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Abstract. This paper presents results of a case study in which a life cycle cost 
estimation tool has been developed and tested. Improving sustainability requires 
holistic information on the life cycle costs of the system. There is a need to in-
crease the transparency of decision-making by informing customers about the 
costs of the solutions when taking into consideration the whole life cycle. This 
benefits both the supplier and the customer in forms of showing the total costs 
of the system and selecting the system with the lowest total costs.  
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1 Introduction 

Sustainability and the analysis of life cycle costs have received considerable attention 
in the manufacturing industry lately. Procurement and supply chain are in central 
position in achieving sustainability and are increasingly being demanded to contribute 
to goals of sustainable development [1,2,3]. Supply chain management studies have 
emphasised the benefits of sustainability in the form of risk reduction and perform-
ance enhancement [4,5]. It is generally believed that assessing the sustainability of the 
system requires holistic information on the life cycle costs of the system. However, 
according to the interviews made for this study, the use of life cycle cost as a pro-
curement criterion instead of just the acquisition price is still not a predominant prac-
tice among procurers. The main reason for using acquisition price as a main criterion 
is usually rooted in the preferences of the procurement department. 

Miemczyk et al. [1] lists social, environmental and economic measures found in a 
literature review on sustainable procurement and supply management. The following 
list includes some of the economic and environmental measures: generic internal 
processes such as supplier selection and assessment (material, waste, recycling); cost 
of implementing sustainability practices; inclusion of sustainability criteria in design 
of products; measurement and control of energy use and greenhouse gas emissions; 
life cycle analysis principles (LCA); developing activities at procurement strategy 
level to support sustainability; and developing sustainable products together with 
suppliers. 
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Procurement decisions are an important application area for life cycle cost related 
decision-making. A product system’s life cycle is characterized by three phases: be-
ginning of life (BOL), including design and production, middle-of-life (MOL), in-
cluding use, service and maintenance and end-of-life (EOL), characterized by various 
scenarios such as reuse of the product and components, refurbishing, material recla-
mation and, finally, disposal [6]. 

Dowlatshahi argues that most of the total life cycle cost of a product is committed 
during the design stage [7]. The total costs can be reduced by giving due considera-
tion to life cycle cost issues early in the design. LCC analysis provides the framework 
for specifying the estimated total incremental costs of the development, production, 
usage and retirement of a particular item. [8] Tools should be developed to allow a 
precise estimation of the whole life cycle impact and costs of a product. These tools 
should be used during the design process to gather information from the real history 
of existing products. [9] 

An important step in LCC analysis is the classification of the analysis objectives 
and the bounding of the problem so that it can be studied efficiently and in a timely 
manner. LCC analysis can be used, for instance, in the following decision-making 
situations [8]: 
• decisions on system maintenance concepts and logistics support policies 
• decisions on equipment design configuration  
• decisions on procurement sources and the selection of a supplier for a given 

item 
• decisions on maintenance plans  
• decisions on product disposal and recycling methods 

The gap for this study was identified as follows: there is a need to develop a tool 
for explaining life cycle costs of solutions. Such tools do not currently exist at least 
according to the interviewees made for this study. Also, there is a need to increase the 
transparency of decision-making by informing customers about the costs of the solu-
tions when taking into consideration the whole life cycle. This benefits both the sup-
plier and the customer in forms of showing the total costs of the system and selecting 
the system with the lowest total costs. Typically, purchasing price is only a small 
fraction of the whole life cycle costs. In addition, reported cases of testing such a tool 
are scarce. Thereby, the objectives of this study are: 
• To describe a decision support tool for a solution provider and the need for 

such a tool 
• To test the tool with customers 
• To identify further development needs for the tool 

2 Methodology 

The research method applied was a qualitative case study. The research data were col-
lected in workshops with the case company and through structured interviews with the 
case company’s customers. The case-specific LCC prototype tool was first developed in 
close co-operation with the case company. The LCC tool was then tested with key cus-
tomers of the case company. Testing approach is described in detail in chapter 4.1. 
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The case company is a small company providing power supply systems to the  
energy, ICT, transport and process industries. Case company’s main focus is on solu-
tions for energy producers and industrial plants. Its battery back-up systems are  
necessary for guaranteeing the 24/7 operation of critical devices also at any failure 
situations of the electrical mains network. Case company’s products are typically 
customized solutions for its B-to-B customers, who are project suppliers of larger 
systems and integrate the solutions delivered by the case company to their own offer-
ings to end-users. 

The developed tool is a prototype and its main objective is to demonstrate how 
LCC calculations can be done and used in practise. The development of the tool has 
been an iterative process conducted in close co-operation between the case company 
and researchers. Researchers who were responsible for the development of the tool 
made the first version of the tool according to the requirement specifications defined 
at the outset of the development work. Then, during the development process feed-
back meetings were held on a regular basis between case company personnel and 
researchers.  

3 LCC Tool Description 

Figure 1 outlines the development processes of a company as part of the life cycle for 
B to B products that are typically delivered by establishing a delivery project with the 
customer. A company that follows this model develops a product portfolio at its own 
expense and then establishes projects with clients to sell and deliver products that are 
based on the elements of their product portfolio and are configured and designed to 
meet needs of the particular customer. LCC tool was originally meant to be utilised in 
delivery project negotiations with potential customers (External use of LCC calcula-
tions in Figure 1) to serve the case company’s need to explain higher purchasing price 
with lower life cycle costs and more sustainable solutions. During the LCC tool de-
velopment and testing the case company also used the tool to analyse the elements of 
their product portfolio which elicited new ideas to improve the product from the life 
cycle perspective (Internal use of LCC calculations in Figure 1). 

 

Fig. 1. Life cycle cost calculations can be utilised internally in the company or externally with 
customers 
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The use of the LCC tool can be described as a process with following steps: 

1. Define the possible solutions that meet the customer’s technical requirements and 
that are options to be analysed. 

2. Populate the LCC tool with input data, i.e. give numerical values to the relevant 
cost parameters for current case. These include preventive maintenance (e.g. cost 
of person hours/task), corrective maintenance (e.g. MTBF, cost of unavailability), 
unavailability (e.g. cost/time unit), and disposal (e.g. cost of system disposal) 

3. Calculate point estimates of life cycle costs. This is done automatically by the LCC 
tool. 

4. Assess the uncertainty of numerical values of cost parameters given in the step 2. 
Uncertainty is expressed by statistical distributions defined by a graphical tool im-
plemented in the LCC tool. 

5. Calculate expected variation of life cycle costs based on statistical distribution 
given in the step 4. This is done automatically by the LCC tool. 

6. Assess the results and compare the options using result indicators from the LCC 
calculation. 

7. Make the decision for the current case based on economic criteria. For multivariate 
analysis other criteria can be used to support the decision. 
MS Excel was chosen as the technical platform for the LCC tool as MS Excel is 

widely used in companies. The LCC tool is described in greater detail in [10]. 

4 Results of LCC Tool Testing 

4.1 Testing Approach 

The LCC tool testing had two goals. The first goal is to test the tool from a technical 
point of view to ensure that the created software works correctly. The second, and in 
this case a more important, goal is to test the usefulness and usability of the LCC tool; 
i.e. the potential of the LCC tool to support purchase decisions of the customers. 

Technical software testing has been done by researchers and case company per-
sonnel. The developed tool is a prototype and its main objective is to demonstrate 
how LCC calculations can be done and used in practise. Thus comprehensive soft-
ware tests have not been conducted. Technical software tests have been done only to 
ensure that the tool works properly if user acts as expected. No systematic checks for 
e.g. wrong input data have been done. In practise technical software testing has been 
done in conjunction with internal testing at the case company by documenting any 
identified unexpected behaviour of the tool. 

In order to get feedback from the usefulness and usability of the LCC tool in exter-
nal use, tests were organized with case company’s customers. In all, ten persons from 
seven different companies participated in the test sessions. The first test session was 
held with three representatives of company 1. General feedback from the conducted 
test session was positive and the idea of focusing more on life cycle cost than mere 
acquisition cost was welcomed. The tool was seen a promising way to support life 
cycle cost based decision-making. The test session, however, failed in the sense that 
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In each test session the same improved test case was used to demonstrate the use of 
the LCC tool to the test persons from companies 2 - 7. After the demonstration the 
same set of questions that concerned the usefulness and usability of the LCC tool was 
asked from the test persons to generate deeper understanding on the potential of the 
LCC tool to support purchase decisions. This improved way of demonstrating the 
LCC tool to test persons seemed to greatly improve the ability and willingness of  
the test persons to answer the questions. 

4.2 Results of the Testing 

Regarding the usefulness of the LCC tool the test persons were asked to give their 
overall assessment on a scale 1 – 5. The average score was 4 individual points ranging 
from 3,25 to 5. The test persons seemed to appreciate case company’s efforts to de-
velop a tool that would support open discussions on sustainability and life cycle costs 
between suppliers and customers. None of the test persons had seen a corresponding 
tool being used by other companies for the same purpose even though life cycle cost 
often appears as an important aspect in marketing material. The test persons were of 
the opinion that the ability of a supplier to make life cycle cost information available 
to the customer can positively influence on who will be chosen as a supplier. The tool 
was felt especially useful when used in cooperation between supplier and customer. 

One of the answers to a question whether the results that can be achieved by using 
the tool are worthwhile the effort needed was that potential savings from the use of 
the tool would often justify several days to be used for the LCC studies. Three test 
persons pointed out that selling and consulting customers always take time and tools 
that support these efforts are welcomed. One of the test persons pointed out the avail-
ability of input data and efforts that would facilitate data retrieval. 

Regarding the usability of the LCC tool the test persons were asked to give their 
overall assessment on a scale 1 – 5. The average score was 4,25 individual points 
ranging from 3,75 to 5. Answers to the question whether the key performance indica-
tors of the LCC tool are relevant, and whether the results are clearly presented to the 
user of the tool were positive with one exception. One of the test persons felt that he 
would need more experience on the use of the tool in order to be able to answer the 
question. Lack of experience also seemed to hamper the ability of the test persons to 
answer the questions that concerned the reliability of the results of the tool. Specific 
questions dealt with the availability of reliable input data and whether all relevant cost 
factors were included in the cost structure of the tool. One of the test persons was of 
the opinion that it is easy to find input data that is reliable enough. One of the test 
persons pointed out that the main purpose of this kind of a tool is to be indicative of 
major differences between the compared options. One of the test persons in turn 
pointed out that it is easy to update the comparisons when improved data becomes 
available. The rest of the test persons felt it hard to express their opinion due to lack 
of experience. 

One of the usability questions concerned the number of options that can be com-
pared by the LCC tool during one session. The current number of options is five and it 
was considered sufficient by all test persons. One of the test persons, however, noted 
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that he had experience on acquisition projects where the number of options to be 
compared had been higher. This challenge can be overcome by the current version of 
the LCC tool by running a new session to compare another 2 - 5 options. 

As a final question regarding the usability of the tool the test persons were asked 
whether the tool is simple enough and easy to use and whether the test persons would 
be interested in using the tool by themselves. All test persons gave a positive answer 
to these questions. 

5 Conclusions 

The test results indicate that the LCC tool is useful especially when used in coopera-
tion between the supplier and a customer. The developed LCC tool provides informa-
tion to allow estimation of the life cycle impact and costs of a product. This supports 
decision making related to equipment design configuration, procurement sources, 
selection of suppliers, maintenance plans and product disposal. 

So far the LCC tool has been in test phase and exploited in the preparation of a few 
offers only. Yet there is no proof of that case company would already have received 
new orders or new customers by applying the new tool. Case company sees that main 
benefits of the tool will be achieved in the future when the tool will be fully exploited 
in the negotiations with customers and in the development of own product portfolio. 

The LCC tool still needs development before all benefits from the tool are achiev-
able. Future development possibilities include a web service based on the developed 
tool combined with a database. With a web service company’s customers can make 
their own calculations and comparisons which can be a competitive advantage for the 
company because their competitors currently fail to provide corresponding services. 
Adding a database behind the tool reduces the time needed for data input and enables 
other than case company experts use the tool. In addition social impacts of the solu-
tions could be included in the tool so that all aspects of sustainability are taken into 
account. 
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