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Abstract 
Emerging from an industrial case study in the aerospace industry, the paper proposes an approach to evaluate sub-
system technology concepts from a life cycle perspective.  The approach is composed by 5 main phases that aims to 
drive product designers towards more value-oriented design decisions. It is shown how different life cycle alternatives, 
such as the selling of a Product-Service-System instead of a traditional product, deeply impact the value of design 
alternatives. The described approach has been developed in collaboration with industrial partners and represents a 
potential instrument to enhance value-driven product design. 
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1 INTRODUCTION 
Making the correct choice in the preliminary design phase impacts 
the entire product life cycle in an order of magnitude that could span 
from making the product being a big success, to generating, 
instead, a total business failure [1]. This statement gains more and 
more relevance when the product is characterized by a long 
lifecycle, when the technology is highly capital-intensive and when 
later life cycle modifications imply huge expenditures in terms of 
money and labor. In the effort of being competitive in the globalized 
market, a common and intuitive strategy for companies is to cut 
costs while increasing structure efficiency [2]. However, this 
approach does not always lead to success. Cost competition does 
not ensure long-term value added, because of the real risk of 
engaging in a cost-based fight against market followers [3]. So far, 
what becomes a real target to any company who wants to lead, or 
keep on leading, the market, is to provide the highest value to the 
system in which the company is competing. This concept should be 
considered not only from the final product seller focusing on end 
user, but also by all those companies that are relevant business 
partners in the supply chain. Collopy [4] stated that a product to be 
successful should maximize the value generated for the customer 
and for the system; how the profit is then divided between 
companies is instead decided by the market.  
To do so it is necessary to adopt a wide vision of the system, 
understanding how some changes in the sub-system impact on 
system level. This process is of relevant difficulty, because it implies 
the acquisition of an enormous knowledge about how the system 
works, and it needs therefore collaboration from upper-level 
companies, those could be reluctant to share core information 
about strategies and future actions with other product stakeholders. 
Nevertheless, in some business contexts all major companies of the 
supply chain can be interested in sharing this information. That is 
the case, for instance, of business deal implying revenue sharing, 
or concerning products embedding top-level technologies. 
 

2 MOTIVATION AND OBJECTIVES 
The main objective of the paper is to propose an approach to 
evaluate sub-system technology concepts from a life cycle 
perspective. Emerging from a real example the development of an 
aircraft engine component, the paper illustrates how the traditional 
functionality-performance analysis can be complemented by a more 
value-oriented assessment to enable more lifecycle-oriented 
decisions in a conceptual phase. The final aim of the paper is to 
contribute to the ongoing discussion about methods and tools to be 
used, in the preliminary design phase, to assess the value 
associated to a design alternative, in order to provide useful 
instruments to help design teams in choosing the solution that 
maximizes the value for the system. 
 
3 RESEARCH APPROACH 
The approach emerges from the analysis of real industrial problems 
rather then from a theoretical investigation. The initial problem 
statement has been defined in collaboration with major European 
industrial and academic partners in the aerospace sector, and has 
been further refined by interacting with an aircraft engine sub-
system components provider. The approach for value assessment 
has been defined through workshops, physical meetings, informal 
interviews and company site visits. Such findings have been further 
analyzed in view of theory; improvements and implications have 
been proposed using as a reference the scenario created together 
with the industrial partner. 
 

4 DESIGN CONCEPTS ASSESSMENT IN A LIFE CYCLE 
PERSPECTIVE 

In an ideal scenario, companies should always select design 
concepts able to increase the added value for their customers and 
stakeholders. Being able to calculate a priori, in a transparent and 
repeatable way, the value of a given solution is, however, not a 
straightforward process. As stated by Anderson and Narus [5] 
remarkably few firms have the knowledge and capability to actually 



assess value and, by consequence, gain an equitable economic 
return for the value delivered to customers. This problem is further 
exacerbated when the product grows in complexity and when the 
development activity moves from a “system” to a “sub-system”, or 
even “component”, perspective. Here the need for a methodology 
that could help the design team in assessing the lifecycle value 
contribution of a concept becomes evident.  
The concept of “value” radically change the way decisions are taken 
at all the levels of detail the design activity is conducted. The 
optimal design solution has not to be merely found at the 
intersection of the “Performance” and “Functionality” axes, rather a 
third dimension, encompassing the “life cycle option” perspective, 
as shown in Figure 1, should be considered. The adoption of a life 
cycle value creation perspective allows designers to judge different 
alternatives considering a more complete set of information that 
could lead to a more value-oriented choice. 
 

 
Figure 1: Choice dimensions. 

To exemplify this concept, let’s consider a sub-system manufacturer 
(company A) providing engine components to an aircraft engine 
manufacturer (company B). Company A is therefore bound by 
contract agreements to satisfy given functionality and performance 
requirements. Mean Time Between Failure (MTBF, 20000 flight 
hours) and weight (70 kilos) represent two main requirements for a 
component under development. Design A1 has an MTBS of 20,010 
hours and weights 69 kilos, while design A2 weighs 50 kilos and 
has a MTBF of 19,990 hours. The two alternatives are then identical 
in any other technical aspect. Although Design A2 does not meet 
the requirements, is really A1 better than A2?  
Now consider that company B decides to change its selling policy, 
moving from the traditional selling of a product to providing life cycle 
commitment, keeping the ownership of the product along the life 
cycle until disposal. This choice has deep effects also on company 

A that has now a wider set of information to work on when deciding, 
in a preliminary phase, which technology/component to be further 
developed. Company A, in fact, needs now not only to think in 
terms of performances and functionalities but also to consider, for 
example, how to make the components easier to maintain, or how 
to make them easier to re-use and recycle. The paper provides 
guidelines to drive designers toward a more value-oriented choice, 
allowing a divergent multi-dimension analysis, so to consider life-
cycle options as basilar to define and assess the importance of the 
product main value drivers.  
 
5 LIFE CYCLE OPTIONS ANALYSIS: AN APPROACH 
The conceptual approach elaborated for sub-system technologies 
value assessment is composed by 5 main steps or activities, Figure 
2 describes the approach and links each activity to the most 
relevant actors and stakeholders involved. To define the approach, 
a large cross-functional network of product stakeholders was 
established. This allowed the decomposition of the original problem 
into sub-problems reflecting product needs and requirements.. 
5.1 Problem decomposition and requirements identification  
The requirements gathering process is usually a very complex affair 
and can represent a major obstacle to successful system 
development. It is argued that one reason for development projects 
poor performance, or even failure, is the mismatch between what 
expressed by the customers and what specified by the developers 
in terms of system requirements, a mismatch triggered by the 
differences in the cultural background of both sides [6]. 

Problem decomposition and requirements identification are the first 
steps of the methodology. Value assessment represents a big 
challenge for every design team, and thinking of facing it in a 
unique solution could lead to the rise of a big set of problems that 
could affect the results reliability. It is therefore inconvenient to 
consider it as a “unique box” to be solved; it is instead preferable to 
adopt a strategy of problem decomposition. [7]. Studies reveal that, 
analysis–synthesis–evaluation is a design method largely adopted 
and discussed in literature [8][9]. Analysis refers to the 
decomposition of the problem into sub problems; synthesis refers to 
the recomposition of sub problems in different ways; and evaluation 
refers to the test of the performance of new structures/systems [8]. 
As described by Simon [9] designers tend to decompose ill-
structured problems into several sub problems. Additionally 
stakeholders’ expressed expectation needs to be collected by the 
design team. Designers should then interpret and reformulate the 
information acquired, in order to redefine expectations and validate 
them in a second round with stakeholders.  

 
 

 
Figure 2: Value assessment process.



Without losing the focus on expectations and adopting a life cycle 
perspective, the team should be able to translate the expectations 
into needs. A needs analysis should then be performed in order to 
highlight the conflicts between needs. 
5.2 Value drivers definition 
Once the problem has been decomposed and the relevant 
innovation topics have been defined, it is necessary to set a number 
of relevant and measurable value drivers for the value assessment. 
In order to facilitate both a quantitative and a qualitative evaluation, 
some value criteria are first defined. These represent the key fields 
on which the product directly or indirectly impacts. Each criteria 
clusters the value drivers that refer to the same field so to make 
easier a comparison between the different alternatives. To define 
coherent value drivers the team in charge of the activity needs to 
access to information regarding needs and requirements, defined in 
the previous step. 
Moving from high-level value criteria [10], a cross-functional panel 
of expert is asked to formulate relevant value drivers for a given 
component under analysis. Value drivers are, in fact, specific 
instantiations of generic value criteria. The value drivers for a 
compressor blade, for instance, may significantly differ from those 
specified for an intermediate case, simply because they differ in 
terms of geometry, material, expected lifetime, etc., and because of 
different customer expectations. 

A large number of stakeholders are involved in this part of the 
process. Product development and customers still plays a relevant 
role as in the requirements identification phase, but a wider vision 
on the system is needed. In order to avoid focusing too narrowly on 
the performance-functionality axes, members with knowledge from 
different backgrounds has to take part to the process. Introducing a 
system view on the future product, including in the decision team a 
wider set of stakeholders such as top management, marketing and 
production managers, could help to create a value assessment 
result more reliable. However team composed by heterogeneous 
actors with very different background could prove to be difficult to 
manage, since the members do not have a convergent perspective 
on their own specialization. Therefore there is the need of a figure    
that possesses knowledge about how the whole process works on a 
system level, having a deep understanding of the dynamics and of 
the knowledge generation sources that involve the product along all 
his life cycle. Hence the figure of the Value Analyst is introduced 
with the aim of providing a life cycle oriented perspective to the 
design team along all the product development process. 
The process of defining value drivers can vary in different context; 
however experience and deep requirements analysis are 
fundamental instruments to help facing this activity, as far as focus 
groups and interviews are useful methodologies to reach the goal.  
5.3 Concepts generation 
The aim of conceptual design is to develop promising concepts. 
This requires generating a wide range of concepts, to prevent 
overlooking valuable concepts, and evaluating/selecting these soon 
enough, to restrict their number from getting too large to allow 
meaningful consideration. [11] 
The new concepts can imply incremental improvement of existing 
products or radical innovation. In both case several methodologies 
are nowadays applied to enhance creativity and innovation in the 
design team. Some important examples, largely discussed in 
literature, that can differently be applied basing the choice on the 
final goal the design team wants to achieve.  Brainstorming [12], is 
a group creativity technique designed to generate a large number of 
ideas for the solution of a problem, it is a valuable methodology 
when talking about radical innovation, it has the quality of 
enhancing creativity promoting the creation of a high number of 

ideas [13] that, however, could often fall outside the technological or 
practical constraint of a product. Introducing the Value Analyst in 
the process as a moderator in the brainstorming session could drive 
the team toward more value-oriented ideas. Delphi [14], is a 
structured interactive forecasting method which relies on a panel of 
experts and is performed anonymously in order to avoid 
bandwagon effect. It is a methodology oriented more on forecasting 
the future, and used for marketing and demand forecast analysis 
[15], so it is more suitable for concepts evaluation than for new 
concepts generation. TRIZ [16] is a problem solving, analysis and 
technology forecasting tool derived from the study of patterns of 
invention in the global patent literature [17]. TRIZ implies a 
structured approach on the problem providing general guidelines for 
system evolution but could be weak when focusing on detailed 
design. It focus on technological evolution not enhance a divergent 
value-oriented thinking. Focus groups [18] are interactive group 
setting where participants are free to talk with other group 
members. Organizing focus group allows the team to focus deeply 
on the problem, however it could limit creativity and create 
bandwagon effect among the group [19]. Focus groups are powerful 
methods if the discussion is well driven by moderator and if a 
collaborative spirit is spread among the group. The value analyst 
should play the moderator role keeping the attention of the group 
focused on the goal. 
5.4 Concepts evaluation 
The fourth step of the methodology is the concept evaluation. It 
represents a complex phase that can be structured as a process 
itself. During this phase is of primary importance the sharing of 
knowledge from the upper system levels. The project coordinator 
acts as a link between different stakeholders, both internal and 
external. Concept evaluation is the most critical phase in the 
methodology and has been addressed in detail in the ´Life cycle 
oriented concept evaluation process` chapter. 
5.5 Concept selection 
Last phase is concept selection, intended as an iterative process 
that does not always output a dominant concept immediately after 
the evaluation. A design alternative could prove to be more valuable 
in a value dimension and show to be weak under another point of 
view. A multi attribute decision-making problem [20] arises every 
time we need to decide between different complex design solutions. 
Nevertheless, it is important that the decision team can access all 
the data resulting from the evaluation in an easy and readable form, 
in order to have a complete set of information to base the decision 
upon. For this reason the concept selection phase is strictly linked 
to the value visualization. An easy and quick visualization of the 
value contribution of different alternatives can help decision-making 
team in choosing the best solution in a limited period of time. The 
amount of data to be evaluated in fact could be massive, generating 
therefore confusion, make people unable to judge the different 
alternatives from a wide value perspective. Current research efforts, 
in the value-driven design field, tend to focus on the development of 
a means to quickly visualize and evaluate one or more solutions in 
a rapid manner. [4]  
6 LIFE CYCLE ORIENTED CONCEPT EVALUATION 

PROCESS 
Assessing the value contribution of a solution is an activity that 
cannot be reduced to the a mere cost and revenue calculation; it is 
instead a combination of quantitative and often qualitative studies, 
which results needs to be weighted on the base of qualitative 
forecast and expectations. In general, there is currently no way to 
talk about better or worse with respect to an ad hoc aggregate of 
components. What is required is a process or rule for comparing 
designs to highlight what is better.  



Since a relevant part of the parameters cannot be evaluated in a 
coherent quantitative way, it is often better to recur to a qualitative 
evaluation based on the comparison between a baseline value, for 
example the minimum value requested by customer requirement, 
and a target value, that could represent the ideal parameter result. 
Considering the engine component example mentioned before, we 
fix a MTBF of 20000 hours and a weight of 70 kg as a baseline, and 
we fix at 50000 hours the targeted MTBF and 60 kilos the targeted 
weight we would assign a radically different value to the solutions. 
Qualitative ranking comparison is therefore necessary to run the 
value assessment.  
A second critical aspect in the concept evaluation is the ability of 
correctly weighing the value drivers, to obtain a reliable final result. 
Depending, for example, from product nature, market requests, 
market forecast and company’s objectives, some value drivers need 
to be considered more relevant than others. The weighting is 
obtained through the definition of a scale of values, e.g., form one 
to ten, or through a percentage estimation of the value drivers 
impact over the total product value. 
The activity of weighting value drivers is a key step in the approach. 
It is basilar for a designer to know which characteristics, qualities, or 
performances, are critical. This is a phase where life cycle options 

play a crucial role. Different lifecycle perspective can deeply 
influence the relative importance of a value driver compared to 
another. Consider for example a traditional product selling structure, 
meaning that the product is sold in a unique solution, and a 
product/service system selling architecture, that implies keeping the 
ownership of the product along all its life, the two different company 
strategies hugely impact on product life cycle, creating the need to 
consider new value drivers, as well as different relative importance 
for the already existing drivers. 
Figure 3 summarizes the process of concept evaluation highlighting 
activities, methodologies, actors and outputs. 
The following paragraphs describe the four activities citing as a 
case study the evaluation of two different intermediate compressor 
cases (IMC) for aircraft engine. The evaluation took place 
considering two different life cycle perspectives, the traditional 
selling, and the selling of the Product/Service System (PSS) [21]. 
The case study involved a sub-system technology that needs to be 
integrated in the aircraft engine structure. Different selling 
strategies, and therefore different life cycle and ownership 
alternatives, for the aircraft engine, impact the value assessment in 
the IMC design phase.  

 

Figure 3: Concept evaluation process.
6.1 Costs and revenues analysis 
The evaluation of costs and revenues concerns the estimation of 
the economical performance of an investment. Different 
methodologies are proposed by literature and broadly applied in 
industry. Between the most used it is possible to cite cash flow 
analysis [22], net present value and adjusted present value [23], 
internal rate of return calculation [24] and break-even analysis [25]. 
These activities are almost completely in charge of finance 
departments and cost managers. 
Most of the concepts concerning costs and revenues analysis have 
been stated fifty or more years ago, however these instruments are 
currently still in use in many companies. Recently more 
methodology, i.e., the Modified Diatz Method [26], have been 
introduced in order to weigh individual cash flows by the amount of 
time that those cash flows are held, or absent, from the portfolio. 
These analysis, even if still valuable, provides as an output a value 
related only to the financial performance of the product, ignoring all 
other aspects related to the value perspective, i.e., the results are 
calculated in term of money, related to a single product/investment 
and the phenomena related to the whole value generation for the 
company are not considered. On a value driven design perspective 

cost and revenue analysis is still necessary but cannot be 
considered sufficient for a value assessment. 
Considering the case study the adoption of a selling + maintenance 
and service policy implied the consideration of additional variables, 
such as spare part cost per year, service start-up costs, 
disassembly costs, recycling costs, remanufacturing cost per unit, 
service logistic costs, maintenance costs.  
6.2 Risk Estimation 
Every new product or component implies a certain level of risk. A 
large number of risk categories and a conspicuous set of 
methodologies is discussed in literature to estimate risk in new 
product development. Walker [27] presents a lightweight approach 
to technical risk estimation through a probability impact analysis. 
Altman and Saunders [28] propose an approach for credit risk 
measurement built around a mortality risk framework. Bangia et al. 
[29] describe a methodology for modeling liquidity risk in correlation 
with market risk measurement and management. Research is also 
focusing on regulatory risk measurement, exploring how a change 
in the regulation impacts the decision of an investment. Manteghini 
and Scarpa for example [30] describes how regulatory constraints 
affect a firm's investment choices when the firm has an option to 
delay investment. William [31] focuses on product development 



process design and on the response to market, technical and 
regulation risks, exemplifying with ten company case studies how 
different processes manage different risks.  
Current methodologies used in industry are able to provide a 
satisfactory risk estimation in this phase of the process, hence no 
new methodology are proposed, but a combination off a set the 
techniques that could consider the broadest risk horizon is 
recommended. 
Considering the risk analysis from the IMC design point of view, 
different weights for the risk dimensions needs to be considered. 
For example a PSS solution has been considered more critical in 
term of technical risk, since an originally bad design impacts the 
costs of maintenance and repair until the product disposal; or in 
terms of market risks, since the company doesn’t know which will 
be the real response from the customers. In fact, considering the 
case of an IMC exclusively designed optimizing a PSS engine, the 
failure of the selling policy could cause big losses to the sub-system 
technology provider. 
6.3 Performance analysis 
Performance analysis is the most engineering intensive and 
technical activity of the process. Performance analysis provides 
quantitative data related to the in-field usage of the product. In case 
of a PSS, this category encompass also the value related to all the 
aspects concerning remanufacturing, maintenance, delivery and 
discard of the product.  
Product performances are strictly linked to the requirements set in 
contracts or needed by the end user. Most of the time requirements 
fulfillment represents the basilar condition for a product to enter the 
market, especially in business-to-business situation.  
Furthermore, performance analysis has to encompass not only 
performances relevant for the customer, but it is necessary to pay 
attention to a second performance dimension: the internal company 
performances. These performances are related to company 
organization and process structure e.g., process lead-time, process 
mean time between maintenance, process mean time between 
failure, machine saturation index, setup time. These aspects are 
measurable and needs to be taken into consideration when 
evaluating new design alternatives, in order to avoid indirect 
impacts on the overall company activity. 
Different methodologies can be applied for product performance 
analysis. To test the ´in-field´ performance of a product, physical 
and virtual testing, such as finite element analysis, are the most 
common methodologies in use. Instead, considering the internal 
performances, process simulation methodologies can provide a 
useful instrument to evaluate the response of the realization of a 
new product. Interesting examples of application can be found in 
Abdulmalek and Rajgopal [32] and in Smith et al. [33]. 
Considering an intermediate compressor case, the “in usage” 
performances need to be satisfied both for traditional product and 
PSS, in order to fit safety and customer requirements. However the 
PSS perspective can allow, in particular situation, the design of 
cheaper components with shorter life expectation, but that could be 
substituted more often, instead of choosing life-long and expensive 
components. 
6.4 Intangible Value evaluation 
Intangible value is a category that encompasses all those aspects 
not strictly related to product performances but that impact on the 
overall system. A various set of characteristics can be defined as 
providing intangible value. These dimensions are outside the 
technical horizon of the engineer, they cannot be easily captured 
[34]. 

An intangible value could be the relevance of the engineering 
solution in relation with the flexibility of the environment, in which it 
operates. Aspects to be taken into consideration are, for example, 
the degree of compatibility to the external environment and how 
much an unexpected modification impacts the product function. 
More undefined, but not less important value is the effect of a 
choice on brand acknowledgement or in new knowledge 
acquisition. These aspects cannot be immediately translated into 
tangible performance, but contribute to the generation of 
competitive advantage in the long run. 
In the case study analysis, considering a PSS life cycle, aspect like 
new knowledge acquisition, continuous improvement enhancement, 
robustness to external constraint modification or brand 
acknowledgment, are important, and, by consequence, a big 
attention has been paid to them during the definition of value drivers 
weights. 
 
7 CONCLUSION 
The described approach represents a potential instrument to 
increase the awareness about requirements and value embedded 
in a design alternative.  
In authors´ belief the adoption of such a process for assessing the 
value of sub-system technology would help companies to move a 
step forward a value-driven design, granting good economic 
performance in the long run. Companies able to correctly assess 
the value of their sub-technologies, considering the value they 
provide to the system, would in fact maximize the economic return 
on their investment. 
The advantage of the proposed approach is to increase the 
knowledge about the real value provided to the system by a sub-
system technology, and take advantage form this since the 
preliminary design phase. Traditional cost or performance analysis 
doesn’t possess such capability of looking to the value of a product 
from a system perspective.  
The proposed methodology has been developed in collaboration 
with an industrial partner, acting as a components provider for 
aircraft engines. The approach has been validated through 
discussions and workshops together with other international 
partners in the aeronautical sector, collecting positive and 
constructive feedback. It does not pretend to be exhaustive neither 
to offer a final solution to the problem. It is instead open to 
discussion, improvement, and future research both inside and 
outside the aeronautical field. 
Due to the complexity of the problem and the conspicuous need of 
data, it is difficult to foresee a large-scale application of the 
methodology in the short term. However we believe that knowledge 
sharing and communication are the key words to allow this 
approach being more and more applied in companies. In addition, 
the creation of automatic updates form company’s database and 
models will mark a decisive improvement towards the automation of 
the process.   
The authors are currently involved in studies aiming to capture, 
model and understand customers’ and stakeholders’ needs and 
expectations. Moreover some methodologies and tools to help 
teams making decision at a gate, as for example the LIVERY, Light 
Weight Visualizator, proposed by Bertoni [35], are currently object 
of research. 
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