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Preface 
The Asset Standards Authority (ASA) is an independent unit within Transport for NSW (TfNSW) 

and is the network design and standards authority for defined NSW transport assets.  

The ASA is responsible for developing engineering governance frameworks to support industry 

delivery in the assurance of design, safety, integrity, construction, and commissioning of 

transport assets for the whole asset life cycle. In order to achieve this, the ASA effectively 

discharges obligations as the authority for various technical, process, and planning matters 

across the asset life cycle. 

The ASA collaborates with industry using stakeholder engagement activities to assist in 

achieving its mission. These activities help align the ASA to broader government expectations 

of making it clearer, simpler, and more attractive to do business within the NSW transport 

industry, allowing the supply chain to deliver safe, efficient, and competent transport services. 

The ASA develops, maintains, controls, and publishes a suite of standards and other 

documentation for transport assets of TfNSW. Further, the ASA ensures that these standards 

are performance-based to create opportunities for innovation and improve access to a broader 

competitive supply chain. 

This document outlines the requirements which should be considered by service providers while 

undertaking a spares assessment and developing a spares strategy. 
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Foreword 

This standard forms part of a suite of TfNSW asset management documents regarding technical 

maintenance plans and should be read in conjunction with those related documents, which 

include the following: 

• T MU AM 01002 MA Maintenance Requirements Analysis Manual 

• T MU AM 01003 ST Development of Technical Maintenance Plans 

• T MU AM 02001 ST Asset Information Management 
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1. Introduction 
The Asset Standards Authority (ASA) is committed to effective and efficient management of 

Transport for NSW (TfNSW) assets. Service providers are required to manage their spares 

effectively and efficiently to ensure that an appropriate and optimised number of spares are 

available to ensure assets meet operational, environmental, and safety demands at the lowest 

possible cost and risk to TfNSW. Service providers are also required to ensure the right spares 

are located close by to minimise repair times and reduce service disruptions.  

It is essential that service providers (including AEOs and non-AEOs) providing asset 

management services for TfNSW are able to manage their maintenance activities efficiently. 

This document provides a framework to support the development of a spares assessment and 

strategy to enable effective and sustainable maintenance delivery. 

2. Purpose 
This document provides the requirements to service providers about the key aspects that need 

to be considered while developing a spares assessment and strategy. 

A spares strategy for an organisation is one of the key strategies for asset management in 

relation to supporting asset reliability and availability. Effective spares management will not only 

minimise the total repair time and breakdown time but also ensure that the correct and optimal 

numbers of spares are available. 

2.1. Scope 
This document provides the requirements to service providers when developing an effective 

spares assessment and strategy and does not cover the following: 

• level of repair analysis (LORA) 

• material storage, handling, preservation, packaging, and dispatch 

• material supply and transportation 

• procurement, ordering, or receipt of materials 

• stocktake 

• inventory optimisation 

2.2. Application 
This standard applies to TfNSW, transport cluster agencies and service providers involved in 

the planning, delivery, operation, maintenance, and disposal of assets across the transport 

portfolio. This standard shall be applied during all stages of the asset life cycle.  
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This standard shall be used by organisations, service providers, and project developers that 

perform asset management-related services to TfNSW involved in defining, designing, 

implementing, commissioning, and integrating into the operating network any new or altered 

assets or systems. This standard also applies to the maintenance, decommissioning, and 

disposal of assets. This document shall apply as the framework when undertaking a spares 

assessment and developing a spares strategy. 

3. Reference documents 
The following documents are cited in the text. For dated references, only the cited edition 

applies. For undated references, the latest edition of the referenced document applies. 

International standards 

ISO 55001 Asset Management – Management systems - Requirements 

Australian standards 

AS/NZS 4536:1999 Life cycle costing - An application guide 

Transport for NSW standards 

T MU AM 01001 ST Life Cycle Costing 

T MU AM 01002 MA Maintenance Requirements Analysis Manual 

T MU AM 01003 ST Development of Technical Maintenance Plans 

T MU AM 01010 F1 Blank Spares Requirements Analysis Model Form 

TS 10504:2013 AEO Guide to Engineering Management 

4. Terms and definitions 
The following terms and definitions apply in this document: 

AEO authorised engineering organisation 

ASA Asset Standards Authority 

asset an item, thing, or entity that has potential or actual value to an organisation 

asset life the period from conception to end-of-life 

availability measure of the percentage of time that an item or system is available to perform its 

designated function 

consumable spare item replaced during preventive, corrective, and breakdown maintenance or 

refurbishment which is not repairable 

COTS commercial off the shelf 

delivery lead time is the time required to get the spares from the suppliers 
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holding cost includes the capital cost of purchasing spares together with the cost of storage 

and maintenance 

insurance (or emergency) spare item stocked to cater for contingencies due to damage or 

incident, which cannot be accounted for by spares determination based on a random failure 

prediction. Usually for critical assets having long lead times to procure replacement parts or 

whole asset 

MTBF mean time between failures 

O&M Operator / Maintainer 

RAM reliability, availability, and maintainability 

risked cost probability of spare demand multiplied by the penalty of not holding the spare 

rotable spare item replaced during corrective and breakdown maintenance or refurbishment 

which are repairable, and are returned to stock for reuse if economically viable to repair 

SFAIRP so far as is reasonably practicable 

5. Asset life cycle 
A spares requirements analysis is an important element of supporting the life cycle 

management of assets throughout all the stages. From planning to acquisition, operation, and 

maintenance, leading up to the eventual disposal of the asset, it forms an integral part of 

developing a spares assessment and strategy. 

Spares requirements analysis supports a whole of life approach and assessment of spares 

against a total transport system view. A model of the life cycle is shown in Figure 1. 

 

Figure 1 – Asset life cycle stages 

5.1. The maintenance and support concept 
It is important that all aspects of the relevant system be considered on an integrated basis to 

achieve the overall objectives of the system.  

Aspects of the relevant system to be considered shall include not only the prime mission of the 

system but also the support capability. System support shall be considered right from concept 

and specification stage. A before-the-fact maintenance concept shall be developed on how the 

proposed system is to be supported on a life cycle basis. 

The normal tendency in determining the system requirements is to deal primarily with those 

elements of the systems that directly relate to the main mission such as prime equipment, 
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operator personnel, operational tools, and data. Very little attention is given to system support. 

The emphasis is given to only part of the system, and not the entire system. 

The maintenance concept including spares assessment and strategy and logistic support shall 

be developed during the conceptual design and feasibility phase of the planning stage covering 

the following information: 

• levels of maintenance 

• repair policies 

• organisation responsibilities 

• logistics support elements 

• effectiveness requirements 

• environment 

For more information on developing the maintenance concept, refer to System Engineering 

Management by Benjamin S. Blanchard. 

5.2. Life cycle events triggering an assessment of spares 
holdings 
Across the asset life cycle, various events will trigger the requirement to assess the required 

and optimised level of spares. These events will result from changes in asset strategy, service 

strategy, new asset type, maintenance strategy including maintenance requirements, and asset 

configuration as shown in Figure 2. 

Procure   Construct Maintain        Retire/Dispose
New Assets

Existing Assets

Existing assets (refurbish & renewal)

Project

 New Asset -
Existing Type
 New Asset -

Type Approval

Refurbish 
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Figure 2 - Spares assessment triggers across the asset life cycle 

Life cycle events that shall trigger the need for a spares assessment include the following: 

• change in operation (increase or decrease in demand, usage) and asset criticality 

(impacting spares usage and availability) 
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• introduction of new assets, whether it is an existing asset type or new asset type, 

including asset trials (impacting spares based on increase in asset population or new 

population) 

• asset relocation including rotable movement (impacting location of asset and associated 

location of spares inventory) 

• asset decommissioning and disposal (impacting spares based on reduction in asset 

population) 

• minor maintenance - preventive, corrective maintenance, breakdown, and emergency 

response (impacting required spare minimum and maximum holdings as a result of 

level of repair, use of consumables or repairable (rotable) spares as well as supplier 

availability and lead time, and impacting on insurance spares) 

• major maintenance – refurbishment or upgrade (component change out - use of 

consumables or repairable (rotable) spares), modification, and renewal (existing like for 

like asset type or new asset type) 

5.3. Provision of spares 
Spares shall be of equivalent standard to the items specified in the approved design to ensure 

the safety, integrity, and reliability of assets. Achievement of required level of asset reliability, 

availability, and maintainability (RAM) requires, among other things, that spares of the correct 

standard are available when needed (either new or repaired).  

The Operator / Maintainer (O&M) shall ensure spares not managed within their warehouse shall 

be available from the supplier for the life of the asset. If not available, an equivalent replacement 

spare shall be sourced and assessed as suitable for use on the network as part of the type 

approval of new products. 

When new assets are added, new spares shall be included to the spare parts inventory. For any 

changes to the existing asset population, the type, quantity, and location of existing spares shall 

be re-analysed and determined. The superseded items that need to be removed from the 

inventory shall be identified. In all cases, the spare parts assessment process shall document 

procurement standards for replacement spares that directly reflect the requirements of the 

approved design. 

For new assets, a complete set of identified spares shall be supplied prior to asset 

commissioning and handover to the O&M. 

A repairable (rotable) spare, after being deemed economically viable to be repaired or 

refurbished, shall be returned back to its design specification to ensure it is safe and reliable for 

reuse. 
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5.4. Use of spares during defects liability or warranty 
Spare parts used during the defects liability or warranty period shall be replaced to the level 

defined as part of the spares assessment under the warranty agreement. 

6. Spares assessment 
Spares assessment shall not only be evaluated against the current Operator / Maintainer (O&M) 

maintenance strategy but also against future asset strategies. This includes the evaluation of 

the following: 

• level of repair analysis (LORA) 

• inventory holdings (consumable, insurance, and rotable spares) 

• storage locations (for both materials locations and emergency spares locations) 

• asset type, population, and location 

• asset criticality 

• lead times 

• repair times 

• logistics support 

The resulting spares assessment shall be combined with the O&M defined maintenance 

strategies (time, condition, and run to fail) and manufacturers' spares recommendations (for 

commercial off the shelf (COTS) type products). 

A recommendation of spares quantities shall be based around assets within the O&M asset 

register and aligned with the system and subsystem breakdown as part of a reliability, 

availability, and maintainability (RAM) assessment and asset classifications. 

6.1. Spares assessment criteria 
The spare parts assessment shall consider the following requirements:  

• current (as-built) population of existing assets within the asset register by asset 

classification (by asset type) 

• current location of the existing assets within the asset register by asset classification (by 

asset type) 

• change in population and location of new assets introduced into the network of an 

existing asset type (increase as a result of growth or decrease as a result of 

replacement with a different asset type or due to obsolescence) 

• change in population and location of new assets introduced into the network of a new 

asset type 
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• inventory holdings in place supporting the maintenance of the assets 

• storage locations of required inventory holdings (central warehouse and distributed 

stores locations) 

• procurement details including price, suppliers, and lead times 

• the specification or any other identification such as manufacturer’s part number or 

model number of all items incorporated by new project or design change to existing 

assets. The parts lists forming part of the specifications and drawings for the new 

equipment or installation shall include all these details.  

• list of all the manufacturer’s part numbers or model numbers of items superseded or 

replaced by the new project or design change to existing assets  

• technical maintenance plan (TMP) or servicing schedule that describes the 

maintenance policy for the item. This shall include all the past and future planned 

overhaul action for the item.  

• actual failure data or predicted failure rate, where actual data not available, for similar 

items already in use across the transport network. Predicted failure data shall be 

updated when actual failure data is available and shall be used for spares assessments 

which are essential for prediction of usage in support of unscheduled maintenance 

action.  

• the item quantity that will be added in the network due to new projects or design change 

to existing assets. This can be new assets or an addition to an existing population of 

same assets.  

• any particular requirements for postage, handling, storage, or transportation for the new 

items such as hazardous material classification  

Initial spares assessments shall be completed by design engineers in consultation with the 

O&M and inventory staff (if required). The initial spares assessment shall confirm the need for 

new spares to be added to the inventory or identify any superseded or obsolete spares for 

disposal. 

The final decisions on required spares holding for the system resulting from discussions with the 

O&M shall be documented in the relevant O&M manual. The complete spares list per system 

shall be submitted with the relevant O&M Manual. This is subject to alignment with the spares 

strategy of the maintainer and association with procurement (lead time, supplier). 

6.2. Spares assessment methodology 
A recommended spares list shall be provided by the project as part of the asset handover prior 

to commissioning and operational readiness. 

The assessment methodology shown in Figure 3 requires the details given in Table 1.  
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Figure 3 - Spares assessment model 

Table 1 - Details for assessment methodology 

Inputs • design document/drawing - assets in scope – item, quantity 
• RAM report – mean time between failures (MTBF) 
• bill of materials – for assets in scope – procurement details (suppliers, price, 

lead times, quantity) and manufacturers recommendations for COTS 
equipment 

• material inventory – for existing asset register (whole asset or associated 
components) – quantity, location, usage 

• asset register – existing asset register – make/model/type, quantity and 
location for current as-built population 

Processes • inventory management – by the current O&M (management and control of 
existing inventory – maximum/minimum, holding locations, usage) 

• spares categorisation – by the current O&M (critical/insurance, rotable, 
consumable spare – based on O&M maintenance strategy) 

• integrated support requirements – by the current O&M (skills/competencies, 
tools and special equipment and materials required to maintain the assets – 
as per the technical maintenance plan and associated service schedules) 

• spares requirements analysis - by the service provider (using a 
maintenance requirements analysis (MRA) approach or suitable model. An 
example (T MU AM 01010 F1 Blank Spares Requirements Analysis Model 
Form) is provided in Appendix A and available on the ASA website. 

Output • spares list (based on the above inputs and relevant processes) and 
provided as part of the operation and maintenance manuals 

A spares assessment shall be performed at the asset level as defined within the asset register 

and shall consider the following: 

• introduction of new assets (new type) 

• introduction  of new assets (existing type – increase in population) 

• relocation of existing assets (existing type – no change in population, but a change in 

location) 

• rationalisation of existing assets (existing type – reduction in population) 

• disposal of existing assets (existing type – reduction in population) 
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Design Document/
Drawing

Integrated Support 
Requirements

RAM Report Materials Asset 
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6.3. Level of repair analysis (LORA) 
The maintenance strategy to repair or replace shall first be determined. This is a critical decision 

as it will define “spare” and the way failures are handled. The decision to repair also depends on 

the skills and facilities available, the time it takes to repair versus replace and the cost of 

downtime. 

There is a specific process available for conducting a level of repair analysis (LORA) to 

determine if conditionally or functionally failed systems, assets, components, or parts should be 

repaired or replaced. LORA conducts an economic evaluation of repair or replaces strategy for 

expected failures over the asset's life to ensure minimal life cycle cost of the asset. This 

analysis starts in the system concept design phase and continues until the preliminary design 

phase, as during this phase there are greatest opportunities for life cycle cost savings. LORA 

will direct detailed design considerations relating to the maintenance and maintainability of the 

asset. 

LORA can be also applied to existing assets to assess whether the established maintenance 

concept is appropriate for the current asset performance, maintenance costs, and business 

environment. 

6.4. Criticality analysis 
Criticality analysis takes into account the impact of a failure and its consequences in terms of 

quality, safety, the environment, level of service, and the probability of the failure and its 

predictability. It is a risk-ranking process that determines or estimates the consequence of a 

failure to the business and its probability. 

The first and most important step is to develop an asset register that includes all maintainable 

items. This can be done through an enterprise asset management (EAM) system, computerised 

maintenance management system (CMMS) with an up-to-date asset register, or any other 

similar systems. In some cases, such as with greenfield operations, the list will need to be 

developed from scratch and can be a lengthy and time-consuming process.  

After the asset master list has been developed and criticality analysis has been finalised, each 

of the assets shall have to be assigned with a criticality. This will identify the highest critical 

assets from the less critical assets. 

6.4.1. Critical spares – requirements lead time 

Extended lead times can expose a business to high levels of risk and revenue losses due to the 

unavailability of the asset should spares not be held in stock. The ideal situation is to quantify 

those risks and have accurate information to determine the number of spares required to defend 

against or mitigate these risks so far as is reasonably practicable (SFAIRP).  

The criticality of the asset is important when developing the spares strategy.  
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For the highest critical category asset, where it holds the highest risk to the business, the 

service provider shall hold spares at the closest possible stores location so the spares are 

available when required at the shortest period of time. This will reduce repair time. 

6.4.2. Delivery lead time 
Delivery lead time is one of the most important factors to consider when determining what 

spares are to be stocked and in what quantity, to minimise risk of nonavailability of spares when 

required. 

Delivery lead times shall be determined as part of the assessment and when developing a 

spares strategy. 

6.4.3. Repair time 
Delays in obtaining the necessary spares for the repair process can significantly affect the 

overall down time and repair time. This is largely influenced by the time taken to diagnose the 

part causing failure, availability of spares, location of spares, and the time taken to transport the 

spare to site. 

Repair times shall be determined as part of the assessment and when developing a spares 

strategy. 

7. Spares strategy 
In recent decades, the transport industry has undergone fundamental changes with the 

presence of increasing automation, sophisticated infrastructure, electronics, and 

microprocessor-based equipment in every aspect of the business. These changes introduced a 

new and very complex class of asset with random failure pattern (for example, electronics fail at 

random and failure cannot be predicted), and a need for sophisticated and robust maintenance 

and spares strategy. The cost effectiveness of inventories can be optimised by balancing the 

overhead burden by minimising the number of spares held in stock, while having sufficient 

spares on hand to restore failed assets to minimise service interruptions, equipment downtime, 

and revenue loss. It is important to consider the downtime costs, lead times, safety, and 

environmental impact on the one hand, and the capital cost requirements, warehouse charges, 

other inventory cost, and budget on the other. 

The cost of holding spares can be described as the following two ways:  

• risked costs, which are calculated from the probability of spare part demand multiplied 

by the penalty of not holding the spare part 

• holding costs, which include the capital cost of purchasing the spare part together with 

the cost of storing and maintaining the spares 

The service provider shall develop a spares strategy to ensure that the required levels of asset 

availability and business risk are met at the lowest possible cost.  
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The spares strategy shall substantiate the risks and controls, and provide assurance when 

determining the balance between holding extensive stocks of valuable spares (which might 

never be used), and the exposure to service disruption and subsequent losses if an asset fails. 
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Appendix A Further reading and sample model 
A.1. Further reading 

The following documents are those researched during the writing of the text. For dated 

references, only the cited edition applies. For undated references, the latest edition of the 

referenced document applies. 

Blanchard, BS, 2008, System Engineering Management, 4th edn, Wiley 

Blanchard, BS, 2003, Logistics Engineering and Management, 6th edn, Prentice Hall 

A.2. Sample spares requirements analysis model 
The example shown in Figure 4 illustrates a sample spares analysis that typically can be used 

within TfNSW. 

T MU AM 01010 F1 Blank Spares Requirements Analysis Model Form is available on the ASA 

website and can be used for this purpose. 

 
Figure 4 - Sample spares requirements analysis model 

 
© State of NSW through Transport for NSW  Page 17 of 17 
 

http://www.asa.transport.nsw.gov.au/sites/default/files/asa/asa-standards/t-mu-am-01010-f1.xls
http://www.asa.transport.nsw.gov.au/sites/default/files/asa/asa-standards/t-mu-am-01010-f1.xls

	Framework for Developing an Asset Spares Assessment and Strategy
	Standard governance
	Document history
	Preface
	Foreword
	Table of contents

	1. Introduction
	2. Purpose
	2.1. Scope
	2.2. Application

	3. Reference documents
	4. Terms and definitions
	5. Asset life cycle
	5.1. The maintenance and support concept
	5.2. Life cycle events triggering an assessment of spares holdings
	5.3. Provision of spares
	5.4. Use of spares during defects liability or warranty

	6. Spares assessment
	6.1. Spares assessment criteria
	6.2. Spares assessment methodology
	6.3. Level of repair analysis (LORA)
	6.4. Criticality analysis
	6.4.1. Critical spares – requirements lead time
	6.4.2. Delivery lead time
	6.4.3. Repair time


	7. Spares strategy
	Appendix A Further reading and sample model
	A.1. Further reading
	A.2. Sample spares requirements analysis model



Model

						Project file : -		T- 02-14

						Project Name : -		Example Project

						Project Date : -		16 March 2015

				Spares Requirements Analysis Model

				Spares Quantity Determination

				TMC		Part Number		System / Equipment / Part Description		Unit MTBF (hours)		l   
(failures per hour)		Installed Population		Provision Period (days)		Failures per Provision Period 
(KlT)		Probability of having a spare available when required for different stock levels.

																				0		1		2		3		4		5		6		7		8		9		10

				PW 00 00 00		1111111		Example 1		658,710		1.52E-06		80		180		0.52		59.176%		90.223%		98.367%		99.792%		99.979%		99.998%		100.000%		100.000%		100.000%		100.000%		100.000%

				SC 00 00 00		2222222		Example 2		1,152,254		8.68E-07		110		90		0.21		81.367%		98.145%		99.875%		99.994%		100.000%		100.000%		100.000%		100.000%		100.000%		100.000%		100.000%

				EP 00 00 00		3333333		Example 3		11,720,225		8.53E-08		208		90		0.04		96.239%		99.928%		99.999%		100.000%		100.000%		100.000%		100.000%		100.000%		100.000%		100.000%		100.000%

												0.00E+00						0.00		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%

												0.00E+00						0.00		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%

												0.00E+00						0.00		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%

												0.00E+00						0.00		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%

												0.00E+00						0.00		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%

												0.00E+00						0.00		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%

												0.00E+00						0.00		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%

												0.00E+00						0.00		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%

												0.00E+00						0.00		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%

												0.00E+00						0.00		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%

												0.00E+00						0.00		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%

												0.00E+00						0.00		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%

				Notes : -

						This spreadsheet applies the algorithm from Logistics Engineering and Management - B S Blanchard 1998 (reference equation 2.37 on p66)

						The model assumes a Poisson distribution and shows the probability of having a spare available when required for different levels of spares held.

						The model assumes instantaneous and complete replenishment of stock to the recommended level at the end of the Provision Period.

						Spare availability is modelled based on the item reliability, the population of items in service and the provisioning period for the item being analysed.

				Field Descriptions : -

						Unit MTBF (hours) is the mean time between failure for the item operating within the system boundary being analysed, or an equivalent system operating under similar conditions and intensity.

						l   (failures per hour) is the number of failures per hour of the item being analysed.  This is the reciprocal of MTBF and is a calculated field.

						Installed Population is the number of items installed within the system boundary being analysed.

						Provision Period is the time in days between inventory replenishment (top up) to the recommended spares level.

						Failures per Provision Period is the average number of item calculated to fail during the provisioning period.

						Recommended by : -

								Spares Analyst						Date

						Authorised by : -

								Authorising Officer						Date
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Provision Period is the time in days between inventory replenishment (top up).

Installed Population is the number of items installed within the system boundary being analysed.

l   (failures per hour) is the number of failures per hour of the item being analysed.

Unit MTBF (hours) is the mean time between failure for the item operating within the system boundary being analysed, or the MTBF for an equivalent item in an equivalent system operating under similar operating  conditions and operating intensity.

Failures per Provisioning Period is the average number of item failures between inventory replenishments (top ups).



