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 Section 1 
Introduction 

1.1  General 

1.1.1  Innovation and the increasing complexity of new technology can often lead to the 
development of novel designs, concepts or applications that are not covered by 
existing Rules, normative standards or conventional industry practices. 

1.1.2  Innovative engineering concepts and/or the application of existing technology to new 
environments can introduce risks and challenge project outcomes, standard 
procedures and certification processes. Therefore the unknowns associated with the 
deployment of novel technology need to be identified and assessed to prevent 
undesired outcomes. 

1.2  Purpose 

1.2.1  These Guidance Notes present Lloyd’s Register’s Technology Qualification (TQ) 
methodology to assess and help manage the risks introduced by novel technologies. 

1.2.2  TQ is a robust and systematic risk management process that demonstrates to 
interested parties that the uncertainties introduced by a novel technology, or new 
application of an existing technology, have been considered and that any associated 
technology risks have been mitigated. 

1.2.3  TQ is a risk-based process that uses the readiness level framework, a total system 
perspective and lifecycle approach to qualify new technologies, unconventional 
designs and new ways of applying existing technology. 

1.2.4  TQ is a methodology that provides assurance to Owners, Operators, suppliers and 
investors at the different stages of novel technology development. 

1.3  Overview of the TQ process 

1.3.1  The TQ process includes the following activities: 

• establishing acceptance criteria and goals; 

• identifying technology elements/components and their maturity levels; 

• assessing technology risks associated with the elements/components; 

• identifying further analysis and testing; and  

• collecting and reviewing evidence supporting the technology’s qualification. 

1.3.2  Figure 1.1.1 TQ process stages shows the three stages in the TQ process, which are 
explained in more detail in Ch 1, Section 4 Technology qualification stage 1: 
technology appraisal, Ch 1, Section 5 Technology qualification stage 2: technology 
qualification plan and Ch 1, Section 6 Technology qualification stage 3: execution, 
review and certification. 
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Figure 1.1.1 TQ process stages 

 
1.3.3  The TQ process is a methodology that applies specific acceptance criteria for the 

technology under review. The acceptance criteria, or goals, can be focused on, but are 
not limited to, the following areas: 

• safety; 

• environmental; 

• functionality; 

• performance; 

• reliability; and 

• availability. 

1.3.4  The TQ process can be applied at any stage during the development cycle of systems 
or technology. 

1.4  Summary of TQ stages 

1.4.1  Stage 1: technology appraisal (Ch 1, Section 4 Technology qualification stage 
1: technology appraisal): The purpose of the technology appraisal is to identify and 
understand the uncertainties associated with the novel aspects of the technology, 
which can then be used in the subsequent stage to develop the TQ plan (TQP). This 
stage considers the maturity and integration of the individual elements/components of 
the technology. It may also include a high level technology risk assessment to provide 
further inputs to the formation of the TQP and to identify suitable risk mitigation 
measures. 
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1.4.2  Stage 2: TQP (Ch 1, Section 5 Technology qualification stage 2: technology 
qualification plan): In this stage, qualification methods are selected based on inputs 
from the technology appraisal (stage 1). The aim is to define suitable qualification 
methods such that their successful completion will reduce the technology uncertainties 
identified in stage 1 to the required level, or a level similar to those for proven or 
mature technologies. The TQP fully defines the qualification methods or activities, with 
all information required for the execution of the qualification including responsible 
parties, acceptance criteria, methodology and reporting requirements. 

1.4.3  Stage 3: execution, review and certification (Ch 1, Section 6 Technology 
qualification stage 3: execution, review and certification): In this stage the 
qualification activities in the TQP are completed, and the results assessed to confirm 
that the technology uncertainties identified in stage 1 have been suitably addressed. 
Upon successful completion of the qualification scope LR issues a TQ certificate, 
recording the status of the qualification process, effectively approving the readiness of 
the technology for the next stage(s) of its development (e.g. detailed design, field 
testing, or integration) or for its application. 

It should be noted that TQ is normally an iterative process, in that it may be necessary to repeat 
elements of stage 1, and/or update the TQP, in response to further developments in 
the technology or to the plan’s execution. This may be a result of, for example, 
qualification activities failing to achieve their acceptance criteria or due to changes in 
the design of the technology. 

1.4.4  TQ roadmap: Figure 1.1.2 TQ process roadmap shows the TQ process in more detail, 
including the interactions between the three stages and the deliverables. 
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Figure 1.1.2 TQ process roadmap 
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1.5  Timing of TQ 

1.5.1  TQ is usually applied most successfully in the early stages of the technology 
development, typically during the feasibility assessment or concept development stages 
of the client’s process, as indicated in Figure 1.1.3 Lifecycle of development of systems 
or technology. 

 

 
 

Figure 1.1.3 Lifecycle of development of systems or technology 
 
 
1.5.2  Through its early application, TQ can realise benefits to the client in helping them to 

optimise their qualification process by early identification of technology uncertainties 
and by avoiding unnecessary qualification effort. It can also help the client in their 
decision-making processes (e.g. in support of milestones or decision gates) and to 
secure early stakeholder acceptance. 

1.5.3  TQ can, however, be applied at any stage – even for completed developments (i.e. it 
can be applied retrospectively), although clearly the potential benefits are likely to be 
somewhat reduced in this case, and there may be challenges to completing the TQ 
processes if, for example, insufficient evidence has been captured during the client’s 
technology development programme. 
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 Section 2 
Abbreviations and definitions 

2.1  Abbreviations 
 

2.1.1  The following abbreviations are applicable to these Guidance Notes unless otherwise 
stated. 

AiP approval in principle 

CHAZOP control hazard and operability study 

CTE critical technology element 

DAD design appraisal document 

FMEA failure modes and effects analysis 

FMECA failure mode, effects and criticality analysis 

HAZID hazard identification study 

HAZOP hazard & operability study 

IML integration maturity level 

LR Lloyd's Register 

MDR master document register 

RCA root cause analysis 

R&D research and development 

SME subject matter expert 

SWIFT structured what-if technique 

TQ Technology Qualification 

TQP Technology Qualification Plan 

TML technology maturity level 
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 Section 3 
Technology Qualification principles 

3.1  General 

3.1.1  The cost of assurance and qualifying technology can be a considerable part of 
technology development, largely through the collection of evidence (mainly testing); 
therefore resources should be focused on optimising the assurance processes and 
capturing the relevant data and information in support of the technology. The 
structured and systematic process of TQ should be able to help determine what 
evidence would add most confidence to the developer, thereby helping to enhance the 
development programme, and to identify the main factors contributing to the 
technology uncertainty thereby helping increase the confidence in the technology. 

3.1.2  Expert opinion can contribute significantly to a technology development programme, 
particularly in the early stages of the development process. Through TQ, LR aims to 
add to the expert opinion available to the technology developer, carrying with it the 
credibility provided by LR’s experience and independence. The expert opinion provided 
by LR’s TQ should include identification of critical elements/components (critical 
technology elements) to be qualified, safety and reliability evidence required and 
interpretation of the evidence provided. 

3.1.3  Technology development is itself an iterative process, and before deployment a 
technology concept may be reviewed and improved several times using design reviews, 
risk assessment, prototyping, observations, etc. The TQ process mirrors this in that the 
results at the execution stage of TQ can be used to complement the developer’s own 
process. 

3.1.4  Traceability to demonstrate the link among identified technology 
elements/components, identified risks and collected evidence is therefore required 
throughout the TQ process for the whole development lifecycle of the technology. 

3.2  Technology boundaries 

3.2.1  The extent and limits of the technology to be qualified should be clearly defined and 
documented before the start of the TQ process, ideally with some form of identifier or 
other reference (that will be referred to in the LR TQ certificate at the end of the 
successful TQ process), so that the technology qualified, and covered by the certificate, 
is clear and not open to misinterpretation. 

3.2.2  The application of TQ is not limited to physical products; it can also be applied to the 
software content of a technology or to novel services, focusing on the maturity of 
methods rather than on the hardware. Ch 1, Section 9 Technology qualification 
applied to services presents an approach for applying TQ to services. 

3.3  Inputs to the TQ process 

3.3.1  Basic documentation should be provided as an input to the TQ process, to a sufficient 
level of detail to enable the TQ team to reach suitable conclusions as to the level of 
novelty of the technology, the technology uncertainties involved and to identify the 
most suitable means of treating these uncertainties (in the TQP). 
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3.3.2  The minimum information required is likely to include the following, depending on the 
nature of the technology concerned, the agreed technology goals and the stage of the 
technology’s development at the start of the TQ: 

• general description; 

• list of codes and standards applied, if any; 

• basis of design including context of use and intended operating environment; 

• functional description or specification; 

• equipment or component list; 

• general arrangement drawings; 

• system block diagram or schematics; and 

• details of any relevant analysis or testing to date. 

3.3.3  If the client has an overall document register (e.g. master document register, or MDR) 
available, then this should be submitted to assist the identification of inputs to TQ. 

3.3.4  Further documentation inputs are likely to be required during the TQ execution, as 
identified in the technology appraisal and the TQP. 

3.4  Confidentiality 

3.4.1  It must be recognised that the intellectual property of the client or technology 
developer, particularly for novel concepts, may be especially sensitive and have 
significant potential commercial advantage associated with it. 

3.4.2  Therefore for TQ confidentiality agreements should be established among involved 
parties where applicable. However, availability of the required documentation for TQ 
review should not be restrained by confidentiality agreements. 

3.5  Objectivity of LR qualification reviews 

3.5.1  LR’s policy for conflict of interest, independence, impartiality and integrity shall be 
followed in the execution of TQ. 

3.5.2  The policy requires that no member of the LR Group provides independent assurance 
on assets or systems for which any other member of the Group has provided 
consultancy services, without appropriate controls and authority having been applied. 

3.5.3  Consultancy is defined as the provision of specific solutions to a client, or undertaking 
the design, manufacture/implementation or operation of an asset or system on behalf 
of a client. 

3.5.4  For the purposes of applying this policy, stages 2 and 3 of the TQ process can generally 
be considered as providing independent assurance. 

3.5.5  There is no conflict of interest if the LR TQ team engaged in stage 1 of the TQ process, 
i.e. participation in (or facilitation of) the technology appraisal process, is also engaged 
in developing or reviewing the TQP and reviewing the results of the TQP execution 
(and issue of the TQ certificate). 

  



Guidance Notes for Technology Qualification, May 2017 

 

Technology Qualification        Section 3 

 
 

 
LLOYD’S REGISTER   10 
 

3.5.6  If LR is involved in preparing documentation (e.g. design reports) or other evidence 
that is subsequently assessed during review of the TQP execution (stage 3), appropriate 
organisational separation shall be ensured such that the respective service delivery 
teams work independently and with separate line management, in order to maintain 
objectivity in reviewing the results of the TQP execution (leading towards issuing a TQ 
certificate). 

3.6  TQ of mature technology 

3.6.1  The TQ process aims to help clients manage the technology risks of their development, 
to confirm that the technology uncertainties identified through the TQ process have 
been addressed, such that the confidence in the technology has been increased to a 
level similar to that of a mature technology. 

3.6.2  TQ does not consider parts of the client’s technology that are already considered to be 
mature – these are filtered out early in the TQ process. 

3.6.3  It is possible, however, for LR to combine TQ with a design assessment of the mature 
aspects, so that an overall design certificate can be issued by LR. This is described in Ch 
1, Section 8 Combining technology qualification with certification of mature 
technology. 
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 Section 4 
Technology Qualification stage 1: technology appraisal 

 
4.1  General 
 

 
Figure 1.4.1 TQ process stages (focussing on stage 1) 

 
4.1.1  This stage describes the principles for deriving the list of critical technology elements 

(CTEs) through decomposition and technology maturity assessment, and for gathering 
information from a technology risk assessment to enable a TQP to be established. 

4.1.2  This stage is normally undertaken in one or more workshops by a team comprising an 
LR TQ specialist plus subject matter experts from both LR and the client (and other 
stakeholders as necessary). The workshop(s) can be facilitated by LR or by a client 
representative provided they are fully conversant with the TQ process as described in 
this document. 

4.2  Goal setting 

4.2.1  The basic objectives of the technology, and therefore of the qualification process, 
should be established and agreed with the client at the start of the technology 
appraisal. 

4.2.2  These objectives should be documented and should cover all measurable criteria for 
the technology which the client requires to be qualified, and may include safety, 
integrity, environmental impact, functionality, economic performance, operability, 
efficiency, reliability or availability. 

4.2.3  The agreed objectives (goals) become the terms of reference for the entire TQ process, 
and will be specified as such on the LR TQ Certificate on successful completion of the 
qualification. It must be recognised, however, that the goals may need to be adjusted 
through the technology development (and qualification) process. For example, initial 
technology goals may be shown, during qualification tests, to be unachievable or not 
economically viable. Also, additional goals could be identified through the 
engagement of other stakeholders in the technology qualification process. 
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4.3  System decomposition 

4.3.1  System decomposition principles 

(a) Once the technology goals have been established, the next activity in the 
technology appraisal is to break down the technology into distinct 
elements/components that can be individually assessed for their maturity. This 
system decomposition is achieved through a structural and/or functional 
breakdown of the overall system into subsystems, equipment and components 
down to the smallest element/sub-component that can be assessed. The 
decomposition process should apply to both hardware and software elements. 

(b) A structure-based breakdown of hardware or physical components is one 
approach (the structural system decomposition); an alternative is a function-based 
approach to sub-divide main functions into sub-functions in order to identify 
which (sub-)functions are performed by which elements (the functional system 
decomposition). 

(c) The decomposition approach(es) should be selected and agreed upon by the TQ 
team with consideration to the nature and complexity of the technology and its 
development stage. A structural decomposition tends to be most suitable where 
the technology is developed to a level such that the physical components can be 
identified. A functional decomposition tends to be suitable for technologies which 
are more procedural or software-driven, for example where there is a significant 
user input (human interface or manual intervention). Ch 1, Section 9 Technology 
qualification applied to services presents an approach for applying TQ to services. 

(d) Both structural and functional system decompositions could be required for some 
technologies to ensure that the decomposition enables all characteristics of the 
technology’s maturity to be assessed. In this case the system decomposition 
carried forward to the technology maturity assessment is a combination of the 
outputs of the two approaches. 

(e) It can be useful to map the dependence of each technology element on other 
elements, for example using a network diagram or matrix. 

(f) The decomposition process stops at the lowest level of components and / or 
technology elements at which the maturity (degree of novelty or uncertainties) 
and operating experience can be assessed, including the interfaces and integration 
of the technology. 

(g) The only output of this step is a breakdown of the technology into distinct 
elements that can be individually assessed for their maturity. 

(h) It is beneficial to assign a unique identifier (e.g. linked to the developer’s 
component tracking system) to each component/function identified through the 
system decomposition, to assist traceability throughout the TQ process. 

(i) To support the subsequent TQ stages, the technology goals relevant to each 
individual component or function arising from the system decomposition should 
be identified and recorded (e.g. the goals that each component / function 
contributes to). 
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4.3.2  Structural system decomposition 

(a) The structural decomposition starts with the highest level of technology elements 
(components), which is usually at the system-level, and progressively breaks them 
down further until the lowest (most detailed) level of technology elements that 
can be identified – a level at which a single maturity level can be assigned to the 
element. 

(b) The decomposition process should apply to all physical elements, both hardware 
and software. 

4.3.3  Functional system decomposition 

(a) The decomposition process should start with the functions at the highest level, 
which is usually at the system level. 

(b) System engineering principles and processes should be adopted in the 
decomposition analysis starting from system-level functions and structure, human–
machine interaction, roles and responsibilities of organisations and personnel 
participating in the system development. 

(c) Descriptions of the purpose of use, operating modes and integration issues for 
each decomposed element should be documented. 

4.4  Technology maturity assessment 

4.4.1  The technology maturity assessment uses the technology maturity level (TML) and 
integration maturity level (IML) approach to screen the degree of novelty of the 
technology or items of equipment, and their integration. These maturity levels should 
be assigned by the TQ team, based on the experience of the team members and, 
where considered necessary, appropriate evidence provided by the client. 

4.4.2  Based on the assigned TML, IML and the operating experience for each technology or 
each item of equipment, the relative criticality (risk-ranking) of each component from 
the system decomposition is determined. This relative criticality dictates how thorough 
or intensive the subsequent qualification activities should be. 

(a) Technology maturity level 

• In this step, each individual structural or functional element resulting from the 
system decomposition, whether from a structural or functional decomposition, 
is assigned a maturity level in accordance with its perceived degree of novelty. 

• The TML system adopted by LR, using an eight-point scale, is shown in Table 
1.4.1 Technology maturity levels. This system aligns with the equivalent 
technology ranking in API 17N, and is broadly aligned with other models in use 
in relevant industries (e.g. by NASA). 
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Table 1.4.1 Technology maturity levels 
 

 

 

• An alternative scale to that shown in Table 1.4.1 Technology maturity levels 
can be agreed and applied by the TQ review team if it is considered more 
appropriate to the technology under review. Any alternative ranking system 
must be applied consistently through the whole process (i.e. to all components, 
not just to some) and fully documented (included in the resulting technology 
appraisal report) with a detailed description of each maturity level. 
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• The TML selection should consider each component in isolation, at this stage 
without consideration of its integration into the overall technology or its 
operating environment, and should specifically consider its maturity with 
respect to achievement of the technology goals agreed earlier in this stage (and 
mapped to individual components or functions, as per Ch 1, 4.2 Goal setting). 

(b) Integration maturity level 

• Technology elements could pose technology challenges and uncertainties when 
integrated into a system, even if the standalone elements are considered 
mature technology. Therefore, an integration maturity review is performed as 
part of the technology maturity assessment. 

• In this step, each individual structural or functional element is assigned an IML 
in accordance with its perceived degree of uncertainty. The IMLs should be 
assigned based on the general experience of integrating the respective 
components, not necessarily in the same operating environment as that 
intended for the technology under consideration. 

• Review of integration issues should be performed for each element identified 
at the system decomposition step, to determine the degree of novelty of the 
integration. 

• This review attempts to determine if components within systems have been 
previously integrated and to review documented experience or performance of 
the integration and issues. Information and data used to assess the IML should 
be provided. More attention might be paid to the integration aspects of 
components whose qualification outcomes could affect the critical technology 
goals. 

• The IML system adopted by LR, using a nine-point scale, is shown in Table 
1.4.2 Integration maturity levels (ref: Gove, R., B. Sauser, and J. Ramirez-
Marquez. 2007. Integration Maturity Metrics: Development of an Integration 
Readiness Level, Stevens Institute of Technology, School of Systems and 
Enterprises. Hoboken, NJ). 
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Table 1.4.2 Integration maturity levels 

 
 

• As an alternative to assigning IML for each component from the system 
decomposition, the IML can be assigned to each interaction – refer to Ch 1, 
Section 7 Methods for assigning IML and modifying TML for further 
guidance as to which approach to adopt. 

• An alternative scale to that shown in Table 1.4.2 Integration maturity levels 
can be agreed and applied by the TQ review team if it is considered more 
appropriate to the technology under review. Any alternative ranking system 
must be applied consistently through the whole process (i.e. to all 
components, not to some) and fully documented (included in the resulting 
technology appraisal report) with a detailed description of each maturity 
level. 

(c) Modifying the TML due to the IML 

• The overall maturity level is a function of the TML and the IML, in that each 
TML identified in Ch 1, 4.4 Technology maturity assessment 4.4.2(a) can be 
adjusted to reflect the integration uncertainties (IML). 

• Ch 1, Section 7 Methods for assigning IML and modifying TML presents a 
method for modifying the TML, with two alternative approaches depending on 
the nature of the system interactions. An alternative approach can be agreed 
and applied by the TQ review team if it is considered more appropriate to the 
technology under review. 

(d) Overall TML, CTEs 

• Screening of technology elements for further review in the TQ process is based 
on the modified TML and the experience of the element in its operating 
environment. The purpose of this screening step is to prioritise qualification 
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efforts, to reduce the cost of subsequent qualification through eliminating the 
identified proven technology elements from the remainder of the TQ process. 

• All of the elements identified in the system decomposition step should be 
assigned an experience level of the element in relation to its application to the 
technology goals and in its target operating environment, using the categories 
’proven’, ’limited experience’ and ’new’, a simple relative scale based on the 
TQ team’s knowledge of the previous application of each element (the team 
can consider the time period the technology has been used in the operating 
environment, and also the technical uncertainties posed by the technology in 
that environment as perceived by the team). 

• All technology elements identified in the system decomposition step should be 
screened and assigned a relative criticality rating high/medium/low (red, yellow 
or green) using the matrix in Figure 1.4.2 Technology criticality screening 
matrix: 
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Figure 1.4.2 Technology criticality screening matrix 

 

• The elements (components) classified as being in the yellow or red areas of the 
matrix are considered to be the CTEs. A technology element is critical if the 
element itself, or its application, is either new or novel, or in an area that poses 
significant technological, business, environmental or safety risk. Before 
confirming the CTEs, the outcome of the screening using the above matrix 
should be reviewed by the TQ review team using their experience, to ensure 
that there is consensus as to the CTEs before progressing to the technology risk 
assessment. 

• The relative criticality (risk-ranking) of each element in the above matrix 
determines how thorough or intensive the subsequent qualification activities 
should be, as indicated in Figure 1.4.3 Qualification review levels: 

 

L 
No significant technology-related uncertainties; no 
qualification activities required in TQP 

M 
Some technology-related uncertainties, moderate level 
of qualification activities in TQP 

H 
Greater technology-related uncertainties, higher level of 
qualification activities in TQP 

 
Figure 1.4.3 Qualification review levels 
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• The components or functions in the red category are likely to introduce the 
greatest technical uncertainties and should be subjected to more detailed 
qualification reviews, typically applying a number of the activity types discussed 
in Ch 1, Section 5 Technology qualification stage 2: technology qualification 
plan. 

• The components or functions in the yellow category are also expected to 
introduce technology risks and should also be subjected to qualification 
reviews, but typically to a lesser extent than those in the red category. 

• The components or functions in the green category should be considered as 
introducing no new technical uncertainties and are screened out in order to 
avoid the need to go through the remaining qualification process (i.e. they are 
outside of the processes covered by the remainder of these Guidance Notes). 
They may be subjected to review by LR against established codes and standards 
by applying other LR services such as verification). It is possible to combine TQ 
with a design assessment of the mature aspects, so that an overall approval in 
principle or design certificate can be issued by LR. The flowchart in Ch 1, 
Section 8 Combining technology qualification with certification of mature 
technology shows how TQ and design assessment of mature aspects of the 
technology may complement each other. As a note of caution, when 
combining TQ with design appraisal against recognised codes and standards, it 
is important to ensure that the terms of reference (technology goals, codes and 
standards) are aligned, as far as possible. 

4.5  Technology risk assessment 

4.5.1  The purpose of the technology risk assessment is to provide further information 
regarding the technology uncertainties, to support the development of the TQP (see 
Ch 1, Section 5 Technology qualification stage 2: technology qualification plan). 

4.5.2  The technology risk assessment is not a substitute for, but complements, good 
engineering judgment and expertise, and as part of the TQ process is not intended to 
be a replacement for a ‘full’ risk assessment – at this stage of the technology 
development it is unlikely that sufficient details are known to enable a full, detailed, 
risk assessment to be completed. 

4.5.3  It is likely that other risk assessments are subsequently undertaken, either outside of 
the TQ process (to support the client’s wider objectives) or as part of the TQP 
execution (e.g. to address specific aspects of the technology, as identified during the 
technology appraisal). 

4.5.4  Whichever technique is applied for the technology risk assessment, the objective is to 
identify which technology elements drive the risks stemming from the technology, and 
to agree potential risk reduction measures, which should be incorporated into the TQP 
(see Ch 1, Section 5 Technology qualification stage 2: technology qualification plan). 

4.5.5  The technology risk assessment should be applied to all of the CTEs identified through 
the technology maturity assessment, with the emphasis being on those categorised as 
‘red’. 

(a) Technology risk assessment methods 

• This document does not mandate any particular risk assessment method and 
does not impose acceptance criteria. The selected technique should follow the 
intent of applicable international, national and industry standards, and should 
take into consideration the nature of the technology and its goals, as well as 
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the perceived risk profile. When applying TQ to novel services, a HAZOP is 
recommended as outlined in Ch 1, Section 9 Technology qualification applied 
to services. 

• ISO/IEC 31010 provides guidance on selection and application of systematic 
techniques for risk assessment. ISO 17776 identifies some of the tools and 
techniques that can be used to identify hazards and risks in the offshore 
exploration and production industry and provides guidance on how they may 
be applied to particular activities. 

• In LR’s experience, a simplified failure mode effects analysis (FMEA), focussing 
on the ‘failure modes’ that may challenge achievement of the agreed 
technology goals, tends to be an effective technology risk assessment as part 
of TQ. 

• These techniques are not covered in detail in these Guidance Notes, although 
an overview of some of the main risk assessment techniques and their 
application to TQ is provided in Ch 1, Section 10 Risk assessment tools and 
techniques. 

(b) Technology risk assessment workshop 

• The technology risk assessment may be undertaken at the same workshop as 
the technology maturity assessment, or it could be a separate activity. One 
factor in planning for the technology risk assessment is the importance of 
participation of relevant specialists (to facilitate the risk assessment, in addition 
to the applicable SMEs) who may or may not be participants in the technology 
maturity assessment. 

• The technology risk assessment team should include: 

• technical SMEs (pertaining to technology area and its intended operating 
environment); 

• key stakeholders (e.g. client, developer, end-user); 

• a facilitator specialising in the risk assessment technique(s) used during the TQ 
process; and 

• a TQ specialist. 

• The TQ process may be able to make use of a risk assessment previously 
undertaken, even though it may not have been undertaken specifically for TQ, 
and may not have had LR’s involvement. This is to be assessed on a case-by-
case basis, and will depend on the relevance of the risk assessment technique 
to TQ and its goals, and the alignment with the system decomposition 
identified during the TQ. Each risk should be related back to one or more of 
the technology goals. 

4.6  Technology appraisal report 

4.6.1  Stage 1 of the TQ process (this Section) is normally summarised in a technology 
appraisal report. This report can be issued by LR or by the client, normally depending 
on who facilitated the technology appraisal workshop(s). As a minimum the report 
should comprise the following: 

• description of the technology under consideration (boundaries); 

• technology goals; 
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• summary of the system decomposition; 

• the TML and IML assignment; 

• identification of CTEs; 

• summary of the technology risk assessment; 

- risks identified 

- risks analysis (quantitative or qualitative) 

- proposed risk reduction measures, if applicable 

- any recommendations for further, more detailed, risk assessments to be 
undertaken in the subsequent TQ stages 

• workshop agenda and participants. 

Note – the technology risk assessment may be reported separately (if, for example, it is 
completed outside of the main technology appraisal workshop). 
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 Section 5 
Technology Qualification stage 2: Technology Qualification plan 

5.1  General 

 

 

 

Figure 1.5.1 TQ process stages (focussing on stage 2) 
 

5.1.1  This stage relates to development and review of the TQP. 

5.2  Overview of the TQP 

5.2.1  A TQP details all of the activities that are required to be executed in order to provide 
the evidence needed to support the technology goals. It addresses the aspects of novel 
technology identified through the technology maturity assessment, and also the critical 
failure modes and other risks identified in the technology risk assessment. 

5.2.2  The TQP should cover all components or functions with a qualification review level 
’red’ or ’yellow’ from the technology maturity assessment. For completeness it may 
also be beneficial to list components or functions categorised as ’green’ in the TQP, 
even though they will not have any associated TQ activities in the plan (this may 
support subsequent certification of the overall technology, or provide a full picture of 
the technology in the event that parts of the technology appraisal needs to be 
revisited). 

5.2.3  The TQP will normally be developed by the client, with LR’s assistance. It should be 
issued and agreed by all relevant parties prior to the execution of any qualification 
activities. 

5.3  Defining qualification activities 

5.3.1  In specifying qualification activities, the following aspects should be considered, for 
each of the CTEs/components (it may be possible for one qualification activity to cover 
more than one CTE): 

• design assessment or analysis; 
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• modelling, e.g. finite element analysis; 

• numerical simulation; 

• detailed risk assessment; 

• research; 

• prototyping; 

• assessment of manufacturability; 

• material (destructive or non-destructive) testing; 

• function testing; and 

• proof testing. 

5.3.2  The types and extent of the activities required depend on the technology type, 
confidence in analyses and the extent of experience with similar concepts. More 
detailed or intensive qualification activities will tend to be defined for the CTEs with 
the greatest degree of technology uncertainty, where possible. The qualification 
activities plans should be linked to failure mechanisms identified during the technology 
risk assessments. 

5.3.3  Tests could be undertaken to confirm whether the assumptions used during the 
technology risk assessments are valid and could be used to establish safety margins 
compared to the limits defined in the designs. 

5.3.4  The general intent of the qualification activities is to put in place measures that will 
increase the level of confidence in the CTEs, to effectively increase the TML of the 
respective CTEs to a level commensurate with mature technologies, or to the target 
level of maturity specified by the client. 

5.3.5 If the TQP includes any activities to be undertaken by LR (e.g. preparation of design 
reports), appropriate organisational separation shall be ensured such that the 
respective service delivery teams work independently and with separate line 
management, in order to maintain LR’s objectivity in subsequently reviewing the 
results of the TQP execution. Refer to Ch 1, 3.5 Objectivity of LR qualification reviews. 

5.4  Acceptance criteria, failure and recommendations 

5.4.1  Acceptance criteria associated with each qualification activity should be identified and 
recorded in the TQP, and should be linked to the technology goals. The qualification 
activities need to be traceable back to the technology maturity assessment and to the 
results of the technology risk assessment. 

5.5  Content of the TQP 

5.5.1 The TQP should contain the following: 

(a) Summary of technology appraisal (stage 1 of TQ process) 

• technology goals; 

• system decomposition; 

• maturity screening results; and 

• technology risk assessment summary. 

(b) Qualification activities 



Guidance Notes for Technology Qualification, May 2017 

 

Technology Qualification        Section 5 

 
 

 
LLOYD’S REGISTER   23 
 

• detailed qualification methods; 

• responsible party; 

• acceptance criteria; and 

• testing procedures and plans. 

(c) Planning and management of TQP execution 

• roles and responsibilities; 

• communication and reporting protocol; 

• schedule; 

• checkpoints for review or assessing progress; 

• management of change process; and 

• requirements for reporting of activities (compiling of evidence). 

5.6  TQP review and endorsement 

5.6.1  LR will review the TQP, and upon satisfactory review will issue a Statement of 
Endorsement. This statement records LR’s opinion that the qualification activities 
specified in the TQP and the other details in the plan are suitable and sufficient for 
addressing the uncertainties associated with the technology (i.e. that successful 
implementation of the TQP will enable LR to issue a TQ Certificate – see Ch 1, Section 
6 Technology qualification stage 3: execution, review and certification). 

5.6.2  On the basis that the TQP defines the qualification tasks that will enable the 
technology to be successfully qualified (with reference to the technology goals), the 
Statement of Endorsement is effectively a statement of feasibility, confirming that the 
concept is capable of being developed into a viable technology (subject to satisfactory 
maintenance and implementation of the plan). 

5.6.3  The Statement of Endorsement should have a stated validity period, covering the 
planned duration of the qualification activities. The validity of the statement can be 
extended if required, e.g. due to a revised schedule for qualification (in which case the 
TQP would require revision, subject to further review by LR). 
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 Section 6 
Technology Qualification stage 3: execution, review and certification 

6.1  General 

 

 
Figure 1.6.1 TQ process stages (focussing on stage 3) 

 

6.1.1  This stage contains the process related the execution of the qualification activities, 
review of the outputs and issue of the TQ Certificate. 

6.2  Execution 

6.2.1  Qualification execution should strictly follow the endorsed TQP. The results of each 
activity should be reported in accordance with the TQP, traceable to the specific 
component(s) or CTE(s) arising from the technology appraisal. 

6.2.2  LR will participate in qualification activities (e.g. review design analysis, witness testing) 
where defined in the TQP. In addition, LR will normally support the client’s execution 
of the plan by monitoring the progress of execution and providing advice to ensure 
that the objectives of the TQ are achieved. The nature and extent of this support 
should be agreed before the start of the execution stage. 

6.2.3  If, during a qualification activity, a result is obtained that was not expected (deviation 
or failure), then this should be recorded, and the cause and mechanism of the failure 
should be investigated using an appropriate technique. This may then require the 
earlier stages of the TQ process to be revisited, including review of the technology 
goals and update of the TQP. 

6.2.4  Deviation from the endorsed TQP should follow a documented management of 
change process; the TQP should be updated to incorporate any agreed deviations, 
within a reasonable period of time. 

6.3  Change management 

6.3.1  TQ is usually an iterative process. It should be anticipated that, during execution of the 
TQP, changes will prompt parts of the TQ process to be repeated. 
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6.3.2  These changes may be prompted in various ways, such as: 

• changes to the technology goals; 

• changes to the technology concept (e.g. design changes); 

• revision to the qualification activities specified (e.g. as a result of an unexpected 
result); and 

• changes in the understanding of the technology’s maturity (e.g. due to other 
technology developments in the industry). 

6.3.3  The parts of the technology appraisal to be repeated should be assessed on a case-by-
case basis, depending on the reason for the change, but may include revisiting the 
system decomposition (e.g. where the technology concept is revised), the technology 
maturity assessment and the technology risk assessment. 

6.3.4  If the technology appraisal report (the summary of TQ stage 1) is affected, it is 
expected that the corresponding report(s) is (are) revised. 

6.3.5  If any part of the TQP is affected by the changes then the plan should be revised, and 
then reviewed by LR so that the Statement of Endorsement can be reissued 
accordingly. 

6.4  Records of TQP execution 

6.4.1  As described earlier, the results of each activity should be reported in accordance with 
the TQP. It is important that the outcome of each qualification activity is clearly 
reported and made available soon after completion of each activity (to support 
progress measurement, and as the results of one activity may impact other TQ 
activities; it may also prompt review of the TQP itself). 

6.4.2  On completion of the plan’s execution, it may be beneficial for the activity reports to 
be compiled in a single document to present an overview of the complete TQ process 
(and to provide a single reference on the TQ Certificate). 

6.5  Review of TQP outputs 

6.5.1  On satisfactory completion of all qualification activities in the TQP, LR will review the 
outcomes (e.g. reports); ideally these reviews should be undertaken progressively 
through the execution of the TQP. This review process aims to confirm that: 

• the TQP has been fully implemented; 

• all qualification activities have been completed as required by the TQP; 

• the results of each activity are within the acceptance criteria specified in the plan; 

• the outputs contribute to, and collectively demonstrate, the achievement of the 
technology goals; 

• any deviations have been suitably followed-up; and 

• any recommendations arising from the execution have been addressed. 

6.5.2  The objective of these reviews is to confirm that the technology uncertainties, 
identified through the technology appraisal, have been addressed, such that the 
confidence in the CTEs has been increased to a level commensurate with equivalent, 
mature, technologies (effectively this means that the TMLs of the respective CTEs have 
reached a sufficient level to ensure that the technology is capable of achieving its 
stated goals). 
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6.6  TQ certificate 

6.6.1  Upon the satisfactory review of the TQP outputs, LR may issue a TQ Certificate for the 
technology. 

6.6.2  The TQ Certificate confirms the technology’s readiness for the next stage(s) of its 
development (e.g. detailed design, field testing, or integration) or for its application. It 
confirms that the technology uncertainties identified in the technology appraisal have 
been addressed through execution of the plan. 

6.6.3  The certificate should include: 

• description of the technology qualified (including boundaries, limits or exclusions 
as necessary); 

• the technology goals; 

• its target operating environment or intended application; 

• the status of qualification (TQ activities still to be completed, any unqualified 
technology elements); 

• any limitations, conditions, recommendations or remaining comments; and 

• its expiry date. 

6.6.4  It is recommended to limit the certificate’s content to the minimum (listed above), with 
any supporting information (detailed comments on TQP execution, recommendations, 
summary of the technology appraisal, etc.) provided in a separate report, to be 
referenced on the TQ Certificate. 

6.6.5  The TQ Certificate should have a stated validity period of four years, conditional on the 
client keeping LR informed as to the application of the technology (e.g. its 
performance and operational experience) and its further development (e.g. design 
changes). It is not expected that the certificate will be required after this period (due to 
further technology developments and product development during this time) however 
the period may be extended upon application by the client, subject to further reviews 
by LR, as required. 

6.6.6  It may be beneficial to issue the TQ Certificate more than once through the execution 
of the TQP, for example at defined milestones in the client’s development programme 
(e.g. corresponding to a minimum TML achieved by all CTEs). Any intermediate issues 
of the TQ Certificate should clearly describe the development stage that it is issued at, 
with reference to specific qualification activities in the TQP that have been (or not 
been) completed. Other than at completion, the timing of issue of the certificate 
should be agreed with the client and recorded in the TQP. 
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 Section 7 
Methods for assigning IML and modifying TML 

7.1  Options for assignment of IMLs 

7.1.1  The IML can be assigned using two different methods depending on the characteristics 
of the system involved. 

7.1.2  This Section explains how to assign IMLs depending on whether the system under 
review could be considered ‘linear’ or ’non-linear’, and then for modifying TMLs 
assigned to each component (Ch 1, Section 4 Technology qualification stage 1: 
technology appraisal) to reflect the integration uncertainties. 

7.1.3  Where a relatively straightforward system is under review and the interactions 
between components mostly follow a ‘linear’ format, whereby components are 
generally connected in series with one another having only one or two interactions 
each, the IML can be assigned to the component, as with the TML. 

7.1.4  ‘Non-linear’ systems have multiple component and sub-component interactions; in 
these cases it is necessary to assign the IML to the interaction between 
components/sub-components (Figure 1.7.1 Example IMLs for a non-linear system) 
rather than to the component itself, recognising that a single component may have 
different integration maturities for each of its interactions. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.7.1 Example IMLs for a non-linear system 

7.1.5  The decision on whether to assign IMLs to components or to their interactions should 
be made by the TQ team. It should be noted that a simple system may develop into a 
non-linear system and thus caution should be taken when selecting the methodology. 

7.2  Methods 

7.2.1  For both methods the IML should be applied after all components have been assigned 
a TML. 

7.2.2  For linear systems the IML should be applied directly to the component. 
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7.2.3  For non-linear systems the IML should be assigned to the interaction between 
component/sub-component TMLs. 

7.2.4  One of the two methods should be applied to the entire technology under 
consideration; it is acceptable to change method during the TQ process. 

7.3  Calculation 

7.3.1  The TML assigned to each component (see Ch 1, 4.4 Technology maturity assessment) 
is modified according to the following principles: 

• the TML should be adjusted downwards if the IML is relatively low (i.e. the 
relatively low integration maturity is considered to result in further technological 
uncertainties); IML cannot, however, be used to increase the TML of a 
component; 

• there is no adjustment to the TML if the IML is 7 or higher (i.e. the relatively high 
integration maturity is not considered to result in further technological 
uncertainties); 

• the TML is halved for the lowest IML of 0; 

• a sliding scale is applied to the TML adjustment for IMLs between 0 and 7 (i.e. 
between 50% and 100% of the TML); and 

• the adjusted TML is rounded up to the next integer. 

7.3.2  The above principles apply to both methods of assigning IML, i.e. whether IML is 
assigned to the component or to the interactions 

7.3.3  Where IMLs are assigned to the interactions between components, the lowest of the 
IMLs associated with each component should be assumed on the basis that system 
performance is often only as strong as its weakest link. 

7.3.4  The above assumes that the TML and IML values applied during the technology 
appraisal are as defined in Table 1.4.1 Technology maturity levels and Table 1.4.2 
Integration maturity levels. If alternative TML and/or IML models are applied then the 
calculation method may need to be adjusted; however, the above principles should be 
maintained as far as is practical. 

7.4  Worked examples 

7.4.1  The calculation of modified TMLs for a ‘linear’ system is as follows, using the simplified 
system depicted in Figure 1.7.2 IML worked example 1 – linear system. 

 

 
Figure 1.7.2 IML worked example 1 – linear system 
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7.4.2  The system in the example shows three components, each with an assigned TML and 
IML according to Ch 1, Section 4 Technology qualification stage 1: technology 
appraisal. 

7.4.3  Applying the principles outlined in Ch 1, 7.3 Calculation 7.3.1 to the three sub-
components, the modified TMLs are shown in Table 1.7.1 Modified TMLs for worked 
example 1. 

 
Table 1.7.1 Modified TMLs for worked example 1 

Sub-
component 

Initial 
TML 

IML 
Modified 

TML 
Notes 

A 6 2 4 Low IML results in TML reduction to 3.5, rounded up to 4 

B 3 5 3 
Low initial TML and moderate IML – would reduce TML 

slightly to 2.5 but rounding up means no TML adjustment 

C 4 8 4 TML not adjusted as IML ≥7 

 
7.4.4  The calculation of modified TMLs for a ‘non-linear’ system, with IMLs assigned to the 

interactions between components, is as follows, using the simplified system depicted 
in Figure 1.7.3 IML worked example 2 – non-linear system. 

 

 
Figure 1.7.3 IML worked example 2 – non-linear system 

 
7.4.5  The system in the example shows three components, each with an assigned TML 

according to Ch 1, Section 4 Technology qualification stage 1: technology appraisal, 
and with the interactions between the three components assigned an IML. 

7.4.6  Applying the principles described in Ch 1, 7.3 Calculation 7.3.1, the modified TMLs for 
the three sub-components are shown in Table 1.7.2 Modified TMLs for worked 
example 2. 
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Table 1.7.2 Modified TMLs for worked example 2 

Sub-
component 

Initial 
TML 

Associated 
interaction 

IMLs 

Lowest 
interaction 

IML 

Modified 
TML 

Notes 

A 3 6,1 1 2 
Low IML results in TML reduction to 1.5, 

rounded up to 2 

B 5 1, 5 1 3 
Low IML results in TML reduction to 2.5, 

rounded up to 3 

C 4 5, 6 5 4 Moderate IML results in TML reduction to 3⅓; 
but rounding up means no TML adjustment 
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 Section 8 
Combining technology qualification with certification of mature 
technology 

8.1  General 

8.1.1  As described in Ch 1, Section 3 Technology qualification principles, TQ does not cover 
parts of the client’s technology that are already considered to be mature – these are 
filtered out early in the TQ process. 

8.1.2  It is possible, however, for LR to combine TQ with a design assessment of the mature 
aspects, so that an overall design certificate of a product or asset containing novel 
aspects can be issued by LR. 

8.1.3  The flowchart in Figure 1.8.1 Technology qualification with certification of mature 
technology indicates how TQ and design assessment of mature aspects of the 
technology may complement each other. It presents an approach for providing LR 
design appraisal of an overall system which features novel technology (i.e. how TQ 
may fit into an overall design appraisal scheme). 
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Figure 1.8.1 Technology qualification with certification of mature technology 
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8.1.4  As shown in Figure 1.8.1 Technology qualification with certification of mature 
technology, the TQ certificate can be considered as broadly equivalent to an approval 
in principle (AiP) that may be issued following a high-level design appraisal, in that it 
confirms that the concept is sufficiently mature to progress to detailed design and that 
there are no significant concerns from a compliance perspective. 

8.1.5  It is therefore possible to combine a TQ Certificate with an AiP of the mature aspects, 
to provide an overall AiP for a product or asset containing novel aspects, provided that 
the terms of reference (technology goals for the TQP, and agreed codes and standards 
for the mature aspects) are aligned as far as possible. 

8.1.6  Similarly, it is possible to combine subsequent design appraisal of the novel 
technologies that have gone through qualification (after completion of the TQ process) 
with design appraisal of the remaining, mature, parts of the product or asset provided 
that the terms of reference are aligned as far as possible and that the two parts are at 
a similar stage in their design development. 

8.1.7  The flowchart in Figure 1.8.1 Technology qualification with certification of mature 
technology is not expected to exactly fit all applications; it is likely to need some 
adjustment to suit each application (e.g. in terms of the client’s development schedule, 
the stage at which TQ is applied, and the client’s wider certification objectives). 

8.1.8  The certification process can then be extended beyond design (beyond TQ) into 
manufacture, testing, commissioning and operations using other LR compliance 
services such as verification. 
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 Section 9 
Technology qualification applied to services 

 
9.1  General 

9.1.1  This Section deals with how TQ could be applied to a service, rather than a physical 
asset, component or product. 

9.1.2  A service, in the context of these Guidance Notes, is intended to cover technologies 
that involve or depend upon manual inputs, interactions, communications, 
interpretation and/or decision making to a significant extent. 

9.1.3  Through this Section the term ‘method’ is used to cover all aspects of the service, such 
as processes, human interfaces and communications. 

9.2  Identifying goals 

9.2.1  When applying TQ to a service it is just as important to first identify the goals which 
the development of the service is aiming to achieve (refer to Ch 1, 4.2 Goal setting). 

9.3  Functional decomposition 

9.3.1  In the technology appraisal of the service, the functional decomposition is normally 
considered to be the most suitable approach for decomposing the methods being 
applied. Refer to Ch 1, 4.2 Goal setting 4.2.2. 

9.4  Identifying maturity of processes 

9.4.1  The methods which have been identified by the functional decomposition need to be 
considered in terms of maturity. However, rather than using the procedure outlined in 
Ch 1, 4.3 System decomposition, the procedure outlined below should be followed. 
The maturity of the methods should be ranked according to one of the following three 
categories: 

• mature method (no new technical uncertainties); 

• mature method but being used in a new way (some technical uncertainties); and 

• new method. 

9.4.2  Methods which are considered mature will not form part of the technology risk 
assessment. All other methods should be considered in the technology risk assessment. 

9.5  Interaction of processes 

9.5.1  If the parts of a method feed into another part of the method or is dependent on 
another part of the method then the process cannot be considered in isolation. The 
impact on a method by this interdependence needs to be considered. If the interaction 
is between mature methods only then there will be no change in the ranking. 

9.5.2  All other interactions will adjust the ranking of the method. For example, if method ‘A’ 
(a mature method) interacts with method ‘B’ (a new method), then method ‘B’ should 
be re-categorised as a ‘mature method but being used in a new way’. In other words 
method ‘B’ will go through the technology risk assessment procedure. 

9.6  Technology risk assessment for services using HAZOP 

9.6.1  It is recommended that a HAZOP is used for the technology risk assessment, using IEC 
61882 as a reference. This Section should be read alongside IEC 61882 and should be 
seen as clarification with regards application to TQ. The applicable paragraph numbers 
of IEC 61882 are referenced in the following paragraphs. 
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9.6.2  Roles and responsibilities (IEC 61882, 6.3). It is noted that the effectiveness of the 
HAZOP study will depend on the members of the HAZOP team and in particular the 
’study leader’. 

9.6.3  Preparatory work (IEC 61882, 6.4). The outline of the study plan should be forwarded 
to LR, before the HAZOP study commences, for review. 

9.6.4  Styles of recording (IEC 61882, 6.6.2). It is noted that two basic styles of recording are 
outlined in this paragraph of the standard. For the purposes of TQ certification ’full 
recording’ is recommended. 

9.6.5  Reporting requirements (IEC 61882, 6.6.4). The final report should be submitted to LR 
for review as with all technology risk assessments that support the TQ process. 

9.6.6  Follow-up and responsibility (IEC 61882, 6.7). If the HAZOP report results in changes 
then these changes will be required to be reflected in further HAZOP studies. 

9.7  Preparing the TQP 

9.7.1  The actions identified in the HAZOP should be used to identify the qualification 
activities specified in the TQP. All other aspects of the TQP should follow Ch 1, Section 
5 Technology qualification stage 2: technology qualification plan. 
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 Section 10 
Risk assessment tools and techniques 

 
10.1  Risk assessments in support of TQ 

10.1.1  The following provides some guidance on the risk assessment tools and techniques 
that may be relevant to support the technology appraisal (stage 1 of TQ) or during 
implementation of the TQP (stage 2 of TQ). 

10.1.2  This Section is not intended to provide full instructions for conducting the assessment 
techniques, for further details reference should be made to the standards referenced 
below. 

10.2  Hazard identification study (HAZID) 

10.2.1  A prerequisite of risk assessment is hazard identification. A complete list of hazards 
related to a technology, subcomponent, equipment and system should be identified by 
means of a structured and systematic approach. A HAZID is one established technique 
for identification of all significant hazards. 

10.2.2  Each identified hazard is reviewed to determine whether it is significant and requires 
further evaluation by applying hazard evaluation techniques. 

10.2.3  It is important to record all identified hazards and the reasons for classifying some as 
not significant. This ensures traceability as the qualification progresses into later stages. 

10.2.4  Hazards to personnel, the environment, and assets should be identified and potential 
associated risks should be evaluated. A formal hazard register should be prepared, 
detailing each hazard together with appropriate data such as potential cause, potential 
consequence, and actions for risk control measures. 

10.2.5  More information on HAZIDs can be found in ISO 17776 Annex C. 

10.3  Hazard and operability study (HAZOP) 

10.3.1  A HAZOP study is a systematic examination of deviations from expected operational 
boundary conditions. It is performed by using a series of guidewords and parameters 
to identify if any of the combinations can occur, and if so the possible causes and 
consequences. In addition, existing measures to minimise causes and consequences are 
listed together with any recommendations to eliminate the deviation or improve upon 
the existing measures. 

10.3.2  IEC 61882 may be referred to as a guide for HAZOP studies of systems, providing 
guidance on application of the technique and on the HAZOP study procedure, 
including definition, preparation, examination sessions, resulting documentation and 
follow-up. 

10.4  Structured ‘what-if’ technique (SWIFT) 

10.4.1  The SWIFT is similar to a HAZOP in that it is a structured brainstorming session; it uses 
a set of questions to stimulate discussion on consequences, safeguards and 
recommendations. Instead of using the guidewords and parameters in the HAZOP, 
standard ‘what-if’ type phrases and a set of ‘prompt’ words associated with the system 
are used to facilitate the discussion. 

10.4.2  The SWIFT technique is described in ISO 31010. 
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10.5  Functional hazard assessment (FHA) 

10.5.1  FHA is a ‘top-down’ safety assessment technique defined in SAE ARP4761. FHA is a 
predictive technique that attempts to explore the effects of functional failures of parts 
of a system. 

10.5.2  FHA is first carried out for the whole system – working from a description of system 
functions. Then, following allocation of functions to the systems, FHA is performed 
again for each subsystem. 

10.6  Failure modes, effects and criticality analysis (FMECA) 

10.6.1  In the FMECA the function of each element of the system is analysed, and for each 
element consideration is given to the failures or incorrect performance that may occur. 
The associated cause of each failure and the corresponding effects of the failures are 
listed alongside each failure mode. 

10.6.2  Each failure mode identified is ranked according to its importance or criticality. There 
are several ways this may be conducted. Common methods include the measure of the 
probability that the mode being considered will result in failure of the system as a 
whole, level of risk by combining the consequences of a failure mode occurring with 
the probability of failure, or a semi-quantitative measure of criticality obtained by 
multiplying numbers from rating scales (usually between 1 and 10) for consequence of 
failure, likelihood of failure and ability to detect the problem. 

10.6.3  IEC 60812 provides a procedure for an FMECA. 

10.7  Fault tree analysis (FTA) 

10.7.1  The FTA is used to qualitatively identify the potential causes and pathways to a failure. 
It can also be used quantitatively to calculate the probability of the failure given the 
probabilities of the causes. 

10.7.2  IEC 61025 describes the process of an FTA and IEC 60300-3-9 gives guidelines on 
dependability management which is used to develop the fault tree of the system. 

10.8  Event tree analysis (ETA) 

10.8.1  The ETA is used to illustrate and quantify all possible outcomes from an initiating event 
by considering what can happen next. The tree is used to map the different ways the 
initiating event can escalate and the effectiveness of the control measures at each 
juncture. 

10.8.2  IEC 62502 gives guidance on carrying out an ETA. 

10.9  Control hazard and operability study (CHAZOP) 

10.9.1  A CHAZOP is a procedure for carrying out a safety and reliability analysis of existing or 
planned control or computer systems. 

10.9.2  It is recommended that a CHAZOP is considered for the technology risk assessment for 
control system or software aspects of technologies. 

10.9.3  It should follow the approach and intent of HAZOPs with the boundary as the control 
system instead of the operating plan. 
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 Section 11 
References 

 

11.1  Reference standards in support of TQ 

11.1.1  A number of recognised standards and other documents have been published that 
relate to, or support, TQ. The list below provides an overview of some of those used 
most prominently in relevant industries: 

• API RP 17N – Recommended practice for subsea production system reliability and 
technical risk management; 

• API RP 17Q – Subsea equipment qualification – standardized process for 
documentation; 

• BS 5760 – Part 2 - Reliability of systems, equipment and components. Guide to the 
assessment of reliability; 

• BS 5760 – Part 5 – Reliability of systems, equipment and components. Guide to 
failure modes, effects and criticality analysis (FMEA and FMECA); 

• IEC/ISO 31010 – Risk management – risk assessment techniques; 

• IEC 60812 – Analysis techniques for system reliability – procedure for failure mode 
and effects analysis (FMEA); 

• IEC 61025 – Fault tree analysis (FTA); 

• IEC 61882 – Hazard and operability (HAZOP studies) – application guide; 

• IEC 62502 – Analysis techniques for dependability – event tree analysis (ETA); 

• ISO 2394 – General principles on reliability for structures; 

• ISO 12100 – Safety of machinery – general principles for design – risk assessment and 
risk reduction; 

• ISO/IEC/IEEE 15288 – Systems and software engineering – system life cycle processes; 

• ISO 16290 – Space systems – Definition of the technology readiness levels (TRLs) and 
their criteria of assessment; and 

• ISO 17776 – Petroleum and natural gas industries – offshore production installations 
– guidelines on tools and techniques for hazard identification and risk assessment. 
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