or regulatory bodies to maintain and verify the seaworthiness of his ship.
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Source: the authors compile the causation path, which concentrates the master’s experience and the owner’s point of view as well.

The regulatory bodies control the quality of repairing including supplying companies. Flag States infrastructure is not the appropriate for condition surveys. Classification Societies including insurers may not be aware of the ships condition after the inspection. Port States have immediate access into the ship upon arrival and before sailing able to verify ships’ condition.  An appropriate inspection system may absolve the threat of an Unseaworthy ship. It is obvious that giving the command to an befitting Master, the main “most probable threat” with the largest range of escalation factors (bad Weather, Unseaworthy Ship and human error) may be absolved and the likelihood of release of hazard from the last two (Inaccurate Navigation Aids, and Inappropriate Shipbuilder) “most probable threats” can be minimised
.

Any shipmaster taking over the command of a fully certified vessel
 and building up its bow tie diagram, is aware that:

· The five main threats recorded in the following diagram, are the main threats, which have the potential to lead to a top event (“release” of hazard) and to involve his ship in an accident.

· He is primary responsible for all consequences recorded in the following diagram, and not only them.

For the first three (bad weather, unseaworthy ship and human error) “most probable threats”, there are several preventive measures, which may absolve the likelihood of  release of such hazard.

For the last two (Inaccurate Navigation Aids, and Inappropriate Shipbuilder) “most probable threats”, there are barriers, which although may be able to minimize, they are not sufficient to absolve the likely release of hazard.
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Source: Compiled diagram by the Authors. It is coming out from the basic idea for implementing ‘’risk management tools’’ in shipping analysis. 

6. Shipowner’s point of view  

The most common shipowners’ reply concerning safety matters is that ‘’quality is strongly related to the operating cost levels’’. The different “cost levels” faced by the shipowners, mostly represent those related with ship’s operation, quality and safety
.

In calculating the levels of the operational costs
 as a compliance scale, we should consider that the facts taken under consideration are those which affect the safety and quality level of the ship, namely:

· Repair and maintenance costs of the ship

· Expenditures for spares and lubricants 

· Operational expenditures

· Crew wages

· Other expenditures for the compliance with Regulations and Conventions such as certification, etc. 

The levels formulated are as follows
 : 

A) Optimum : This strategy is being followed by the minority of the shipowners given that a very high freight level is acquired and great margin of net profit has been obtained. It represents the maximum expenditure level that a company may have and it is mostly affected from the capability of profitability at the specific market, and also on the general economic situation of the company in relation to the total of its expenses. With the full appliance of the safety and quality rules as they arise from the international Regulations and Conventions, the company reduces the chances of causing an accident, by consolidating the social cost bred from it. 

B) Good Practice : It is considered as the high level of expenses which is adopted from the minority of the shipowners. It shows that the business policy that is being followed has a long-term horizon of the shipowners presence in the market, aiming at a future maximization of his earnings.    

C) Standard Practice : It consists a medium level of expenses which is adopted from the majority of the shipowners.

D) Common Practice : It represents the minimum level of expenses which ensure the compliance of the company with the basic safety and quality standards which rule the maritime industry.

E) Minimum : It is the level in which the shipowner operates a “substandard” ship without being located by the authorities (Port State Control, Flag, classification society, e.t.c.). The operation of a ship at this level is related to the freight level of the specific market, but also from the managerial philosophy of the company. 

Thus, the limits between the optimum and the minimum level depend on the specific market in which the ship operates, and also on the level of freights at the specific time period
. On the contrary, the difference between these levels is influenced by a number of cross-depended factors that include many quality characteristics. We should also accept the personal aspect of the top management in relation to the significance of some elements and their confluence in the improvement of the quality and safety of the ship. It is obvious that the limits between the different levels of cost, depend on the type, size and age of the ship, its mechanical equipment, the classification, the flag, the insurance practice, the crew, etc.   

So the aspects, which confine the ability of choice and affect the shipowners’ decision in escalating the annual budget of the running costs, comes as follows: 

Ι) The type of the ship, since the requirements, which apply for specific types of ships such as, passenger-ships and tanker-ships are more than strict. 

ΙΙ) The ship’s flag and the restrictions raised.

ΙΙΙ) The type and duration of the charter.

ΙV) The insurance requirements for the ship and its equipment (Hull & Machinery, P&I clubs, etc.).

V) The strategy followed by the financial institutions and the obligations in order for any maritime investment to be funded. 

VI) The geographical area, in which the ship is sailing, since different demands in some ports, mainly those of the developed industrial countries, is much higher.

For this analysis, we elaborate the structure of the running costs of a 10-year-old oil-product ship with a capacity of 40.000 dwt. The different levels of running cost are being configured as follows
: 

· Optimum level = 7.500 $/day

· Good practice level = 4.850 $/day

· Standard practice level = 4.250 $/day

· Common practice level = 3.750 $/day

· Minimum level = 3.100 $/day   

The efficiency of a ship varies between the levels of good practice and Standard practice, and is directly influenced by the number of days the ship is chartered and the off-hire days, due to it’s detention at the port for maintenance and repairs
. The cost of the repairs demanded in order for the ship to continue its operational activities varies according to the levels of the running costs. In this case study we assume that the average cost of the repairing action at the level of good practice comes up to 1.500$/month. At the level of Standard practice, where the total expenses for the maintenance of the ship and its equipment are reduced, the cost comes up to 2.000$/month
. At a certain level of freight (in this case we assume a daily freight of 10.000$) and cost of repairing action, the function for the calculation of the ship’s efficiency at different levels of running costs is:  

P = x * (f – fc – oc) – y * (lf + oc + fc + rc)

Where :

· P = Ship’s efficiency in one month time period ($),

· x = number of days the ship is chartered,
· f = freight/day,
· fc = fixed costs ($/day)
· oc = running costs ( $/day)
· y = number of days the ship is off-hire,
· lf = loss of freight,
· rc = cost of repairs
The elements used in this case study, are displayed at the following table:

Table 1

Productivity per month on different Cost Levels

Off-hire Days
Operating

Days
Good Practice
Standard Practice

0
30
93.000
125.500

1
29
73.000
105.500

2
28
53.000
85.500

3
27
33.000
65.500

4
26
13.000
45.500

5
25
-7.000
25.500

6
24
-27.000
5.500

7
23
-47.000
-14.500

8
22
-67.000
-34.500

9
21
-87.000
-54.500

Source: Compiled data by the authors

In the graph bellow, we can distinguish the advantages of a ship operating on lower running costs
 may have, when the freight remains stable. 

In fact the shipowner who does not comply with the cost demands set from the International Regulations, may operate in advantage against a shipowner who operates on a higher running cost
.

In order to equate the difference between a shipowner operating at a level of ‘’Good Practice’’ running costs, and a shipowner operating at a level of ‘’Standard Practice’’ running costs, demands a 10% difference in freight (for the current case of examination). It is up to the Authorities and / or the charterers, to operate contributory and reward those shipowners who are willing to offer more qualitative and safe services. 
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Source: Compiled data by the authors

7. Conclusion and Recommendations

We have tried to introduce the ‘’risk management methodology’’ in ‘’substandard vessels phenomenon’’ analysis. We believe that this method is simple and concentrated on the root of the real problem. At the same time, it is easier for the owner and / or the manager to identify and introduce the proper solutions onboard or / and ashore. Concluding our analysis, we believe that our  strategic approach to ship’s safety proves that:

· Every ship may be characterised as a “Substandard Ship” due to uncontrolled threats of Inappropriate Existing Construction and Inspection Standards, and due to Inaccurate Navigation Aids (e.g charts, separation and traffic zones).

· Substandard ship exists, not only because of the uncontrollable factors above-mentioned buts also due to her unseaworthy condition as well.

· An appropriate Master may absolve the likelihood of release of hazard from the main most probable threat with the highest frequency, consequence, and with the largest range of escalation factors (bad Weather, Unseaworthy Ship and human error). Also he may minimise the likelihood of release of hazard from the last two (Inaccurate Navigation Aids, and Inappropriate Shipbuilder) most probable threats.

· An appropriate ship management may absolve the likelihood of  release of hazard from many of the most probable threat with the highest frequency, consequence, and with the largest range of escalation factors, even if they are strongly connected with the human factor onboard. The training of the crew and the supply of all the appropriate equipment, is the choice of the management in order to avoid the risk.

· It is not as difficult, as it seems to be, to recognise and to identify each hazard. The difficulties for absolving the ‘’substandard vessels phenomenon’’ is strongly related to the total cost that a shipowner faces in the shipping market. 

· All the concerning parties should contribute in safety not only with “measures”, “recommendations”, “institutions”, “regulations”, etc., but with reliable infrastructures, well trained surveyors and appropriate resources. 
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Demonstration of ALARP



If someone is prosecuted for failing to comply with a duty “so far as is reasonable” they have to prove that it was not “reasonably practicable” to meet the requirement or that there was no better practicable means of meeting the requirement.

(A Guide to the health & safety at work etc Act 1974)



Shipping industry – Need for risk evaluation



The ISM Code explicitly requires:



		Safeguards to be established against all identified risks

		Provide for measures ensuring that a company can respond at any time to hazards, accidents and emergency situations involving its ships





ISM Code is usually treated as a Quality Management System



IMO’s Formal Safety Assessment



		The Formal Safety Assessment methology was introduced to facilitate the IMO decision making process regarding new regulations for the shipping industry.

		FSA is defined as the process of identifying hazards, evaluating risks and deciding on a course of action to manage these risks in a cost effective manner





Options



		Introduction of a risk-based Safety Management System, with the aim to show that all possible hazard controls and emergency preparedness measures are in place

		Safety Case type demonstration of how safety has been considered and incorporated into the design or modification of a vessel (this comprises of quantitative risk assessment and Safety Management System)
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Linking with SMS



		Safety critical management activities and tasks are the actions taken to ensure that barriers, recovery measures and escalation controls are effective at all times.

		Within the THESIS database, each task is described in detail (execution party, inputs, competence, methods of verification) and can be associated with the hazard controls.





Risk assessment



Risk can be qualitatively assessed by the use of a risk matrix:



		Rows classify the severity of consequences of a released hazard

		Columns classify the likehood of consequences.





Combination of likelihood and consequence, leads to characterization of risk.














_1066124033.ppt


Building the Bow Tie diagram



Bow-ties: preventive measures



		For each threat, one or several preventive measures or “barriers” can be specified to prevent or minimize the likelihood of hazard release.

		For any barrier there can be escalation factors which affects the effectiveness. Each of these barrier failure modes can be controlled by a secondary barrier or escalation factor “controls”.





Bow ties: recovery measures



		For each possible consequence, one or more recovery measures (mitigation and emergency preparedness) need to be in place to stop event propagation and/or to minimize consequences,

		Each recovery measure can be associated with one or several failure modes (escalation factors). Control measures (secondary barriers) can be specified to prevent or minimize these failures.
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Substandard Ship - Causation path



Fault trees



		The left hand side (causation path) of a bow tie correspond to fault trees.

		The fault tree analysis – Quantify not only mechanical failures, but also operator/human errors (“quality” or procedure, “competence” of operator).

		Bow tie approach – focuses on risk control measures, and is more suitable for the incorporation of soft or “procedural” control measures.
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The Substandard Ship – Bow Tie Diagram
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The SMS Model
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Objectives of a risk based SMS



		Risks are identified and evaluated

		Suitable controls are in place to manage these risks

		Line management has the responsibility to ensure that the risk controls are operational all the times














_1064909228.ppt


Identifying The Substandard Ship
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“Substandard ship” is the vessel which met the following conditions:

 

		When there is no compliance with the Flag State requirements and its classification standards

		When it does not operate according to the local and/or International rules and regulations, and

		When it gets involved in a maritime accident with the loss of a human life or/and property or/and the pollution of the environment as a result.
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