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Chapter 1  
Introduction 
 
■ Section 1 
 Background 
1.1 Application and Objective 
1.1.1 This document provides a process for situations where risk assessment is required to satisfy Classification Rules 
and Statutory Instruments. It is applicable to:  
 
• designs that deviate from prescription;  
• designs that are considered new or novel; and,  
• designs to satisfy goal-based rules or instruments (e.g. Rules and Regulations for the Classification of Ships using 

Gases or other Low-flashpoint Fuels). 
 
1.1.2 Whether designs are a deviation from prescription, considered new or novel, or must satisfy goal-based rules or 
instruments, the objective of the risk assessment is to help demonstrate that the risk to, for example, persons can be 
accepted by LR and/or the regulator (e.g. National Administration).  
 
1.1.3 Determining if the risk can be accepted for certification requires consideration of:  
 
• design, construction and operational measures to limit and control the risk;  
• requirements for safe installation, commissioning and testing during construction; and, 
• requirements for safe maintenance, testing and inspection/survey when in-service. 
 
Together with the application of other required assurance activities, these three considerations form the basis for Risk 
Based Certification (RBC).  

1.2 Time and Resources 
1.2.1 Compared to certification of a design against prescription, RBC generally requires more time and resources to 
perform and document (i.e. more hours, personnel and expertise). This need for increased time and resources needs to 
be planned for and is applicable to those undertaking the design, performing risk assessment and supporting studies, 
tasked with design appraisal, and determining construction and in-service requirements.  

1.3 Role of LR, Submitter and Regulator (i.e. National Administration) 
1.3.1 The principal role of LR in RBC is the appraisal of the Submitter’s output (from each RBC stage) that is used to: 
 
• support ‘acceptance’ of a proposed design;  
• identify construction requirements for installation and commissioning; and, 
• identify in-service requirements for inspection/survey.  
 
1.3.2 The Submitter is the organisation seeking approval from LR and is responsible for conducting and producing the 
RBC output and reporting/submitting this output to LR. The Submitter could be one of several key stakeholders interested 
in seeking approval and/or undertaking an important role in producing RBC output (e.g. shipyard, shipowner, design 
consultant, etc.).  
 
1.3.3 The principal LR role of appraisal provides input to the normal rigours of third-party certification, and during the 
process, LR may inform the Submitter and other stakeholders of the applicable rules, instruments, procedures, and their 
intent.   
 
1.3.4 An additional role of LR in RBC may be assistance with risk assessment and supporting studies. For example, 
contributing to a workshop as a subject matter expert, facilitating a workshop, or undertaking failure modelling. Where such 
assistance extends beyond independent assurance, then such assistance from LR can only be provided by those with no 
role in, or influence on, certification of the design. This ensures impartiality in delivering third-party certification and is 
governed by LR management procedures.  
 
1.3.5 Unless LR is acting on behalf of a National Administration as a Recognised Organisation (RO), the role of the 
National Administration is to issue an approval certificate as proof of verification of compliance with the regulations, 
standards, rules, etc. which are aimed at ensuring safety against hazards to the ship, personnel, passengers and cargo, 
and against hazards to the environment.  
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1.3.6 Where LR is acting on behalf of a regulator (e.g. National Administration as RO), the role of LR needs to be 
confirmed in writing, and activities for LR and those reserved for the National Administration clearly listed; for example, 
agreement to the risk criteria, approval of study reports, and final approval of the design.   
 

■ Section 2 
 Process Outline 
2.1 Outline of RBC 
2.1.1 To demonstrate that the risk from a design can be accepted, and in support of the normal rigours of third-party 
certification, each stage of the RBC process needs to be applied. The RBC stages are listed below, and the process is 
illustrated in Figure 1.2.1 Risk Based Certification (RBC) process.  
 
• RBC-1 Design and Safety Statement; 
• RBC-2 Risk Assessment; 
• RBC-3 Supporting Studies;  
• RBC-4 Final Design Assessment; and 
• RBC-5 Construction and In-Service Assessments. 
  

 
 
2.1.2 The stages/process given by RBC are consistent with the requirements described in:  
 
• MSC.1/Circ.1455 Guidelines for the Approval of Alternative and Equivalents as Provided for in Various IMO 

Instruments; 
• MSC.1/Circ.1002 (incl. corrigenda 1, 2 and 3, and amendment MSC.1/Circ.1552) Guidelines on Alternative 

Design and Arrangements for Fire Safety; and, 
• MSC.1/Circ.1212/Rev.1 Revised Guidelines on Alternative Design and Arrangements for SOLAS Chapters II-1 

and III. 
 
2.1.3 Each stage of RBC needs to be concluded with one or more reports/outputs submitted to LR for design appraisal 
and consideration of construction and in-service requirements, as appropriate. It is important that these reports/outputs are 
suitable for input to RBC-5 (refer to Ch 2, 5.3 RBC-5b Development of In-Service Documentation 5.3.5, Ch 2, 5.3 RBC-5b 
Development of In-Service Documentation 5.3.7 and Ch 2, 5.3 RBC-5b Development of In-Service Documentation 5.3.8). 
 
2.1.4 Unless agreed by the Submitter and LR, RBC-1 needs to be completed by the Submitter and appraised by LR 
before commencing RBC-2. 
 
2.1.5 With the exception of starting the process with RBC-1, the RBC stages may not always be undertaken 
sequentially. This is because the stages may require input from other stages, for example: completion of RBC-2 may be 
dependent upon information determined in RBC-3; design information may not be available before starting a stage; and 
information may not be available in-line with the process plan/schedule (see Ch 2, 1.5 Planning 1.5.1).  
 
2.1.6 The organisation seeking approval from LR is responsible for conducting and producing the output of RBC and 
reporting each stage. This organisation is referred to as the ‘Submitter’, and could be a shipyard, shipowner, design 
consultant or an entity acting on behalf of the Submitter.  
 
2.1.7 The Submitter and LR should each nominate an individual to manage the RBC process for their organisation.    
 
2.1.8 The Submitter should maintain a register of all actions and recommendations noted within RBC documentation. 
This register, known as an Actions Register, needs to be made available to LR and include: 
 
• the status of each action/recommendation, for example, ‘open’ or ‘closed’; 

Figure 1.2.1 Risk Based Certification (RBC) process  
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• who is responsible to address the action/recommendation and by what date this is expected, for example, 
organisation ‘X’ is to address and close the action by ‘day/month/year’; and, 

• a brief description of the outcome of the action/recommendation and reference to supporting documentation. For 
example, ‘Action A001 recommends a low-temperature detector in the cold box. This has been implemented, as 
illustrated on drawing D00A’. 

 
2.1.9 Terms of Reference (ToR) for all studies within RBC-2, RBC-3, RBC-4 and RBC-5 need to be agreed by the 
Submitter and LR before they are undertaken, and issued to study participants in good time before study commencement.   
 
2.1.10 Where a design submitted to LR is based on a design previously approved by LR (using the RBC process), then 
the Submitter should: 
 
• describe in a report (i.e. within the RBC-1 report) those aspects of the design that are the same as the previous 

design and those that are different and why; 
• list and re-submit the RBC documentation that is unchanged; and, 
• complete, report and submit documentation for each RBC stage with respect to the differences in the design 

and/or in the application of its use. 
 
2.1.11 It should be noted that following installation and once in-service, LR (or the current responsible/certifying 
organisation) needs to be informed of changes to the design and how it is operated/maintained, and of any changes to its 
performance. Arrangements should then be made to determine the impact of these changes and if these changes can be 
accepted, and if not, what measures need to be taken.  
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Chapter 2  
Process Overview 
 
■ Section 1 
 RBC-1 Design and Safety Statement  
1.1 Requirements 
1.1.1 The output of RBC-1 needs to be a Design and Safety Statement Report prepared by the Submitter and submitted 
to LR for appraisal. This report should identify stakeholders and their principal roles, describe the design and its intended 
use, list the rules and instruments under which the design is to be appraised, and provide an outline plan for RBC 
completion.  
 
1.1.2 In developing the RBC-1 report it is important that the Submitter ensures all stakeholders discuss and share views 
to ensure a common understanding of the design and the RBC process.  
 
1.1.3 To assist in design understanding and development, there may be a requirement or a request for a Preliminary 
Appraisal of Rules (PAR, sometimes referred to as ‘Design Screening’). Essentially, PAR is a screening of the design 
against applicable rules, instruments and goals to:  
 
• increase confidence that a design has the potential to be accepted by LR and the regulator (e.g. National 

Administration), as appropriate; and 
• identify issues early in the design process that might otherwise cause problems if uncovered at a later stage, for 

example, during ordering/manufacturing of equipment, construction or installation. 

1.2 Stakeholders  
1.2.1 List the key organisations involved in development and appraisal of the design and in the construction and in-
service deliverables, and their role and responsibilities. This may include, for example, shipyards, shipowners, design 
consultants, equipment/materials manufacturers, the National Administration and classification society (refer to Ch 1, 1.3 
Role of LR, Submitter and Regulator (i.e. National Administration). Also state the organisation who will manage the RBC 
process (typically the Submitter) and provide contact details of a nominated individual.  
 
1.2.2 State the principal LR Technical Support Office (TSO) designated to appraise the RBC reports. Further, provide 
contact details of the nominated TSO Specialist who will be the Submitter’s main point of contact and who will co-ordinate 
the RBC process internally within LR. In addition, with respect to appraisal of construction and in-service activities, provide 
contact details of the nominated LR Site Office and nominated New Construction Surveyor, as appropriate.  
 
1.2.3 Identify the regulator for approval (e.g. the National Administration under which the ship will be ‘flagged’) and 
provide contact details.  

1.3 Design Description  
1.3.1 With reference to general arrangement drawings (GAs) and, where applicable, process flow diagrams (PFDs), 
describe the design, its purpose, how it operates, and how it interfaces with other equipment and systems. The description 
of operation should cover intended operational modes and start-up and shutdown, as appropriate.  
 
1.3.2 List rules and instruments, and any codes and standards, applicable to the design. This is to cover both 
prescriptive and goal-based requirements. 
 
1.3.3 Goal-based requirements need to be satisfied, and where the intention is to deviate from a specific prescriptive 
requirement then this needs to be highlighted with a clear description of how the intent of the requirement is to be satisfied. 

1.4 Basis for Safety  
1.4.1 With reference to general arrangement drawings (GAs) and, where applicable, process flow diagrams (PFDs), 
describe the basis for safety. For example, the means to identify any malfunction and how persons are protected from 
harm.  
 
1.4.2 Where appropriate, the basis for safety needs to cover the dependability of essential services; for example, 
services to maintain propulsion, the failure of which could lead to ship collision and harm to persons.  
 
1.4.3 List rules and instruments, and any codes and standards, applicable to safe design.   
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1.5 Planning 
1.5.1 Outline the plan for completion of RBC (i.e. RBC-2, RBC-3, RBC-4 and RBC-5) with reference to: the studies to 
be undertaken at each stage; inspection, testing and analysis requirements; additional LR requirements (e.g. Guidance 
Notes for Special Consideration Process for Materials Applications); and, any additional or non-standard requirements of 
the regulator (e.g. requirements specific to a National Administration). These studies and requirements need to be agreed 
between the Submitter and LR.   

1.6 Approval in Principle 
1.6.1 Where PAR is undertaken (see Ch 2, 1.1 Requirements 1.1.3), and at the discretion and judgement of LR, an 
Approval in Principle (AIP) of the design may be appropriate. This judgement would be informed by the degree of deviation 
from prescription, the novelty of the design, the hazards and risks presented, and application experience. The AIP would 
not guarantee design approval for certification. This is because there may be technical or regulatory challenges that prevent 
approval when details of the design are subjected to full application of RBC and the normal rigours of third-party 
certification.  
 

■ Section 2 
 RBC-2 Risk Assessment  
2.1 Requirements 
2.1.1 The output of RBC-2 needs to be a written Terms of Reference (ToR) and a Risk Assessment Study Report, both 
of which need to be documented by the Submitter and submitted to LR for appraisal.  

2.2 Terms of Reference (ToR) 
2.2.1 The ToR needs to be agreed with LR prior to undertaking the risk assessment. As a minimum, the ToR needs to 
be informed by the RBC-1 report, and where undertaken, informed by PAR, and include: 
 
(a) objective of the risk assessment 

for example, a minimum objective would be to help determine if the design could be accepted ‘as is’ or if it requires 
modification or additional measures, and what modifications/measures might be considered; 

 
(b) scope of the risk assessment 

a typical scope might cover the equipment for intended operation, and that required to detect and protect from 
malfunction; 
 

(c) technical description of the proposed design and its operation 
 this could include general arrangement drawings (GAs) and process flow diagrams (PFDs); 
 
(d) overview of the potential consequences of malfunction (if known) 

for example, the size and severity of fires following loss and subsequent ignition of a flammable substance and/or 
reference to known malfunctions/accidents involving similar equipment; 

 
(e) information on the likelihood of malfunction (if known) 

for example, the failure likelihood of equipment, likelihood of ignition, and the likelihood of collisions and 
groundings that could cause malfunction; 

 
(f) a description of the risk assessment approach to be used, and references supporting its use and suitability 

for example, one or more techniques may be used individually or in combination, in line with the risk assessment 
standard ISO 31010 (or other appropriate standard) – Hazard Identification (HAZID), Fault Tree Analysis (FTA), 
Hazard and Operability study (HAZOP), What-If Analysis, Event Tree Analysis (ETA), Bow-tie, etc.; 

 
(g) a description of the risk criteria to be used, and references supporting use and suitability 

for example, individual risk of fatality, group or societal risk, established risk matrices; 
 
(h) assessment schedule 
 study duration could help indicate if sufficient time has been made available for the assessment; and 
 
(i) the names and job titles of those contributing to the assessment, their relevant experience and qualifications, and 

their role/responsibility as part of the risk assessment team 
this information provides an indication of the collective suitability of the contributors to undertake the risk assessment.  
 
2.2.2 There are occasions where some of the information requested in Ch 2, 2.2 Terms of Reference (ToR) 2.2.1 may 
be incomplete or unavailable. In such cases, this should be recorded in the ToR and the Submitter and LR need to agree 
on how this is to be addressed during the risk assessment and/or at later stages of the RBC process. 
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2.3 Risk Assessment Study Report 
2.3.1 The type and depth of the risk assessment needs to be commensurate with the ‘level’ of risk and the severity of 
potential consequences.  
 
2.3.2 As a minimum, the Risk Assessment Study Report should include: 
 
(a) a summary of the assessment and its main results and conclusions; 
 
(b) reference to, revision of, and/or additions to the information detailed in the ToR (see Ch 2, 2.2 Terms of Reference 

(ToR)). This needs to confirm the experience and qualifications of the study team and the schedule and duration 
of any workshops; 
 

(c) results of the risk assessment, for example,   
• a discussion and illustration of the hazards, how they can be realised, the consequences, the likelihood of 

occurrence, the ‘level’ of risk in relation to agreed criteria, and the main contributors to that risk; 
• a listing of key prevention and mitigation measures; 
• a discussion and listing of actions and recommendations to address the risk and, for example, meet good 

design practice, and inform safe operation, inspection and maintenance (these actions/recommendations 
need to be included in the Actions Register, refer to Ch 1, 2.1 Outline of RBC 2.1.8; 

• identification of supporting studies (RBC-3) to better understand the risk, investigate risk reduction and 
control measures (i.e. safeguards), and/or confirm design suitability; 

 
(d) conclusions of the risk assessment 

for example, a statement on whether the risk can be accepted ‘as is’ or accepted following the successful outcome 
of actions/recommendations and additional studies; 
 

(e) revision of the plan to complete RBC, as appropriate (see Ch 2, 1.5 Planning 1.5.1). 
 
2.3.3 Appraisal by LR of the Risk Assessment Study Report is to ensure that the study has been appropriately 
undertaken. Deficiencies or required improvements need to be communicated to the Submitter so that these can be 
addressed, or the RBC process terminated.   
 
2.3.4 It is important to note that appraisal of the Risk Assessment Study Report by LR does not constitute approval of 
the design. This is because study actions/recommendations, RBC-3 and RBC-4 need to be completed and appraised, and 
then included as input to design appraisal and the normal rigours of third-party certification. 

2.4 Approval in Principle 
2.4.1 Following appraisal of the Risk Assessment Study Report, and at the discretion and judgement of LR, it may be 
appropriate to issue an Approval in Principle (AIP). This judgement would be informed by the degree of deviation from 
prescription, the novelty of the design, the hazards and risks presented, and application experience. The AIP would not 
guarantee design approval for certification. This is because there may be technical or regulatory challenges that prevent 
approval when details of the design are subjected to full application of RBC and the normal rigours of third-party 
certification.  
 
2.4.2 Where LR is acting on behalf of a National Administration as RO (Ch 1, 1.3 Role of LR, Submitter and Regulator 
(i.e. National Administration) 1.3.5 and Ch 1, 1.3 Role of LR, Submitter and Regulator (i.e. National Administration) 1.3.6) 
and following appraisal of the Risk Assessment Study Report, AIP can be used to: provide the ‘preliminary approval’ noted 
in MSC.1/Circ.1455 (see Ch 1, 2.1 Outline of RBC 2.1.2); or, provide input to preliminary approval directly from the National 
Administration. 
 

■ Section 3 
 RBC-3 Supporting Studies 
3.1 Requirements 
3.1.1 The actions documented in the Risk Assessment Study Report (RBC-2) could require supporting studies, for 
example: to help address details that were unknown at the RBC-2 stage or uncertainties in risk assessment inputs; and, 
to confirm the suitability of design options or changes. In addition, appraisal of RBC-2 by LR could require studies to help 
inform, for example, construction and in-service requirements (see Ch 1, 1.1 Application and objective 1.1.3), and 
inspection, testing and analysis requirements (see Ch 2, 1.5 Planning 1.5.1).  
 
3.1.2 The output of each RBC-3 study needs to be a written Terms of Reference (ToR) and a Supporting Study Report 
documented by the Submitter and submitted to LR for appraisal.  
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3.1.3 Each ToR needs to be agreed with LR prior to undertaking the study. As a minimum, the ToR should include an 
objective, a scope, a description of the study approach, the criterion to be used, the study schedule, and the relevant 
experience and qualifications of those involved. 
 
3.1.4 The type and depth of the study needs to be commensurate with the ‘level’ of risk and the severity of potential 
consequences.  
 
3.1.5 Appraisal by LR of RBC-3 studies is to ensure that they have been appropriately undertaken. Deficiencies or 
required improvements need to be communicated to the Submitter so that these can be addressed. 
 

■ Section 4 
 RBC-4 Final Design Assessment  
4.1 Requirements 
4.1.1 The Final Design Assessment (RBC-4) needs to be a study of the ‘completed’ design that has been informed and 
revised by all RBC stages. Its purpose is to:  
 
• determine if further modification or refinement is required for ‘acceptance’ of the risks presented by the design. 

This needs to include consideration of access, operation, inspection, maintenance, testing and commissioning 
requirements (e.g. access to a valve); 

• summarise the justification of why the design should be accepted by LR and/or the regulator (e.g. National 
Administration); and, 

• provide input to design appraisal and the normal rigours of third-party certification. 
  
4.1.2 The output of RBC-4 needs to be: a written Terms of Reference (ToR); a Final Design Assessment Study Report; 
and, the documentation listed in Ch 2, 5.3 RBC-5b Development of In-Service Documentation 5.3.7 (a) to Ch 2, 5.3 RBC-5b 
Development of In-Service Documentation 5.3.7 (f) (which is the final design documentation to be placed on board). All 
these need to be documented by the Submitter and submitted to LR for appraisal. 
 
4.1.3 The ToR needs to be agreed with LR prior to undertaking the study. As a minimum, the ToR should include an 
objective, a scope, a description of the study approach, the criterion to be used, the study schedule, and the relevant 
experience and qualifications of those involved. 
 
4.1.4 The type, scope and detail of study needs to be commensurate with the ‘level’ of risk and the severity of potential 
consequences.  
 
4.1.5 Appraisal by LR of the Final Design Assessment Study Report is to ensure that it has been appropriately 
undertaken. Deficiencies or required improvements need to be communicated to the Submitter so that these can be 
addressed.  
 

■ Section 5 
 RBC-5 Construction and In-Service Assessments  
5.1 Requirements 
5.1.1 RBC-5 consists of two tasks to cover: 
 
• Construction, Installation and Commissioning Assessment (RBC-5a); and,  
• Assessment for the Development of In-Service Documentation (RBC-5b).  

5.2 RBC-5a Construction, Installation and Commissioning Assessment 
5.2.1 RBC-5a is a study of the requirements for construction, installation and commissioning of the design that has 
been informed and revised by the previous stages of RBC. Its purpose is to:  
 
• develop the procedures for installation and commissioning, which are to include how the equipment/systems are 

to be examined and tested, operational parameters, and acceptance/performance criteria. Within this, any 
methods and procedures that are different to, or additional to, normal practice are to be identified, for example, 
the method of leak testing;   

• determine if further modification or refinement is required to allow for access, commissioning, operation, 
inspection, maintenance and testing, for example, access to a valve; and,  

• identify items that may require supporting studies, for example, further analyses or testing.  
 
5.2.2 The output of RBC-5a needs to be a written Terms of Reference (ToR) and procedures for installation and 
commissioning, which need to be documented by the Submitter and submitted to LR for appraisal.  
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5.2.3 The ToR needs to be agreed with LR prior to undertaking the study. As a minimum, the ToR should include an 
objective, scope, schedule, named stakeholders, stakeholder responsibilities, and the relevant experience and 
qualifications of those involved. 
 
5.2.4 The procedures for construction, installation and commissioning need to include the findings from any supporting 
studies. There are occasions, when making the submission to LR for appraisal, where the results of supporting studies are 
awaited; in such cases, the Submitter and LR should agree on how this is to be addressed. 
 
5.2.5 Appraisal by LR of the procedures for installation and commissioning is to ensure that they have been 
appropriately considered and developed. Deficiencies or required improvements need to be communicated to the 
Submitter so that these can be addressed.  

5.3 RBC-5b Development of In-Service Documentation 
5.3.1 The purpose of RBC-5b is to develop and deliver the in-service documentation, and this needs to include: 
 
(a) Operation Manuals; 
 
(b) Maintenance Programme; 

 
(c) Survey Requirements; and, 
 
(d) through life process for Change Management. 
 
5.3.2 The output of RBC-5b needs to be a written Terms of Reference (ToR) and the in-service documentation, both of 
which need to be documented by the Submitter and submitted to LR for appraisal.  
 
5.3.3 The ToR needs to be agreed with LR prior to undertaking the development of the in-service documentation. As a 
minimum, the ToR should include an objective, scope, schedule, and a list of stakeholders and their responsibilities. 
 
5.3.4 Appraisal by LR of the in-service documentation is to ensure that it has been appropriately considered and 
developed. Deficiencies or required improvements need to be communicated to the Submitter so that these can be 
addressed.  
 
5.3.5 AED File – Once the in-service documentation listed in Ch 2, 5.3 RBC-5b Development of In-Service 
Documentation 5.3.1 are finalised they are to be placed in an ‘Alternative/Equivalent Design File’ (AED File), along with 
outputs from the earlier RBC stages (refer to Ch 2, 5.3 RBC-5b Development of In-Service Documentation 5.3.7 and Ch 2, 
5.3 RBC-5b Development of In-Service Documentation 5.3.8). 
 
5.3.6 AED File – The file contains information relating to the alternative/equivalent design (i.e. designs/materials that 
are a deviation from prescription, considered new or novel, or must satisfy goal-based rules or instruments) and is in 
addition to the standard prescribed information that a vessel is required to carry. The AED File will form part of the vessel’s 
final documentation to be carried on board when the vessel is in-service. It will be referred to when undertaking 
maintenance, inspection, testing, surveys and modifications to the equipment, components or system subject to 
alternative/equivalent design.  
 
5.3.7 AED File – As a minimum, the file needs to contain the following: 
 
(a) scope of the analysis or design, including the critical design assumptions and critical design features (see Note 

1); 
 
(b) description of the alternative and/or equivalent design, arrangement, materials and fabrications, including 

drawings and specifications (see Note 1); 
 
(c) description of the concept of operation, safety systems/solutions installed and the identified risks they mitigate 

(see Note 1);  
 

(d) list of IMO regulations/Classification Rules affected (see Note 1); 
 

(e) summary of the results of the RBC findings/engineering analysis and basis for approval (see Note 1); 
 

(f) alternative and/or equivalent design approval documentation (see Note 1);  
 

(g) Operation Manuals (see Note 2); 
 

(h) in-service test, inspection and maintenance requirements (see Note 2); 
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(i) ship specific in-service survey requirements (see Note 1); and 

 
(j) through life change management process to deal with and adequately control modifications (see Note 2). 
 
Note 1. These items will be derived from the work undertaken as part of RBC or they will be a copy of one or more RBC 
outputs (e.g. RBC-1 report), as appropriate. 
Note 2. These items are to be specifically developed as part of RBC-5b but will rely on work undertaken during RBC-1 to 
RBC-5a.   
 
5.3.8 AED File – The final documentation contained in the file is to include any updates necessitated by the findings 
from any supporting studies. There are occasions, when making the submission to LR for appraisal, where the results of 
supporting studies are awaited; in such cases, the Submitter and LR should agree on how this is to be addressed.  
 
5.3.9 AED File – Once appraised and accepted by LR, the file is to be placed on board the vessel before delivery, as 
part of the documentation required for the issue and maintenance of the vessel’s certification. 
 
5.3.10 Operation Manuals – Requirements for the operation of the equipment or systems subject to alternative/ 
equivalent design are to be developed and documented in ‘Operation Manuals’.  
 
5.3.11 Maintenance Programme – As a minimum the Maintenance Programme needs to be developed to include:  
 
(a) equipment, components or systems subject to alternative/equivalent design. The programme is to list 

maintenance activities, including inspection and testing activities (together with any specific acceptance criteria), 
and is to set their frequency;  

 
(b) a list of issues that may require special attention with respect to operations, accessibility, maintenance and 

inspections/testing are to be identified and documented; 
 

(c) requirements for spare parts, taking into account the design and arrangement of the machinery/system, the 
intended service and operation of the vessel and the shelf life of components, equipment and spares (e.g. a gas 
detector).   

 
5.3.12 Survey Requirements – Survey requirements necessary for the issue and endorsement of the Ship’s Certification, 
are to be developed for the equipment, components or systems subject to alternative/equivalent design. 
 
5.3.13 Survey Requirements – Survey requirements that are additional or different to standard practice are to be clearly 
identified and sufficiently detailed to allow activities to be undertaken correctly and safely. To do this, the independent 
layers of protection need to be understood by the stakeholders, considering through life integrity. The documented 
requirements are to be such that the components, equipment and systems may be maintained and kept in a safe and 
reliable condition; noting this, it is imperative that the design solutions take account of requirements for access, 
maintenance, inspection, testing and survey (e.g. ensure a valve or piping joint be safely accessed). 
 
5.3.14 Survey Requirements – Survey intervals should be coincident with relevant prescriptive requirements; however, 
depending on the level of novelty in the design, different intervals may be required.  
 
5.3.15 Change Management – A through life change management process is to be developed to: 
 
• deal with and adequately control modifications to the equipment, components or systems subject to 

alternative/equivalent design; and,  
• provide a clear procedure to maintain and update the AED File. 
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Chapter 3  
Risk Criteria 
 
■ Section 1 
 Overview 
1.1 Background and Criteria 
1.1.1 Risk is a combination of likelihood and consequence; where likelihood is the probability or frequency with which 
an event may occur, and consequence is the event outcome, typically an adverse outcome (i.e. fatalities). This combination 
provides a measure of risk that can be compared against risk criteria. 
 
1.1.2 Risk assessment can be entirely qualitative, incorporate some quantification, or it can be wholly quantitative. In 
broad terms the acronym QualRA is used to encompass qualitative and semi-quantitative risk assessment, and QRA is 
used to cover quantitative risk assessment. The differences between QualRA and QRA can be summarised as follows:  
 
• QualRA uses the experience and knowledge of subject matter experts (SMEs) to identify events and 

estimate/categorise their likelihood and consequence to provide a risk grading that can be compared against 
criteria; and, 

• QRA uses expert judgement to select a representative set of events, numerical models to estimate potential 
consequences, operational and empirical data to estimate likelihood, and numerical models to calculate and 
summate the risk to provide measures that can be compared against criteria. These measures are typically 
individual risk and societal (or group) risk. 

 
1.1.3 For QualRA, such as a Hazard Identification (HAZID) type risk assessment, risk criteria are generally illustrated 
as a matrix. An example matrix used by LR for RBC is shown in Table 3.1.1 Risk Criteria Matrix. This matrix is based on a 
review by LR of both government and industry criteria covering the oil, gas and chemical industries, and is the same as 
that given in Risk assessment as required by the IGF Code, Rec No 146, developed by the International Association of 
Classification Societies (IACS). It can be noted that Table 3.1.1 Risk Criteria Matrix refers to ‘persons’; Rec No 146 also 
includes a matrix for ‘environment’ and a matrix for ‘assets’.  
 
1.1.4 The risk criteria matrix in Table 3.1.1 Risk Criteria Matrix has one category for multiple fatalities (i.e. a group of 
fatalities all occurring at once). This reflects the difficulty and uncertainty in estimating the number of multiple fatalities from 
an event and attempting to distinguish meaningful fatality categories related to likelihood and risk rating. It also avoids the 
false impression of study accuracy given by presenting many categories of fatality. Obviously, the greater the number of 
fatalities the greater the risk. Therefore, where many tens or hundreds of fatalities could be incurred then application of 
QRA should be considered with a focus on quantifying societal (group) risk.  
 
1.1.5 For QRA there is good agreement on individual risk criteria across governments and industry, and the criteria 
used by LR for RBC are listed in Table 3.1.2 Individual Risk Criteria. However, there is no general agreement on societal 
(group) risk criteria to address many fatalities occurring at once. Therefore, guidance should be sought from the regulator 
(e.g. National Administration) on the use of appropriate societal (group) risk criteria.   
 
1.1.6 Where risk criteria are proposed by the Submitter other than those used by LR in Table 3.1.1 Risk Criteria Matrix 
and Table 3.1.2 Individual Risk Criteria, written justification is required and this needs to be agreed with LR prior to use.  
 
1.1.7 Regardless of the criteria agreed between LR and the Submitter, before undertaking risk assessment, the 
proposed criteria need to be agreed with the regulator (e.g. National Administration).  
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Multiple fatalities C 
     

Single fatality or 
multiple major 
injuries 

B 
     

Major injury A 
     

  Risk 1 2 3 4 5 
  Low / Acceptable                              10−6                     10−5                 10−4                 10−3 
  Medium / Tolerable Remote Ext. Unlikely V. Unlikely Unlikely Likely 
  High / Unacceptable 

Likelihood (chance per year)       

        
Consequence Category 
     A Major injury  
 – long-term disability / health effect 
     B Single fatality or multiple major injuries  
 – one death or multiple individuals suffering long-term disability / health effects 
     C Multiple fatalities  
 – two or more deaths 
        
Likelihood Category 
     1 Remote – 1 in a million or less per year 
     2 Extremely Unlikely – between 1 in a million and 1 in 100,000 per year 
     3 Very Unlikely – between 1 in 100,000 and 1 in 10,000 per year 
     4 Unlikely – between 1 in 10,000 and 1 in 1,000 per year 
     5 Likely – between 1 in 1,000 and 1 in 100 per year 
        
Risk Rating / Risk Criteria 
Low The risk can be accepted. 
 Where practical / cost-effective it is good practice to implement measures that would further reduce the 

risk. 
Medium The risk is tolerable and considered ‘mitigated as necessary’ / ALARP. 
 This assumes all reasonably practicable mitigation measures have been implemented. That is, additional 

or alternative measures have been identified and implemented unless judged impractical or the cost of 
implementation would be disproportionate to the reduction in risk. 

High The risk is unacceptable and is not ‘mitigated as necessary’ / ALARP.  
Additional or alternative mitigation measures must be identified and implemented before operation,  
and these must reduce the risk to medium or low. 
 

Table 3.1.1 Risk Criteria Matrix 
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Individual Risk (fatality per year) 

  Crew Public / Passenger / Third Party 
  

Low / Acceptable 
no greater than 

10−6 

i.e. one in one million  

 no greater than 
10−6 

i.e. one in one million  
  
  
  

Medium / Tolerable 
no greater than  

10−4 

i.e. one in ten thousand 

no greater than 
10−5 

i.e. one in one hundred thousand 
  
  
  

High / Unacceptable 
greater than 

10−4 

i.e. one in ten thousand 

greater than 
10−5 

i.e. one in one hundred thousand 
  
  
 
Individual Risk – a measure of the annual likelihood that a specified person is fatally injured. 
Low The risk can be accepted.  
 Where practical and cost-effective it is good practice to implement safeguards to further reduce the risk. 
Medium The risk is tolerable and considered ‘mitigated as necessary’ / ALARP. 
 This assumes all reasonably practicable mitigation measures have been implemented. That is, additional or 

alternative measures have been identified and implemented unless judged impractical or the cost of 
implementation would be disproportionate to the reduction in risk. 

High The risk is unacceptable and is not ‘mitigated as necessary’ / ALARP. 
Additional or alternative mitigation measures must be identified and implemented before operation,  
and these must reduce the risk to medium or low. 
 

Table 3.1.2 Individual Risk Criteria 
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Chapter 4  
Alternative Fuels  
 
■ Section 1 
 Introduction 
1.1 Application 
1.1.1 This Chapter provides additional process items to those given in Chapters 1 and 2 (specific to alternative fuels 
used as a fuel for ships). 
 

■ Section 2 
 RBC-1 Design and Safety Statement 
2.1 Rules, Instruments, Codes and Standards 
2.1.1 For all fuels that are categorised as gases or ‘low-flashpoint fuels’, such as natural gas, hydrogen and ammonia, 
reference needs to be made to the requirements, goals and guidance within:  
 
• Rules and Regulations for the Classification of Ships using Gases or other Low-flashpoint Fuels, Lloyd’s Register; 
• International Code for Safety of Ships Using Gases or Other Low-flashpoint Fuels, IMO (IGF Code); 
• Risk assessment as required by the IGF Code, Rec No 146, IACS. 
 
2.1.2 Reference also needs to be made to LR rules and LR/other appropriate guidance specific to the topic fuel. These 
rules and guidance are periodically developed and updated. Therefore, an appropriate search needs to be undertaken to 
ensure the most recent rules and guidance are used.     

2.2 Preliminary Appraisal of Rules 
2.2.1 A Preliminary Appraisal of Rules (PAR) (see Ch 2, 1.1 Requirements 1.1.3) increases confidence that a design 
can be made both practical and safe. Essentially, it provides a check that key rules, instruments, and goals have been 
considered. Refer to Ch 2, 1.1 Requirements 1.1.3 and Ch 2, 1.6 Approval in Principle 1.6.1. 
 
2.2.2 Use of PAR to appraise a preliminary design has been found to greatly reduce the number of actions and 
recommendations when a design is subsequently subjected to risk assessment (RBC-2). Therefore, prior to RBC-2, 
application of PAR is recommended for all alternative fuel designs. Separate PAR templates have been developed and 
are available for natural gas, methanol, hydrogen and ammonia.  
 
2.2.3 Compared to other fuels there is a greater likelihood of a hydrogen release and subsequent fire. This is because 
hydrogen has a very low viscosity (see Note 1), a wide flammability range (see Note 2), and little energy is required to 
cause ignition (see Note 3). Explosions are also more likely to occur and are generally more damaging because of 
hydrogen’s higher burning velocity (see Note 4). To help address these issues and in the absence of prescriptive rules and 
IMO guidelines, PAR needs to be undertaken for hydrogen prior to RBC-2. 
 
Note 1. At 20oC and 1 bar, hydrogen has a viscosity of approximately 0,083 x 10−5 g/cm-s. This compares with 
approximately 0,651 x 10−5 g/cm-s for natural gas. 
Note 2. In air, hydrogen is flammable at concentrations of approximately 4 to 75 per cent. 
Note 3. Minimum energy to ignite a flammable concentration (in air) of hydrogen approximates to 0,02 mJ. Electro-static 
discharge ignition can be as low as 1 mJ. 
Note 4. Laminar (i.e. non-turbulent) burning velocity of a hydrogen–air and natural gas–air mixture is approximately 3,25 
m/s and 0,45 m/s, respectively. 
 
2.2.4 Ammonia is extremely toxic, and a small release can be fatal within a short period of time (see Note 1). As a 
guide, a concentration of approximately 0,5 per cent in air (i.e. 5000 ppm) could be fatal within minutes, a concentration 
just half of this could be fatal within 15 minutes, and immediate injury is likely at a concentration of just 0,07 per cent (i.e. 
700 ppm). These concentrations are far lower than that required for ammonia to be ignited (i.e. 16 per cent or 160000 
ppm). To help address the toxicity hazard and in the absence of prescriptive rules and IMO guidelines, PAR needs to be 
undertaken for ammonia prior to RBC-2. 
 
Note 1. Public Health England. 2015. Ammonia, Toxicological Overview; and Ammonia, Incident Management. 
 
2.2.5 PAR for hydrogen and ammonia includes examination of inherently safer design. This is due to the lack of 
prescriptive requirements, limited application experience, and the characteristics of these fuels (Ch 4, 2.2 Preliminary 
Appraisal of Rules 2.2.3 and Ch 4, 2.2 Preliminary Appraisal of Rules 2.2.4). In practical terms, this means reducing the 
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number of equipment items, instruments and connections; limiting potential release quantity and duration; ensuring leak 
containment; minimising ignition; and, treating and/or safely venting releases. 
 

■ Section 3 
 RBC-2 Risk Assessment 
3.1 Risk Assessment 
3.1.1 For all fuels that are categorised as gases or ‘low-flashpoint fuels’, such as natural gas, hydrogen and ammonia, 
the RBC-2 risk assessment needs to be consistent with Risk assessment as required by the IGF Code, Rec No 146, 
developed by the International Association of Classification Societies (IACS).  
 
3.1.2 The risk assessment approach detailed in Rec No 146 is a Hazard Identification (HAZID) type risk assessment. 
This means that the likelihood of events is estimated, for example, a fuel leak from a damaged valve, in addition to 
identifying causes, recording prevention and mitigation measures, and estimating consequences (i.e. harm to persons). 
Consequences and likelihood are also individually categorised and combined to provide risk ratings. These risk ratings are 
then compared against criteria to judge if the risk of an event is ‘low’ or has been ‘mitigated as necessary’ (refer to Ch 3 
Risk Criteria). Only if the risk is shown to be ‘low’ or ‘mitigated as necessary’ can the risk be ‘accepted’ (i.e. a ‘high’ risk 
can never be accepted).  
 
3.1.3 The phrase ‘mitigated as necessary’ is used in the IGF Code and has the same meaning as the established 
phrase, ‘As Low As Reasonably Practicable’ (ALARP). 
 
3.1.4 With reference to the risk criteria matrix illustrated in Ch 3 Risk Criteria, for a risk to be considered ‘mitigated as 
necessary’/ALARP it must be rated as ‘medium’ and measures to further reduce risk identified and implemented. At this 
stage in RBC, it may not be appropriate or possible to agree measures to reduce risk. In such cases, the measures should 
be recommended for further consideration and included in the Actions Register (refer to Ch 1, 2.1 Outline of RBC 2.1.8).  
 
3.1.5 It is recognised that in most cases a fuel can only result in an event causing major injury or fatality if released 
from containment and measures to control that release and protect individuals are inadequate or fail/malfunction. 
Therefore, to help establish confidence in the design, the risk assessment needs to identify the design measures to:  
 
(a) prevent/minimise the likelihood of a release;  
 
(b) detect and minimise the quantity released; 
 
(c) safely contain and/or render a release harmless;  

 
(d) safely vent and/or disperse a release;  

 
(e) minimise likelihood of igniting a release; and, 

 
(f) protect from, and mitigate, fires, explosions and toxic gas impact. 
 
The measures also need to be categorised as passive or active. For example, passive measures include physical barriers, 
separation and the absence of ignition sources, and active measures include gas detection, automated emergency 
shutdown, and fire-fighting arrangements. 
 
3.1.6 During the risk assessment, general or specific items may be identified that require further consideration. These 
need to be included in the Actions Register and undertaken as part of RBC-3. For example: a Failure Modes and Effects 
Analysis (FMEA) study may be required to better understand and thereby improve the gas control and monitoring system; 
or specific modelling of potential explosions below deck may be required to determine the necessary structural strength of 
space boundaries.  
 
3.1.7 The risk criteria illustrated in Ch 3 Risk Criteria are considered appropriate for the RBC-2 risk assessment. Where 
other risk criteria are proposed by the Submitter, justification needs to be included in the ToR (see Ch 2, 2.2 Terms of 
Reference (ToR)) and agreed with LR prior to the risk assessment.  
 

■ Section 4 
 RBC-3 Supporting Studies 
4.1 Requirements 
4.1.1 Supporting studies need to be identified in RBC-2 and listed in the Actions Register (see Ch 1, 2.1 Outline of RBC 
2.1.8 and Ch 4, 3.1 Risk Assessment 3.1.6). These studies are then undertaken as part of RBC-3. In some cases, these 
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supporting studies may also identify the need for additional analysis; for example, the need to investigate uncertainties in 
input data or assumptions.  

4.2 Failure Modes and Effects Analysis (FMEA) 
4.2.1 The purpose of an FMEA is to better understand failure causes and consequences. This provides further insight 
on how to improve the design and prevent/minimise releases and mitigate potential consequences.  
 
4.2.2 An FMEA needs to be undertaken: 
 
• where the risk assessment in RBC-2 identifies that events/failures have the potential for many fatalities (e.g. large 

passenger ships); and, 
• for all hydrogen and ammonia fuelled ships due to the characteristics of these fuels (see Ch 4, 2.2 Preliminary 

Appraisal of Rules 2.2.3 and Ch 4, 2.2 Preliminary Appraisal of Rules 2.2.4) and limited application experience. 
  
4.2.3 The scope of the FMEA should be informed by the results of the risk assessment (RBC-2) and needs to be agreed 
with LR prior to undertaking the study. A typical FMEA may cover: onboard equipment to store, manage, purge, inert, vent, 
prepare and use the topic fuel; and, monitor and control the system. 
 
4.2.4 Where FMEA involves ranking the relative criticality of each of the failure modes (i.e. likelihood and severity), it is 
referred to as Failure Modes, Effects and Criticality Analysis (FMECA). 

4.3 Explosion Analysis 
4.3.1 An Explosion Analysis needs to be undertaken for hydrogen fuelled ships due to the characteristics of the 
fuel (see Ch 4, 2.2 Preliminary Appraisal of Rules 2.2.3). The purpose of this study is to help identify all reasonably 
practicable measures to limit explosion consequences, as noted in Lloyd’s Register’s Rules and Regulations for the 
Classification of Ships using Gases or other Low-flashpoint Fuels and the International Code for Safety of Ships Using 
Gases or Other Low-flashpoint Fuels, IMO (IGF Code), see Note 1 . 
 
Note 1.  
4.3 Limitation of explosion consequences 
  An explosion in any space containing any potential sources of release [excludes double-walled pipe] and potential ignition 
sources shall not: 
  .1 cause damage to or disrupt the proper functioning of equipment/systems located in any space other than that in which 
the incident occurs; 
  .2 damage the ship in such a way that flooding of water below the main deck or any progressive flooding occur; 
  .3 damage work areas or accommodation in such a way that persons who stay in such areas under normal operating 
conditions are injured; 
  .4 disrupt the proper functioning of control stations and switchboard rooms necessary for power distribution; 
  .5 damage life-saving equipment or associated launching arrangements; 
  .6 disrupt the proper functioning of firefighting equipment located outside the explosion-damaged space; 
  .7 affect other areas of the ship in such a way that chain reactions involving, inter alia, cargo, gas and bunker oil may 
arise; or  
  .8 prevent persons access to life-saving appliances or impede escape routes. 
 

■ Section 5 
 RBC-4 Final Design Assessment 
5.1 Requirements 
5.1.1 As noted in Ch 2, 4.1 Requirements 4.1.4, the type, scope and detail of a Final Design Assessment (RBC-4) 
needs to be agreed with LR, and commensurate with the ‘level’ of risk and the severity of potential consequences. 
 
5.1.2 For example, where few persons are exposed and the likelihood of fatality is ‘low’, then a structured discussion 
of operational and emergency controls by subject matter experts (SMEs) may suffice. By comparison, where there is a 
potential for many fatalities and there is limited application experience, a Hazard and Operability study (HAZOP) needs to 
be undertaken. 

5.2 Hazard and Operability Study 
5.2.1 In addition to the assessment noted in Ch 4, 5.1 Requirements 5.1.1, a HAZOP needs to be undertaken: 
 
• where the RBC-2 risk assessment and/or RBC-3 studies identify events with the potential for many fatalities (e.g. 

large passenger ships); and, 
• for all hydrogen and ammonia fuelled ships, due to the characteristics of these fuels (see Ch 4, 2.2 Preliminary 

Appraisal of Rules 2.2.3 and Ch 4, 2.2 Preliminary Appraisal of Rules 2.2.4) and limited application experience. 
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