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This paper reviews through life costing practice with affordability considerations. This provides a holistic view of through life costing by assessing the customer's financial ability to procure and support defence contracts, particularly at the bidding stage. The paper reviews literature on affordability from three perspectives of the customer (affordability), manufacturer (profitability) and supplier (sustainability) then reports industrial practice within the aerospace and defence industries. The paper is aimed at securing definitions, methods of assessment and management of affordability. This is achieved through the review of literature materials and current industrial practice within the defence and aerospace industries. The main contribution of the paper is that it provides the state-of -the-art review of affordability from the three perspectives and together with definition and assessment methods for affordability. The findings helped to identify qualitative and quantitative factors affecting affordability and assessment techniques from the three affordability perspectives. Also a gap analysis of literature and current industrial practice in terms of definitions and assessment methods was performed based on research findings. The paper provides direction for future research in affordability based on the three perspectives of

 Table 1:The economic climate is affected by the inflation, interest rate and share prices. Exchange rate fluctuation between two currencies determines how much one currency is worth in terms of the other. This could have a negative or positive effect on customer affordability.

Risk(R)

This is defined as the combination of the probability of any event occurring and its consequences (positive or negative) on the PSS offering. This should be assessed and adequate provision should be made while contracting including ways of turning it into an opportunity.

Environment (E)

This refers to the responsibility of firm towards the environment to ensure that their operations and activities are environmentally friendly to ensure sustainability.

Value For Money (VFM)

The customer assesses tender responses for a PSS provision from the solution provider against VFM. This could be done by employing three techniques namely: economy, efficiency, effectiveness. Legislation (L) Changes in UK, EU and International law, regulations, and protocols concerning environmental, safety, social issues can affect affordability. These impacts both the WLC at the outset of the project and the affordability of extant projects. Quality (Q)

Customer focuses on a specific project and the financial commitment involved in that project to ascertain that the solution is delivered at high quality. Therefore, customer affordability is influenced by perception and interpretation of quality. Supply Chain (SC) Lower tier suppliers are crucial to the delivery of both products and services for the duration of the availability or capability contract life. The challenge is to ensure continuity in the supply chain over the contract life. Requirement (RQ) Customer requirement forms the basis of the contract and a change of requirement could increase the whole life cost of the project where extra effort is required in redesigning the system especially with be-spoke systems and services.

Global Competition (GC)

The rules of competition drive the cost down. If competitors are offering lower prices, the supplier could be forced to reduce the cost of the service. Suppliers/contractors from other countries could provide attractive offers in order to expand their customer base. Performance-Related measure (PRM)

In some contracts, full payment is made upon contract delivery; hence the level of customer satisfaction with the delivery and performance of capability could impact the customer's willingness to pay based on system or equipment performance. This is linked directly to performance management.

Political Climate (PC)

The defence industry's operations are typically affected by the nation's political climate. Perceived threats from other nations, could affect the government's willingness to invest in defence projects.

Unknown (U)

This applies to any other factors which arise depending on the nature of the project. 

Customer affordability

Academic research Industry practice In academia, the concept of affordability is in its infancy even though the words "afford", "affordable" or "affordability" are commonly used. The standard definition employed within this paper was formulated by Ray et al., 2006. Within industry, customer affordability is usually seen as a factor which affects the delivery of defence solutions. For this reasons, there is no formal definition of customer affordability in industry.

In academia, some methods were developed to assess customer affordability including the AI. This assessment method was refined in this paper to make it more suitable for the aerospace and defence industries.

Within industry, not much work has been done to develop methods of assessing customer affordability for the aerospace and defence industries; rather a comparison is made between the WLCC and CATS.

Manufacturer Profitability

Academic research

Industry practice Profitability is usually not defined, rather it is calculated and measured both within industry and academia.

Profitability is usually not defined, rather it is calculated and measured both within industry and academia.

In academia, profitability assessment is well established, but the focus is usually on profitability at the end of the financial year.

Within industry, there are methods employed is assessing manufacturer profitability both at the bidding stage and the end of the financial year. The focus on profitability in defence contracts at the bidding stage is to arrive at a competitive selling price. There are established techniques for performing this assessment which vary from one manufacturer to another.

Supplier affordability

Academic research

Industry practice In academia, there is no definition for supplier sustainability, however a definition have been developed by the authors of this paper.

Within industry, there is also no definition for supplier sustainability as the concept is emerging from academia.

In academia, there are methods employed is assessing supplier performance and continuous improvement, but they are not focussed on financial sustainability. Some measures of supplier sustainability have been suggested by the authors of this paper which were derived from existing performance measures. 

INTRODUCTION

Product-Service System (PSS) is an integrated product and service offering that delivers value in use [START_REF] Baines | The state-of-the art in Product Service System[END_REF]). Geodkoop et al., (1999) provide a comprehensive definition of a PSS being 'a system of products, services, networks of "players" and supporting infrastructure that continuously strives to be competitive, satisfy customer needs and have a lower environmental impact than traditional business models'. The emphasis on the integration of the product and service of the PSS concept is illustrated in Figure (1). In the PSS model, the customer pays for the use of an asset, rather than its purchase, thereby realising the advantage of restructuring risks, responsibilities, and costs normally associated with ownership in traditional business contracts [START_REF] Baines | The state-of-the art in Product Service System[END_REF]. In this business model, the solution provider offers the availability of products or equipment with supporting services while the customer pays for the integrated PSS a 'business to business' relationship between PSS solution providers and their customers [START_REF] Aurich | Life cycle oriented design of technical Product-Service Systems[END_REF].

Insert Figure (1) here

While eight types of PSS have been identified across different industries, [START_REF] Tukker | Eight types of product-service system: Eight ways to sustainability? Experiences from Suspronet[END_REF] broadly categorised them under three headings namely; product oriented, use-oriented and result-oriented.

The product oriented PSS is focussed on the sale of products with additional services attached to it. The use-oriented PSS is designed to ensure that ownership of products remains with the service provider but it is made available to the users while the result-oriented is focussed on achieving the result which is desired by the customer and solution provider, rather than selling a product. One example of a PSS in the aerospace sector is the Rolls Royce 'power-by-the-hour' service for its gas turbine engines offered to airline customers as part of the Total-Care package.

Here the customers pay for the use of the engines (use oriented) while the manufacturer retains the ownership and bears risks associated with the operation and maintenance of the equipment. This type of use-oriented PSS category is common in the defence and aerospace industries as seen in availability contracts [START_REF] Erkoyuncu | Uncertainty challenges in service cost estimation for productservice systems in the aerospace and defence industries[END_REF]. Terms like Industrial PSS and Performance-Based

Logistics are also used to refer to PSS [START_REF] Roy | A competitive framework for Industrial Product Service Systems[END_REF] The nature of these contracts which comprise of high-value products and services which last for a long duration between 5 and 40 years requires a comprehensive method of through life cost estimation which would take account of various activities involved at different phases of the project or programme life cycle agreed in the contract [START_REF] Meier | Industrial Product-Service Systems -IPS2[END_REF]. [START_REF] Roy | A competitive framework for Industrial Product Service Systems[END_REF] designed a framework for a competitive PSS which explained that risks and uncertainties affect the success of a PSS, hence they must be accounted for when estimating the cost of PSS. In addition to through life cost estimation, it is important to assess the customer's ability to support the PSS through life, because the success of a PSS is not only based on accurate cost estimation, but the customer's financial capability to support the contract [START_REF] Bankole | A prediction system for assessing customer affordability of whole life cycle cost in defence Industry[END_REF]. This assessment of the customer's ability to fund the PSS is described as customer affordability assessment. The aim of this paper is to describe the state-of-the-art research in affordability from three different perspectives such as customer affordability, manufacturer profitability and supplier sustainability and underline areas of improvement and as well as stimulate future research. The term 'affordability' refers to the three affordability perspectives (customer affordability, manufacturer profitability and supplier sustainability) while 'customer affordability' refers to one of the three perspectives. Initially the main focus of affordability was on customer affordability, as the major perspective but during interaction with industrial partners, the other two perspectives were discovered as being important also 

METHODOLOGY

Research method

The content analysis research and delphi methods were employed in this study as they were the most suitable to achieve the aim of the paper, to understand the state of research in affordability.

Content analysis involves two steps; (i) define sources and procedures for the search of articles to be analysed and (ii) define categories which are employed to the classification of the collected articles [START_REF] Marasco | Third-party logistics: A literature review[END_REF]. Both published and unpublished literature was involved in the review.

While this paper includes the PSS theme, the main area of focus is affordability, hence most of the literature reviewed centred on affordability from the three perspectives. The research methodology adopted in this review is captured in a flow chart and presented in The literature search was conducted using databases such as Compendex, Inspec, and Emerald;

using key words such as "Affordability", "Affordability in Product Service System", 'Supplier Performance', 'Supplier Management', 'Performance measurement' and 'Profitability' as the keywords. The search results were narrowed down to focus on the relevant materials. These materials were collected and reviewed during which the method of classification was defined.

After initial literature review, the Delphi research method was applied in order to capture the opinions of industry experts due to the fact that the study of affordability is in its infancy within academia. An interview protocol was developed which involved semi-structured interviews with industrial experts within the aerospace and defence sectors (two manufacturers and one customer firms). The research themes were refined as a result of findings from initial literature review and the initial industrial visits. Some of the questions employed in conducting the interviews are as follows:

What is your understanding of affordability and what factors affect affordability?

How would you assess the financial sustainability of suppliers in defence projects at the bidding stage How do you assess profitability at the bidding stage?

What additional risks come in terms when contracting for availability contracts -the financial burden on the customer?

More than 30 hours of interviews were conducted and each interview session lasted 120 minutes in average. The profiles of the experts interviewed are described below.

Project manager -Responsible to deliver contracts to customers on time, on schedule; within the project. Also to manage resources effectively and deliver on budget as well as overseeing the Engineering team. training needs and to develop the company strategy and tactics for maximising the opportunity in the market place.

Set Assurance Team Leader -Involved in examining Business Cases and estimations. A key member of the Integrated project team who is also involved in Through life analysis of Business cases.

Engineering manager -Responsible for the day-to-day (technical) problem solving as well as the delivery of contracts to meet customer requirement within the budget.

Data was collected and analysed using the MindManager software which helped to produce Mind maps based on various themes identified. Initial interviews were conducted with functional experts and the employees whose profiles were presented above. The results of the interviews were presented back to the experts in form of reports to be validated. This provided the researcher with background understanding of PSS offerings within the defence industry. Another set of questionnaires were developed based on the result of the previous interview session to carry out further interviews. More data was obtained also from company documents to help the researchers gain a better understanding of PSS solutions within the defence and aerospace industries.

Software such as Microsoft Visio (flowchart) was employed in visualising processes and identifying relationships within the concept of affordability.

Validation

The results of the initial interview sessions were validated by the researchers presenting the outcome and analysis of the interviews in the form of company reports which were delivered to the industrial experts together with recommendations for improvement. The experts reviewed the reports and provided corrections and clarification of issues where necessary. 3. AFFORDABILITY PERSPECTIVES [START_REF] Marasco | Third-party logistics: A literature review[END_REF] adopted two-dimensional classification based on research approaches and methodology adopted in performing an extensive literature review of third-party logistics across different industries. The dimensions employed were from theoretical to empirical and from prescriptive to descriptive since the research area under review was mature. The empirical studies involved surveys, case studies or interview while the theoretical studies were concerned with the development of models, concepts or conceptual frameworks. This form of classification method for extensive review could have formed the basis for classification within this paper if more research had been done in the area of customer affordability, but this is not the case as the research area is not mature. For this reason, the authors decided to classify the literature articles based on the authors' viewpoints expressed in the articles which could include the classification dimensions mentioned above. A general search using 'affordability' yielded results across many industries including construction, but this paper focuses on the aerospace and defence industries.

This explains why only materials within the aerospace and defence industries are being reviewed within this paper. Affordability is a new research concept within the aerospace industry and is in the process of establishing management and measurement techniques which are approved by both industry and academia. From both industrial practice and literature reviewed, affordability can be viewed from customer, manufacturer and supplier perspectives. [START_REF] Redman | Why Affordability is a systems engineering metric[END_REF] defined customer affordability as the 'characteristic of a product or service that makes it possible for the consumer to':

Customer affordability

Procure it when it is needed

Use it to meet their performance requirements at a level of quality that is desired Use it whenever it is needed over the expected life cycle of the product or service Procure it for a reasonable cost that falls within the customer's budget for product or service.

This definition implies that customer is concerned about the availability of the product or service, its functionality and cost effectiveness for an expected life cycle. Hence, customer affordability focuses on the customer's ability to pay for the product or service provided by the manufacturer usually, this is affected by the customer's perception of value and the worth of the product offering [START_REF] Ng | Outcome-based contracts as a driver for systems thinking and service-dominant logic in service science: evidence from the defence industry[END_REF]. Ray (2006) has defined manufacturer affordability (profitability) as 'the characteristic of the aircraft component and manufacturing systems and processes required to be procured when it is needed and supported so it remains available as needed and operated at the level of performance and quality desired within the budget allocated to systems that are being procured'. [START_REF] Redman | Why Affordability is a systems engineering metric[END_REF] also defined manufacturer affordability as the 'characteristic of a product or service that':

Manufacturer profitability

Makes it available when the customer initially needs it Enables it to meet customers' performance requirements at a level of quality they demand Makes it available whenever customers need it during its expected life cycle Allows customers to fit into their budget for product or service.

While this definition reflects that of customer affordability, the difference is that the manufacturer's focus is to fulfil customer requirement. [START_REF] Schrage | Technology for Rotorcraft Affordability Through Integrated Product/Process Development[END_REF] stated that affordability 'is associated with the benefit-cost ratio' used in economic analysis when resources are constrained and relates the desired benefits to the capital investment required to produce those benefits. Manufacturer affordability focuses on the manufacturer's ability to employ its resources (skills, tools and resources) to develop integrated PSS solution to deliver best-value for the customer. The goal of every business is to make profit; hence from the manufacturer's point of view, affordability is concerned with the ability to generate continuous revenue with guaranteed profitability over the life cycle of a project. The authors of this paper have defined manufacturer profitability as the ability of a manufacturer to generate a substantial level of revenue in the delivery of PSS which offsets the cost incurred over the whole life cycle in a contract.

Profitability, which is closely associated with growth, is important for a company to gain competitive advantage [START_REF] Cho | Relationship between innovativeness, quality, growth, profitability and market Value[END_REF]. However, the nature of PSS solutions often requires the expertise of more than one company to deliver the integrated offering. Often the manufacturer has to engage its suppliers to provide different elements within the PSS offering. This is the reason why affordability is also considered from the supplier perspective.

Supplier Sustainability

Supplier sustainability refers to the supplier's ability to effectively utilise its resources (skills, tools and resources) to provide products and services (functionality) designed to offer the bestvalue (solutions) to the customer. It has the responsibility of ensuring the product or system and/or services remain available as needed and operated at the level of performance and quality required to meet the customer's need. The supplier ensures that highly synthesised products can fulfil customer requirements in terms of performance, cost and effectiveness (Ray et al 2006). In the case of availability contracts, the challenge is to ensure that the supplier's capability can be sustained throughout the life cycle of the project in order to support the manufacturer in the In order to provide an affordable PSS, the customer must be able to afford to procure it given the budget constraint. Equally important is the ability of service provider to recover the investment through the best profit margin [START_REF] Schrage | Technology for Affordability -How to define, measure, evaluate and implement it[END_REF]. Thirdly, there is a need for a supply chain that has the capability to deliver and sustain the PSS over the life cycle.

This means the customer must be able to afford the PSS; the manufacturer must be able to profit from the offering within the allowable rate defined by the Government "Yellow Book" (non competitive bid) and the lower-tier suppliers must be able to sustain the offering. The three perspectives which are vital to the effective delivery of a PSS are further explored within this paper. Customer affordability is a term sometimes used to signify that something is inexpensive or reasonably priced. The definition of customer affordability is often associated with the acquisition or purchase of a product, service or a PSS at a low price which the buyer is willing to pay. [START_REF] Bankole | Current Practice in Affordability Assessment of Product-Service Systems within the Aerospace and Defence industries[END_REF] examined the definition of customer affordability across different sectors which revealed that it is generally explained as the provision of products and services that are affordable to the customer given their budget allocation. The following definitions were identified from the aerospace and defence industries.

AFFORDABILITY RESEARCH

Customer affordability is 'the ability to procure a system as the need arises, within a budget, operate at a required performance level; maintain and support it within an allocated life-cycle budget [START_REF] Kroshl | Affordability Analysis for DARPA Programs[END_REF]; 'degree to which the Whole Life Cycle Costing (WLCC) of an individual project or program is in consonance with the long range investment capability and evolving customer requirement' (Ray et al 2006); 'the degree to which the life cycle cost of an acquisition programme is in consonance with the long-range investment and force structure plans of national defence administrations' (North Atlantic Treaty Organisation (NATO) 2007).

The definitions above reveal that the subject is emerging within these industries. [START_REF] Kroshl | Affordability Analysis for DARPA Programs[END_REF]'s definition includes maintenance and operation of the system or product over the expected period of life which is done by the manufacturer in availability contracts. These authors believe that customer affordability definition should address multiple cost considerations for example, total operating costs from cradle to grave. Ray et al. (2006)'s definition of customer affordability is in agreement with that of the US DoD from NATO. [START_REF] Chytka | An Integrated Approach to Life Cycle Analysis[END_REF] explained that life cycle cost analysis is a systematic approach of applying economics in deciding the best solution for a design over the useful life of the system while affordability analysis employs the outputs of a life cycle cost analysis to apply investment strategies over the life cycle of a system like reserve strategies, etc. This shows the relationship between life cycle costing and customer 

Authors' Viewpoints of customer affordability

Some authors wrote from a design perspective while others wrote purely from a financial or operational perspective. Some papers provided definitions of affordability while others did not.

Some papers presented the factors that were affecting affordability while others mainly provided measurement techniques for affordability. All these attributes were considered in classifying the papers under five headings based on the research approach namely: design, financial, operational, commercial and conceptual as shown in Table (1). These are also presented as a distribution in Additionally, some of the papers also contained cross case study comparison. Figure ( 5) shows the key focus of the articles reviewed under each classification. Some of these articles may not available in public domain. This is due to the novelty of the affordability research within the aerospace and defence sectors which means that some of the research might not have been published prior to this time. Also a few articles containing sensitive information may be restricted from public access.

Customer affordability Assessment

Two major quantitative factors have been identified which are Customer budget and WLCC of the product or service. [START_REF] Nogal | Development for framework for Affordability Engineering Measurement[END_REF] identified other qualitative factors affecting customer affordability within the aerospace industry which were revised by [START_REF] Bankole | Current Practice in Affordability Assessment of Product-Service Systems within the Aerospace and Defence industries[END_REF] (1)

Where t = time period in years, n = number of years, F t = net cash flow in year t, and i= interest rate per period.

Current research by the authors of this paper shows the customer (MoD) does not receive revenue from the delivery of the equipment and services (PSS) within availability contracts, rather the PSS Insert Table (2) here is provided for the end-users who could be the Army, Airforce or Navy. This is the reason why the customer does not assess affordability using the NPV approach. This approach is being employed by the manufacturer to assess the revenue received from the delivery of a PSS. The Systems Analysis and Concepts Directorate at National Aeronautics and Space Administration (NASA) Langley Research Centre developed spreadsheet-based affordability models which take account of variations in time phasing of money, inflation rates, learning curves and batch buy strategies. The model provides a representation of cost against budget and its output is called the 'Sand chart' [START_REF] Chytka | An Integrated Approach to Life Cycle Analysis[END_REF]. Also [START_REF] Nogal | Development for framework for Affordability Engineering Measurement[END_REF] The conditions to apply this Index are: The result of the AI gives an indication of how affordable a project is in terms of quantitative factors only. An AI that equals to 1 is just affordable, a score greater than 1 is more affordable while a score less than 1 is less affordable.Since the main part of the AI is CATS/WLCC an AI that is equal to one is just affordable as there is just enough CATS to cover the WLCC. AI less than 1 is less affordable because there is insufficient CATS to cover WLCC while AI greater than 1 is more affordable because there is more than sufficient CATS to cover WLCC. Also qualitative factors would impact customer affordability at varying degrees, hence they could be weighted and scored based on their impact. Literature reviewed revealed the lack of research effort in quantifying qualitative factors affecting customer affordability. Another factor which influences 

Manufacturer Profitability

As explained earlier, manufacturer profitability refers to manufacturer's ability to generate sufficient revenue in the delivery of PSS which offsets the cost incurred over the whole life cycle in a contract. Profitability is crucial to the survival of businesses; hence this is important for manufacturers in order to provide and maintain the PSS offering over its lifecycle.

Manufacturer Profitability Assessment

Accounting literature reveals that sufficient research has been done in the area of profit assessment and measurement. While profit is generally expressed (Wood 1996) as:

(3) Profitability encompasses more than just profit. [START_REF] Oke | An analytical model for the optimization of maintenance profitability[END_REF] provided the traditional definition of profitability as:

(4)

The author argued that maintenance of products and systems yields returns to support overall profitability of the manufacturer, hence the maintenance function should be treated as a revenue activity, not just an activity which generates cost.

The definition above is similar to the new AI explained in (section 4.1.1) which is:

(5) CATS refers to the total customer budget, while revenue is the income the manufacturer receives from the customer. This shows a similarity between the traditional measure of profitability and affordability. Customer affordability is the customer's focus, while the manufacturer is concerned about profitability. This means the manufacturer's affordability is about its profitability. [START_REF] Anderson | Strengthening the Satisfaction-Profit Chain[END_REF] investigated the satisfaction-profit chain and stated that it contains links that are asymmetric and nonlinear which add value to the process. [START_REF] Smith | Leveraging profitability in low-margin markets[END_REF] stated that the gross profit margin is crucial in determining how a company can leverage its profit. In order to achieve this, two strategies namely, volume-based strategy (high-margin business) and price/bundling (low-margin business) strategy were applied to different markets. The result showed that the bundling strategy was successful as it was implemented using three different approaches such as platform bundling, customised bundling and convenience bundling which helped to improve a firm's profitability.

Van Raaij ( 2005) described a valuable model to improve profitability called customer profitability analysis. The analysis starts with the process of discovering the active customers within a specified period of time, analyses the firm's operations to identify the cost drivers of the firm's activities, then it apportions costs (categorised into types) to each customers. This helps to determine which customers are most profitable and how to maximize profitability across all customers. The advantages of the model include the following: It provides unique 'insight into costs, revenues, risk and strategic positioning'.

It yields information about the vulnerability of future cash flows from customers.

Estimations of future revenues and future costs could be added to the customer profitability analysis to help decision making about the future. Other measures of profitability in terms of solvency and efficiency ratios include (Wood 1996): 

Supplier Sustainability

The authors of this paper have described supplier sustainability as the capacity of a supplier to maintain products and services and ensure that they are available and in full operation over the whole life cycle of a PSS. This requires the supplier to remain sustainable and financially viable over the project life. The delivery of a complete PSS capability is not only down to the manufacturers, but also their supply network. The effective management of the supply chain can enable a service provider to gain competitive advantage and improve its profitability by enabling [START_REF] Presutti | The Supply Chain-FINANCE Link[END_REF]. A review of literature revealed existing measures for assessing the performance of suppliers. [START_REF] Gunasekaran | Performance measures and metrics in a supply chain environment[END_REF]Gunasekaran, et al., ( , 2004) ) identified three levels of hierarchy in the measurement of supplier performance namely; strategic (top-level), tactical (middle-level) and operational (low-level). The outcome of the review resulted in the development of a framework to measure the performance of the suppliers based on literature review and the results of an empirical study of selected British companies. The metrics identified were grouped under four categories reflecting four supply chain activities or processes namely; plan, source, make/assemble and delivery. Similar measures were employed by the Supply-Chain Council in assessing the performance of the supply chain to develop the Supply-Chain Operations Referencemodel (SCC 2009, Ball and[START_REF] Ball | Supply Chain management diagnostics and improvement approach[END_REF]. [START_REF] Lee | The Triple-A Supply chain[END_REF] stated three important characteristics for sustainable competitive advantage such as agility, adaptability and alignment. However, while existing metrics are effective in measuring the performance of suppliers, they do not specifically assess the suppliers' ability to continue to exist and grow over the lifecycle of the PSS solution. A review of literature on sustainability revealed that many authors focus on environmental sustainability under three dimensions of sustainability namely social, economic and environmental [START_REF] Labuschagne | Assessing the Sustainability performances of industries[END_REF]. These measures do not include the financial (cost) dimension as a major focus, but authors of this paper believe financial dimension which impact long term viability should also be included. Supplier sustainability of PSS is closely linked with business sustainability [START_REF] Elkington | Cannibals with Forks: The Triple Bottom Line of 21st Century Business[END_REF] as it focuses on the capability of the supplier to remain sustainable over the duration of the contract. One way to achieve this overall capability and successfully deliver customer requirement in the PSS is technological sustainment [START_REF] Sandborn | Designing Engineering Systems for Sustainment, Handbook of Performability Engineering[END_REF]. A framework for sustainability developed by Griffith University (2009), Australia, 

Supplier Sustainability Assessment

The supplier assessment and measurement metrics which are related to sustainability are shown in Figure [START_REF]Supply-Chain Operation Reference-Model (SCOR Overview, Version 8.0)[END_REF]. These measures were selected from existing measures of supplier performance because they give an indication about the long term sustainability of suppliers. The authors have refined Griffith University's dimensions of managing sustainability and grouped the performance measures under the five dimensions. The measures would enable the manufacturer deliver the desired outcome of the contract such as availability or capability to the customer. Availability could be a performance measure as well as an outcome of the whole project. As a performance Insert Figure [START_REF]Supply-Chain Operation Reference-Model (SCOR Overview, Version 8.0)[END_REF] here measure, availability is linked to the 'management of people and resource' dimension in Figure [START_REF]Supply-Chain Operation Reference-Model (SCOR Overview, Version 8.0)[END_REF] under the project management and ability to manage customer asset measures.

In order to adequately measure the supplier sustainability, a manufacturer would need to measure the performance of its suppliers over a period of time and compare results from one period to the other e.g. monthly or yearly in order to identify trends. This would provide an indication of the sustainability of the supplier over the life cycle of the contract.

INDUSTRIAL PRACTICE

The main findings are presented in sections 5 and 6 from the three perspectives of affordability. 

Customer Affordability

Typically within the UK defence sector, there is one main customer and many contractors. First, a need is identified, and then a budget is allocated internally by the customer. Due to the overall defence budget constraint, employees could underestimate the cost of the contract in order to gain approval at the top level, leading to the allocation of a lower budget than actual cost required throughout the life cycle of the contract. This might cause a project to become unaffordable later on in the project life cycle, but this practise may not apply to every contract. After budget allocation, contractors are invited to tender for the contract at the bidding stage, and then contract is negotiated within certain parameters before it is finally awarded to a prime contractor with the consideration of WLCC and risk. Customer affordability of a contract is measured by comparing the customer budget with the WLCC of a defence project without using an AI or measurement metrics. Different types of defence contracts exist, but currently there is a shift from spares and repairs contracts to availability contracts. The nature of availability contracts is one in which the customer outsources services which would have been provided in-house to prime contractors to only pay for the period of time when the equipment is available to satisfy defence need, similar to the U.S. Performance Based Logistics initiatives (MoD, 2005). A typical availability contract lasts typically between 5 and 40 years with a five yearly review. Capability contracts are concerned with the provision of a capability rather than platform availability and these could last longer than availability contracts. The defence sector aims to move from availability to capability contracts, hence is it important that the customer has the financial ability to support the contracts not just at the time of contracting, but throughout the life of the contract. One of the major reasons that could cause defence projects to become unaffordable is wrong estimates or underestimation of through targets. This highlights the importance of getting the through life estimate right and the customer being able to assess its budget allocation to procure and support the contract. Usually, the customer does not disclose exact information about its budget allocation; rather it provides contractors with a range of customer budget. This is done in order to achieve cost savings and obtain the lowest possible price, especially in competitive bids. However, it has also emerged that uncertainty is not only inherent within cost estimates, but also in the customer budget. This is due to financial constraints facing the defence budget at the top level which eventually affects individual projects. This could occur as a result of changes in government priority meaning that a higher proportion of the national budget is allocated to other industries like health, education etc. and less allocation to defence.

Manufacturer Profitability

Within the aerospace and defence industries, the UK Government Review Board conditions will affect manufacturer profitability by determining the rate of profit that manufacturers can use when contracting. For example, the Basic Profit rate in 2009 was 9.74% for non-competitive government contracts. This could vary in other contracts (MoD; 2009). However, within the UK defence industry, the manufacturer could only improve profitability by ensuring that its actual costs are less than estimated cost in order to improve its profit margin. Profitability assessment at the bidding stage when contracting for defence projects is focussed on generating a competitive offer or selling price. In non-competitive government contracts, the UK MoD stipulates the baseline profit rate for the manufacturer after giving allowance for the fixed capital servicing and working capital servicing (MoD, 2009). Different approaches are employed by manufacturers in Contingency estimate includes the cost of risk and uncertainty.

Insert Table (3) here

Escalation is similar to contingency, but it addresses increase in cost due to price increase or exchange rate fluctuations. Basic Selling Price is generated after basic profit has been added on to the sub-total of costs.

Total Add on-Costs are generated as a result of other costs which would vary from one contract to another such as warranty or penalty. The costs are affected by the nature of the contract, e.g. imports from other countries, penalties imposed by the customer or duties to be paid to the government. Minimum Selling Price is generated after total on-costs and profit have been added to basic selling price.

Offer Price contains the addition of basic selling price and total add on-cost. The offer price is the starting point for negotiation with the customer. A negotiation margin could be added to this price. Cost -this refers to the total cost associated with a PSS from the concept stage to the disposal. It also includes the cost of obsolescence, maintenance and service costs. An increase or decrease in WLCC cost could have a significant impact on the profit margin.

Uncertainty and Risk -As explained in Table (2), it the combination of the probability of any event occurring and its consequences (positive or negative) on the PSS offering. Uncertainty in WLCC or CATS could have a negative or positive effect on profitability as actual cost or budget could be lower or higher than the budget. Usually manufacturers build in contingencies to cover themselves against potential risks.

Competition -this could affect profitability particularly in a competitive bid. If other contractors are offering lower prices (lower profit margin), a manufacturer could be forced to provide a lower selling price leading to lower profit margin in order to win a bid.

Project life cycle -the duration of availability contracts within the defence industry which could last between 5 and 40 years guarantees continuous revenue for the manufacturer over a longer duration more than contracts of shorter duration. Economic climate -the economic climate can affect profitability as cost escalation could occur due to rising interest rate, inflation, labour rate and exchange rate. This would reduce the profit margin as higher costs are incurred.

Supplier Sustainability

Within the defence and aerospace industries, manufacturers measure the performance of the suppliers using different techniques. An industry-wide initiative, 21 st Century Supply Chains Relationships -The programme adopts a view that the manner of interaction and communication between suppliers would impact the industry's performance. In order to assess supplier relationship, a code of practice was developed. This comprises five elements, namely: communications, through life capability management, continuous improvements, commercial agreements and ethics (SC21, 2009).

Companies within these industries adopt measures in assessing their supplier performance, but the idea of assessing operational and financial sustainability is not common.

The assessment of operational financial sustainability is also in its infancy within academia. While most of the metrics presented in Section 4, Figure [START_REF]Supply-Chain Operation Reference-Model (SCOR Overview, Version 8.0)[END_REF] as well as those employed by the SC21 are focused on the measurement of products and processes (SC21 2009), little or no measures have been developed for the measurement of services.

CUSTOMER AFFORDABILITY MANAGEMENT

Un-affordability

Un-affordability here refers to a situation where the customer cannot afford to procure or sustain a product, a service or a PSS. It could occur where the customer's affordability position is getting worse as the WLCC is exceeding the customer's budget. Generally, un-affordability can be caused Performance requirement -If a project cannot be delivered to meet user requirement because equipment is under performing or the customer overstated the functionality that would be obtained from new technology, it would be considered unaffordable. As soon as this is discovered at the earlier stages of the project life cycle, steps are taken to help correct the failure which could have a cost impact.

Design flaws -if there are technical flaws in the design of a system or equipment and the manufacturer is not able to correct them, the contract could be brought to an end as the final equipment would not meet customer requirement. This could be discovered at the early stages of the project life cycle. Time -it is very important that the manufacturer can deliver the project within the required time frame as the longer a project takes, the higher the cost of project delivery. This could lead to a project becoming unaffordable. This may not be discovered until later stages of the project life cycle.

Insert Figure (7) here

Additional cost -this could occur due to number of reasons especially at the Demonstration phase of the CADMID cycle. If the system involved within the project is common, its components could be produced at a lower cost, while a be-spoke system could lead to significant cost increase e.g. the NIMROD aircrafts. This may not be realised until later stages of the project life cycle. These factors could cause a project to become unaffordable during the life cycle, however, they can be managed in order to improve the affordability position of the project. This is discussed below. 

Programme Affordability Management

In order to avoid defence projects becoming unaffordable, it is important to have a method of managing and controlling the project to ensure that it is being implemented within the resources available. An effective process of management would detect when the actual deviates from the target, appropriate measures would be taken which could include providing additional resources required to deliver the contract on time and within schedule and resources. Within academia and industrial practice, techniques such as earned value management, value management methodology and some parametric costing techniques are utilised to assess the performance of a defence project by measuring the value created through the use of resources. Other techniques are commercially developed by vendors such as PRICE Systems, to manage complex programs.

Key observations from industrial interactions

A summary of the findings from industrial interaction are provided below.

The defence environment is moving from spares and repairs contracts towards service and performance-based contracts like availability and capability contracts

The main defence customer has budget constraints which could affect customer affordability of defence contracts alongside the WLCC.

The customer affordability could be affected by the project team underestimating the cost of the project in order to gain approval at the top-level to secure the contract.

Projects can become unaffordable due to underestimation of costs, design flaws and inability to meet performance targets at different stages of the life cycle.

Uncertainty is inherent within cost estimates and also the customer budget. The customer does not always disclose the amount of budget available to the manufacturer in a competitive bid in order to achieve cost savings.

Upon contract award, the manufacturer engages closely with the customer to agree on the terms of the contract.

The manufacturer is the solution provider who takes responsibility for the delivery of the contract; hence it is incentivised by continuous from the customer.

The manufacturer may select its own sub-contractors to be involved in delivering the contract or the customer may stipulate that certain subcontractors are engaged within the project.

Supplier selection is done based on the manufacturer's internal assessment procedure by the supplier engagement team SC21 is the defence industry's initiative to encourage competitiveness among defence suppliers by raising the performance of its supply chains The sustainability of defence suppliers is very important to ensure that the manufacturer can deliver the defence contract. This shows that the move from spares and repairs contracts is not without its own challenges especially due to uncertainty. The PSS business model needs to be fully understood and adequate provision must be made to procure and sustain delivery of defence projects. The major players which are customer, manufacture and supplier need to work closely to obtain mutual benefits. The gap between industrial practise and academia is explored in section 7. From the review of literature and industrial interaction, a comparison was made between industrial practice and academic research. These reflect the need for further research in the area of affordability particularly in the formulation of metrics for assessment and control of affordability in industry and academia.

GAP ANALYSIS AND CONCLUSION

Industrial practice and Academia

The findings presented in Table ( 4), reveal that a customer affordability definition has been developed and accepted within academia while this is not the case in industry. A measurement metric has been developed within academia which is does not exist in industry. This suggests that academic effort to develop customer affordability is higher than that of industry. Industry could adopt the output of the academic findings. Profitability is generally not defined and it has an established method of measurement both within industry and academia, however the focus differs.

Industrial profitability assessment includes assessing profitability to determine the best price prior to contracting, but academia usually views affordability as an activity at the end of the trading period year. There is no working definition for supplier sustainability in both industry and academia, but academic research is a step ahead. Supplier performance measures exist in academia and industry, but measures for supplier sustainability are just being developed in academia. This could be embraced and further developed by industry.

Insert Table (4) here In conclusion, the observations made from this study are expressed below.

Conclusion

Two major (quantitative) factors affecting customer affordability are CATS and WLCC.

Additionally, there are other qualitative factors affecting customer affordability which are: Requirement, Quality, Supply chain, Value For Money, Environment, Risk, World Economic Climate, Risk, Legislation, Political Climate, Performance-Related measure, Global Competition and Unknown. Some of the qualitative factors can be influenced by the manufacturers while others may not be influenced by them. It is important that the manufacturers are able to determine and focus on the factors which are within their control in order to be able to improve customer affordability. This could be useful in developing guidelines for assessing customer affordability based on the qualitative factors. Also, these factors affect customer affordability at varying degrees within different contracts hence it would be useful to develop a system of capturing and representing the importance of these factors.

A similarity was identified between the main part of the AI and the traditional measure of profitability. This supports the idea that manufacturer affordability is based on its profitability. In terms of manufacturer profitability, the customer states the rate of profitability the manufacturer is allowed to have. This has a way of constraining the level of profitability that could be achieved by the manufacturer within UK defence. However, the manufacturer could improve it overall profitability across the organisation by employing some of the strategies identified within this review such as volume-based strategy (high-margin business) and price/bundling. Profitability is not only affected by the stipulated profit rate and revenue from the customer. It is also affected by risk. Risk is described at the probability of occurrence and its consequences on the PSS offering. The impact or consequence of risk would affect profitability because if risk is not properly assessed within the PSS solution, the impact of risk might be much higher than expected which would increase the cost of the PSS solution and reduce manufacturer profitability. Several risk assessment methods exist; hence the manufacturer should employ the most suitable approach to make adequate provision for risk.

In terms of supplier sustainability, the measures presented within this paper are generic and some of them may be less suitable for availability contracts. There is a need to validate the measures and narrow down to the measures which are most suitable for this type of contracts. Also most of the measures are focused on measuring the supplier sustainability in terms of products and processes. There is a need to identify measures for supplier sustainability based on service provision since PSS offering like availability contracts integrates products and services.

There is little academic literature defence available on established methods of project monitoring and control according to this review, hence future work could be done to investigate this theme.

Also future work could be done to develop frameworks for affordability based of the findings from the three perspectives. A study of affordability across different industries could also be useful in further research. The limitation of the study is the constraint of accessibility of published materials in the area of work which is the reasons why industrial practice is included in the review. Overall this review paper provides an accurate view of affordability within the defence and aerospace industries. 
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  since all these are Performance-Based contracts. Examples of PSS within the defence and aerospace industries are defence projects within availability contracts such as Harrier Platform Availability Contract and the UK's Eurofighter Typhoon fleet which provides availability of platform and fleet of aircrafts by the solution providers. This paper focuses on the use-oriented PSS category in the form of availability contracts since capability contracting (result-oriented) is the destination for the defence sector.The lifecycle of a typical PSS project within the defence industry is represented in the Concept, Assessment, Demonstration, Manufacture, In-service and Support phases (CADMID). Similar to Total-Care package, the manufacturer takes responsibility for repairs, maintenance and other services required to deliver the expected functionality and satisfy user requirement.

  Figure (2) to reflect both literature review and industrial practice. The process began with the identification of research themes around affordability. Then extensive literature search on academic content between 1983 and 2009 was carried out and the results were analysed according to subject areas.

  -Responsible for working to understand current and future

  session was done at a meeting held with industrial experts both from the customer firm and the manufacturer firms. At other meetings with both firms, the researcher delivered power point presentations based on literature review and carried out semi-structured interviews. The meeting with the customer firm which lasted for 120 minutes focussed on understanding and capturing customer affordability. The questionnaires were focussed on clarifying the factors affecting affordability and factors leading to un-affordability. These results of this session helped to determine the process and factors involved in customer affordability assessment as well as the causes of un-affordability. With the manufacturer firm, the focus was to understand manufacturer profitability and supplier sustainability. One set of questionnaires was focussed on clarifying the elements considered in measuring manufacturer profitability and another focussed on capturing the process and measures of supplier sustainability. Both sessions were held separately. The manufacturer profitability validation session which lasted for 110 minutes, helped to identify the focus and elements considered in assessing manufacturer profitability at the bidding stage. The supplier sustainability validation session which lasted for 120 minutes, led to the discovery of the fact that the assessment of suppliers was based on their current performance after they had been contracted to be partners in delivering a defence project.Manufacturers were employing existing measures from the 21 st Century Supply Chain initiative and other measures derived internally to assess the performance of their suppliers, but there is insufficient effort in assessing long-term operational and financial sustainability. The outcomes of the industrial validation sessions are included in this study.

  requirement. The authors have defined supplier sustainability as the capability of a supplier to maintain products and services in a dependable manner in order to Insert Figure (3) here guarantee availability and operability over the project life cycle with flexibility to adapt to changing customer requirement in a cost effective and ethical way. In this paper the manufacturer is the service provider (prime contractor) for a PSS e.g. Rolls Royce, while the supplier refers to the lower tier suppliers who provide various elements of the PSS for Rolls Royce to deliver full capability to the customer. The three perspectives of affordability are represented in the affordability framework as illustrated in Figure (3).

Figure ( 4

 4 Figure (4) which shows that the most of the papers in were in the design category, then the

  developed an Affordability Index (AI) for the aerospace industry including both qualitative and quantitative affordability factors mentioned earlier.[START_REF] Bankole | Current Practice in Affordability Assessment of Product-Service Systems within the Aerospace and Defence industries[END_REF] refined the AI based on their findings within the defence industry to only include quantitative factors to measure affordability for the defence industry as well as conditions in other to obtain a suitable score. This was done in order to ensure accuracy as the nature of qualitative factors differ from quantitative factors and a combination of both factors into one equation would not give an accurate score. The next stage of the research would be focused on using the qualitative factors in assessing customer affordability by generating measures and affordability which is not covered within this paper. The major (quantitative) factors are presented below.CATS -Customer available to spend based on customer budget. This is the financial ability of the customer to procure a PSS. WLCC -Whole life cycle cost of a PSS from concept stage to disposal. These quantitative factors are employed in the new AI which is presented in Equation (= Total Customer Budget or what the Customer has Available to Spend, WLCC= Whole life cycle cost, i = the years where cost exceeds the expected spending ability of the customer, Si = Expected spending ability of the customer for the ith year, Ci = Cost incurred in the ith year, n = total number of years the WLCC has exceeded the Total Customer Budget

  (i) if Total Customer Budget (CATS) > 0 (ii) If Sum of WLCC < CATS or WLCC = CATS, then only apply CATS/WLCC.(iii) If Sum of WLCC > CATS, then apply full AI. This means there is a violation in the profile.

  customer value. This is important factor because the customer must perceive the value in a proposed solution particularly when reviewing tender responses from solution providers. This is usually assessed in terms of VFM within the defence industry.

  and defence industries, manufacturers view suppliers with whom they have long-term relationships as being less risky than those they have only dealt with in the short-term.

  indirect costs have been taken out as a percentage of sales) (7) (Profit after all costs have been taken out as a percentage of sales) (8) (Indication of the efficiency and profitability of a company's capital investments) (9) (Indication of the efficiency and profitability of a company's capital investments) (10) (Profit after taxes in relation to owner's equity)

  the dimensions of cost, quality, response time and flexibility

  of managing sustainability namely, people, resources, financial, community and environment. The authors of this paper have refined these dimensions based on existing supplier sustainability measures and proposed five dimensions for supplier sustainability.

  Others include design flaws, increasing lifecycle costs and failure to meet performance

  on the nature of the project. Typically, the techniques include the elements such as basic costs (labour, overheads, materials and supply chain), contingency, escalation, profit rate and add-on costs. Typical example of profitability assessment is presented in Table(3) within the defence and aerospace industries.Total Basic Cost -this comprises of the variable and fixed costs which are fundamental for the delivery of customer requirement. These include labour, overheads, raw materials and supply chain. Supply chain figure is an estimate of sub-contractors and other costs associated from suppliers.

  affect the profitability of defence manufacturers include Cost, Uncertainty and risk, Competition, Project life cycle and Economic climate.

  'is a change programme designed to accelerate the competitiveness of the aerospace and defence industries by raising the performance of its supply chains' (SC21, 2009). The implementation of the initiative focuses on three streams.Certification and quality improvement -common standards such as AS/EN 91XX and Nadcap are adopted across industry as the quality standards. AS/EN 91XX is the standard for quality management systems while Nadcap is a standard for assessing the manufacturing processes such as chemical processing, coatings, composites, surface enhancement etc.Development and performance -This process has four elements: sustainable improvement, performance metrics, improvement framework and recognition. For sustainable improvement, an Act-Plan-Do-Review Model is employed which is linked to key performance indicators.Performance metrics based on delivery and quality are also developed to measure the performance of suppliers within the supply chain. Two of these measures are represented below.Number of 'On Time' deliveries refers to number of products e.g. steel delivered on-time at the agreed dateNumber of Scheduled deliveries refers to number of products planned for delivery at an agreed dateNumber of rejects refers to number of products rejected after deliveryNumber of deliveries refers to number of products delivered at an agreed date In addition to this, the European Foundation for Quality Management excellence framework is adapted to measure performance and achieve excellence together with Lean manufacturing principles. Recognition is done through an award system which gives gold, silver or bronze awards based on the three elements explained above.

  by a number of factors across the phases of the CADMID cycle as shown in Figure (7).

  This paper set out to examine the current state of research in affordability within the defence and aerospace industries alongside industrial practice. Due to the novelty of the research focus, the research methodology employed included materials and articles from academic and non-academic

  academic writings, industry reports, and unpublished working papers between the period of 1983 and 2008. In addition, current practice in the area of affordability was captured.

Table 3 :

 3 Profitability assessment

	Affordability	Description
	Factors (AF)	
	World Economic	
	Climate (WEC)	

Table 4 :

 4 Comparison of findings from academic research and industrial practice

	Item Description

  WLCC includes various costs such as design cost, manufacturing costs, obsolescence costs, maintenance costs, service costs and provision for uncertainty in long-term projects[START_REF] Romero Rojo | Obsolescence Challenges for Product-Service Systems in Aerospace and Defence Industry[END_REF][START_REF] Erkoyuncu | Uncertainty challenges in service cost estimation for productservice systems in the aerospace and defence industries[END_REF]. Overall, these definitions have two elements namely: the cost of investment and the customer's income or budget. The standard definition adopted in this paper isRay et al. 2006's definition which was developed by the NoE in AE at Cranfield University.
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