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Abstract

The objective of this thesis is to demonstrate a design to profit procedure  and its implementation in
industrial case environment. The procedure is  demonstrated as a way to improve profits in a global
company. The essential  elements of the procedure are product business case calculations and profit
consciousness of employees. This study utilizes a combination of product life  cycle analysis,
advanced costing methods and multidimensional data processing for  the product business case
calculations. The combination is necessary for solving  the research task. 

The need of proactive design is emphasized in the telecommunications  industry due to shorter and
shorter product life cycles. However, traditional  accounting methods do not support proactive design
work sufficiently during the  life cycle of the products. The design to profit procedure has been
created to  help business managers to solve following problems:

1. How to proactively ensure the growth of business profits in the  future?
2. How to prevent suboptimal decisions from being made in functional units  and to promote overall

profitability?
3. How to judge the profitability of new product programs within a  company?
4. How can we ensure an adequate level of cost consciousness and  profitability-driven targets for

the company's key employees?

This study presents and discusses the construction of the procedure and  describes its elements,
implementation and use in practice. The argumentation is  illustrated by case studies. This method
has benefits, especially when the  product life cycles are short and the market competition strong.

The design to profit procedure is a proactive mind set or thinking pattern.  This system makes the
employees aware of the importance target profitability and  especially target costing. There is no
decision support system that could  guarantee the profitability of business. Cautious utilization of the
system  results and common sense are required to achieve continuous growth of business  profits.

Keywords: product life cycle management, industrial economics, target costing, system en-
gineering, telecommunications industry, decision support, multidimensional analysis
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Nomenclature 

Abbreviations 

ACMS    Advanced Cost Management System 
 
ARR    Accounting Rate of Return 
 
BOM    Bill of Materials 
 
BOQ    Bill of Quantities 
 
CAM-I  Consortium for Advanced  

Manufacturing – International 
 
CC    Cost Center 
 
CEO    Chief Executive Officer 
 
CE -process   Concurrent Engineering process 
 
C/F    Cash Flow 
 
Cost roadmap   Estimated trend of a cost account or unit cost. 
 
DOS    Days-of-supply of inventory 
 
EOTD    Enhanced Observed Time Difference 
 
FR    Financial Reporting  
 
GPS    Global Positioning System 
 
GSM    Global System for Mobile communications. 
 
IC    Integrated Circuit 
 
IT    Information Technology 
 
IPR    Intellectual Property Rights 
 
IRR    Internal rate of return 
IPC    Intellectual Property Capital 



   

 
JIT    Just-In-Time production control method 
 
LBOM    Landed Bill Of Materials 
 
LCC    Life Cycle Costing 
 
L/E    Liabilities and Equity statement 
 
LRP    Long-Range Planning 
 
Manmonth   One person's monthly work effort 
 
MC    Manufacturing Center 
 
ME    Manufacturing Engineering 
 
MRP    Material Requirement Planning 
 
MS    MicroSoft 
 
NPV    Net Present Value 
 
NRE    Non-Recurring Expenses 
 
NWC    Net Working Capital 
 
Product business case  Financial calculation, that involves all profits and 

traceable expenses over the entire life cycle of the 
product for decision making 

 
PCC    Product Creation Center 
 
PD    Product Delivery 
 
PE    Product Engineering 
 
PI    Profitability Index 
 
PLC    Product Life Cycle 
 
PLCCM    Product Life Cycle Cost Management 
 
PLP    Product Lifecycle Profitability. 
 
P/L    Profit and Loss statement 
PRS    Product Reporting System 



   

 
PWB    Printed Wired Board 
 
RAM    Random Access Memory 
 
ROI    Return On Investment 
 
RONA    Return On Net Assets 
 
Salespack   Product sales package 
 
SMD    Surface Mounting Device 
 
STP    Short-Term Planning 
 
TOC    Theory of Constraints 
 
TQC    Total Quality Control 
 
USD    United States Dollar 
 
WIP    Work In Progress 

Mathematical 

CBOM (i)     Cost of Bill Of Materials 
 
CEFF (f)     Manufacturing efficiency coefficient in  

factory f 
 

CGEN (f)     Factory f specific manufacturing overhead cost 
 
CHAND (f)  Cost of manual assembly time per minute in factory 

f 
 
CLBOM (i,f )   Landed BOM cost of part i in factory f 
 
C MANMONTH(s,f)    Cost of manmonth at site s and function f 
 
CREP (j)     Cost of product repair work in region j 
 
CROB(f)    Cost of automatic assembly per minute in  

factory f 
 
CSALESPACK(f)    Cost of salespack produced in factory f 



   

 
CSPARE(i)    Cost of spareparts of part i 
 
CSMD (f)     Cost SMD activities per component 
 
CTEST(f)     Cost of manufacturing tests per minute 
 
EADJUSTMENTS     Adjustment expenses. 
 
EMAT(f)     Material expenses of product assembled in  

factory f  
 
EMC (f)     Indirect manufacturing expenses in factory f 
 
ELABOR (i,f)    Labor expenses of part i in factory f 
  
EOTHER (f)   Other development costs of product including  

  prototyping, design costs, NRE, etc. of function  
 
FFR(j)    Field failure rate of the product in region j 
 
LIN     Raw-material inventory value 
 
LWIP     WIP inventory value 
 
LOUT     Semi-finished and finished goods inventory value 
 
NMANMONTH(s,f)   Number of manmonths at site s and function f 
 
NSMD (i)  Number of SMD components of part i 
 
p%FREIGHT(f)  Factory f specific percentage of incoming material 

freights 
 
p%DUTY(f)   Factory f specific percentage of incoming material 

duties 
 
p%AUX (f)   Factory f specific percentage of auxialiary  

materials 
 
p%IPR (j)    Percentage of IPR expenses of the product in  

region j 
 
p%SM (j)     Percentage of sales and marketing expenses of  

product in region j 
 

PSALESPACk(i,j)    Sales price of salespack i in region j 



   

 
RIN(f)    Factory f specific days-of-supply (DOS) of  

Incoming material stock 
 

ROUT(f)    Factory f specific DOS-value of finished goods 
 
RWIP(f)    Factory f specific DOS-value of WIP 
 
RPAY(j)    Region j specific DOS-value of payables  
 
RREC(j)     Region j specific DOS-value of receivables 
 
SGRSALES     Total gross sales 
 
SSALES(j)     Gross sales in region j 

 
THAND (i)    Manual assembly time of part i 
 
TREP (i)    Repair time of part i 
 
TROB (i)     Automatic assembly time of part i 
 
TTEST (i)    Manufacturing testing time of part i 
 
VMC(f)    Manufacturing volume of a part in factory f 
 
VSALES(j)     Product sales volume in region j 
 
VSALESPACk(i,j)    Sales volume of salespack i in region j  
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Appendix 1 



 

 1 Intr oduction 

1.1 Need for proactive design in industry 

"Minimizing the cost" is an incomplete statement and contains a misleading message: It 
does not give any information of the real goal. The cost is minimized to zero when we do 
nothing. After adding an output measure or throughput to achieve a goal, as Goldratt 
states, we have something to work with (Goldratt & Cox 1992). If the goal is to make 
money for the company owners we should use the term profitability. In this text, profit is 
measured in terms of the company’s financial statements, i.e. intellectual property capital 
and hypothetical environmental risks are not considered. The following ratios are used to 
evaluate the profitability of business (Atrill & McLaney 1997) (definitions in Appendix 
1): 

- Return on owners' equity (ROE). 
- Return on capital employed (ROCE). 
- Net profit margin. 
- Gross profit margin. 

The principle of proactive planning of profitability has been known for a long time. As 
early as 1974, Bian published a paper which shows that the use of the life cycle of a 
product to determine its financial contribution to the company is not a new idea. 
However, this is one of the rare references where life cycle profit forecasting is 
mentioned as an important support for managerial decisions (Bian 1974). Still, some 20 
years after Bian's presentation, we can find the following statement: "There is 
surprisingly little literature about profit planning. Profit planning and cost management 
from a market perspective is normal in Japan; it is novel or still argued over in the West." 
(Horváth 1993.) These examples show that there have been some difficulties in the 
implementation of profit planning, or else people are mistrustful of the methods and 
systems of profit planning. One reason can naturally also be that these applications have 
not been reported in the public. 

Why do we need proactive profit planning? "The companies that focus on today's 
product's and operational efficiency are more likely to run into problems than those who 
rely on innovative creation of future products." (Carlsson & Kjellman 2000.) Carlsson 
and Kjellman present a concept called industry foresight. "Industry foresight is not only 
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a vision of one CEO, nor the use of statistical tools to create a forecast. It is much more. 
It is a process for discovering a route to a desirable future". The following questions 
illustrate the basic idea of industry foresight: 

- What could the future be like? 
- What does this mean for me, us and the company? 
- What should we do next? 
- Then what? 

Future refers to a time range of up to 10 years, but the last question can be answered by 
outlining short-term actions that comply with the strategy. (Carlsson & Kjellman 2000.) 

Strategic business decisions are usually also connected with new products and 
services. Although strategic planning will set generic targets for ROI (Return on 
Investment), sales margin, operating profit etc., we will have to deal with some concrete 
items, such as products and services, during the planning process. Products and services 
are the tangible items on which the company's future revenues will be based, and they are 
also the starting points of any further business analysis. 

The need for proactive design was also clearly illustrated in the book "Design to cost" 
from the product design viewpoint by Michaels & Wood (1989). The book deals with the 
techniques available to design cost-effective products, using examples of machined and 
cast metal products. 

PROGRAM PHASES
    Concept              Development           Production            Ownership

100

50

0

Percentage of
Life Cycle Cost

Saving potential

Cost commitment

Optimal
period

Fig. 1. Early commitment of product life cycle costs (Michaels & Wood 1989). 
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Fig.1 shows that the costs are actually already committed in the product concept design 
phase. This is natural, as the customers' demands specify the targets for such features and 
qualities as size, weight, variability, etc. In the beginning, there is an optimal period 
when timely and correct action can help to save about 20 % of the life cycle costs. It 
would be a lucky coincidence to be able create a profitable product without 
understanding the cost consequences of the design decisions. For this reason, predictive 
cost models are required to give us better understanding about the cost commitments 
made in the product design phase. These problems have been and are still continue to be 
present in, for example, the steel and telecommunications industries. 

1.1.1 Steel industry case environment 

Rautaruukki is the largest steel producer in the Nordic countries, where it is the market 
leader in many of its major product groups. In addition, Rautaruukki has a competitive 
market position in several product groups in the other Western European countries. 

Rautaruukki's main products are mild and low-alloy flat and long steel products and 
related upgraded products. Flat steel products include hot-rolled, cold-rolled and coated 
steel sheets, a substantial portion of which are further upgraded into welded steel pipes 
and tubes, cold-formed sections and products and components for construction. In 1999, 
Rautaruukki had a total turnover of EUR 2.4 billion and total assets of EUR 2.4 billion. 
Rautaruukki operates manufacturing facilities in 15 European countries. (Rautaruukki 
2001.) 

Through its research and development activities, Rautaruukki aims to improve its 
competitiveness by raising productivity, upgrading production processes and developing 
new products and services. Rautaruukki invests about 1% of its annual turnover in 
research and development. The group employs 235 people in R&D activities. Of these, 
20 have obtained a doctor's or licentiate's degree, 110 have a master's degree, 25 have 
college or polytechnic qualifications in engineering, and 80 are technicians or work in 
administration. (Rautaruukki 2001.) 

Rautaruukki Steel is the biggest industrial division of Rautaruukki Group. It is alarge-
scale steel-making and upgrading company that develops and markets high-quality steel 
products as well as related services. Rautaruukki Steel is ranked among the best steel 
producers in Europe in terms of profitability, productivity and energy consumption 
efficiency. Efficient production, continuous product development and expert customer 
service have consolidated the position of Rautaruukki Steel as a reliable steel supplier. 
The division is the first link in the chain that ends up in the production of plates, sheets, 
pipes and tubes as well as the upgrading of these products. The main products are hot-
rolled plates and strip products and cold-rolled, hot-dip galvanized and coil-coated sheet 
products. (Rautaruukki 2001.) 

New products often require major investments in the steel industry. Even the 
expansion of the existing product range may necessitate the modernization of rolling 
mills and the installation of some new equipment into the plant. These investments 
typically cost from 10 MFIM up to hundreds of millions FIM plus the loss of sales during 
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the revamping period. Totally new products may require investments in a new production 
line, such as one for dry-quenched plate products, which costs hundreds of millions. 
(Pesonen 1992.) 

Without a proactive study of the changes in the product mix, new products may lead 
to suboptimal use of the whole plant while the plant’s bottleneck gets to be loaded even 
more than earlier. The extra sales revenue from the new products may not fully 
compensate for this change. Even changing the sales policy towards smaller delivery 
batches could decrease the overall sales revenue of the company. The steel shop, which 
consists of the converter and slab-making sections, may turn into a production bottleneck 
if too many steel qualities are sold in small batches with short delivery times. 
Rautaruukki has a good reputation for fast deliveries, which often also leads to 
increasingly small delivery batches. Fast deliveries are a competitive advantage, but they 
should be accomplished without losses in profitability (Pesonen 1994). Discussions on 
such topics in Rautaruukki Steel during the early 1990's were one driver to develop 
predictive profitability calculation models. 

1.1.2 Telecommunications industry case environment 

Nokia Corporation consists mainly of Nokia Mobile Phones, Nokia Networks and Nokia 
Ventures. Nokia has an advanced research and development organization. 
Telecommunication research and product development activities employ 31 % of the 
staff, and the financial effort accounts for ca 9 % of the company’s turnover, as 
illustrated in Fig. 2. 

Nokia Mobile Phones (NMP) is the world's largest mobile phone manufacturer. With 
its comprehensive product portfolio covering all consumer segments and standards, 
Nokia is one of the pioneers of Mobile Information Society. Nokia’s mission is to enable 
people to connect with one another and to information sources regardless of time or 
place. Nokia's technology and applications are designed for human needs and based on 
solutions that function seamlessly and effectively together. 

Nokia Mobile Phones' net sales in 1999 amounted to MEUR 13,183, and the 
company employed 23,775 people worldwide at the year-end 1999. Nokia has ten mobile 
phone factories in eight countries: Salo, Finland; Bochum, Germany; Komárom, 
Hungary; Fort Worth and Dallas, USA; Reynosa, Mexico; Manaus, Brazil; Beijing and 
Dongguan, China; and Masan, South Korea. Nokia's mobile phone sales volume was 128 
million units in 2000. (Nokia web pages 2001.) 
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Fig. 2. Research and development efforts of Nokia (Nokia web pages 2001). 
 
NMP has over 10 product development units worldwide. This is a good thing from the 
market point of view, as local employees can adapt their product designs according to the 
local culture and fashion. On the other hand, this working mode adds complexity to a big 
company, where several product generations and platforms use the same solutions. 
Communication between the units and across time zones also causes a lot of work. 
(Nokia web pages 2001.) 
 

 

Fig. 3. Nokia Mobile Phones product categories (Nokia web pages 2001). 
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Today, telecommunications is one of the most competitive business sectors in the world. 
The sector is also highly dynamic. Product life cycles are becoming shorter and shorter, 
price competition is driving down profit margins, and new markets and business areas 
require fast action. How is it possible to satisfy the customers in several market areas 
with desirable products year after year and yet keep the business profitable? The sales 
life cycle of a cellular mobile telephone varies from ½ to 3 years. The product 
development programs take 1 – 2 years. In this business, there is not much use for past 
information as a basis for future decisions. If retroactive profitability calculations shows 
poor profitability 1½ - 2½ years after the effort to design the product was started, the 
news comes too late. Product development resources have been wasted by creating a lot 
of costs, procuring unsuitable components, investing in production and marketing the 
products. At the same time, the company will have lost the revenues from an alternative 
product, which might have made profit. The biggest steps with new product types, 
generations or markets are always taken into areas that lack history. Fortunately, product 
generations and product families tend to follow similar patterns during their life cycles. 
This provides an opportunity to utilize these patterns in estimating the future. 

1.1.3 Product life cycle process in telecommunications industry 

The Concurrent Engineering (CE) and Product Engineering (PE) processes define and 
manage the product life cycle. In this context, the word product refers to a product 
family, which consists of a lead product and all the variants based on the lead product’s 
technical solutions. The products are integrated and implemented from components, 
modules and parts during the Concurrent Engineering (CE) process. A particular 
combination of modules and parts results in a new product, which has predetermined 
features and performance. The Product Engineering (PE) process (Fig. 5) takes care of 
the product in the market. Further improvements of product performance and reliability 
are made in line with the PE process. Product ramp-down is also described in the PE 
process. 

The idea of the phase review process is illustrated in Fig. 4. The time and phase 
reviews, e.g. milestones, are shown at the bottom of the figure. The beginning of Phase 0 
in Fig. 4 is called milestone M-1, which also marks the beginning of the life cycle of a 
product. The process is controlled throughout the life cycle by phase reviews. The phase 
reviews are called milestones in the telecommunications case company. Each milestone 
has a particular potential for decision-making during the life cycle. These milestones 
serve as gates to proceed. This role is especially important in development projects in a 
dynamic environment. The situation may change very fast, and the assumptions made at 
the beginning of the project may no longer apply at the later stages. In that case, the 
program plans and targets must be revised. 
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Fig. 4. Phase review process of the Concurrent Engineering (CE) process (McGrath 1993). 
 

The following list gives an example of the main decisions at each milestone during 
the product life cycle: 

M-1 Program kick-off 
M0 Program proposal  
M1 Specification freezing 
M2 Purchase release 
M3 Volume production release 
M4 Sales volume commitment 
M5 Responsibility transfer to PE  
M6 Ramp-down proposal 
M7 Volumes frozen 
M8 End of deliveries 
M9 End of product life cycle 

The product engineering team is nominated before the M4 milestone, but the 
responsibility is only transferred to it at M5. The main purpose of the product 
engineering process is to maintain and improve product quality and the product’s 
competitiveness. 
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PE Management ProcessPE Management Process

ProgramProgram
DefinitionDefinition..

Product and its Productivity Improvement ProcessProduct and its Productivity Improvement Process
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Fig. 5. Product Engineering Process (modified from Pesonen 2001). 
 
In this business sector, it is not enough to monitor only the costs of the product program, 
materials and manufacturing. A simple example illustrates this: The product creation 
process is cross-functional, as shown in the figures 4 and 7. The activities undertaken by 
the different functions span several years or even decades, as shown in Fig. 6. The 
product development cost is only a fraction (<<10 %) of the total costs incurred during 
the life cycle. It may be that a MFIM 50 product development program yields the design 
of a product that sells 10 million pieces with a sales price of 1 kFIM/pcs, producing a 
MFIM10'000 sales revenue over the life cycle. The field return rate, that causes 
replacement of the product by a new one is 0.5 %. One replacement costs FIM 750 + 
FIM 250 for handling = 1000 FIM/product. Even this low field return rate makes the life 
cycle warranty equally high as the product development cost. If we had considered only 
the direct design, material and manufacturing costs, we would be in trouble. It would be 
very profitable to prevent this by focusing more design efforts on reliability and quality. 
A warranty cost estimate should be presented to the program management, to warn them 
about potential losses. Similar examples have also been reported from the automotive 
industry (Boer & Ettlie 1999). 

End-of-life handling of products may come as a surprise to any manufacturer if this 
issue has not been considered in advance. Manufacturers are responsible for the expenses 
at the end of the product life cycle. Today, the printed wired boards (PWB) of electronics 
products contain some environmentally harmful elements. Lead is used in the solder 
materials and the components contain several elements classified as environmentally 
harmful. The selection of a cheaper, leaded component today may result in a bigger cost 
at the end of the life cycle. (Dowie et al. 1995.) 
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Suboptimal decisions are possible in all functionally organized companies. This is 
also true in the telecommunications sector. The problems often date back to the product 
roadmapping stage, where the product features and qualities were defined. The 
customers find a certain new product feature attractive and are willing to pay for it. 
Normally, there are several techniques available to execute a given feature design. The 
decisions are complex. For example, cellular phone locating can be carried out by a 
satellite-based global positioning system (GPS) module or a cellular network-based 
enhanced observed time difference (EOTD) application. Both methods have positive and 
negative qualities. Again, target costing and the balance between the cost and the 
customer-added value must be considered. The GPS module will also require space on 
the PWB, which is contradictory to the trend towards miniaturization in the mobile phone 
market. An additional hardware module is also a probable reliability risk and may 
contain environmentally harmful elements. The extra module may even be an odd-shaped 
component and hence cause extra costs in manufacturing and product testing. EOTD 
requires network, support and not all of the existing network protocols support this 
feature. Additional software execution may also create delays or memory problems in 
some products. 

Suboptimization might also occur in component procurement. Several vendors 
produce most of the standard mechanical and electronical components. If the component 
purchase price is considered more than the total cost, the decision may lead to even 
higher costs in the other functions. Suboptimal component quality increases the costs of 
testing and manufacturing. In a well-balanced high-volume manufacturing line, a high 
number of test rejections decreases the line output, which directly causes major losses in 
sales. This also increases the risk of product field failures. 

Sales revenue estimation is difficult, and the relevant marketing models have been 
strongly criticized in the literature (Day 1981, Dhalla & Yuspeh 1976, Dugal & 
Schroeder 1995). In telecommunications, many consumer products have quite stable 
prices (i.e. the prices are declining steadily). This helps us to estimate the unit prices, but 
the estimation of sales volume seems to be even more problematic. The decisions and 
activities of the market leaders always have some impact on the market. Some 
geographical areas also have prevailing requirements. For example, Asian consumers 
predominantly prefer small devices. In the estimation models, the complex relationships 
between the product features, the product brand, the competition in the specific market, 
and the marketing efforts, etc. should be considered simultaneously (Rink & Swan 1979). 

1.2 Lack of suitable profit management techniques 

1.2.1 Proactive productivity development 

Productivity is generally defined as the ratio between yield and effort. Yield is the output 
of the system, while effort is the material, labour, energy, or capital, etc. entered as an 
input into the system (PohTo 1995). Productivity is generally expressed as produced 
quantity per quantity of effort in physical measures, such as tons produced per energy 
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consumed (kWh). Productivity corresponds mainly to effectivity and efficiency and does 
not measure profitability. A productive system may be economical in terms of cost per 
unit, but also we need to consider the sales income to measure financial profitability. The 
financial profitability of a system may be poor if the sales price and the product volumes 
are low. 

We need to consider the profit and loss calculation and use such measures as return 
on investment (ROI) to ensure the financial profitability of our business. Money is the 
only valid measure to compare productivity. It is difficult to create an equivalent 
relationship between ROI and productivity. Eloranta suggests the following measure of 
productivity, which is based on added value, salaries, and machine investment. 

 

100x
investment  machinesalaries

profit business
1tyProductivi

+
+=  

 
where productivity is the productivity of human resources and the machine investment. 
According to Eloranta, we should base our profitability thinking on the added value 
attained by our customer. "How can we produce the maximal added value to our 
customer with our resources?" (Eloranta 1995.) 

Profitability and productivity can be compatible. We need to focus and improve our 
overall productivity to keep our company competitive. This also helps to maintain the 
profitability of the old products, but as illustrated in Fig. 1, we can influence operative 
costs more through design. Unfortunately, we do not have many systems to support this 
work. It also seems that most of the effort has been used to develop operative 
manufacturing systems, such as Computer- Aided Manufacturing (CAM), Just-In-Time 
(JIT) production, Computer- Integrated Manufacturing (CIM) and Computer- Integrated 
Engineering (CIE), which improve the productivity of manufacturing, logistics or 
engineering. At the same time, there seems to have been less effort to develop the 
corresponding financial systems. (RP5718/1 1990.) 

When there are no systematic ways to satisfy the profit aspects, calculations are made 
just to satisfy some special purposes. Many active managers have tried to develop simple 
profit and cost calculation applications to enhance the financial awareness in their 
operative departments. These applications, however, tend to end up too big. Secondly, 
calculations do not have any direct link to the real accounting processes. A comparison 
with the official figures shows that they do not match. The attempts to balance the figures 
with each system are often a frustrating task, which does not add much value. These 
together clearly demonstrate the lack of reliability and repeatability. The only result 
might be a growing mistrust of any financial system. 

The situation at Rautaruukki Raahe Steel in the early 1990's was quite similar. The 
finance and control department produced an internal product cost report for the product 
lines. This was supported by a product cost follow-up system called "TaTu" 
(Taloudellinen Tuotanto, ‘economical production’). At the same time, one team in the 
research center was building financial models to support decision-making and 
particularly to optimize the product chains towards the end products. This also required 
assessment of some other units, such as the cold-rolling unit in Hämeenlinna, etc. (Junno 
1989). The production control department was building models to understand the 
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dynamics of the product mix, the product lot size and the plant performance. (Pesonen 
1992, Pesonen 1994.) Naturally, moreover, the sales department had their own way to 
optimize sales pricing. Also, the quality department used one more model to calculate the 
costs of quality defects. 

Thomas Mann (1992) considers manufacturing excellence to be based on four cross-
functional business processes (Mann 1992): 

1. New product and product design. 
2. Customer to order delivery. 
3. Materials management. 
4. Estimating or contracting. 

Product and process design lies at the heart of any manufacturing business for here lies 
the greatest opportunity to control the quality and cost of the final product. (Mann 1992.) 
This is the same message that was illustrated in Fig. 1. The decisions made in the early 
design phase will have a major impact on manufacturing productivity. Continuous efforts 
to improve productivity will be needed to maintain manufacturing excellence, but correct 
decisions at the product development phase will result in even greater savings. 

The designer’s role and competence are very important in proactive productivity 
development. However, not all designers have knowledge and competence about 
manufacturing, logistics, finance, or marketing. Therefore, additional design disciplines 
have been developed. Design for assembly (DFA) is a representative example of these 
disciplines DFA aims to design the product so that it is easy to assemble. Special 
techniques and metrics have been developed to measure the ease of product assembly. 
For example, BDI (Boothroyd-Dewhurst Index) may be used as an indicator of the 
manufacturability of an assembly. (Boothroyd et al. 1994.) 

There are several similar design guidelines. Design for reliability aims at durability of 
products. Materials, joints, surfaces, etc. should be tested with special environmental and 
reliability tests before launching to production. Design for logistics aims at fluent and 
cost- efficient component supply and product deliveries. For example, appropriate and 
easy-to-make packaging plays an important role. Design for environment promotes the 
recycling of materials and the avoidance of environmentally hazardous materials in 
products. These are only examples of the additional design rules used in product design 
work. Some of the rules are strict, while most are mere recommendations. A strict rule 
could be do not use mercury in any form or combination in the product, which is a 
statutory regulation and relevant to product liability. The recommendation: "try to use as 
few parts as possible" is a very relative instruction. 

Unfortunately, all these design rules together give controversial guidelines. Even 
when one requirement is met, some others might be completely disregarded. How can a 
designer find the correct balance between all these criteria? This brings our problem 
definition back to money. What combination is the most economical, i.e. involves the 
lowest cost and the highest profitability? In this context, design to profit would be the 
most optimal tool to find a balance between several others. 
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1.2.2 Restrictions of traditional accounting systems 

Financial reporting meets the demands for external accounting stipulated in the local 
legislation and is necessary for running the business. However, external reporting and 
booking systems merely report past events and describe the results of earlier decisions. 
Some companies have only such traditional booking systems. Thus, many decision-
makers lack the support of advanced internal accounting. 

Traditional bookkeeping is based on a functional organization and cost centers 
classified by functions. The profit and loss (P/L) and liability and equity (L/E) statements 
of these cost centers are combined into a consolidated financial statement. When we 
consider the financial figures of the life cycle of one product over a longer than one-year 
period, the result will look something like that shown in Fig. 6. 

Financial information spreads over several years, and it is therefore not possible to 
understand it through annual reporting. And what is even worse, the expenses that will be 
incurred in the years 2001 and 2002 (Fig. 6) have been mostly fixed by decisions made in 
1996 and 1997. The costs and profits have been designed into the product at the 
beginning of its life cycle (see Fig. 1). It is not possible to extract a retrospective cost 
statement for the product life cycle from traditional bookkeeping without extra heavy 
calculations and rearrangement of costs. There are two main reasons for this: 

1. The financial information is indexed only with account and functional labels, 
i.e. account and cost center numbers, without product/business process 
identification. 

2. Companies still consolidate their financial statements by functions, although 
they operate more and more through business processes. 

 
A C C O U N T          \             YE A R 1 9 9 6 1 9 9 7 1 9 9 8 1 9 9 9 2 0 0 0 2 0 0 1 2 0 0 2
S a l e s  re v e n u e xx x .x x x xx .xx xx xx .xx xx .xx
IP R x .x x xx .x x
M a te ri a l  c o s t
 -  E x .  w o rk s  c o s t x x .xx xx .x x xx x .xx x xxx .x x
 -  M a te ri a l  "l a n d i n g " c o s t x .xx x .x x x .xx xx .x x
R &D  c o s ts
 -  P ro d u c t d e s i g n x xx .xx x xx x .xx xxx .x x x .x x
 -  In s tru m e n ts  & e q u i p m e n t xx .x x
 -  T o o l i n g x x .xx xx .x x x x .xx xx .x x
 -  P ro to  c o s ts x x .xx xx .x x x .x x
S a l e s  & m a rk e ti n g
 -  D e s i g n  c o s ts x x .xx
 -  M a rk e ti n g  xx .x x
 -  S a l e s  o v e rh e a d s x x .xx xx .x x x x .xx xx .x x x x .xx
M a n u fa c tu ri n g  c o s t
 -  L a b o u r c o s t xx .x x x x .xx xx .x x
 -  M a c h i n e ry  c o s t xx .x x x x .xx xx .x x
 -  O v e rh e a d s xx .x x x x .xx xx .x x
D i s tri b u ti o n  c o s ts xx .x x x .xx
W a rra n ti e s
 -  R e p a i r c o s ts x x .xx xx .x x x x .xx
 -  S p a re  p a rts x x .xx xx .x x x x .xx xx .x x
P ro d u c t d i s p o s a l xx .x x
A l l o c a te d  c o s ts x .x x x .xx xx .x x x x .xx

D Ire c t p ro fi t
S u p p l y  i n v e n to ri e s xx .x x x x .xx xx .x x x x .xx xx .x x
D i s tri b u ti o n  i n v e n to ri e s xx .x x x x .xx xx .x x x x .xx xx .x x  
Fig. 6. Profit/loss format of a product life cycle. 
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The traditional accounting systems have not been designed to support the product point 
of view. How can we combine cross-functional decision-making and proactive planning 
of functions, if only function-specific profit and cost information is available? The 
product process runs across the functions of the company (Fig. 7). Each functional 
organization contributes to the process during the life cycle of the product. We should 
have a common tool to operate with cross-functional financial data. 

R&D            OPERATIONS           DISTRIBUTION
        MARKETING          SALES                    AFTER SALES

Business process/
  product line A

Business process/
  product line B

Business process/
  product line C

Business process/
  product line D

Business process/
  product lineE

 

Fig. 7. The cross-functional nature of product development and business processes. 

In literature we can find a definitions for a project business case. Project business 
case defines why the project is required and what are the results. The project business 
case outlines the project objectives, deliverables, time cost, technical, safety, quality and 
other performance requirements, and the major risks and upside opportunities. (Dixon 
2000.) 
British Standard BS6079-2 (2000) definition for the business case is: "Information 
necessary to enable approval, authorization and policy making bodies to assess a project 
proposal and reach a reasoned decision" (BS6079-2 2000). For this purpose, we define 
the product business case. The product business case is a financial calculation, that 
involves all profits and traceable expenses over the entire life cycle of the product for 
decision making. 

The first draft of the calculation is usually made before even the decision to create a 
product has been made. The calculation should include the sales revenues and the costs 
of product development and related research, materials, intellectual property rights 
(IPRs), transportation, duties, manufacturing, distribution, marketing, and after sales plus 
all general overheads. In the beginning, the business case is an estimate and it is 
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gradually updated with actual costs and revenues, which results in increasingly accurate 
estimates of actual product profitability at the later stages of the life cycle. Each product 
business case should be checked at each essential project milestone. 

The data needed in product business cases can be collected in many ways. A couple 
of approaches will be considered here. The approach called Activity-Based Costing 
(ABC) -is a practical way to handle these costs. On the other hand, nothing prevents the 
use of the conventional costing methods, either. To be able to deal with future events, we 
must estimate the future cost trends. These will be called cost roadmaps  in this text. 

Unfortunately, the importance of the business case is often underestimated. The 
business case is used only as a payback calculation of a project. This easily leads to 
consideration of only a short time span and the first direct impacts of the project. The 
effects on distribution, life cycle sales and after sales are often completely disregarded. 
Such estimates are incomplete and even misleading from the profitability point of view. 
It is also typical that a project business case is considered alone without the total effect of 
all the other projects under way in the company at the time. Business case calculations 
are typically made with spreadsheet tools, which are quite flexible and easy to start with, 
but not so easy to maintain as a corporate tool. The consolidation of several business 
cases requires a lot of manual work. A system, that would consolidate all the business 
cases would facilitate decision-making at the corporate level. 

Would it be possible to utilize the profitability information of product business cases 
in long-term planning? Long-term planning is typically completed once a year in 
connection with the strategy planning round. Product business cases are updated more 
frequently and may contain a lot of information of the early decisions of new product 
programs and their financial impacts on operations, marketing, after sales, etc. If the 
business cases have been properly made, they consist of the profit and cost estimates of 
the same elements as are used in the traditional financial calculations. Thus, 
consolidation of the business cases could give an estimate of the profits and costs in the 
near future. No such systems are commercially available, however, and there are no 
references to any in the literature, either. 

1.2.3 Synergy of systems and employees 

All these requirements challenge the existing financial support systems. There seems to 
be a need to develop new systems to support the decisions concerning product 
development. These systems should be robust and simple enough to ensure reliable 
operations and minimum maintenance. The financial systems should have a high security 
level, but still provide easy access for authorized persons. In a large company, the 
systems should operate world-wide. But systems do not control our business without 
human operators and decision-making yet. The integrity of any data processing system is 
dependent on human operators. 

How do the data come into the system? How can we know that our key persons are 
aware of financial matters? These are only some variants of the basic question: "what can 
go wrong if people do not care?" Even well-designed systems are unable to control the 
correctness of the input values, except for syntax errors. This leads to the "errors in, 
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errors out" -syndrome. Calculation is not able to correct false inputs. Correct inputs or a 
possibility to control input quality is a necessary condition for gaining motivation to use 
the system. Who would use a system that is known to give random outputs? The 
motivation for careful data input and the use of the system in decision-making are 
management problems. The management has to create structures, instructions and 
controls that motivate the employees to maintain a high input quality and to utilize the 
system results correctly. Understanding of technical and financial causal connections is a 
matter of competence. Training programs can provide a theoretical basis, but actual 
experience of program decision-making will complete the competence. 

Another problem is to provide correctly focused information to each designer, team 
leader, manager, etc. without having to train them as finance specialists. Every person 
contributes to the ultimate profit through the decisions he makes in his job, but the scope 
of this contribution varies from detailed design solutions to the selection of technologies 
and the design of particular parts of the product. 

These aspects challenge the usability of the system and its implementation in practice. 
It is not enough to construct a clever calculation system if its implementation is not 
successful. The system is beneficial only insofar as there exists a degree of synergy 
between the system and the users. 

1.3 Research task 

The history of this thesis dates back to the late 1980s, when there was a lot of inside 
discussion at Rautaruukki about the effects of customer order sizes, manufacturing lot 
sizes and manufacturing yields on profitability. Even some models were built to calculate 
these effects. These preliminary studies were followed by more complete models. The 
first model was for plate mill products and the second semi-finished plate products, and 
there was also one for hot strip products (Pesonen 1992, Pesonen 1994). Although these 
studies were based on ex post facto data, they showed that product costs could also be 
calculated in advance for non-existing products – provided we are able to specify the 
product qualities well enough. Later, this feature has emerged as the key feature in this 
research. 

The basic reference about using product life cycle analysis mainly during the product 
development phase comes from the early 1990s (Petterson 1993). It has actually been 
used for business case calculations. Such calculations have been maintained on single 
spreadsheets. Therefore, the consolidation of single calculations for a business analysis 
has been very difficult. The spreadsheets have been sensitive to human errors and 
mutually somewhat inconsistent. In addition, the business environment had changed 
remarkably, requiring more capacity and enhancements. 

Many business managers seem to struggle with the following problems: 
1. How to proactively ensure the growth of business profits in the future? 

Traditional financial systems support only past events, which is inadequate 
in modern business, where product life cycles tend to shorten steadily. 

2. How to prevent suboptimal decisions from being made in functional units 
and to promote overall profitability? 
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Most managers are only able to read the financial figures of their own 
functional area (cost center) and set their targets accordingly. 

3. How to judge the profitability of new product programs within a company? 
Generally speaking, there are more product ideas than resources to carry out 
the programs. Especially when the company has several product 
development units, decision-making is difficult without any facts. The use of 
product costing in any form seems controversial. The traditional product cost 
scenario gives meager support for decisions. Still, managers often tend to 
rely on their own calculations, which are not consistent with any of the 
company financial methods. 

4. How can we ensure an adequate level of cost consciousness and 
profitability-driven targets for the company's key employees? 
This is a general management problem. Financial figures are not generally 
distributed to everyone, but each person needs essential information about 
their own contribution to the costs and profits. 

The decisions made during the product concept and development phases of the product 
life cycle seem to determine the cost efficiency and profitability of the product (see Fig. 
1). During the production phase, the chances to modify these aspects are more limited 
and decrease further over time. This study therefore concentrates on the early design 
phases of the product life cycle. For the same reason, the title of the thesis is design to 
profit. The thesis makes an effort to explore the possibilities to influence the profitability 
of the product during the product development phase. This, in the long run, should 
increase the profits of the whole company, as illustrated in Fig. 8. 
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Fig. 8. Elements of design to profit. 
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Fig. 8 illustrates the basic proposition of this thesis: the flow of decisions on how to 
influence corporate profits through proactive and profit-conscious design. This is 
essential in a dynamic and complex business environment. The thesis aims to provide a 
more elaborate description of the elements of the design to profit flow chart and to 
demonstrate the essential role of the product business case and its construction. 

The initial input of the procedure schematically presented in Fig. 8 is the profitability 
targets of the company. The design to profit activities consistently aim towards these 
targets. The core of the procedure is proactive product design, which implements the 
most profitable solution of all available design alternatives to achieve the targets. To 
enable this, we need to have profit-conscious employees and product business case 
calculations as support. The product business case utilizes information from the 
technology, manufacturing, engineering and logistics roadmaps. These roadmaps ensure 
the feasibility of the product business case calculations. The results of product design 
will be judged in decisions concerning the profitability of new products, decisions on 
new products, and avoidance of suboptimal decisions. All these activities are 
interconnected without a clear sequence, because the procedure is iterative in dynamic 
business. 

The calculation of product business cases has an essential role in this procedure. 
Therefore, this issue will be described more detailed. Fig. 9 illustrates the calculation 
flow chart of product business cases in Fig. 8. 
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Fig. 9. Flow chart of product business case calculations. 
 
The aim is to describe how the profitability calculations of the product life cycle have 
been constructed as a system and implemented and utilized in the case environments. In 
the telecommunications case company, the business CE and PE processes control the 
flow of actions and events during the product life cycle. The roadmapping process will 
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not be considered. The connection between long-range planning, LRP, and roadmapping 
has already been briefly discussed. Some examples of functional cost roadmaps have also 
been given. 

This system utilizes known costing and calculation models. The most volatile 
parameters are the product sales volumes and unit prices. These parameters are also 
sensitive to errors in product market forecasts. Models for product market forecasting 
and sales income estimation are excluded. 

The flow of calculations is schematically described by the following steps (see Fig. 
9): 

- Decide about the financial business targets of the company (ROI, RONA, 
margins, etc.). 

- Create product business cases for all products over the life cycles by 
utilizing the company cost roadmaps. 

- Select the business cases that will be completed as product programs and 
update the functional roadmaps accordingly. 

- Check the possible gaps between the cost roadmaps, business case 
calculations and long range targets. React to the possible gaps by changing 
the products, business cases, etc. If the LRP targets are unattainable, escalate 
decisions back to LRP. 

- Maintain product business cases in line with the product life cycle 
management process requirements for each product in the company. 

- Use a multidimensional database to consolidate the business cases and to 
generate the requisite business views, and use the system continuously to 
analyze business. 

1.4 Research strategy, approach and methodology 

The strategy is to find solutions to the research task presented in the previous chapter. 
The thesis proposes the implementation of an integrated corporate level system to 
manage product profitabilities. This will be called the design to profit procedure. 
Compared to the earlier studies, this work suggests a combination of advanced costing 
methods, product life cycle analysis and multidimensional data processing to be used in 
constructing the system. The system can be constructed on a commercial SW platform. 
The customers of the system are the people who work in product programs and corporate 
management. Managers can also use the system to follow product profitability in an 
after-sales mode. 

Arbnor and Bjerke have presented a simple classification for the methodolgy for 
creating business knowledge. They illustrate three main methodologies: The analytical 
approach, the systems approach and the actors approach. The analytical approach 
represents clearly explanatory knowledge (positivistic approach), that assumes the reality 
is objective. The actors approach assumes that the reality is a social construction. This is 
also called understanding knowledge (hermeneutics). The systems approach assumes the 
reality is objectively accessible and is positioned between positivistic and hermeneutic 
approaches. The system approach oprerates with analogies in which the ground for 



 32  

comparing cases is based on similar structures. (Arbnor & Bjerke 1997.) According to 
this classification the systems approach is used in this thesis. Existing theories have been 
applied within new contexts and the relationship of the design to profit procedure and 
employees is considered in the scope of the thesis. 

The research approach is also constructive (Järvinen 1999, Olkkonen 1993). The 
starting point consists of the four profitability problems. These questions will be 
reformulated after the literature review in Chapter 2 and presented in Chapter 3 as the 
requirements for a product profitability control system. The solution of the research tasks 
is normative: The thesis introduces a new system to improve business profitability. The 
system is based on existing knowledge and processes of the case company, but the 
combination of methods and techniques is unique. No new theories have been introduced 
or formulated. Some heuristics has been applied to solve practical management problems. 
This system has been specified, constructed and verified in practice in the 
telecommunications case environment (Chapter 4). The system has been used in a multi-
site cellular mobile phone company as a global database for product profitability 
calculations since 1997. The system results have been considered in everyday work with 
the program, and the results have been connected with the other activities of the 
company. Further development of the system will mainly involve wider use in business 
analysis and the generation of better business forecasts. The results will be discussed in 
Chapter 5 using empirical case studies to validate the system properties (Eisenhardt 
1989). 
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Fig. 10. Research approaches in business sciences (Takala & Helo 2000). 
 
The positivistic approach would have required a quantitative analysis of the system, 
which would be very difficult to accomplish without disclosing some confidential 
business information. An arbitrary database would have moved the focus to the system 
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itself, ignoring the importance of implementation. The aim of the thesis has been to 
demonstrate a successful instance of implementation. This requires some hermeneutic 
research, which can be quite easily included in the empirical part of the constructive case 
study (Olkkonen 1993). The discussion of the organizational effects of the system 
resemble the action-analytical approach. On the other hand, the action-analytical 
approach would have been too abstract in view of the research task at hand. The solution 
to the problems is a concrete system, which can be analyzed, most of whose results are 
quantitative, the solution is verified in practise and an effort to generalize the solution has 
been made (Takala & Helo 2000). These features motivate the constructive approach. 

The decision-methodological approach is close to the constructive approach 
(Olkkonen 1993). There is some analytical deduction at the beginning of the thesis. Some 
existing, verified processes and calculation methods have been selected to constitute the 
design to profit procedure. It is assumed that the methods can be extended logically to 
generate this model. Further enhancements have not been demonstrated and remain as 
recommendations. On the other hand, the empirical part verifies the solutions with real 
case examples and considers the management aspects of the validity of the solution, 
which is more closely related to the constructive approach. The model construction, i.e. 
the actual combination of methods, is also more heuristic than analytical. 

Most of the references to product life cycle analysis have been made in view of 
marketing, strategic planning and environmental analysis. In this study, the product life 
cycle is used as the backbone of the system. The following is a short presentation of the 
main methods: 
Product life cycle analysis 
Life cycle analysis is widely used for many purposes. Still, only a few references were 
found concerning product profitability analysis or planning. This is surprising since, 
according to this research, this method is highly suited to product profitability 
calculations and matches with the life cycle business processes that have been used in the 
company. 
Product costing methods 
Product costing methods will be needed to generate product business cases. Product is 
used as the object of the costs in the business case. The business case also includes other 
costs, which have not been traditionally considered product costs. Activity-based costing 
(ABC) methods have been quite widely adopted into industrial applications. Related 
references report mainly past-time costing and how the costing of products and activities 
enhances the traditional view of the internal accounting of the company. However, to the 
author's knowledge, there are no references to ABC methods used in predicting future 
costs, as in this work. Both conventional and advanced costing methods can be used 
within the model. 
Multidimensional analysis 
In this work, a commercial OLAP (On-Line Analytical Processing) -database was used 
as a general platform for multidimensional data analysis. This software consists of a 
multidimensional database and configurable calculation utilities, which are suitable for 
multidimensional financial analysis. In this study, the availability of multidimensional 
data analysis tools was found to be a necessary condition for using the system in further 
business analysis. 
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1.5 Contributions 

This thesis presents an approach and a system, for implementing a design to profit 
procedure in a complex and dynamic business context by building on theories and 
conceptual frameworks drawn from many different sources. The main contribution is the 
novel implementation of the system, which enables one to control product life cycle 
profitability from the beginning of product development. The product life cycle concept 
and advanced costing methods are used to generate the product business case of the 
product family. A multidimensional database is used to consolidate the business cases, to 
enable advanced business analysis. 

In a dynamic business context, it is necessary to plan business profitability through 
proactive product design. It will be demonstrated that the product life cycle concept is a 
sustainable framework for the financial control of proactive product design. The 
advanced costing methods provide techniques to combine the parameters of product 
design with the life cycle costs. Consolidation of business cases enables one to analyze 
one’s business in a complex business environment and facilitates cross-functional 
decisions on several levels and dimensions of the company. The links with the other 
business planning activities enhance the use of the system to attain proactive industrial 
foresight without a need to deploy any extra models. In principle, the system is 
applicable to any business where the products and services can be identified as product 
families. 

The contributions of the thesis are: 
- A novel design to profit procedure is introduced to support proactive 

planning of the company’s future profits. 
- An advanced system to control product life cycle profitability is constructed 

with a novel combination of techniques: product life cycle model, advanced 
costing methods and multidimensional data analysis. The combination of the 
methods is necessary to solve all the questions presented in Section 1.3. 
Instead of discounting the values, the system uses the cost roadmaps to 
describe the changes in expenses and revenues over time. 

- The system is implemented in line with the contemporary business processes 
and financial systems. The system provides decision support worldwide in 
all units of the case company, and it can be developed and maintained 
without much effort. According to the literature review, system 
implementations of this kind are rare. 

- The system supports and enhances the employees’ profit consciousness. 
- The benefits of the system were verified in empirical problem cases in a 

complex and dynamical business environment. 
- The triple meaning of the product business case is identified: 

- As a product life cycle profitability calculation from the product point 
of view, 

- as process costs from the business process development and advanced 
cost analysis point of view, and 

- as a functional split of expenses by a product or a group of products.  
- The basic idea of the system is generic and can be adapted to other business 

sectors. 
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- The system enables a proactive approach to the financial figures and 
business control at the company level. 

- The system can be used with the long-range planning process as a basic data 
set of the existing and new products (under development). 



 

2. Life cycle analysis and product costing 

In this chapter, some life cycle studies will be briefly reviewed to point out the wide 
usage of the concept. At first, definitions and basic concepts of life cycle analysis will be 
presented, followed by some examples of product costing and profitability analysis. The 
main effort has been to quote studies where the life cycle concept has been used in 
combination with other concepts. 

2.1 Life cycle analysis 

2.1.1 Life cycle as a concept 

"The earliest reference to S-shaped curve similar to product life cycle was detected 1922-
23 by Prescott, who proposed an equation that fit the growth of the automotive industry 
from 1900 to 1920 very well". “The product life cycle concept is almost certainly one of 
the best-known if not most important concepts in marketing”. “Product life cycle is an 
almost inexhaustible concept because it touches on nearly every facet of marketing and 
drives many elements of corporate strategy, finance and production”. These statements 
are excerpts from Gardner's literature review of about 130 references. Gardner 
summarizes his findings by concluding that there is much agreement among the writers 
concerning the life cycle concept as a descriptive variable, but it does not fulfil the 
criteria of being a theory. At the end of his review, Gardner suggests that "future work 
should be tied, not only to increase our understanding of the phenomenon, but also 
increase our predictive ability." (Gardner 1987.) 

Life cycle analysis studies the phases of life, the repeated patterns that occur during 
life, and the causes and effects of incidences, aiming at something that can be recognized 
and learned from the earlier life cycles of the items under study. In everyday language, 
life cycle analysis is often associated with environmental discussion and green values. 

Uusi-Rauva et al. (1994) define life cycle as "the period of a product in the market". 
This interpretation emphasizes the marketing point of view and revenue planning, but 
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excludes the impacts of product creation and disposal for life cycle profitability. Life 
cycle analysis should consider the period between birth and decease. Even the definition 
of CAM-I excludes the period between withdrawal from the market and decease. "The 
period that starts with the initial product specification and ends with the withdrawal of 
the product from the marketplace. A product life cycle is characterized by certain defined 
stages, including research, development, introduction, maturity, decline and 
abandonment." (CAM-I 1991.) 

There are actually more than one definition of product life cycle. The definition may 
pivot on a customer view, an enterprise view or the product itself: 

- Enterprise view - when the product ceases to be produced or supported. 
- Customer view - when the product ceases to be used and is disposed of. 
- Product - type of product, market segment and whether a single product or 

part of a range. (CAM-I 1991.) 
The definition of the moment of birth and death of a product is not self-evident. The very 
first idea of a product is not the date of birth – though that might seem to be so. Ideas and 
thoughts are too vague and difficult to register, and they are sometimes forgotten for 
years or decades. Even if there are some draft drawings, they may be hard to trace. The 
first functional prototype or pilot may be the first materialization of a new product and 
also an example of systematic work and effort before reaching the point. 

In this thesis, we start counting the life cycle from the day when the systematic (i.e. 
organized and planned) effort to create the product was started. From the system point of 
view, this is also quite clear - when we are able to input the product specification into the 
system, there is the first real sign of life. This definition is also in line with the Product 
Creation process of the telecommunications case company. 

Burstein (1988) points out that life cycle costing becomes more and more crucial 
when the technology changes rapidly and the product life cycles become shorter. In 
addition, he enhances the concept by the customer view of the consuming life cycle. The 
idea presented in Fig. 11 applies especially to durable goods, such as cars. 

Discounted cost

Time

Product option 1

Product option 2

Capital
cost

Operating and
maintenace cost

Disposal
cost

trade-off

 
Fig. 11. The customer’s perspective to life cycle costs (Burstein 1988). 
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The literature also makes an important distinction between product's life cycle costs and 
its whole life costs. Life cycle costs refer to all the costs that the producer will incur and 
whole life cycle costs also include the costs that consumers incur, i.e. installation, 
operation, maintenance, revitalization and disposal. (Shields & Young 1991.) 

The product’s life cycle does not end when its manufacturing or sales are 
discontinued. There are several products still in use, and some of them may be used tens 
of years after shutting down the sales. A typical example of this is the old cars, and a less 
typical example is the cellular radio base stations, which have a very long operating time 
even after the product version is no longer on sale. As long as the company still provides 
or manufactures spare parts, the product’s life cycle continues. Consumer products 
typically last for only a certain period, if used regularly, and are ultimately scrapped or 
thrown away. 

This thesis deals with electronic products - both consumer and commodity products. 
From the company’s point of view, a suitable definition of the end of a product’s life 
cycle is the end of after sales support date. This date marks the end of the company’s 
commitment to support the product in any form. This means first closing down 
manufacturing, selling off the stock and quitting to provide spare parts. Companies 
sometimes make agreements with their customers to maintain the product for a fixed 
period. The company must prepare an estimated spare part inventory or save the tools for 
possible need. From the information system point of view, it is quite easy to detect when 
the product life cycle ends – there are no relevant data to update into the system, i.e. 
there is no sign of life. 

2.1.2 Life cycle management 

Rink & Swan presented PLC patterns, as illustrated in Fig. 12. Although not all of these 
PLC shapes have been empirically confirmed, this gives an opportunity to discuss the 
possibility to influence the shape of the curve. 
Three ideas implicit in this literature review have influenced the structure of this thesis: 

1. A critical problem for a multiproduct company is to determine how its 
limited resources will be allocated to various products in an optimum 
fashion. The product life cycle concept is a superior basis for optimizing the 
allocation of the firm's resources. 

2. The literature also suggests a multidimensional approach for 
conceptualizing future PLC research. 

3. Use of PLC in business planning. (Rink & Swan 1979.) 
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Fig. 12. Product life cycle patterns (Rink & Swan 1979). 
 
The life cycle concept is also recommended by Barksdale & Harris to optimize the 
allocation of resources and guide strategic decisions of business units in multiproduct 
companies. They consider this important while the concept recognizes the life span of 
products and emphasizes the changes of opportunities associated with different stages of 
growth (Barksdale & Harris 1982). The list of dimensions of product life cycle analysis 
is illustrated in Table 1. The list is not intented to be exhaustive, but rather to serve as a 
starting point for further conceptualization. Most of the variables in Table 1 characterize 
the company and illustrate the multivariable nature of the life cycle concept and analysis. 
(Rink & Swan 1979.) 
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Table 1. Multidimensional approach for conceptualizing future product life cycle 
research (Rink & Swan 1979). 

Variables internal to the firm 
•  Type of 

customer 
•  Consumer 
•  Industrial 

•  Functions 
•  Marketing 
•  Purchasing 
•  Logistics, etc. 

•  Degree of newness 
•  Unquestionably new 
•  Partially new 
•  Major change, etc. 

•  Product type 
•  Commodity 
•  Noncommodity 

•  Type of firm 
•  Manufacturer 
•  Wholesaler 
•  Retailer 

•  Product lines 
•  One 
•  Two or more 
•  Related or unrelated 

•  Degree of tangibility 
•  Good 
•  Service 

•  Level of aggregation 
•  Class 
•  Form 
•  Brand 

•  Size of firm 
•  Large 
•  Medium, etc. 

•  Market share 
•  Small 
•  Average, etc. 

•  Degree of perishability 
•  Durable 
•  Nondurable 

•  Price level 
•  High 
•  Medium, etc. 

•  Length and 
sequence of 
PLC stages 

•  Market reach 
•  Local 
•  National 
•  International 

•  Degree of distribution 
•  Intensive 
•  Extensive 
•  Limited 

•  Degree of promotion 
•  High 
•  Medium 
•  Low 

Variables external to the firm, but internal to industry 
•  Industry type 
•  Automobile 
•  Home construction 
•  Electronic components, etc. 

•  Industry (or market structure) 
•  Pure competition 
•  Oligopoly 
•  Monopoly, etc. 

•  Supply variations 
•  High 
•  Average 
•  Low 

•  Purchase frequency 
•  High 
•  Medium 
•  Low 

•  State on industry technology 
•  Volatile 
•  Changes periodically 
•  Stable 

Macroenvironmental variables 
•  Domestic economy 
•  Boom 
•  Bust, e.g. recession  

•  International economy (optional) 
•  Boom 
•  Bust 

 
The Logistics Management Institute of the USA has defined life cycle costing (LCC) as 
follows: “It is the total cost of ownership of a system during its operational life. It 
embraces all costs associated with the feasibility studies, research, development, 
production, maintenance, replacement and disposal as well as support, training and 
operating costs generated by acquisition of the equipment” (Harvey 1976). Another 
similar definition is presented by Corrie. "The life cycle cost of an asset is defined as the 
total cost of the asset over its operating life, including initial acquisition costs and 
subsequent running costs" (Corrie & Atkins 1991). 

Until 1975, LCC was mostly used for military applications in the USA. Harvey 
reviewed the LCC methods and suggested the following general procedure: 

1. Define the cost elements of interest. 
2. Define the cost structure to be used. 
3. Establish the cost estimating relationships. 
4. Establish the method of life-cycle cost formulation. 

The general cost elements, i.e. direct costs and overheads, are regarded as insufficient, 
and a more detailed breakdown is favored. A three-part structure of the calculation is 
suggested: R&D, investment, and operations & support. 

Harvey also reported a couple of methods for the development of cost estimating 
relationships: 
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1. Statistical correlation of history data. 
2. Linear or multiple regression. 
3. The cost of an item or activity as a function of one or more independent 

variables 
What all these methods have in common is that data collection is started at the early 
phases of product design. Today, more than 20 years after the publication of this paper, it 
seems evident that these methods were mostly applied manually case by case, since no 
applicable automatic data processing systems existed to enable flexible reporting. Harvey 
concludes his review by stating that “LCC systems should be regarded as an important 
part of management planning, forecasting and control.” (Harvey 1976.) 

Haworth simplified the definition of life cycle costing as follows: “an analytical 
process which considers all cost (and revenues) impacts directly attributable to a decision 
over the life cycle of that decision”. He condenses the benefits of life cycle costing into 
four basic principles: 

1. Life cycle costing should be applied at all decision levels throughout the 
design process. 

2. Life cycle costing should include the costs of functional operation within a 
facility. 

3. The analytical process should accommodate all decision-related factors. 
4. The analytical procedures and results should be compatible with the 

financial planning and control systems. 
The main concern seems to be how to integrate decisions in the planning, programs and 
budgeting system. There have been practical organizational problems. Nevertheless, this 
would be a significant step towards integrated financial planning. (Haworth 1975.) 
Czyzewski & Hull (1991) define planning, control and motivation as three essential and 
interdependent functions of budgeting. Concentration on only one of these would lead to 
a disaster, which means that a correct balance between the three functions must be found. 
Based on this assumption, an example of a company, Lear Siegler, is presented as an 
application of product life cycle costing in budgeting. Seven years after the introduction 
of PLC, a survey was conducted among the top managers of the company. The managers 
were asked to make decisions, based on the information provided, concerning given 
combinations of budget functions at a given PLC stage, i.e. start-up, growth, maturity or 
harvest. 

Although the managers agreed that planning, control and motivation are important, 
they did not all place the same importance on a given budget function at a particular 
stage. The case study suggests that most managers' budget as if they were in the maturity 
stage all the time and suggest training as a remedy. Balanced combinations of the three 
functions at the different stages are presented in Fig. 13. 
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Start-up         Growth          Maturity        Harvest

Planning Planning Planning Planning

Motivation
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Motivation
Motivation

Control
Control

Control

Control

 
Fig. 13. Changes in the importance of planning, control and motivation (Czyzewski & Hull 
1991). 
 
It is obvious that budgeting is here limited to product program budgeting, since life 
cycles are treated the way they are. In functional organization budgeting, product life 
cycles are mixed and it not so easy to figure out what products and which phases should 
be considered. This problem is not discussed in the paper (Czyzewski & Hull 1991). 

Critical decisions are made repeatedly during the design phase of the product life 
cycle, as illustrated in Fig. 14. An engineer has to figure out the general configuration of 
an engine against the performance targets given. Do we need a 4- or 6-cylinder concept? 
How many valves per cylinder should there be, etc.? These decisions have direct impacts 
on the material and manufacturing costs. The decisions concerning materials also have a 
tremendous impact on the manufacturing processes that can be used in, for example, 
aluminum or ceramic construction. As an example, Burstein reports a car engine rocker 
cover & cap assembly design, where a 70% reduction in part count led to a 20 % 
reduction in material costs and a 52 % reduction in assembly costs. (Burstein 1988). 

It is commonly known that the overhead expenses may cause real problems, 
especially when a new manufacturing technology is adopted. What is the investment 
planning process like in the firm, and how is it linked to product design? Without life 
cycle thinking, there is no clear link. In life cycle costing, we try to project the costs that 
are going to be down the line. Early decisions concerning the product concept, materials 
and tools actually define what machinery we will have to use, giving us an opportunity to 
estimate the costs of future investments (Burstein 1988). 
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Fig. 14. Cost impact vs. decision (Burstein 1988). 
 
Adamany & Gonsalves (1994) suggest a method for investment management, which 
consists of 4 management theories: life cycle model, performance measurement, 
advanced costing system and portfolio theory. They divide life cycle into 7 stages: 

1. Analysis: Assessment of the idea and effects of the investment. 
2. Startup: Prototyping, dedication of the manufacturing facilities, and 

practical assessment of the effects of the investment. 
3. Entry: Market entry with a new product or service. 
4. Growth: Return on investment is received as sales revenues  
5. Maturity: Profit harvesting. 
6. Decline: Sales begin to decrease. Alternatively proceed to the next stage or 

revitalize the product. 
7. Withdrawal: The company withdraws from the market. 

The importance of key information at the different stages of the life cycle is also well 
highlighted, as shown in Table 2. Attention to all the parameters is necessary in each 
phase, but the table points out the critical parameters in each particular phase. The life 
cycle concept introduces an integrated approach to planning and budgeting. Managers 
can use the same criteria for planning and judging the success of the investments. 
(Adamany & Gonsalves 1994.) 
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Table 2. Mapping of key information requirements (Adamany & Gonsalves 1994). 

Life cycle 
phase 

Time Customer 
requirement 
satisfaction 

Target 
pricing 

Resource 
requirement 

Continuous 
Improvements 

Cash flow 

Analysis Critical Critical Critical Critical Critical 

Startup Critical  Critical Critical Critical Critical 

Entry Critical Critical Critical Critical  Critical 

Growth Critical Critical Critical Critical Critical Critical 

Maturity Critical Critical Critical Critical 

Decline  Critical  Critical 

Withdrawal    Critical 

2.1.3 Product life cycle and profitability 

Susman (1989) has presented a framework for estimating life cycle revenue and costs 
and discusses the correlation between the product life cycle concept and long-term 
corporate profits. He presents the results of a study of several cases at different stages of 
the product life cycle, market entry strategies, company market position, scales of 
economy, etc. The study points out many interesting and fundamental aspects relevant to 
the present research: 

- It is important to distinguish between product life cycles and industry life 
cycles. Industry life cycles can last for decades, but the life cycle of 
particular products can be very short. These are also product classes (e.g., 
automotives) and product forms (e.g., convertibles) and product brands 
(e.g. Pontiacs). All these have different life cycles. 

- It is important to clarify for whom product life cycles are managed: 
producers, consumers or society. Producers are interested in maximizing 
profit, consumers are primarily interested in product performance in a given 
price range, and society is interested in safety, health and environmental 
issues. 

- Minimizing cost and maximizing the revenue at every stage of a product’s 
life cycle do not necessarily lead to maximum profits over the entire life of 
the products. For example, selling products at high prices to enhance 
revenues can lead competitors to enter the market and drive prices down. 

- The pursuit of the life cycle profits requires producers to think continuously 
about a product's life cycle from both the marketing and production 
perspectives. Strategic objectives and expense indicators change at different 
stages of the life cycle. 

- Market share appears to be positively correlated with return on investment 
(ROI). However, this does not imply that a company that fails to gain a 
large market share should simply give up and leave the industry. There are 
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many examples of companies that have low market shares but still earn 
above-average profits. 

- Steady sales volume does neither quarantee product’s profitability. Product 
profitability usually declines before sales volume, so product profitability is 
a better measure of product performance. Using product profitability as a 
basis for a decision to abandon a product is still a bit risky because product 
cost allocation may vary considerably in different companies and is often 
questionable. (Susman 1989.) 

Susman's main contribution is the integration of the two perspectives of the life cycle 
concept: the marketing (revenue generation) and the engineering (cost reduction) 
perspectives, into a single framework. The main actions from both perspectives have 
been illustrated in Table 3. 
 
Table 3. Actions for generating revenue and reducing costs (Susman 1989). 

Revenue Generation Cost reduction 
Product improvement: New processes 
•  features Cumulative volume 
•  performance •  experience curve 
•  durability Average volume 
Maintainability Capacity utilization 
Serviceability Focused factories 
Custom service: •  coordination costs 
•  fast delivery Advanced Manufacturing Technology 
•  “hotlines” •  less WIP, rework, inventory, floor space 
Product customization Design for manufacturing 
Expanded product line •  less assembly time 
Product warranty •  warranty costs 
New uses, new users •  training costs 
Price increases •  spare parts 
Advertising Design for logistic support 
 Design for maintainability 
 Design for reliability 

 
Susman also mentions that some cost and revenue-estimating methods have been 
published, but he does not quote or name specific articles. However, the benefits of such 
estimations are promoted as important tools to enhance the company’s profitability 
analysis. (Susman 1989.) 

Shields & Young (1991) have defined the guidelines for Product Life Cycle Cost 
Management (PLCCM) based on information from the literature and nine US high-tech 
companies, drawing the following conclusions: There are at least four components to 
effective product life cycle cost management: 

1. Life cycle costing. 
2. Product life cycle management. 
3. Organizational structure. 
4. Cost reduction methods. 

The goal of a PLCCM system is for the employees to make decisions and to take actions 
that cause a product to be designed, manufactured, marketed, distributed, operated, 
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maintained, serviced and disposed of in a way that creates and increases long-term 
competitive advantage for the firm. This is accomplished by appropriately balancing the 
critical features of the product, including the whole life cost, the method of delivery, 
innovativeness and quality. The dimensions of quality are performance, features, 
reliability, conformance, durability, serviceability, esthetics and perceived quality. 
Shields also mentions two important principles and 10 guidelines for designing, 
implementing and managing PLCCM. 
Principle #1: 

The most important determinant of the success of PLCCM is the ability to 
organize the structure and process of a firm so as to maximize the broad vision 
and integration of all of the employees and activities that are required to achieve 
the goal of the PLCCM. 

Principle #2: 
The most important behavioral variable for the success of PLCCM is well-
managed, continuous improvement. A culture of continuous improvement is 
desirable to provide a set of strong beliefs, values and goals that all employees 
share in their commitment to achieve log-term success. This, in turn, requires 
innovation, improvement of quality and a decrease of whole life cost and time. 

The following list is a summary of the ten design guidelines (Shields & Young 1991): 
1. The structure and process of a firm must create a human integrated 

enterprise. 
2. Long-term success with consumers requires low expected whole life costs - 

not only low production costs. 
3. Use only the whole life costs of a product that are relevant to a particular 

decision. 
4. Invest more in pre-manufacturing assets and in people skills to increase the 

probability of low cost, higher quality and innovation. 
5. Use more resources in the early phases of a product life cycle. 
6. Target costing is the key to establishing cost goals for a product. 
7. Cost reduction, not cost control. 
8. Performance evaluation and compensation systems should reinforce a 

whole life cycle cost perspective. 
9. All sources of organizational resistance to PLCCM must be dealt with in 

implementing a culture of cost consciousness and continuous improvement. 
10. Continuous education. 

Visits to nine US high-tech companies revealed two general sources of resistance to 
PLCCM: the employees who were to adopt views that were contrary to their professional 
training and the employees who were to abandon their functional perspectives and to 
adopt a product perspective. Especially the following examples of resistance against 
PLCCM were interesting: 

- Cost accountants who are reluctant to use parametric models for product 
life cycle cost estimation. 

- Design engineers who lack cost consciousness. 
- Engineers who develop private cost systems in response to what they 

believe are inaccurate systems operated by cost accountants. 
- Top managers who are unwilling to invest in product cost systems that 

report accurate whole life costs. 
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- Top managers and marketers who focus excessively on the sales price of a 
product rather than on its whole life. 

To avoid resistance, all employees should be involved in the design and implementation 
of the PLCCM system. (Shields & Young 1991.) 

2.1.4 Criticism and benefits 

Life cycle analysis is widely used in many applications, although it has also been 
thoroughly criticized. Life cycle costing has had considerable theoretical development, 
but few practical applications (Adamany & Gonsalves 1994). 

Most of the criticism against the life cycle concept concerns its use in marketing. 
"Forget the product life cycle!" (Dhalla & Yuspeh 1976). The opponents criticize mainly 
the use of the bell-shaped sales curve as a default or self-evident behavior of product 
sales. They demonstrate their point by illustrating the poor fitting of the curves using 
some empirical examples of product class, product form or brand. On the other hand, 
Barksdale and Harris have later presented evidence showing that the bell-shaped curve is 
a reasonable model of the sales record for many types of product. (Gardner 1987.)  

One thing that seems to block the implementation of the life cycle concept is the 
disproportionate distribution of benefits to the functional groups. One department may 
invest to generate more revenue or to reduce costs, but may not be appropriately 
rewarded for the increase of profit due to this action. Substantial training of the 
functional group members has been suggested to overcome this constraint. (Susman 
1989.) 

The benefits of life cycle concepts are summarized as follows: 
- The life cycle concept results in earlier actions to generate revenue or to 

lower costs than otherwise might be considered. 
- Better decisions should follow from a more accurate and realistic assessment 

of revenues and costs, at least within a particular life cycle stage. 
- Life cycle thinking can promote long-term rewarding in contrast to short-

term profitability rewarding. 
- The life cycle concept helps managers to understand acquisition costs vs. 

operating and support costs, i.e. to find a correct balance between investment 
costs vs. operating expenses. (Susman 1989.) 

Many articles also deal with the complexity of modeling the product sales behavior and 
using the model to predict the phases of product life (Lambkin & Day 1989). 

There are some quite commonly agreed features (Gardner 1987): 
1. Products have a limited life. 
2. Their sales history follows an S-shaped curve until the annual sales level 

off, when penetration of the potential market has been achieved, and 
eventually decline. 

3. The inflection points in the sales history identify the stages known as 
introduction, growth, maturity, and decline. Some life cycles add more 
stages, including a period of shakeout or competitive turbulence once 
growth has begun to slow down. 
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4. Finding new uses or new users or getting the present users to increase their 
consumption may extend the life of the product. 

5. The average profitability per unit rises and then falls as products move 
sequentially and inevitably through the stages. 

Concerning the question of whether concept is more important than theory, Gardner 
agrees with some earlier writers stating that "life cycle is not a theory because a theory 
must contain a systematically related set of statements, including some law-like 
generalizations, that is empirically testable." (Gardner 1987.) 

2.2 Product cost calculations 

2.2.1 Accounting definitions 

All revenues and costs have been organized into accounts. There must be an explicit 
account for each different type of revenue and expense in the company accounting 
system. The lowest-level accounts are normally consolidated first into head accounts and 
later into variable (i.e. direct) and fixed (i.e. indirect or overhead) costs. Variable costs 
change linearly with the output volume, whereas fixed costs remain constant. This is 
normally considered on an annual basis. If the reporting range is shorter, for example 
periodic, the role of the behavior of some direct costs become more and more like fixed. 
Typical direct costs are material costs, labor costs, freights and duties, and sales 
deductions. 

Traditional accounting has a historical background. However, remarkable changes 
have taken place in the industry between the time the system was developed and the 
1990s (Atrill & McLaney 1997): 

- From direct labor-intensive and direct labor-paced to capital-intensive and 
machine-paced production, 

- from a low level of overheads to a high level overheads relative to direct 
costs, and 

- from a relatively uncompetitive to a highly competitive international 
market. 

Many organizations produce mountains of cost data but provide management with little 
or no useful information on cost and performance. This leads to wrong decisions. In 
many organizations, the management doubt the traditional cost figures and often end up 
with unofficial cost analyses. (Walker 1999.) Financial accounting is organized to 
produce the kind of official financial statements required in the country where the 
company's financial statements are announced. In these statements, product costing is not 
required, and the financial departments do not need to pay attention to them. 

The three reports that together describe the financial state of the company are: 
1. Profit and Loss statement (P/L). 
2. Balance Sheet, i.e. Liabilities and Equity statement (L/E). 
3. Cash Flow statement (C/F). 
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The P/L statement consolidates the company’s revenues and expenses over a period 
(month, quarter, year) categorized in a standard form (list of accounts) and expressing the 
profit of the business period. The C/F statement presents the cash inflows and outflows 
over the period, and the L/E statement concludes the accumulated wealth at the end of 
the period. The definitions of these statements are presented in Appendix 1 (Atrill & 
McLaney 1997). 

Total cost has been defined in many ways. Atrill & McLaney (1997) present the 
concept of full costing in their book: "Full costing is not concerned with variable cost, 
but with all the costs involved with achieving some objective, for example making a 
particular product". Monden (1989) emphasizes the total cost of the quality in Japanese 
automobile industries. The necessary steps in "total cost management": 

1. Plan a product that meets the customer's demand for quality. 
2. Determine a target cost under which the customer's demand for quality is 

attainable using a blueprint based on value engineering (cost reduction in a 
narrower sense). 

3. Determine which processes achieve the target cost in production 
performance. (Monden 1989.) 

In this text, total cost includes all meaningful expenses between the revenues and the 
bottom line in the P/L statement. 

2.2.2 Challenges of product costing 

The pricing of products depends notably on the competition in the market. In a weakly 
competed market, such as a closed market, the sales price can be calculated as follows: 

Sales price = cost + profit 

Since competition is not strong, the changes in the company costs and profit targets can 
be incorporated into the sales price. In modern open markets, competition is very strong 
and the pricing equation changes to 

Cost  = sales price - profit 

The sales prices are defined by the market competition and the product’s 
competitiveness. Profit should never be bargained to ensure the company’s survival in 
the long run. Thus, costs are the target function that can be influenced by the companies. 
(Lumijärvi  et al. 1995.) 

One basic difficulty in product costing is that products do not drive all the company 
expenses. For example, it would be very artificial to allocate general management costs, 
administration, general IT-support and human resource costs, etc. on products. Even 
within a factory, there are many questionable costs, not directly driven by the type, 
number or volume of products. In addition, there are costs that are driven by substantial 
material vendors and customers. "In fact there is no single correct (product) cost figure" 
(Walker 1999). Product costs are always calculated from the financial transaction data of 
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the cost centers of the organization. Several methods exist, and each company uses a 
method of its own. 

The simplest product costing method is to use only the direct costs. In the early days, 
labor cost used to have more meaning. Everything was done manually, and output 
volume was directly dependent on the number of employees involved. When machines 
began to substitute labor in production, machine costs became less visible. Most machine 
costs are depreciation costs, which are not comparable to direct labor costs. 

It is possible to calculate the hourly cost of a machine by using deprecations and 
interest on invested capital plus operating and maintenance costs, but this not directly 
visible in the P/L statement. The following cases also easily remain as hidden costs in 
traditional accounting: 

1. What is the (account) name for the costs of the unmanned hours of the 
factory? Depreciation and interests on the capital run every second (for 8760 
hours a year), but manufacturing operates for 2000 – 6000 hours a year, 
depending on how many shifts are used. 

2. What is the (account) name for the cost of the standing hours due to poor 
product demand, material shortage and machinery breakdown? 

3. How do we visualize the costs of poor product quality, rework, repair, etc.? 
In the standard costing method, product cost is calculated based on BOM and the 
capacity demand of the product. Direct costs include the raw material (component) prices 
and the labor cost for the product-specific work time. Indirect costs are expressed in 
terms of multiplier factors and extras onto direct costs. This standard cost is used as an 
average target product cost and followed up by comparing with the actual cost calculated 
similarly. (Uusi-Rauva et al. 1994.) 

In practice, we can also find other types of standard costs. Ideal cost (theoretical cost) 
does not include any waste, scrap, inefficiency, delays, etc., representing an ideal 
situation that is never reached in real life. This standard is used to motivate efficiency 
and cost reduction efforts. Standard cost is sometimes called normal cost and used to 
point out the everyday target level. Normal cost includes the allowable level of 
inefficiency, scrap, etc., reached on a "good day". (Riistama & Jyrkkiö 1996.) Although 
the purpose of standard costing is to give targets for product manufacturing, these costs 
differ from the target costing method, which is used in the early development phases of a 
product (see Sub-section 2.2.5). 

Standard costing is a simple and suitable method for actual cost follow-up, but may 
lead to inappropriate decisions when used incorrectly in future planning. The main 
problem is that standard product costing does not provide enough information to enable 
the user to control the overheads and other indirect costs related to the product. For 
example, the production overheads multiplier is typically expressed as an additional 
percentage of the product direct cost. This value is calculated recursively from the past 
accounting figures, allowing a typically growing trend for overheads when the figure is 
used as a standard for a new product. (Shank & Fisher 1999.) 

Attempts to create generic product costing methods have been under way for decades, 
resulting in, for example, activity-based costing. Still, there is disagreement as to how 
this method should and could be applied in company accounting. In a series of three 
articles, Schnoebelen (1993) describes the design and implementation of an advanced 
cost management system (ACMS). To provide maximum benefit, however, these new 
cost management concepts must be practically integrated into the business processes and 
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operating systems (Schnoebelen 1993a). In conventional product costing methodologies 
only costs incurred in the manufacturing process are applied to products to determine the 
cost of manufacturing. The new thinking in cost management has forced accountants to 
break through the typical product costing barriers by applying all organizational costs in 
a more relevant and enlightening way. All organizational costs can be attached to cost 
objects (e.g., a process, product, customer etc.). The business objectives of the ACMS 
should include the following targets: 

- Improving the understanding of the organizational cost structure and 
behavior by products, business processes and business activities. 

- Improving product costing to enhance product and customer profitability. 
- Highlighting opportunities to reduce or avoid costs. 
- Improving cost planning and simulation capabilities. 
- Supporting the cost management information needs of non-manufacturing 

and non-financial functions, including product design, engineering, 
purchasing and marketing. 

- Better utilizing manufacturing and administrative resources. 
- Improving performance reporting. 
- Providing a sound, fundamental cost accounting framework. 
- Increasing the timeliness, efficiency, reliability and accessibility of financial 

information. (Schnoebelen 1993b.) 
The system features that correspond to these objectives are illustrated in Table 4. A lot of 
attention has been given to the implementation of ACMS. Three different (concurrent, 
pilot and phase) approaches to implementation have been recognized and described. Data 
validity control is also considered a very important measure of system quality. 
(Schnoebelen 1993b.) 
 
Table 4. Integrated Advanced Cost Management System (ACMS) features (Schnoebelen 
1993b). 

Integrated ACMS Features 
Cost Planning Cost Accounting Reporting 

•  Budget development 
through activity 
allowances 

•  Standards development 
•  Integrated planning steps 
•  Plan-to-Plan 

reconciliations 
•  Simulation capability 
•  Logistics routing concept 
•  Volume forecasting 

impact on costs 
•  Use of composite 

standards 

•  Variable and fixed costs 
•  Activity costs 
•  Inventoriable vs. non-

inventoriable product costs 
•  Process value costs 
•  Tie costs to value chain 

processes 
•  Simplify allocation processes 
•  Provide concepts of frozen, 

current standard and simulated 
costs 

•  Apply product development 
costs to brands 

•  Integrate cost and non-cost 
performance measures 

•  Brand cost and profitability 
reporting 

•  Activity and process 
expense reporting 

•  Simulation capability 
•  Provide on-line inquiry 

capability with cost tracing 

 
In this text, product cost means the material plus direct labor costs and the overhead 
costs, including machine depreciations. The scope of the definition ranges from the 
factory’s incoming material storage and to the semi-finished product inventory. 
Therefore, product cost is only a part of the product business case, which aims to 
describe the total costs of the product during the CE and PE processes. 



 52  

2.2.3 Activity-based costing 

One well-known advanced costing method is activity-based cost (ABC). The main 
advantage of ABC is the more direct assignment and traceability of costs. ABC was 
originally developed in manufacturing, but it is being adopted in other areas, such as 
services and the public sector. ABC adds value to the financial accounting system by 
incorporating operational and quality information with financial data and assigning this 
information to objects, i.e. the initial drivers of the costs. The idea is illustrated in Fig. 
15. ABC monitors the use and efficiency of the way the resources have been used in the 
activities. Secondly, it also monitors the way in which these activities have been utilized 
to produce the objects, i.e. the products and services. An activity is an operative unit 
focusing on limited actions. Typical activities are selling, purchasing, assembling and 
packaging. 

Resources

Activities

Cost Objects

Activity Cost
Assignment

Resource Cost
Assignment

Unused
Resources

Resource
Drivers

Activity
Drivers

Unused 
Activities

Organization

Process Hierarchy

Material Supplier,
Component,
Product Family,
Service, Customer,
Channel, Market,
...

 

Fig. 15. ABC costing from resources through activities to objects (Paasovaara 1996). 

All these activities inevitably utilize resources; people, materials and consumables, 
machines, money, facilities, etc. In each activity, the resources are spent on objects, i.e. 
products or services. Fig. 15 illustrates the cost drivers - the relationships between the 
resources, activities and objects. The resource driver indicates how much resources an 
activity requires, and the activity driver defines how much an object utilizes an activity. 
In the literature, the names of the drivers vary, i.e. they are called input drivers, volume 
drives, level drivers, etc. The selection of correct drivers is an essential success factor for 



 53  

good calculation results. An incorrect driver may lead to erratic results. (Lumijärvi et al. 
1995.) 

In proactive cost calculation, we estimate the resource costs for any activity. To avoid 
further confusion in this text, the following definition is used. Both resource and activity 
drivers may consist of two parts: driver quantity and driver value. Driver quantity 
indicates the numbers of occurrence, and driver value indicates the rating of a 
transaction. 

ABC can use several level drivers to allocate the overhead expenses on an object. The 
purpose is to use the most descriptive driver for the costs. The resource cost of unit level 
activities is divided by the number of transactions differently from the calculations on a 
batch or any higher level of activity (see Fig. 16). 

FACILITY

PRODUCT

BATCH

UNIT

FACILITY LEVEL EXPENSES

PRODUCT LEVEL EXPENSES

BATCH LEVEL EXPENSES

UNIT LEVEL EXPENSES

TOTAL PRODUCT EXPENSES

PRODUCT
PROFIT/LOSS

UNIT PRICE

UNIT VOLUME

 

Fig. 16. Different levels of costs (Cooper 1990). 

This feature has been found useful in revealing the hidden costs of small batches in the 
Rautaruukki Raahe Steel works. (Pesonen 1992, Pesonen 1994). The ABC method was 
also demonstrated in the telecommunication industry, where the cost efficiency of 
generating new products was studied well before the products were launched. The study 
focused mainly on product variation costs during the manufacturing (Ojala 1997). 

The product cost is calculated based on the known activities, resource quantities and 
resource usage in an activity by object. If we can estimate the characteristics and volumes 
of the future products, it is also possible to estimate the cost roadmaps using ABC. 
The unit cost of an activity (i) for a product j as 
 

Unit cost (i,j)   = cost driver value (i)  * cost driver quantity(i,j) 
 
The addition of a discrete time parameter t into the formula results in cost roadmaps. 
 

Unit cost (i,j,t)   = cost driver value (i,t)  * cost driver quantity(i,j,t), 
 
where  t is a discrete time variable (e.g. day, period, quarter, etc.), 
  i is an activity, 
  j is a product. 
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"ABC analysis highlight for managers where their action will likely have the greatest 
impacts on profits" (Cooper & Kaplan 1991). For example, the reduction of the product 
test time will also reduce the unit cost of the testing of the product. These changes can 
already be considered during the CE process using the cost roadmaps, provided that we 
have at least an estimate of the product cost driver quantities. During the PE process, the 
managers should attempt to re-evaluate the products and search for ways to reduce 
resource consumption. This might lead to a need to re-design the product with fewer 
components by implementing continuous improvement programs or adopting new 
technologies. 

Walker (1999) suggests integrating ABC with other techniques, such as: 
- Attribute-Based Costing (ABCII), which integrates market research, quality 

function and other techniques, 
- (Limited factor) Contribution Analysis and 
- On-Line Analytical Databases (OLAP). 

Attribute-based costing separates the cost of products and services from the cost of 
various other external and internal cost objects. In short and medium term, (ABCII-
based) contribution analysis a powerful technique for exploring profitability at the 
product, channel, market segment and customer levels. Limited factor contribution 
analysis gives an enhanced view of product profitability: In Table 5, product A appears 
to be more profitable when the percentage of sales contribution is used. If there were 
limited capacity hours available and demand for the product, the annual contribution of B 
would be over threefold compared to a situation where only B was sold. 
 
Table 5. An example of contribution analysis (Walker 1999). 

Account A B 
Sales 100 100 
Direct costs 40 60 
Contribution 60 40 
Hours (per product) 20 4 
Contribution per hour 3 10 

 
OLAP database systems provide the advantage that they enable data from different 
systems, such as spreadsheets, accounting, etc., to be automatically combined, processed, 
and presented (Walker 1999). 

2.2.4 Theory of constraints 

Noreen et al. (1995) analyzed the theory of constraints (TOC) and its implications for 
management accounting. "Goldratt believes it is necessary to purge the term product 
cost from our vocabulary" (Noreen et al. 1995). Goldratt argues that activity-based 
costing cannot give reliable answers to the question of "what impact will this decision 
have on throughput, operating expenses and assets". Goldratt insists on this point because 
he believes that the term product cost is synonymous with fully allocated product costs in 
the minds of many managers. 
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Goldratt’s theory has three building blocks: Throughput, operating expenses and 
assets (Goldratt 1990). Throughput is defined as the rate at which the system generates 
money through sales. Operating expenses are defined as all the money the system spends 
in turning inventory into throughput, and assets as all the money the system invests in 
purchasing things it intends to sell. Profit is measured by throughput minus operating 
expenses and profitability by profits divided by assets. (Goldratt & Cox 1992.) 

Accordingly, they motivate managers to apply the theory of constraints because many 
managers seem to focus their energies on cost reduction rather than on profit 
enhancement. This brings out the key strength of TOC – its simplicity: Only the 
workload and the capacity of the bottlenecks are essential. TOC is defined as an analysis 
procedure of anything that limits the system achieving higher performance versus its 
goal. TOC thinking is based on the following continuous improvement procedure: 

1. Identify the system's constraint(s). 
2. Decide on how to exploit the system's constraint(s). 
3. Subordinate everything else to the above decision. 
4. Elevate the constraint(s). 
5. If a constraint has been broken, go back to Step 1. Do not allow inertia to 

cause a system constraint. (Goldratt 1990.) 
A comparison of the most frequently used accounting practices is illustrated in Table 6.  
 
Table 6. Comparison of variable costing with throughput accounting (Noreen et al. 
1995). 

Conventional 
variable  
costing 

Variable costing with direct 
labor classified as fixed 

Throughput accounting Simplified throughput 
accounting 

Revenue Revenue Revenue Revenue 
-Direct material -Direct materials -Totally variable   costs -Direct materials 
-Direct labor    
-Variable overhead -Variable overhead   
=Contrib. Margin =Contrib. Margin =Throughput =Throughput 
-Fixed expenses -Fixed expenses -Oper. expenses -Oper. expenses 
=Profit =Profit =Profit =Profit 

 
The official definition of throughput is revenue minus total variable costs. However, 
some companies exclude all the other expenses, such as the variable selling and shipping 
costs, considering direct material the most significant factor. Thus, a simplified version 
of throughput accounting is also used. The visible difference between conventional and 
throughput accounting (Table 6) is the handling of direct labor, which is considered as a 
fixed cost. The variable cost nature of direct labor seems to be more a historical reminder 
than contemporary reality. In many companies, labor cost is, in practise, treated as a 
fixed cost. (Noreen et al. 1995.) 

TOC has been succesfully applied also with ABC. Southwestern Ohio Steel has 
implemented a pricing model based on ABC and TOC. This model has been used to 
analyze and justify manufacturing cycle-time improvements. (Campbell 1995.) 

Fritzsch suggests that the conflicting viewpoints of product cost of TOC and ABC 
can be resolved using different time horizons. ABC is recommended for strategic 
planning and TOC for the short-term purposes. As the time horizons increase, the 
solutions produced by TOC begin to look more and more like those produced by 
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conventional cost accounting techniques. Applications of ABC in strategic planning 
appear to be well documented. These implications seem obvious, but the writer does not 
verify his statements thoroughly. (Fritzsch 1997.) 

2.2.5 Target cost management 

CAM-I (Consortium for Advanced Manufacturing – International) was established 1972 
as an international non-profit-organization to carry out research and scholarship on 
management and manufacturing technology systems. CAM-I has launched an extensive 
study labeled as target cost management (TCM). The CAM-I study group made the 
following conclusions concerning the major changes needed: 

- An overall management system is required to set the targets and to channel 
the decisions of all those involved in product definition and development 
towards wider corporate goals. 

- Product management must widen to incorporate both physical and service 
attributes measured in terms of customer value. 

- Cost management must shift its focus from accounting for the sake of 
accounting to enable expenditures to be used as a planning tool for creative 
product and process design. 

- Product profitability must be assessed and planned in the context of a 
comprehensive life cycle and the relationship of a broad market value 
chain. (CAM-I TCM Study Group statements 1994.) 

The following quotations have been taken from a state-of-the-art review about target 
costing. Target costing is a cost management concept that has been developed and 
practiced in Japanese companies since the 1970s and has been described in English 
mainly by Japanese authors. Target costing is built on a comprehensive set of cost 
planning, cost management and cost control instruments which are aimed primarily at the 
early stages of product and process design in order to influence product cost structures 
resulting from the market-derived requirements. The target costing process requires the 
cost orients coordination of all product related functions. (Horváth 1993.) 

Japanese management accounting uses classification of predetermined and actual 
costs. Predetermined costs are the expected measures of the cost before production, while 
actual costs are calculated after production. Predetermined costs are divided into standard 
costs and estimated costs. Standard costs depend on statistical data and are utilized as an 
index for cost management. Estimated costs depend on the managers' past experience or 
intuition (Makido 1992). 

Target costing, as it has been developed in Japan, was invented by Toyota in 1965. 
Thus, the use of target costing has a long tradition at Toyota. At Toyota, they talk about 
cost planning and cost control, i.e. influencing product costs during the design phase and 
keeping the running costs as low as possible. Reducing cost through continuous 
improvement, "cost kaizen", is becoming relatively less important, because the efforts 
made throughout the company will inevitably lead to fewer opportunities to cut costs. 
(Tanaka T 1993.) 
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For example, the lifetime target profit Ps of a new model (e.g. Celica) is calculated as 
follows: 
 

Ps = P% * Sa 
 
where P% is the profit ratio of sales and 

Sa is the target sales. 
 
The sales target is calculated using the retail price 
 

Sa = Us * Qs  

 
where Us is the target retail price and 

Qs is the target production volume over the product’s life. 
 

Tanaka M (1989) claims that 80-90 % of the life cycle cost is determined at the design 
phase of the product. Therefore, the present cost control system is focused on the design 
phase. The system consists of five stages: planning, concept design, basic design and 
manufacturing preparation. The phases are outlines below: 
 
STEP1: Planning  
Summarize the new product plan in a document that clarifies the design requirements: 

1. Outline the product's concept and mission. 
2. Generate primary specifications for the product's performance and design. 
3. Schedule the product's design, manufacturing and marketing. 
4. Define product target cost, selling price and volume. 

STEP2: Concept design  
Formulate the basic concept of the new product based on the design requirements 
mentioned in step 1. 

1. Formulate the main functional areas. 
2. Assign the target cost to the functional area of the new product. 
3. Design the basic product concept under the target cost. 
4. Use a rough cost estimate to ascertain whether the basic product concept 

has been designed to fit the target cost. 
STEP3: Basic design  
Make a general drawing of the product based on the previous steps: 

1. Assign target cost to the top and middle functions of each functional area or 
main component of the new product. 

2. Frame a general drawing under the target cost. 
3. Use a rough estimate to ascertain whether the general drawing has been 

designed to fit the target cost. 
STEP4: Detailed design 
Write the product's manufacturing specifications based on: 

1. The detailed manufacturing specifications under the target cost. 
2. A detailed cost estimate to ascertain whether the product's manufacturing 

specifications have been designed to fit the target cost. 
STEP5: Manufacturing preparation 



 58  

Write the product's manufacturing specifications based on: 
1. The design of the manufacturing process, type and jig under the target cost. 
2. The detailed cost estimate used to ascertain whether the manufacturing 

preparations for the product are accomplished within the target cost. 
(Tanaka M 1989.) 

Boer and Ettlie (1999) report a case where a car manufacturer could have prevented a 
$300 million mistake by using proactive target costing. The survey was conducted 
among the top-performing US R&D units and resulted in 126 questionnaires, of which 
77 showed an orientation towards market-driven cost control. Xerox is mentioned as one 
the well-known practitioners of systematic proactive cost planning. (Boer & Ettlie 1999.) 

According to Shank & Fisher (1999), target costing seems to be applied mostly at the 
early stages of product development, but the case of Montclair Paper Mill shows how the 
target costing principle can be applied at a later stage of the product life cycle. The 
situation of Montclair Mill seemed gloomy: The mill was making $700 loss per every ton 
of paper sold. The management believed that the loss was related to the market price 
rather than their own manufacturing. The standard cost of $2900 per ton was thought to 
be based on a solid analysis and was taken for granted. 

The implementation of target costing was introduced with a new target of $1162 per 
ton, which equals a 60 % cost reduction. The management accepted the challenge, and 
after ta cost-driven analysis, four major reductions were accomplished: 

1. Fiber cost: 60 % cost reduction. 
2. Paper machine cost: Yield from 47% -> 75 %. 
3. Dye costs: material savings of $250 per ton incorporated in the yield 

improvement at the paper machine resulted in an amazing $769 reduction 
per ton. 

4. Conversion costs: Based on benchmarking, a reduction from $303 to $150 
was challenged with the risk of possible outsourcing. During 18 moths, the 
cost dropped to $240, and the continuous improvement seemed to gain even 
more. 

Together, these produced the desired level of costing and a dramatic turnaround in the 
mind set. (Shank & Fisher 1999.) 

Cooper & Slagmulder (1999) gives a comprehensive review of the application of 
target costing. He emphasizes the strategic value of target costing in managing the 
company’s future profits. According to their study of seven Japanese companies, the 
target costing discipline has been structured into three sections, as illustrated in Fig. 17. 
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Fig. 17. Three main elements of the target costing process (Cooper & Slagmulder 1999). 
 
Successful application of this process (Fig. 17) requires a highly disciplined approach. 
Each of the main phases must be balanced to avoid unrealistic target setting. The process 
starts from the left, byt setting the company's long-term sales and profits objectives, and 
continues through the product level targets to component level target costing. The role of 
the product chief engineer is remarkable in the fundamental decisions concerning product 
and component target costing. The senior management tends to push down the product 
target costs as much as possible while the chief engineer must find the realistic limits in 
co-operation with the design teams and the suppliers. Once these have been decided on, 
the Cardinal Rule is applied to ensure that discipline is maintained throughout the design 
process. The Cardinal Rule of target costing is: "The target cost must never be 
exceeded". The Cardinal Rule controls the process in three ways: 

1. If the design does not reach the target costs, the offsetting saving must be 
found somewhere else. 

2. The company does not launch any product exceeding the target costs. 
3. The design transfer to manufacturing must be well controlled to achieve the 

target cost. 
As a conclusion, the early involvement of proactive product cost management has been 
highlighted as a major advantage of some leading Japanese companies in highly 
competitive markets. (Cooper & Slagmulder 1999.) 

2.3 Multidimensional databases 

"12 rules or 18 features are far too many for most people to carry in their heads; we are 
pleased that we were able to summarize the OLAP (On Line Analytical Processing) 
definition in just five key words: Fast Analysis of Shared Multidimensional Information 
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— or, FASMI for short" (OLAP report 2000). This definition was first used in early 
1995, and it has not needed revision since: 

- Fast means that the system is targeted to deliver most responses to users 
within about five seconds, with the simplest analyses taking no more than 
one second and very few taking more than 20 seconds. 

- Analysis means that the system can cope with any business logic and 
statistical analysis that is relevant for the application and the user, and keep 
it easy enough for the target user. 

- Shared means that the system implements all the security requirements for 
confidentiality (possibly down to cell level) and, if multiple write access is 
needed, concurrent update locking at an appropriate level. 

- Multidimensional is our key requirement. If we had to pick a one-word 
definition of OLAP, this is it. 

- Information is all of the data and derived information needed wherever it 
is and however much is relevant for the application. 

Papers on the application of multidimensional data handling were found from the 
Internet, but their number was quite limited, although the technology and the commercial 
products have been on the market for years. The following quotation, however, describes 
the potential very well. (OLAP report 2000.) 

"The multidimensional model is the most natural way to view business information, 
which is one explanation for why it is catching on so rapidly. In a multidimensional 
world, a business analyst is free to manipulate data in novel ways, in order to derive 
additional business value. But handling large volumes of multidimensional information 
in a practical way is far from easy, and the obvious solutions are certainly not the only 
way and rarely the best. The first difficulty of working with multidimensional models is 
one of size. While small volumes of multi-dimensional data can be handled readily in 
RAM (Random Access Memory), this technique doesn't work for large problems and 
multidimensional applications can get very large indeed, because they are often used to 
analyze large parts of a business in surprising detail." (Pendse 1997.) 

The performance limitations of the processing system are constantly decreasing, as 
RAM memory prices are coming down and processor speeds are going up. This 
limitation has also been noticed in PLP. RAM size and server processor speed affect 
remarkably the response times of the system. The system design and the number of 
dimensions also affect the performance. 

The application areas of multidimensional databases are already very wide, including 
financial reporting and consolidation, management reporting, executive information 
systems, profitability analysis and quality analysis. More information of the application is 
available in the web references. The following list is an excerpt from the original list of 
case studies: 

- Multinational retailer: An unusual combination of products from four 
suppliers (relational database, OLAP database, and two competing client 
tools) is used for complex retail marketing and financial analysis (April 3, 
2000). 

- Barclays Bank: A sophisticated OLAP application allows the risk on loans 
to be managed for maximum profit (December 20, 1999). 
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- Deluxe Corporation: Planning and analysis applications have saved $10m 
and provided more accurate forecasting capabilities for the world's number 
one check printer (October 15, 1999). 

- Hewlett-Packard: Hundreds of users in various departments get speedy 
operational reports using a desktop OLAP deployed over a corporate 
intranet (November 19, 1998). 

- Kvaerner: This $10bn Norwegian multinational had to adapt its financial 
reporting systems to cope with a large UK takeover (December 8,1998). 
(OLAP report 2000.) 

2.4 Researcher's summary 

The life cycle concept and life cycle analysis have been used for several decades to 
support business decisions. The definition of life cycle varies, depending on the purpose 
for which it is used. In this thesis, the producer point of view will be used to highlight 
business profitability for as long as the company decides to support a given product. 

Life cycle analysis is generally considered a good concept for integrating several 
views: 

- It works cross-functionally, which enables the company to aim at its overall 
targets. 

- It supports decision-making at every stage of the life cycle. 
- It can be used in planning and assessing the profitability of the investments. 
- It provides a basis for optimizing the allocation of the company resources. 
- It can simultaneously consider both revenue generation and cost reduction 

decisions. 
- It supports both the launching of new products and the decisions to abandon 

old products. 
- The concept is scalable according to the aims and targets: It is possible to 

consider such issues as the product life cycle, the brand life cycle or the 
industry life cycle. 

- It can be used both in short-term and long-term profit considerations. 
- It provides a sustainable basis for product data management. 

The life cycle concept seems to be versatile. On the other hand, however, this seems to be 
a problem. There is no underlying exact theory, which makes the concept vulnerable to 
criticism. This also applies to some business managers, who focus on functional or other 
specific results rather than on life cycle results. Some accounting people also find it very 
difficult to fit product profitability estimations to their exact accounting systems. This 
may be the reason for the few practical implementations of the concept. Generally, all the 
texts that deal with the implementation of advanced information systems seem to 
presume careful planning, training and involvement of all stakeholders from the early 
stages of the project onwards. 

It seems that the most natural way to measure profitability, especially during the early 
phases of the life cycle,is to consider the product as an object. Therefore, the product 
business case is a motivated choice for further profitability studies. According to the 
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literature, we can define the difference between the traditional meaning of the product 
cost and the product business case. From the life cycle analysis point of view, the product 
business case is the product life cycle profitability calculation, while from the ABC point 
of view, it is the process cost during the product life cycle management process. This 
similarity also motivates us to use the ABC methods with the life cycle analysis. The 
traditional product cost is only the manufacturing part of the costs in both cases. 

TOC can be applied throughout the life cycle of products. TOC gives a simple but 
effective logic to manage the company level profits without using product costing 
methods. The same philosophy can be used with consolidated product business cases in 
the design phase already, i.e. even before the products have been launched. In this study, 
we do not need the word 'product cost', because the product business case is used. 

Does the literature study solve the research task? There are partial answers to single 
questions, but none of the quoted studies will answer all of the four questions presented 
on page 19. The applications of life cycle and target costing seem to tackle the early 
profit estimation, the cross-functional view of business and proactive resource planning 
(Shields & Young 1991, Rink & Swan 1979, Tanaka T 1993). Close integration of the 
financial planning systems and the importance of the employees’ cost consciousness have 
been suggested in some references (Schnoebelen a, b, c 1993, Shields & Young 1991). 
Avoidance of suboptimal decisions also requires continuous profit control (Burstein 
1988, Czyzewski & Hull 1991) and a possibility to consolidate and analyze the business 
information (Rink & Swan 1979, Susman 1989, Walker 1999). The TOC philosophy also 
supports achievement of the company level targets in any functional area (Goldratt 
1990), and advanced costing methods improve our understanding of the financial 
relationships and facilitate the analysis of practical situations (Cooper 1990, Pesonen 
1992, Pesonen 1994). The methods we will need to solve the research task exist as 
fragmentary pieces of information in the literature. 

To solve the research task presented in this thesis, we will need to combine several of 
these concepts and theories effectively, construct the necessary system(s) and implement 
a design to profit procedure, as suggested in Fig. 8. There also seems to be a gap between 
the business demands and the practical applications used to support decisions. Some 
papers published after the year 1997 also demonstrate that other researchers have 
presented ideas similar to those presented in this study, but there is no similar 
implementation of the methods and design to profit procedure into practice. 

This thesis will make a practical effort to construct a system using a combination of 
the presented methods because this seems to be the only way to solve the research task 
presented in Section 1.3. This is vital in the selected case environment, where we deal 
with dynamic and complex decision-making and need to support the design process of 
the company proactively. 



 

3. System construction 

3.1 Requirements for the design to profit system 

The necessary element in the design to profit procedure is the system used to calculate 
the product business case. The questions presented in Section 1.4 are translated into the 
requirements of the system within the scope of the study. In order to answer the research 
questions, the system requirements are outlined by considering the following conclusions 
of the literature review and method selection: 
 
1. How to act proactively to ensure the growth of business profits in the future? 

It is impossible to give a conclusive answer to this question in this study. A lot of 
things depend on the product roadmapping process and the strategy process, which 
are out of the scope of this thesis. Within its scope, however, we can define what is 
needed to support product development in designing profitable products. According 
to the literature review, we can suggest the following solutions: 

- Early profit planning, target costing, estimation, and follow-up of product 
profitability (Michaels & Wood 1989, Susman 1989, Makido 1992, 
Horváth 1993, CAM-I TCM Study Group statements 1994, Tanaka M 
1989). 

- Proactive resource planning using the product life cycle concept (Rink & 
Swan 1979). 

- Possibility to analyze the product portfolio of a multi-product company 
(Haworth 1975, Harvey 1976). 

2. How to avoid suboptimal decisions in functional units and to promote overall 
profitability? 
This question is actually part of the answer to the first question (above). The 
simplest solution is to a provide a cross-functional view of the costs and profits 
through advanced and integrated financial systems and education (Shields & Young 
1991 and Schnoebelen 1993c): 

- Company-wide alignment of the financial targets (no controversial targets 
in the functions). 

- Cross-functional trade-off calculations during the life cycle. 
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- Cross-functional control of the total cost over the life cycle. 
- Integration of the advanced cost management and other financial 

information systems. 
- Financial training of the employees. 

3. How to judge the profitability of the new product programs within the company?  
This question is also related to question one, and the solution is similar: 

- The use of life cycle analysis to support the decisions to start product 
development (Rink & Swan 1979, Adamany & Gonsalves 1994). 

- Systematic comparisons of product business cases and continuous follow-
up of profitability during the life cycle (GO/NO GO decisions) (Burstein 
1988, Czyzewski & Hull 1991, Shields & Young 1991). 

- Consolidation and analysis of product business cases by business lines, 
market areas, etc. (Rink & Swan 1979, Susman 1989, Walker 1999). 

- Integration with LRP (Schnoebelen 1993c). 
4. How to ensure sufficient cost consciousness and profitability-driven targets for the 

company’s key employees? 
To avoid resistance during the system implementation, we should give enough 
attention to the the employees and stakeholders: 

- Ensure understanding and competence of financial relationships (Shields & 
Young 1991). 

- Involvement of the employees in system design (Schnoebelen 1993c). 
- Consistent and integrated design of the system (Schnoebelen 1993c). 
- Global use of the processes and the system (Schnoebelen 1993b). 

The experiences reported by other researchers support the following heuristic set of 
definitions of the system features. 

3.1.1 Proactive profitability decision support 

In this case, the product life cycle is managed by the CE and PE processes (see Figs. 4 
and 5). Design to profit is a procedure that is linked to the product life cycle management 
process via its elements. In addition, we require a description of the process, which 
controls the business case calculation system presented in Fig. 9. 

The system has to support product-oriented decisions along the life cycle. The 
decisions and information support needed depend on the phase of the life cycle, as 
illustrated in Table 2 and Fig. 14. The most challenging task in system construction is the 
need to support the decisions at the very beginning of a product program. We should 
create added value for the customers during the product development phase and estimate 
the effects of the design changes on product profitability. The system should enable 
"early profit planning, target costing, estimation and follow-up of the product 
profitability". In most decision problems, we will have to choose between two or more 
alternatives. Therefore, comparability and repeatability seem to be more important than 
absolute accuracy of the values. 
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The primary target of the product business case calculation system is  

to give the best available information of product profitability 
at any point of the product life cycle. 

3.1.2 Cross-functional total profit over the life cycle 

The scope of the profitability calculation system should include or support company-
wide alignment of the financial targets, cross-functional trade-off calculations during the 
life cycle and cross-functional control of the total cost over the life cycle. The product 
business case should present, at any given moment, the best available facts or estimates 
for product profit and loss (P/L), product liabilities and equity (L/E), and product cash 
flow (C/F) statements over the life cycle of the product. 

Several different trade-off calculations will be needed during the product 
development phase. The following typical questions are frequently asked: “What is the 
effect on manufacturing costs if components are added or removed?", “Is it profitable to 
substitute 20 discrete components with one IC?” and “Are there differences between the 
shipping and transportation costs of large and small batches?” Product designers should 
have some tools or guidelines to make such decisions. Thus, the requirement will be 
stated as: 
 

The business case calculation has to consider all meaningful  
cost accounts cross-functionally 

from the top to the bottom line of the P/L statement 
over the life cycle of the product. 

3.1.3 Integration requirements 

The following features are needed to fulfil the integration requirements of the system: 
- Consistent and integrated design of the system.  
- Integration of the advanced cost management and other financial 

information systems. 
- Integration with LRP. 
- Proactive resource planning using the product life cycle concept. 
- Global use of the processes and the system.  

Generally, companies should avoid building separate or isolated systems of financial 
planning. The results of an isolated system cannot be in harmony with the other planning 
systems. Therefore, the system should link with the financial planning process. This 
requirement was also described in Fig. 9, where the scope of the dissertation was 
presented: Integration with the company’s long-range planning (LRP), short-term 
planning (STP) and financial reporting (FR) is necessary. 
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The planning of human resources is based on a specific system in modern companies. 
The link with the resource planning (or allocation) system is important and necessary. 
These systems have to work interactively. The PLP system supports product decisions 
from the financial point of view, and resource planning shows the availability of the 
resources. To be able to work proactively, some level of simulation of hypothetical cases 
should be possible with both systems. This would also be ideal for calculating the 
roadmaps of the resource unit costs. 

The PLP system should integrate all product development centers to use the same 
process and system in profitability planning. Global use is a major challenge from the 
point of view of any IT-system. Each authorized user should have similar possibilities to 
access the system for information from his/her office terminal, and the response time 
should also be reasonable. 

3.1.4 Multidimensional consolidation and analysis 

The business drivers for multidimensional analysis are possibility to analyze the product 
portfolio of a multi-product company, and consolidation & analysis of the product 
business cases by business lines, market areas, etc. As shown in Fig.14, business case 
profitability information is essential for many decisions. Once we have a deterministic 
system to collect, calculate and consolidate business cases, it is necessary to enable the 
analysis of this information on all relevant dimensions. Minimization of the number of 
dimensions is a general recommendation to keep the system as simple as possible. 

It is not a straightforward thing to use Table 1 for the definition of the variables and 
dimensions. At first, we have to exclude "macroenvironmental variables" and all the 
variables that can be fixed for the selected case. We can, for example, fix the "type of 
customer" as "Consumer", but we have to keep Market as an operative variable, because 
we want to describe the sales areas in more detail than by merely referring to them as 
"International". Time, Money (accounts) and Product are necessary to fulfil the 
requirements presented in the Sub-section 3.1.1. Functions is needed for cross-functional 
breakdown calculations (Sub-section 3.1.2). The Currency requirement is derived from 
the users' reporting demands. Business analysis and calculations require categories to 
differentiate the operative model from speculative or simulated models. 

It would be good to be able to consolidate the same data in both the functional and 
process directions, i.e. according to cost centers and product business cases. This would 
help in cross-checking the calculations. The functions dimension represents the vertical 
direction, and the programs dimension will be needed for the horizontal direction (see 
Fig. 7). A sustainable and dynamic database management logic will also help to maintain 
the system in the long run. To support the cases described below, the system should be 
able to handle data on the following dimensions (Pesonen 1998): 

1. Time 
2. Account 
3. Product 
4. Market 
5. Function 
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6. Program 
7. Currency 

3.1.5 System design and implementation 

The business drivers for consistent system design and implementation are: 
- Involvement of employees in system design. 
- Consistent and integrated design of the system. 
- Ensurance of understanding and competence of financial relationships. 
- Global use of the processes and the system. 

The human fear of changes is always a very significant factor that should be considered 
in every case (Goldratt 1990). In this case, the global nature of corporate operations is 
also a major challenge for system design, not only technically, but also mentally. 
Therefore, the system should be introduced carefully. 

A solid and flexible process for data inputs is a necessary prerequisite for the whole 
concept. The work should be organized so as to minimize the extra work required for 
data collection. We should prefer all information sources that can be utilized 
automatically. The accounting personnel should be able to control all the system results.  

The core of the system is the database and the rules and formulas used for calculation. 
The addition of complex calculations and extra dimensions would increase the 
complexity of the system and make the maintenance more difficult. Frequent system 
maintenance is essential. The simpler the system structure is, the easier it is to maintain. 
The detailed needs for reporting and the calculation rules will change over time. 
Therefore, each site of the company needs to be supported with some system 
maintenance services. Also, the structures and links should be maintained globally 
without breaking the reporting services or jeopardizing the calculation results. Fast and 
reliable data network capability is required for every global company. The corporate 
headquarters must be able to consolidate all system data globally. 

The requirement for real-time data is not critical, because the data input intervals in a 
system of this kind are typically days or weeks. This also applies to system availability. 
The availability requirement for real-time operative systems, such as MRP, is typically 
over 99%, but the reasonable requirement for financial support systems is about 92 %. 
The following list of features constitute the tool platform requirements: 

- A manual and automated interface to enter data into the database. 
- A multidimensional database system able to store the data and the auxiliary 

parameter information and capable of versatile time handling (quarterly life 
cycle data). 

- A calculation system and a formal language to define the formulas and rules 
for data processing. 

- A report system that can generate all the (consolidated) reports and graphs 
needed. 

- A set of analysis tools to make ad hoc studies studies and special reports. 
- capability to access the global network and to maintain parameters. 
- A security system to control both access to and usage of the system and 
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- Capability to integrate with the other systems. 

3.2 System features 

3.2.1 System overview 

After verification and prototyping, Hyperion OLAP® was selected as the basic tool for 
the PLP system. Hyperion OLAP (On Line Analytical Processing) is a product of 
Hyperion Software Operations Inc. The system overview is presented in Fig. 18. 
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Fig. 18. Overview of the PLP system functions. 
 
The key users of the system are controllers and program managers. Schedules provides 
data input utilities. Inputs can also be made through an off-line business case -Excel sheet 
and a data import module. Updating of the off-line Excel sheet and file transfers to other 
financial systems are executed by a data export module. Designer's cost guide is an 
optional feature, which can be used to illustrate the cost status information for the 
designers. System tools consist of Hyperion OLAP administrative utilities. These as well 
as the calculation rules are used by the controllers. Network connections is used for 
remote access to the system. Reporting is the main output module of the system. The 
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analyst module provides direct access to the database for advanced users. All data are 
stored and maintained in the multidimensional system database. 

3.2.2 Data input into the system 

The system offers the following ways to enter data: 
- Type values into the system using "Hyperion schedules"-access. 
- Type values into the system using "Hyperion analyst" -access. 
- Import files into the system using "Hyperion data management" -access. 

For the first access method the user has to configure an application-specific schedule-
sheet with the Hyperion reporting tool. Actually, the sheet is a report that allows data 
input. Hyperion analyst allows direct access to database values through spreadsheet cells. 
The file-importing feature has been used a lot in this application. As illustrated in Fig. 18, 
there is a separate "Off-line product family business case"-system. This is made using 
MS-Excel spreadsheets. 

There is one restriction for the all input alternatives: input can take place only at the 
lowest level of the data hierarchy. The OLAP -software prevents the possibility that 
several users could be changing the same data table simultaneously. The quality of the 
system output is fully dependent on input data quality. Therefore, special attention has 
been paid to the data input process and the control of data validity. For this reason a 
specific input process will be described in Section 3.3. 

3.2.3 System database 

The Hyperion OLAP software product is able to handle a multidimensional database of 
up to 16 dimensions (ver. 2.5) and 32'000 data elements per dimension. The application 
designer has to define the dimensions and element hierarchies, i.e. consolidation 
structures, using the system configuration utilities (application manager). Access into the 
database is limited; there is no generic query -language available. 

Database design is the most essential part of the application design. Each dimension 
includes an element hierarchy. Each data element is configured only once in the system 
with an element name, a description, variable type, etc. The lowest level elements are 
input data variables and the higher elements are consolidated or calculated variables. The 
higher-level element relations in hierarchies can be reorganized dynamically. 

One dimension may also include several parallel hierarchies, which remarkably 
expand the opportunities of reporting and calculation. In this application, the product 
dimension consists of two consolidation hierarchies: products by wireless protocols and 
product generations. 
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Fig. 19. Database dimension and element hierarchy (Saarinen 1997). 

3.2.4 Calculation system 

The Hyperion OLAP software does not provide financial calculations for this 
application. The application designer must configure the calculations using 'Global rules', 
calculation formulas on report definition sheets or database calculation rules. The target 
of this study was to combine cost roadmap calculations with product business case 
calculations (see Fig. 9). The idea of cost roadmaps was not invented during this study, 
but a systematic process to utilize the roadmaps in product planning has been created. 

The advantage of the tool is the possibility to make dynamic calculations. Dynamic 
calculation means that calculations run every time when a report is started, i.e. the results 
of calculation are not stored in the database. Dynamic calculation suits this application 
very well because there is no need for overnight calculation batch runs, the calculations 
are flexible, fast and easy to change (correct and test), which makes data analysis easier, 
and the capacity of the database is effectively utilized, as only the necessary data need to 
be stored. 
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3.2.5 Reporting 

Reports are the most frequently used outputs of the system. The first released version had 
about 40 different reports. These reports are often consolidated into 'report sets', to 
facilitate report management. The tool provides a utility for generating reports. Reports 
are configured on spreadsheet-like templates. 

Report configuration commands contain the following features: 
- One report sheet for several purposes. The reporting program can be 

configured to ask for the desired period, product, etc. 
- Data formatting can display user-defined features (special currencies, etc.). 
- Commands include conditional commands (if-then-or-else) and data 

filtering. 
- Indirect references to other elements (display "child" elements of element 

NN). 
- Use of defined element descriptions or names on the reports using generic 

commands, such as NAME (VARIABLE##). 
- Unlike in many other report generators, the time-dimension can be 

presented on both rows and columns, which allows free creation of 
application-specific reports. 

3.2.6 Analysis tools 

Reports are the most widely used applications in this Hyperion OLAP system. The other 
way to access the system is to use the Hyperion analyst -tool. Hyperion analyst is a 
version a MS- Excel application enhanced with an OLAP database connection. This tool 
is used for ad hoc -studies and further calculations with system data. A user familiar with 
MS-Excel easily learns to use the tool. The analyst is also used to make presentation 
graphs. 

3.2.7 Networking 

One challenging feature of the system is its capability for global operation. The client-
server architecture allows adequate response times and operability when the client 
application is connected to the company’s worldwide network. 

This system contains several parameters critical for the model’s estimation accuracy 
and the consolidation of results. During the system design, it was found out that one 
global controller can maintain all these parameters. The tool also supports a centralized 
way of developing and maintaining system configuration. Calculation formulas are stored 
in a global rule -file or in the report files. The global rules apply globally immediately 
after any formula has been updated into the system rules. Local users can additionally 
make reports and calculations for their local needs. If a report changes, it is possible to e-
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mail the file to all the users. Hence, new applications are easy to distribute and overall 
system maintenance does not require support personnel at all sites. 
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Fig. 20. Global network of the system. 

3.2.8 Security 

The security of the system was analyzed and audited by the corporate security 
department, and the main finding was that human operators are the biggest risk for 
information leakage. The system itself fulfils the general requirements of financial 
systems. System access security is managed through the following controls (Saarinen & 
Pesonen 1997a): 

1) Access list to an OLAP -server in the company-domain 
- If “user domain name” is not on the list => no access to files 

2) Login protection by OLAP user groups: 
- Administrator:  overall access. 
- Controller:  read and writes local business. 
- User:   read only own business case. 

3) Access to data tables: 
- Read, write, reserve, lock options for any dimension table 

4) Access to elements: 
- Data element specific restrictions 
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3.2.9 Integration 

The PLP system must be integrable with the other systems of the financial planning 
process. This is described in Sub-section 3.3.3 Integration with the other financial 
systems is always problematic. Very few companies have similar data processing systems 
for all financial tasks and applications. Typically, most of the systems have been 
designed and acquired separately. Automatic links between databases are rare. To assure 
interconnections with the other systems, the selected tool has flexible data import and 
export characteristics. The file format of MS-Excel -spreadsheets is commonly used in 
several systems. This simple method also enables data transfer from two-dimensional 
spreadsheets and tables to multidimensional databases and vice versa. Manual data 
transfers are always possible, but also time. and resource-consuming. In this application 
environment, all data transfers have been accomplished by .csv of .xls format MS-Excel 
files. 

3.3 Product business case process 

The main purpose of this process is to define how the product business cases are created, 
maintained and consolidated as a continuous process. It consists of four subprocesses: 
Product business case control, data update and maintenance, data exchange with external 
systems and reporting. 
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Data update and maintenance

Data exchange with 
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Fig. 21. Business case process overview. 
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3.3.1 Product business case control 

The life cycle of the product is controlled by the CE and PE processes (see Sub-section 
1.1.3). The product business case is reviewed at each milestone by the program steering 
group. The first subprocess in Fig. 21 is obligatory from the system maintenance point of 
view. The data maintenance and update process links with the CE -process (at least) at 
each CE and PE process milestone. 

3.3.2 Data update and maintenance 

It is important to create and maintain carefully the data of the product business cases. The 
quality of the data is defined at the lowest level of the system. Technically speaking, a 
business case can be updated in several ways, but the updating should follow a process or 
procedure. Otherwise, the quality of data may suffer. The input information also changes 
as a function of time. Almost every data element is initially estimated and later updated 
with actual data. The idea is illustrated in Fig. 22. 
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Fig. 22. Business case input information vs. product life cycle. 
 
An example of the data input and update responsibilities is presented in Fig. 23. Several 
teams work concurrently on one product development program. The product program 
manager is responsible for the whole program. 
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Fig. 23. Consolidation hierarchy and responsibilities for data input. 
 
The program manager must present the business case at every milestone where financial 
figures and plan are reviewed. In this system, the program manager has the key 
responsibility. The program manager's scope of work is wide because there are several 
subprojects in the program, but also small enough for him to be able to understand the 
whole program with the help of the subproject leaders. The subproject leaders usually 
have a functional responsibility. The project staff have the best knowledge about product 
data. Therefore, the subproject leaders should assume responsibility for the inputs. Data 
input errors can be detected quite easily at this level. The updating processes of estimated 
and actual data may also differ, because the data sources and input channels change. This 
should not have any influence on the responsibilities. 

The product line manager has the responsibility for several programs within a given 
system area. If the company has no business lines, the responsible person could be the 
general manager of the programs. Each business unit should have a business controller. 
Their main responsibility should be proactive business process planning and control. 
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LONG-RANGE PLANNING
SHORT- TERM PLANNING

 
Fig. 24. An example of a financial business planning process. 

3.3.3 Data exchange with other financial planning systems 

An example of the financial planning process framework is illustrated in Fig. 24. This 
process links with the product business case process shown in Fig. 21. Financial planning 
is a periodic process. The main blocks of the planning process are target setting, long-
term planning, short-term planning, and financial reporting. The long-range process is a 
business process, i.e. product-oriented, while short-term planning is functional, i.e. cost 
center-oriented. 

Financial planning is schematized in Fig. 24 as a hierarchic control process. Planning 
and control are cascaded in such a way that the slower processes provide target/set values 
for the faster operating processes. The process runs annually, starting with long-range 
target setting and resulting in quantitative target values for P/L statement margins, ROI 
and RONA, turnover, market share by market area, new product launches, etc. This is the 
basis for further business planning. All plans should satisfy these target and boundary 
values. Long-range planning is divided into two main processes: sales volume and price 
forecasting and consolidation of product business cases. Both are almost continuous 
processes that operate with a weekly cycle, although both are part of long-term planning. 
The sales volume and price forecasting results in prices and volumes by market area, 
which are used in all the other planning processes. Sales price and volume estimates are 
among the most important and critical inputs and link to the PLP system. 

PLP can provide product information into short-term planning. Another important 
part is resource information. Human resources in product programs belong to functional 
organizations, which normally have their own resource plans and resource management 
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systems, which should be consistent with the PLP data. In order to update actual costs 
and revenues into a PLP system, an automatic link from bookkeeping and financial 
reporting to PLP should be established. 

3.3.4 Business case reporting 

Table 7 illustrates the most commonly used standard reports in the system. 
 
Table 7. Report list of the PLP system. 
REPORT SET  REPORT NAME & USE  
R&D center reports 
  Profit & Loss by product families /R&D center #1 
  Profit & Loss by product families / R&D center #2 
  Profit & Loss by product families / R&D center #3 
Profit & loss reports 
  Profit & Loss by single product family 
  Profit & Loss by single product family for the whole life cycle 
  Profit & Loss by single product generation 
   Profit & Loss with unit costs by single product family 
Input product variables 
  Input bill of material costs 
  Input salespack unit sales price 
  Input sales volumes of salespacks  
  Input ABC driver costs  
Input manufacturing variables 
  Input landed cost percentages per mc site 
  Input scrap and obsolescence % per mc site 
  Input factory cost drivers per mc site 
  Input driver costs 
Input after sales variables 
  Input warranty costs (PF-level) 
  Input field failure rates per region (PF-level) 
Input manmonth variables 
  Input cost of manmonths per function 
  Input number of manmonths (PF-level) 
Input balance sheet variables 
  Input manufacturing inventory rotations per mc site 
  Input dc inventory rotations per dc site 
Input controller variables 
  Input royalties 
  Input R&D overheads  
  Input manufacturing cost drivers 
Input distribution variables 
  Input distribution center cost drivers 
  Report freights and duties per distribution center 
Controller reports 
  Report manmonth costs 
  Report program manmonths 
  Report sales revenues 
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3.4 Database specifications 

The descriptions of the dimensions of PLP highlight the structure of the system’s 
multidimensional database (Pesonen 1997). 

3.4.1 Product 

It was obvious from the very beginning of system design that the inclusion of every 
single component into the system would lead to a huge database and poor performance. 
Every product family has about 50 - 100 different sales packages (product variants), each 
consisting of at least three semi-finished products, i.e. a transceiver, a charger, a battery, 
a user guide and warranty information. Typically, the price and cost of different sales 
packages do not vary over a wide range. Secondly, not all of these packages are planned 
in the product development phase - it would be impossible to plan all items in advance. 

Products and services generate groups bottom-up quite naturally, depending on which 
cellular system and frequency they belong. At the highest level, these groups can be 
sorted into business lines as required in company reporting. A top-down view of business 
as a hierarchical consolidation tree is presented in the table below: 
 
Table 8. Example of the product –dimension. 
 
Level     Description 
COMPANY    All products 

Business line#1    Digital phones 
Protocol #1    GSM 

Bandwidth    900MHz 
Product families   Name or product code 

Bandwidth    1800MHz 
Product families   Name or product code 

Protocol #2    TDMA 
Bandwidth    800 MHz  

Product families   Name or product code 
Business line #2    Analog phones 

Protocol #4    NMT 
Bandwidth    900 MHz  

Product families   Name or product code 
 
As a result, the first prototype was launched using three sales packages per product 
family and four SFPs per sales package. Later, it turned out that we do not need any SFP 
level information and that the sales package will represent a product in this system. 
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3.4.2 Account 

The account-dimension defines the costs to be included in the system. Every account 
represents aa specific share of the costs. Most accounts are consolidated into head 
accounts, as presented in the profit and loss statement. 

The selection of appropriate input accounts is critical for the system design. If there 
are too many input accounts, the maintenance of the system will become laborious. The 
account -dimension consists of four types of accounts: P/L accounts, L/E accounts, C/F 
accounts, and general accounts needed in the calculations. 
 
Table 9. Example of the account -dimension. 
 
Level   Description:  
3200   Gross sales 
  -3800   Adjustments 
320   Net sales 
 -4001   Total direct costs 
400   Sales margin 
 -5200   Total production overheads 
510   Gross margin 
-5010   R&D expenses 
-5300   marketing expenses 
800   Profit after interests 
-8200   Interest expenses 
700   Product contribution 
 
This hierarchy is basically a direct copy of the most common company level internal 
accounts. A few accounts have been eliminated as irrelevant to life cycle calculations. 

3.4.3 Market 

This dimension structures the marketing areas in the company. The marketing view 
enables us to describe area-specific models and values. The content of this dimension 
depends on the company operations. In the domestic market, the contents could be sales 
areas, towns, etc., while in a global company they could be continents, commercial 
alliance areas, duty (free) zones, countries, etc. 
 
Table 10. Example of the market -dimension. 
 
Level    Description 
COMPANY   All areas 

Business area#1   Europe 
Subarea #1   Northern Europe 
Subarea #2   Southern Europe 

Country #1   Italy 
Country #1   Spain 

Business area#2   Asia 
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3.4.4 Function 

The cost centers are organized by functions. To get a "functional view" and to be able to 
handle the cost calculations of the functions consistently, we need a dimension for 
functions. The traditional cost view by organizations is needed mainly to cross-check the 
total sums. The actual costs should be about the same when calculated through business 
cases and traditionally. Secondly, almost every functional unit has different unit costs for 
the resources. 
 
Table 11. Example of the function-dimension. 
 
Level    Description: 
COMPANY   All functions 

RD    R&D centers 
RD_SA   Savonlinna 
RD_HB   Hamburg  
RD_XX 

etc. 
SOURCING   Sourcing departments 

SO_KP   Kuopio 
SO_CA   Cairo 

MANUFACTURING  All factories 
MC_OU   Oulu 
MC_XX   xx 

3.4.5 Program 

R&D work involves several different projects and programs. Research projects are 
extensive general studies about future solutions in data communications. Technology 
projects generate platforms, i.e. modules and technology solutions, for several product 
families. Product programs develop end products. A programs-dimension was created to 
be able to assign all types of project costs to relevant end products. 

This dimension has not been used much. Extra dimensions only increase the risk for 
errors and the complexity of the system. Other R&D projects have been treated as R&D 
overheads. 

3.4.6 Time 

Most financial systems operate on a periodic (financial month) basis. The planning of the 
product business case becomes too elaborate, if every month of the life cycle must be 
planned in advance. After considering user frequencies (Table 14), a quarter (3 months) 
was selected as the smallest time scale of the system. 
 
Table 12. Expected minimum frequency of system use by user groups. 
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Program profit plan (budget/forecast) 12 4 4
Product lifecycle profitability status by period
 - profit and loss by product 12 12 4 4 12 4
 - assets by product 12 12 4 4 12 4
 - cashflow by product 12 12 4 4 12 4
Cumulative lifecycle reports
 - profit and loss by product 4 4 4 1 4 4 4
 - assets by product 4 4 4 1 4 4 4
 - cashflow by product 4 4 4 1 4 4 4
Periodical product profitability summary 4 4 4 1 4
Value chain of a product 12 4

 

3.4.7 Currency 

Several currencies are used in an international company. Although FIM and USD are the 
most common currencies, other currencies are often also used in reporting. Therefore, a 
currency-translating module has been included to calculate a report in any currency 
defined on the currency -dimension. 

All data are supplied into the system in local currency, which is a predefined currency 
in connection with the particular product family. For example, for a product mainly 
designed and sold in the US, the local currency is USD. The user must always select the 
currency of a report. When the “local”-currency is selected, the system prints a report in 
the predefined currency. When another reporting currency is selected, the currency 
module reads the currency exchange rate from the transfer data table for the 
corresponding time period and calculates the result while running the report. 

3.4.8 Category 

To be able to differentiate between versions of data for various purposes, data categories 
are necessary. In this application, the main categories are: 
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Table 13. Example of category -dimension. 
 
Level    Description: 
PLP  Estimated and actual product life cycle on-line data 
M1  Milestone M1 archive of product business case 
LRP  Transfer category for LRP data 
ACTUAL  Transfer category for PRS import data 
SCENARIO#I To save some alternative scenarios to be reproduced 
 
This dimension is not necessary if system performance and maintainability are optimized. 
Originally, this dimension was included to enable us to save several parallel versions of 
one business case. The M1 version is used for program target setting and subsequently 
archived. 

3.5 Estimation and calculation principles 

The estimation and calculation of costs are easier and more accurate than the estimation 
of volumes and prices. The processing of different cost estimates depends on the 
behavior and predictability of the cost item. Most product-dependent costs are handled 
with cost drivers. In these cases, cost driver values depend mainly on where (in which 
organization in the world) the product is manufactured, repaired, etc. For each of these, 
we need to have product driver quantities for every product family. A set of estimation 
formulas is presented in table 16. The table contains generic models for the most 
important accounts. It is no use to model minor expenses and costs, which cannot be 
influenced during the product development process. 

3.5.1 Revenues 

Sales volume and price estimates are generated in a sales volume and price forecasting 
process (see Fig. 24). In this process, such aspects as markets, penetration factors, and 
market maturity are considered to get an objective idea about the future market for any 
new product. This estimation process is out of the scope of this study. The actual sales 
figures come from other financial systems.  

The cost estimates are calculated using the quarterly averaged variable values. The 
gross sales per region j is calculated for every time period: 
                                    n 

SSALES(j)  =    Σ   VSALESPACk(i,j)* PSALESPACk(i,j), 
                                      i=1 
 
where  SSALES(j) is gross sales in region j, 

PSALESPACk(i,j) is the sales price of salespack i in region j, 
VSALESPACk(i,j) is the sales volume of salespack i in region j and 

 n is the number of salespacks. 
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Total gross sales is calculated consolidating the regional sales as follows. 
                                   m 

SGRSALES  =    Σ   SSALES(j), 
                                     j=1 
 
where  SGRSALES is total gross sales, 

SSALES(j) is gross sales in region j and 
m is number of regions. 

 
Sales adjustment, i.e. sales discounts, etc., are considered only in the ACTUAL mode 
and are not considered in estimates. 
 

EADJUSTMENTS = Actual adjustments 
 

where  EADJUSTMENTS is adjustment expenses. 
 
Subtracting of adjustments from the gross sales produces net sales 
 

SNETSALES  =     SGRSALES - EADJUSTMENTS 
 

These formulas have been modified from PLP functional description (Saarinen & 
Pesonen 1997b). 

3.5.2 Resource expenses 

The planning of functional activities and resources is a prerequisite for an accurate 
calculation of cost roadmaps. In product-driven activities, such as product programs, this 
part of planning is straightforward, but in functional organizations, such as sourcing 
departments, manufacturing, etc., this type of planning is usually not done for more than 
one year ahead for budgeting. Cost roadmaps can be estimated without activity based 
functional planning, but the results are less accurate. In this work, this dimension was 
found particularly difficult to implement, as it prerequires fundamental changes in the 
financial planning processes. 

There is a problem in the product life cycle calculation system: cost driver 
calculations and follow-up are not implemented in all parts of the company. Thus, the 
planned and follow-up figures have to be calculated with different rules and formulas. 
Actual product costs are stored in Product Reporting System (PRS) database which is 
based on same Hyperion OLAP commercial platform. All data can be imported to PLP 
database as illustrated in Fig. 33. 

For R&D project resource planning, it is necessary to have a resource allocation 
system. This system should cover almost all product development expenses. The basic 
requirement for the system HW is modest: Excel, Lotus Notes, etc. spreadsheet SW is 
adequate. Optimally, this information should be transferred automatically and directly 
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into the global PLP database. For this purpose, there are several commercial resource 
management SW platforms available. 

3.5.3 Material expenses 

The sourcing department handles the product material costs, which constitute the main 
portion of product costs. Tooling costs also play an important role in products that have 
mechanical parts, such as metal castings, sheet metal cabinets, etc. Also, plastic moulds, 
special assembly tools and other smaller tools may create unnecessary costs when not 
used in a controlled manner. Some resource costs will be allocated to the product 
program but most of the department costs remain as overhead costs. 

3.5.4 Manufacturing expenses 

Hyperion calculates the manufacturing costs using the cost drivers. However, the system 
is not able to calculate the cost driver values or quantities. The capacity for detailed 
trade-off calculation qualities is also limited. For this purpose, manufacturing costing 
models were created during the project. The first was made to support product "design 
for assembly" decisions and to quantify the costs of manufacturing yield losses. This 
model was later named SMILE (Simulation of Manufacturing and Logistics Expenses). 
The second was created to provide comparable financial information of each 
manufacturing plant of the company and for the calculation of the manufacturing cost 
drivers. This model is based on the ABC –method, and a commercial ABC-tool has been 
utilized. (Paasovaara 1996). The third model was created to study the new logistics 
concept of new product generation (Ojala 1997). This model was used only for a specific 
study, but the second model was implemented as an official manufacturing cost model of 
the company. 

The SMILE model has been specially used for manufacturing, and logistic cost trade-
off calculations. The static simulation model has been developed using MS-Excel 
spreadsheet (see Fig. 25) The basic idea is very similar to that underlying the cost model 
of Rautaruukki Raahe Steel works plate mill (Pesonen 1992). The contribution of the 
model is to calculate a product manufacturing cost estimate and the trade-offs between 
alternative ways of building the features of the product. 
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MANUFACTURING LINE CAP ACITY/S TEP No mina FTP Ac tual Mac h
P R312 pie c e /c yc le c apac ity NC1 Mac h. Man. Ne e d  o fNe e d o f Cyc le YIELD Cyc le Value

Utiliz atio n S TEP pc s 1/h Tmac h Tman Tre p Units Units hand o pre p.me n time % time FIM
0.24 P AS TE  P R INTE 0.50 75 0.40 1   0.40 0.40 1,346
0.27 FUJ I 111 15000 0.44 1   0.44 0.44 3,029
0.26 FUJ I 99 14000 0.42 1   0.42 0.42 3,029
0.57 FUJ I IP -x 22 1400 0.94 1   0.94 0.94 2,790
0.61 Ha nd a s s y 2 30 4.00 1 4  1.00 1.00 222
0.11 R E FLO W 1 330 0.18 1 2   0.18 0.18 554
0.24 P AS TE  P R INTE 0.50 75 0.40 1   0.40 0.40 680
0.23 FUJ I C P x 100 16000 0.38 1   0.38 0.38 3,029
0.23 FUJ I C P 6x 90 14000 0.39 1   0.39 0.39 3,029
0.29 FUJ I IP -x 11 1400 0.47 1   0.47 0.47 2,790
0.11 R E FLO W 1 330 0.18 1   0.18 0.18 554
0.36 MO DULE  BR  1 0.50 50 0.60 1   0.60 0.60 2,790
0.48 FL & S W /A 1.00 30 2.00 6 3  0.73 0.67 80% 0.80 1,320
0.36 MO DULE  BR  2 0.50 50 0.60 1   0.60 0.60 662
0.10 P ALLE T LO AD 0.33 2 0.20  0.17 0.17 180

BOTTLENECK FINAL AS S Y 1.50 4.00 20 1 8 2.42 1.21 1.50 90% 1.65 1,500
0.42 C ALL & UIF 1.00 2.50 15 2 4 1.52 0.91 0.63 90% 0.69 1,855
0.67 LABE LLING 0.20 2.00 15 1 2 1.21 0.91 1.00 90% 1.10 240
0.10 BULK pa c k 0.50 3 3 0.30  0.17 0.17 45
0.31 S UM o f c o mp 433.00 To tal = 10.11 13.33 56 23 25 5.65 3.76 58% 1.65 34,045

CAP ACITY/ d 873 459 Wo rk Tm a c h Th a nd Tw o rk Mac h. Man. Ne e d  o f Re pair Ta c t= 99 s

CAP ACITY/ m 26,545 13,964 time 10.1 13.3 23.4 Units Units hand o p Units
 

Fig. 25. Display of the static manufacturing cost simulation model (SMILE). 
 

Actually, SMILE is the manufacturing part of a product business case calculation 
prototype. The prototype model consists of several calculation sheets, i.e. inventories and 
product development, logistics etc., which have been integrated into a life cycle view of a 
product. The prototype was used during the design verification phase for PLP. SMILE 
addresses the discontinuous behavior of manufacturing costs. For example, the addition 
of one manually assembled component to an automated production line increases the 
costs stepwise, because the investment of a manual assembly phase and the addition of an 
operator increase remarkably. A second similar addition does not increase the costs so 
much, because the same operator can add the second component, the third, etc., until the 
operator’s work cycle reaches the line bottleneck cycle time. The SMILE model includes 
all manufacturing equipment investment, being thus a handy tool for calculating the 
profitability of automated operations. This calculation is also still used for training 
purposes. 

In the beginning, the target was to include detailed manufacturing cost trade-off 
calculation qualities into the system, but these features would have led to an excessively 
complicated system configuration. Some very simple cases can be handled with the 
existing cost drivers, but these calculations generally need more profound and product-
specific considerations. 

3.5.5 Sales and marketing expenses 

The sales and marketing expenses should be updated for each region j as a lump sum 
allocated to the product family i as share-related to the sales revenue in the region. Most 
of the marketing efforts are typically related to brand marketing, which may vary 
according to the sales area and the launching of new products. These costs can also be 
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spread evenly on the products sold in that region. If there are other remarkable product-
related sales efforts, they are easily inserted into product generation or product families. 

3.5.6 Distribution 

The delivery concepts of standard products in the case company have a very stable cost 
structure, and the cost estimation can be based on actual unit costs. There are some 
exceptions, however. Customized products or small delivery lots increase the delivery 
costs remarkably (Ojala 1997). Customization can apply to special labeling, customized 
programming, special packaging, etc., which require extra resources. A new distribution 
concept may also increase the expenses. Business case calculations require that 
somebody also estimates the expenses of the new distribution concept if the existing 
drivers do not account for it. 

3.5.7 Warranties 

Target costing and correct timing enable short-term profitability. Design quality dictates 
long-term profitability. Poor reliability and inferior quality obviously lower the 
profitability of both the product and the company. Extensive call-backs and retrofits due 
to poor design, wrong material or hazardous behavior of a product can create expenses 
long after the product deliveries have been stopped. The warranty cost estimation drives 
the designers to analyze the root causes of product field failures. 

The product disposal cost can be also estimated beforehand. It is possible to estimate 
the profitability differences from the recycling and disassembly point of view (Dowie et 
al. 1995). There is always the risk that, one day, somebody will have to pay the disposal 
expenses of thousands or millions of non-recyclable products. Regardless of who will 
actually pay the money, it will decrease the company’s profit directly or indirectly. 
Design to profit accounts for this risk. 
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3.6 Product balance sheet and cash flow 

All inventories along the logistic chain are driven by product demand and sales balance, 
and product properties. In this study, we concentrate on working capital, i.e. component 
supply storage, work in process (WIP), and semi-finished product and finished product 
storage, including also the effects of sales receivables and short-term payables. The fixed 
assets are excluded. 

The system does not control the money flow of storage. Rather, the connection 
between the product concept and inventories is described. The target is to show the 
program manager the effects of product characteristics on the storage levels and costs. 
Inventory costs hold a considerable amount of capital and the interest costs may therefore 
be high. 

3.6.1 Component supply 

The storage turnover rate is measured and controlled with the days-of-supply (DOS) 
figure. DOS indicates concretely the number of days that the company can run its normal 
operation if storage input is cut. If the figure is 30 days, there is material for about one 
month of operation at the normal output rate. This figure is factory-specific, but also 
dependent on (product) component selection. 

Most components are not specific to one product. These components are typically 
common resistors, coils and capacitors. Their unit cost is low and quality even. The most 
expensive components are product-specific, such as integrated circuits (IC), processors, 
memory chips and electro-mechanical components. The inventory turnover rate is less 
for expensive, product-specific components than for bulk components. Additionally, the 
risk of obsolescence is higher. This fact is not used in the calculations, but is mentioned 
to demonstrate that product profitability is also linked with the inventories. 

3.6.2 Work in progress 

Work in progress (WIP) is measured with the DOS figure. It may vary during the 
manufacturing period, mainly due to yield fluctuations and order size variations. The 
total manufacturing yield is usually low during the ramp-up of product manufacturing 
and increases when the operation of the production line is stabilized. If the total yield 
decreases during normal operation but the production rate does not decrease accordingly, 
repair buffers begin to grow, creating excess WIP. It is assumed that the WIP level is 
constant within a factory. 
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3.6.3 Finished and semi-finished products 

The costs of the semi-finished product inventory are also calculated using the DOS 
measure. Product programs can influence these inventories. Different delivery concepts 
(manufacture to order and manufacture to stock) also have an impact on this DOS figure. 

3.6.4 Receivables and payables 

Sales receivables short-term payables are measured and controlled with the sales area-
specific turnover. These demonstrate the quantities of money tied to business process 
lags. In many companies, it would be wise to include manufacturing capacity-related 
fixed assets into the life cycle L/E. This applies particularly when product-specific 
capacity investments are made. 

3.6.5 Product cash flow 

Basically, cash flow for a product family is the total cash flow in minus the cash flow 
out. 
The product business case considers the changes in the working capital within the scope 
of one product. Therefore, changes in inventories, trade creditors and debtors are 
included in cash flow calculations. The product cash flow through the life cycle makes an 
interesting curve, which reflects the development efforts, marketing and ramp-up 
success, product sales development and decline. 

3.7 Cost roadmaps 

Roadmaps typically forecast future trends, but some past periods may also be included to 
demonstrate the continuity. Many roadmaps present target values and are used in strategy 
visualization. In this system, cost roadmaps are mainly used as future estimates of price 
or cost items. 

The most important roadmap is the product material cost roadmap. The sourcing 
department has established a special system for this purpose. This system visualizes the 
trends of the contractual prices of each component. The product material roadmap for 
each product is needed in PLP for business case calculations, as is also the unit cost 
roadmap of the resources illustrated in Fig. 26. 
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Fig. 26. Example of a cost roadmap of human resources (relative cost figures). 
 
As illustrated in Fig. 9, there should be a closed control loop between the target setting, 
the roadmapping and the PLP. When the roadmaps conform to the general profit target 
setting, they should also be financially balanced and feasible. The roadmaps of the PLP 
system are mainly compatible with the plans of the product programs and will therefore 
indicate the gaps very early. A useful form of roadmapping is to map the cost driver 
quantities. For example, the roadmaps for component count and product test time drive 
directly the manufacturing costs. 

3.8 Construction summary 

The constructed PLP system is necessary for the design to profit procedure. Compared to 
the author’s earlier studies on steel industry, this system has a wider scope. This system 
also adds value to the previous version of product life cycle calculations in the case 
company. The system enables the user to consider not only one product at a time, but the 
company as a whole. The system is better integrable with the other systems of the 
company and has been constructed on a commercial platform, which enables global 
networking and system maintenance. 

The system eliminates many of the restrictions of the traditional accounting systems. 
It enables reporting by product over a long period (life cycle) and provides a cross-
functional view and a proactive approach that utilizes cost and profit estimations. These 
estimates can be substituted with actual values. It supports proactive product design and 
interacts with other proactive design methods, such as design for assembly. This 
enhances the possibility to influence productivity issues during the design phase. For the 
employees, it is natural to relate the costs and profits with products rather than functional 
cost centers and account names. 

The system also utilizes the methods presented in the literature review. The design to 
profit procedure does not limit the selection of methods. It is also possible to add some 
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new methods, which have not been introduced here, if they add value to the profitability 
considerations. However, the system is not useful if it is not properly implemented and 
integrated into daily work. The constructed system is connected to the product life cycle 
management process and implemented in a user-friendly manner. The system design and 
the selection of tools take into account global use, integration with other management 
systems, fast response times to the user and security aspects. For the system personnel, it 
provides easy maintenance utilities and a sustainable basis for further development of the 
system features. For business analysts, it provides almost unlimited possibilities to 
modify the information for special purposes. 



 

4. Discussion 

Most financial and cost management systems approach the present from the viewpoints 
of the past and the functional organization. This study has focused on the product 
creation part of the product life cycle, because it is in this phase that management and 
designers can most efficiently shape the profitability of each stage of the whole logistic 
chain. The main aim of the study was to demonstrate the value of the design to profit 
procedure ( Fig. 8) through case studies, which provided answers to the questions 
presented in Section 1.4: 

1. Design to profit: Proactive profitability design with a view of total profit: 
The system gives a proactive opportunity to influence product business 
profitability from the very beginning of the product program with a cross-
functional view over the life cycle of the product, using the major revenue 
and cost accounts. 

2. Avoid suboptimal decisions: Total cost trade-off. 
3. New product decisions: Multidimensional profitability analysis, proactive 

resource and product launch decisions. 
4. Integrated design and implementation: Connections with the other financial 

systems and experiences of the utilization of business case calculations. 
The case system for product business case calculations is called PLP (Product Life cycle 
Profitability). The system was commissioned during the spring 1997 in 
telecommunications industry and has been used for decision support in a dynamic and 
complex line of business. 

 (NOTE! The products and financial figures in the case studies are fictitious) 
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4.1 Design to profit 

4.1.1 Business case calculation 

The life cycle concept integrates with the product business process timewise. The 
account-dimension defines all essential cost and revenue items in the system. "Total 
profit" does not mean that 100 % of the company expenses could be carefully designed in 
advance. The selected accounts define the dominating cost elements for the decisions in 
telecommunication consumer product business, as defined in Section 3.5. The selection 
of the accounts is an essential part of system design, because the accounts define the 
scope of total profit. As required in Sub-section 3.1.2, all meaningful accounts have been 
included in the system. This definition is subjective and depends on the company and the 
products. For example, product development expenses and subaccounts are relatively 
higher in telecommunications business than in steel business, compared to manufacturing 
expenses. On the other hand, distribution expenses need to be considered in both 
business lines. 

Every product program manager is responsible for creating a business case 
calculation and maintaining the changes until the end of the program. This calculation is 
updated continuously and checked by the program steering group at each milestone. The 
first case study considers the effects of early profitability calculations in a single product 
business case. A report of a product business case is illustrated in the Tables 16 and 17. 

As soon as the product business case has been established in the manner shown in 
Fig. 21, the program manager can foresee the financial results of all decisions 
immediately. The fast response and the easy access to the system are the key advantages 
of this model. The program manager can carry the latest version in his or her laptop. The 
owner or system administrator can lock up the original version. Thus, nobody else can 
update the figures. 
 
Table 16. Profit and loss of a product business case of PR250 (fictitious). 
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(Figures in 106 * FIM) 1998 1999 2000 2001 2002 2003 Tota l 
Tota l Tota l Tota l Tota l Tota l Tota l Life  Cycle

Sales 667.2 2135.6 2889.9 239.7 5932.4
Adjustments

NET SALES 667.2 2135.6 2889.9 239.7 5932.4
Net Sales % 100.0 % 100.0 % 100.0 % 100.0 % 100.0 %

Material cost 347.7 1083.3 1514.4 182.4 3127.8
Direct labour cost 18.9 70.5 108.6 13.5 211.5
Distribution cost 4.0 17.5 30.0 3.3 54.8
IPR costs 8.0 25.6 34.7 2.9 71.2
W arranty cost 22.1 59.4 21.6 2.8 105.9

SALES MARGIN 266.4 879.4 1180.7 34.9 2361.4
Sales Margin % 40% 41.2 % 40.9 % 14.6 % 39.8 %

Manufacturing overheads incl. depreciation 51.6 186.6 279.1 33.6 550.9
Other operations costs 8.3 21.1 15.5 5.0 49.8

GROSS MARGIN -8.3 193.7 677.3 896.6 1.3 1760.6
Gross Margin % 29.0 % 31.7 % 31.0 % 0.6 % 29.7 %

R&D costs 24.6 46.0 29.4 5.9 0.3 106.3
Other development costs 2.6 2.7 2.5 1.7 0.6 10.1
Marketing costs 53.4 170.9 231.2 19.2 474.6
Administration costs 5.3 17.1 23.1 1.9 47.5

PRODUCT CONTRIBUTION -27.2 -57.0 103.0 481.7 641.4 -19.8 1122.1
Product Contribution % 15.4 % 22.6 % 22.2 % -8.2 % 18.9 %

Interest cost of Net W orking Capital 34.6 27.2 36.9 3.2 101.9

PROFITABILITY AFTER INTEREST COSTS -27.2 -57.0 68.4 454.5 604.5 -22.9 1020.2
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Table 17. Liability and equity and cash flow statements of a single product. 

1998 1999 2000 2001 2002 2003 Total
Total Total Total Total Total Total Life Cycle

Raw material inventory 86.9 270.8 378.6 45.6 781.9
WIP 9.7 30.1 42.1 5.1 86.9
Sales inventory 185.3 593.2 802.8 66.6 1647.9

Trade debtors 83.4 267.0 361.2 30.0 741.6
Interest-free debts 77.3 240.7 336.5 40.5 695.1

NET WORKING CAPITAL 288.0 920.4 1248.1 106.7 2563.2

Cash incomes 621.7 2147.3 2883.0 318.4 5970.4
Cash outflows 27.2 57.0 675.9 1718.5 2266.9 64.7 4810.3

CASH FLOW -27.2 -57.0 -54.2 428.8 616.0 253.7 1160.1

CUMULATIVE CASH FLOW -27.2 -84.2 -138.4 290.4 906.4 1160.1 1160.1  
 
This product business case is fictitious, but includes realistic variables and relative 
quantitative characteristics, which will be needed in the following analysis. Let us 
consider how much costs have been committed and spent and how much revenues have 
been gained versus time. 

4.1.2 Proactive profitability approach 

Can we increase company profits by designing profitable product life cycles? 
"Typically, 40 to 70 percent of the life-cycle cost of high-technology products or 

systems have been ordained by the end of the conceptual phase" (Michaels & Wood 
1989). The authors include the following decisions into the conceptual phase: 

- Functionality and affordability limits established. 
- Product and process concepts selected. 
- Product support approach defined. 
- Design-to-cost organization created. 
- Audit trials instituted. 

If 40-70 % applies to one product, we can conclude inductively that consolidation of all 
products and services of the company will result in 40-70 % of the company costs. These 
costs have been ordained during the design phases of each product business case. Thus, 
the product development process drives most of the company costs. 

To verify this argument, let us consider the business case presented in the tables 16 
and 17. The product program was released in March 1998. The product concept, the 
technology specification and the product business case plans were frozen in December 
1998. The product program should be able to launch the product according to this 
financial plan. In other words, the major decisions on how to spend the money have been 
planned in the product business case calculation, but only 27,2 million FIM were spent 
before the date. This is only 0,6 % of the life cycle cash outflow. Most of the cash 
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outflow comes from the manufacturing and materials, i.e. the delivery process costs. At 
this point, the ultimate sales volumes are not known, and it is difficult to judge the 
absolute value of profitability. 

A second example is illustrated in Fig. 27. The cumulative amount of completed 
design work and the cumulative cash outflows of the product program have been plotted 
against time (life cycle). The figure demonstrates the same phenomenon as Fig. 1. The 
main parts of the product specification are fixed in less than one year from the start. The 
product design and design improvements are made according to this specification. It is 
very difficult to modify the product costs without changing the design of the or the 
product concept. Therefore, the first two years seem to define the costs of the next three 
years, as in this example, where this amount equals 99 % of the life cycle costs. 
 

Fig. 27. Relative expenses spent vs. design work completion during the product life cycle. 
 
In the PLP system, the cash flow statement defines the planned and actual values of the 
cash inflows and outflows, depending on the time of consideration. In Fig. 22 (see p. 58), 
the ratio of estimated to actual value input follows a linear path. 
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Fig. 28. Relation between estimated and actual data during a product life cycle. 
 
In reality, the cashflow during the product life cycle is non-linear. According to the 
example presented in Fig. 27, this affects the data input principle, as illustrated in Fig. 28. 
Fig. 28 demonstrates the fact that, in a dynamic business, decisions must be based on 
estimated costs and revenues. Without cost estimation, the actual financial feedback 
figures arrive too late to enable decisions that could affect profitability during the product 
life cycle. 

In order to support the financial decisions at the early design phases, the calculation 
of the estimates must connect with the product development process parameters that 
drive the costs, as in this study. These parameters and drivers have been selected so that 
they correspond to a particular product, product creation process and delivery process. 

4.1.3 Design support 

Target costing is evidently essential during the product design phases. The target cost of 
a product is decided after the product features and a realistic price target have been set. 
The product target cost is price minus target profit. The top management defines the 
profit target. Target costing decisions are done about the technical alternatives of product 
design and materials. Assembly, distribution and other costs become more important 
later, after the component basis has been basically designed. In all these considerations, 
the employees should be aware of the influences on costs and profits. They also need 
sources for profitability information. 

There are several types of trade-off calculations along the life cycle. The most 
important variables that have to be balanced through these calculations are (Wiljanen 
1995): 

1. Product performance and features. 
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2. Product cost. 
3. Speed of development. 
4. Development program cost. 

The PLP system supports directly the decisions made at the product program level. It is 
easy and flexible to make alternative calculations using the product business case 
statements: For example, an earlier launch usually means a higher selling price, but risks 
in product quality. This results in a trade-off between the estimated sales revenues and 
warranty costs. If the early launch of the product is not so critical, it is also possible to 
calculate how much effort and resources can be spent on some special product features or 
quality issues without profitability losses. 

Product performance and features add value to customers. Customers are willing to 
pay a higher price for a product that can offer the qualities they wish to have. These 
features vary from one customer segment to another and have an impact on the buying 
decision. For example, if there is no real-time clock display in the cellular telephone, the 
customer may not buy it at all. Another customer is willing to pay more to have a colored 
casing or a color display. Yet another potential buyer wants to program his own ringing 
tune – and is willing to pay extra for that specific feature. 

These features can be balanced with the product development costs and the time to 
market. It is part of the company’s product strategy to make guidelines about the feature 
ranges and market positioning of product families, i.e. to decide which products will be 
designed as "luxury", "rugged", "business", "harsh environment", etc. items. Still, 
product development has to consider what features should be included and how they 
could be best accomplished? 

The support of PLP for project and subproject level trade-off calculations is limited. 
Changes in some parameters, such as the product component count, testing time and 
assembly time, are calculated directly, but an accurate analysis requires some other 
supporting tools, such as SMILE or corresponding. The detailed trade-off calculation is 
easier to carry our separately, because the existing account-specific calculation formulas 
do not consider all the possible parameters we would like to use in the calculations. 

Unfortunately, the PLP system is almost invisible to the designers. All decisions that 
concern the profitability of design are discussed by the product program management 
team. This team typically comprises all the functional project managers, the test manager, 
the quality manager and the program manager as the team leader. These managers lead 
their design teams and are therefore also responsible for communicating these issues. 

4.1.4 Use of business case for planning support 

Companies design their strategies through the sales of the existing and planned products 
and services (McGrath 1993). The following case demonstrates how PLP can support the 
company profit planning in a market. 

Market status in Africa in summer 2000: Instead of declining, the market is estimated 
to grow from 3.6 million to 4 million products during the next year (2001). What is the 
company’s position and what is profitability? 
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Fig. 29. Product business case cash flow of PR143 in the African market area. 
 
PR143 is sold on that market and the cash flow is estimated to decrease during 2000 (see 
Fig. 29.). The profitability figure for the year 2000 shows a 23,6 % gross margin. This 
information is found from the PLP in a similar report as that presented in Table 18, using 
PR143 as the product dimension variable. The plan is to ramp down the product shortly 
after the Christmas sales 2000 and subsitute this with a new product PR250. 
 
Table 18. Profit and loss statement of PR143 for the African market. 

(Figures in 106 * FIM) 1996 1997 1998 1999 2000 2001 Tota l 
Tota l Tota l Tota l Tota l Tota l Tota l Life  Cycle

Sales 391.2 1497.1 1194.5 155.5 3238.3
Adjustments

NET SALES 391.2 1497.1 1194.5 155.5 3238.3
Net Sales % 100.0 % 100.0 % 100.0 % 100.0 % 100.0 %

Material cost 196.8 753.3 657.6 100.1 1707.8
Direct labour cost 8.4 29.5 45.4 5.6 88.9
Distribution cost 6.9 26.9 24.8 3.9 62.4
IPR costs 4.7 18.0 14.3 1.9 38.9
W arranty cost 14.1 41.0 9.3 1.5 66.0

SALES MARGIN 160.3 628.5 443.2 42.4 1274.4
Sales Margin % 41% 42.0 % 37.1 % 27.3 % 39.4 %

Manufacturing overheads incl. deprec iation 36.5 106.2 155.7 17.7 316.2
Other operations costs 5.4 14.1 15.6 5.0 40.0

GROSS MARGIN -5.4 109.7 506.7 282.5 24.7 918.1
Gross Margin % 28.0 % 33.8 % 23.6 % 15.9 % 28.4 %

R&D costs 11.2 28.1 21.6 5.8 66.7
Other development costs 2.7 2.5 1.7 0.6 7.5
Marketing costs 31.3 119.8 95.6 12.4 259.1
Adminis tration costs 3.1 12.0 9.6 1.2 25.9

PRODUCT CONTRIBUTION -11.2 -36.1 51.1 367.4 176.8 11.0 559.0
Product Contribution % 13.1 % 24.5 % 14.8 % 7.1 % 17.3 %

Interest cost of Net W orking Capital 20.2 13.5 10.8 1.4 46.0

PROFITABILITY AFTER INTEREST COSTS -11.2 -36.1 30.9 353.9 165.9 9.6 513.0
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The African market status of the company's products is summarized in Table 19. This 
analysis is based on the PLP system. During the year 2000, the company is estimated to 
sell 1.15 million products with a market share of 32 %. There are two products on the 
market, PR143 and PR250. The estimated gross margin for the market is 347 million 
FIM. Product PR250 will be ramped up during the year 2000, and it will be sold in two 
market areas, but the volume split has been planned according to a declining market 
estimate on the African market. 
 
Table 19. Market status in summer 2000 in Africa. 
  2000 2001 
 unit Q1 Q2 Q3 Q4 Year Q1 Q2 Q3 Q4 Year 
Market volume *103 700 800 900 1200 3600 1000 900 900 1200 4000 
            
PR143 volume *103 270 250 250 220 990 155 - - - 155 
PR250 volume *103 - - 70 90 160 150 175 175 200 700 

Total *103     1150     855 
            
PR143 sales kFIM 351 311 286 246 1195 156 - - - 156 
PR250 sales kFIM - - 116 139 255 226 262 262 293 1042 

Total kFIM     1450     1177 
            
PR143 gross 
margin 

kFIM 104 79 56 44 283 25 - - - 25 

PR250 gross 
margin 

kFIM -4 -5 36 37 64 85 96 93 106 379 

Total kFIM     347     404 
 
The decisions must be made in July 2000, and we need to consider the possibilities of the 
company to hold the market share or even to increase it. The P/L statement of the new 
product, PR250, have been derived from the PLP for each market using the report 
presented in Table 16 and the PR250 values for the product and market-dimensions. 

The new product PR250 will be sold in two market areas, Asia and Africa. The 
consolidated business case shows a 185 million FIM life cycle gross margin for the year 
2000 (Table 16). The sales price is lower in Asia than in Africa because of the keen 
competition. It would be possible to move some sales from Asia to Africa. The 
company’s production capacity is fully exploited, and an increase of volume would 
decrease the volume of some other product. Therefore, we have to consider if it is 
profitable to sell the new product as soon as possible and move some of the volumes 
from Asia to Africa. The manufacturing and distribution costs would change, but does to 
price difference compensate these extra costs? The new plan is illustrated in Table 20. 
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Table 20. Proactive business plan for the African market. 
  2000 2001 
 unit Q1 Q2 Q3 Q4 Year Q1 Q2 Q3 Q4 Year 
Market volume *103 700 800 900 1200 3600 1000 900 900 1200 4000 
            
PR143 volume *103 270 250 250 220 990 155 - - - 155 
PR250 volume *103 - - 120 150 270 200 220 250 300 1125 

Total *103     1260     1280 
            
PR143 sales kFIM 351 311 286 246 1195 156 - - - 156 
PR250 sales kFIM - - 200 232 432 307 332 374 449 1462 

Total kFIM     1627     1618 
            
PR143  
gross margin 

kFIM 104 79 56 44 283 25 - - - 25 

PR250  
gross margin 

kFIM -4.4 -28 65 66 122 114 121 134 161 513 

Total kFIM     405     538 
 
This plan is estimated to increase the gross margin in Africa (405 – 347) million FIM = 
58 million FIM during the year 2000, and (538 – 404) million FIM = 134 million FIM 
during 2001. The sales and gross margin on the Asian market will decrease considerably, 
which makes the decision difficult for the organization. At the company level, however, 
the gross margin is notably likely to increase by 8,9 million FIM during 2000 and 70,8 
million FIM during 2001. The PR250 influence on PR143 sales volumes has been 
ignored in this calculation. 

There are also other feasible solutions. For example, it would be possible to outsource 
the manufacturing of PR143 Q2/2000 and to use the extra manufacturing capacity to 
increase PR250 volumes? We could also increase PR250 sales even more on African 
market with the risk of loosing market share on Asian market? The end result might be 
different, but it would not change anything from the PLP point of view: The system 
supports the other decisions, too.  

The goal of this simple example was to demonstrate how a product business case supports the 
decisions of the company concerning product profitability. In reality, the decision cases are often 
more complex involving several products and more than two market areas simultanuously. Because 
many functional organizations: regional marketing, sourcing and operations, are involved in a 
decision of this kind, it is difficult to attain consensus. One source of decision support should be 
independent of local or functional target setting. 

4.2 Avoidance of suboptimal decisions 

4.2.1 Cross-functional decisions 

Organizations have traditionally been organized into business groups and business units, 
which often consist of functional organizations. The main functions of an organization 
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are research & development, sales & marketing, operations and administration. These are 
split into departments and sections according to the business requirements. Sometimes 
there are regional business groups or units, that are responsible for a specific market area. 
The following decision-making levels can be recognized in a project-oriented global 
enterprise: 

1. Corporate level. 
2. Business group. 
3. Business unit . 
4. Business line . 
5. Product program. 
6. Functional projects (different technologies). 
7. Subprojects (technology subteams). 

Each department, team and individual should have targets compatible with the company 
goals and strategy. However, this seems to be a general management problem in practice, 
as demonstrated in Sub-section 4.1.3. It is not easy for parallel regional units to decide 
about overall profitability without escalating the decision to the next level of the 
organization. What seems profitable locally is not necessary in line with the company’s 
total profit targets. The problem seems to be how to set aligned targets to organizational 
units. Not all departments have similar target settings, and targets are very rarely aligned 
to satisfy the criteria of total profit. The following example of the literature demonstrates 
a clash between company and individual targets: After ABC had been introduced into a 
company, one product with quite large batch level costs was suggested to be made in 
bigger batches. The brand managers, who were used to evaluating profitability based on 
brand profitability rather than inventory charges, demanded this. (Noreen et al. 1995) 

4.2.2 Total profit in practice 

In the literature, there has been some debate about the need for product costing. It looks 
like there is no single correct system that everybody could accept. Goldratt has suggested 
that we should "purge the words product cost from the vocabulary" (Noreen et al. 1995). 
The TOC concept is suggested for use instead (see Sub-section 2.2.4). The TOC concept 
is a good example of simplified total profit thinking. Profitability issues are considered at 
the company level, and the aim is to find the constraints that prohibit the attainment of 
overall throughput. 

The PLP system works similarly at the higher consolidation levels, e.g. from business 
unit to corporate levels. The system supports the company business processes. A single 
product business case is cross-functional, and the results can be analyzed within the 
limits of the designed system dimensions and it is always possible to consolidate all 
business cases into a company-level statement. In addition, the system gives us an 
opportunity to analyze the problems when the decisions are made, i.e. during the product 
design phase. Let us consider a program level case problem. 
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Discrete or non-discrete? Should we replace 20 components with one IC in a 
product?  

Sourcing: The IC component cost is 1.50 FIM higher than the cost of 20 
discrete components. This will increase our life cycle cost by 6,9 million FIM 
(=4'590 '000 pcs * 1.50 FIM). This does not look good. 
Product development: Another program has designed and tested the solution. 
The project should copy the technical solution and test its performance with 
their own product. This requires 4 * 1 weeks of design and testing resources, 
which cost 50'000 FIM. "And besides, we are very busy with some other issues 
right now". 
Marketing: The products sales estimate is greater than the delivery capacity. 
This will not change the product features or pricing. 
Manufacturing: The component placement process of the PWB bottom side 
placement is a production bottleneck. "This might help us a little". 
Quality: The reliability of the IC has been verified to be good. We could 
estimate a 0.5 % -unit reduction in field failures if we used this component. 
According to our experience, this change would also reduce soldering rejections 
by an average of 10 ppm. 

The first impression is not encouraging. According to sourcing and product development, 
the decision would be negative. Let us analyze the case in more detail. 

Sourcing: This IC has a faster price erosion than the standard components. If 
we can increase volumes, we might get it at 1.25 FIM extra costs this year and at 
–8 % per year in the future. 
Product development: "We are busy with the SW, but the design resources in 
this area are not actually in the critical path of the project". Prototyping and 
performance tests can be carried out together with the other tests of the product. 
Therefore, no project delays are anticipated in product development. 
Manufacturing: The removal of 20 components from high-speed placement 
machines and the addition of one to the flexible placer would increase the 
manufacturing capacity by 1.24 % (from 96.9 kpcs/month to 98.1 kpcs/month 
per line) 
Marketing: This could increase our deliveries. The additional revenue with a 
1.24 % delivery increase would be about 73,6 million FIM. 

The case looks more promising now. The program manager fills the data into the PLP 
system. 
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Table 21. The P/L statement of PR250 after the replacement of 20 components by one IC. 

(Figures in 106 * FIM) 1998 1999 2000 2001 2002 2003 Tota l 
Tota l Tota l Tota l Tota l Tota l Tota l Life  Cycle

Sales 675.4 2162.1 2925.8 242.7 6006.0
Adjustments

NET SALES 675.4 2162.1 2925.8 242.7 6006.0
Net Sales % 100.0 % 100.0 % 100.0 % 100.0 % 100.0 %

Material cost 352.5 1098.4 1535.5 184.9 3171.3
Direct labour cost 19.2 71.4 109.9 13.6 214.1
Distribution cost 4.0 17.7 30.4 3.3 55.4
IPR costs 8.1 25.9 35.1 2.9 72.1
W arranty cost 21.7 57.4 18.2 2.4 99.6

SALES MARGIN 269.9 891.4 1196.7 35.6 2393.5
Sales Margin % 40% 41.2 % 40.9 % 14.7 % 39.9 %

Manufacturing overheads incl. depreciation 52.3 189.0 282.5 34.0 557.8
Other operations costs 8.3 21.1 15.5 5.0 49.8

GROSS MARGIN -8.3 196.6 686.9 909.1 1.6 1785.9
Gross Margin % 29.1 % 31.8 % 31.1 % 0.6 % 29.7 %

R&D costs 24.6 46.0 29.4 5.9 0.3 106.4
Other development costs 2.6 2.7 2.5 1.7 0.6 10.1
Marketing costs 54.0 173.0 234.1 19.4 480.5
Administration costs 5.4 17.3 23.4 1.9 48.0

PRODUCT CONTRIBUTION -27.3 -57.0 105.2 489.1 650.8 -19.8 1140.9
Product Contribution % 15.6 % 22.6 % 22.2 % -8.2 % 19.0 %

Interest cost of Net W orking Capital 35.0 27.6 37.4 3.2 103.2

PROFITABILITY AFTER INTEREST COSTS -27.3 -57.0 70.2 461.5 613.4 -23.0 1037.8

 
A comparison of the business cases presented in Tables 16 and 21 gives the following 
results: 

Marketing: Sales revenue increased by 73,6 million FIM. 
Sourcing: Material cost increased 43,5 by million FIM, mainly due to increased 
volumes. 
Manufacturing: Manufacturing overhead costs increased due to increased  
volumes. 
Quality: Warranty cost estimate decreased by 6,3 million FIM. 
Other: Many other accounts also changed due to the increased volumes. The 
project’s contribution increased by 18,8 million FIM. 

More important than the quantitative increment of the profit is the notably positive 
direction of the decision. For program level decisions of this kind, there are no other 
tools available. The product business case offers a frame for estimating and calculating 
the profit because it makes the revenues and expenses visible in the long term and across 
the organizational boundaries. 

4.3 New product decisions 

New product programs are evaluated in the program roadmapping process, as illustrated 
in Fig. 9. Profitability issues are not the only elements relevant to decisions about 
products. The roadmapping process has to consider the following issues: 

- Customer demands and desires. 
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- Technology roadmaps and availability. 
- Resource competencies and availability. 
- Manufacturing and logistics capability. 
- Product profitability. 
- Safety and product liability. 
- Etc. 

The profitability plan is finalized mainly before M1. Cost minimization cannot be the 
only goal, because it does not lead to the most profitable solution in the following cases: 

1. Minimizing the cost in product design might lead to a reduction of product 
features for which the customer is willing to pay more than the cost of the 
feature. 

2. Cost minimization in any operative bottleneck activity reduces the output of 
the whole company, which increases idle costs in the non-bottleneck parts. 

3. Minimization of component costs without respect for quality and product 
robustness may lead to severe yield and reliability losses in product 
performance. 

4. Selection of a component supplier based on purchase price criteria alone 
may lead to severe sales revenue losses For instance, the supplier may not 
be capable of larger delivery volumes and changes in logistic arrangements. 

These situations should be handled case by case in the business line or program 
management with the support of business controllers. The product business case supports 
these decisions as presented in the earlier cases. 

4.3.1 Profitability of new programs 

Single product business cases are the basic elements of the system. At first, we compare 
different methods of defining program profitability. As stated in the introduction of this 
thesis, the general profitability criteria are: 

- Return on owners' equity (ROE). 
- Return on capital employed (ROCE). 
- Net profit margin. 
- Gross profit margin. 

The terms life cycle product contribution and life cycle gross margin are used in this text, 
and correspond with Net profit margin and Gross profit margin. In the literature, the 
following profitability criteria have been commonly used (Turner 1994): 

- Accounting rate of return (ARR) 
- Payback. 
- Net present value (NPV). 
- Internal rate of return (IRR). 
- Profitability index (PI). 

The definitions of these are presented in appendix 1. Turner also mentions that non-
financial criteria, such as the presence of outside influences, the effect on customers and 
staff, and social consequences can influence the decisions. 
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As pointed out at the beginning of the thesis, we here concentrate on the financial 
profitability of the business. However, environmental effects are considered partly 
through disposal costs. 

What is the best criterion to justify the financial profitability of a product? The 
following comparison illustrates the differences in some criteria. We will consider two 
products, PR143 and PR250 (see Tables 16, 17 and 18).  

Accounting rate of return (ARR): ARR expresses the profit forecast as a 
percentage of the capital expenditure involved. It seems that there are more than one way 
to calculate ARR in practice (Turner 1994). In this text we calculate ARR using average 
profit per average capital employed (NWC). The definitions of ROCE and ARR are 
almost similar if we set the share capital as zero in the equation of ROCE (see Appendix 
1.).  To calculate the ARR of the business cases, we need the data presented in Table 22. 
 
Table 22. Profits and capital employed in PR143 and PR250. 
Life cycle PR143 PR250 

Net profit 559,0 1122,1

Capital employed 1381,9 2563,2

 
Average profits per average capital employed gives 40,5 % for PR143 and 43,8 % for 
PR250. 

Payback: The cash flows for the calculation of payback are summarized in Table 23 
and the payback time is defined from Fig. 30 at the point where the cumulative cash flow 
is zero. 
 
Table 23. Cash flows of products PR143 and PR250. 

 PR143  PR250  
Year Cash flow Cumulative Cash flow Cash flow Cumulative Cash flow 

0 -11,2 -11,5 -27,2 -27,2 
1 -36,1 -47,3 -57,0 -84,2 
2 -24,4 -71,7 -54,2 -138,4 
3 345,6 273,9 428,8 290,4 
4 223,3 497,2 616,0 906,4 
5 86,7 583,9 253,7 1160,1 
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Fig. 30. Payback times of PR143 and PR250. 
 
The payback time for PR143 is 2,2 years and that for PR250 2,3 years. 
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Discounted cash flows: The cash flows that are discounted with a 12 % interest are 
presented in Table 24. 
 
Table 24. Discounted cash flows of PR143 and PR250. 

 PR143  PR250  
Year Cash flow DiscountedCash flow Cash flow DiscountedCash flow 

0 -11,2 -11,2 -27,2 -27,2 
1 -36,1 -32,2 -57,0 -50,9 
2 -24,4 -19,5 -54,2 -43,2 
3 345,6 246,0 428,8 305,2 
4 223,3 141,9 616,0 391,5 
5 86,7 49,2 253,7 144,0 

Total 583,9 374,2 1160,1 719,3 
 
Table 24 shows the net present value (NPV) for PR143 to be 374,2 million FIM and that 
for PR250 to be 719,3 million FIM.  

Internal rate of return (IRR): IRR is the discounting interest that produces a zero 
NPV value. This calculation results in IRR of 146,2 % for PR143 and 128,6 % for 
PR250. 

Profitability index (PI): PI is the ratio between the present values of cash inflows 
and cash outflows. The values for calculating PI are presented in Table 25.  
 
Table 25. Values for calculating the profitability index: 
 PR143 PR250 

 Cash in Cash in 
discounted 

Cash 
out 

Cash out 
discounted 

Cash in Cash in 
discounted 

Cash out Cash out 
discounted 

0 0,0 0,0 11,2 11,2 0 0,0 27,2 27,2

1 0,0 0,0 36,1 32,2 0 0,0 57 50,9

2 367,2 292,7 391,5 312,1 621,7 495,6 675,9 538,8

3 1507,2 1072,8 1161,5 826,7 2147,3 1528,4 1718,5 1223,2

4 1209,5 768,7 986,2 626,7 2883 1832,2 2266,95 1440,7

5 179,4 101,8 92,7 52,6 318,4 180,7 64,7 36,7

 3263,3 2236,0 2679,2 1861,6 5970,4 4036,9 4810,3 3317,5

 
PI for PR143 is 1,20 and 1,22 for PR250. 
 
The results of the different profitability criteria are summarized in Table 26 where the 
better value is written with bold text. 
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Table 26. Summary of different profitability criteria. 
 ARR Payback NPV IRR PI Cumulative 

cash flow 
Life cycle Net 
Profit Margin 

PR143 40,5 % 2,2 374 mFIM 147,2% 1,20 583 mFIM 17,3% 

PR250 43,8 % 2,3 719 mFIM 128,6% 1,22 1160 mFIM 18,9 % 

 
According to the results in Table 26, it seems that different profitability measures 
produce different results: 

1. ARR is a simple and robust criterion, which considers the capital employed, 
but it does not describe the cumulative profits. Therefore, it should be used 
with some other criterion. 

2. Payback time illustrates the speed of product development and launch to the 
market. The values do not describe the profitability of the product life 
cycle. 

3. NPV describes the cumulative and discounted profit and is therefore a good 
criterion to be used with product business cases. 

4. IRR expresses the relative profitability of the whole life cycle and also 
considers the assets when calculated using the product business case cash 
flow figures. Like ARR, it should be used with some other criterion, which 
describes the quantitative cash flow. 

5. PI index combines the NPV and IRR techniques (Turner 1994). The PI 
value is higher for PR250, which looks more profitable than PR143 in 
many respect. 

We must use these profitability criteria with common sense, and though these criteria 
seem to show slightly controversial results, one thing is common: Judgement of the 
product profitability and making profitability comparisons requires the information 
which is available in product business case calculations. 

4.3.2 Multidimensional consolidation and analysis 

One advantage of PLP is that a similar profitability analysis can be carried out on all 
combinations of the existing product business cases. Every data element, group of data, 
report, and input must define one value of each dimension to access the database. This 
also applies to the consolidation of the cash flows and the program-related capital. Fig. 
31 illustrates the hierarchies of the dimensions of PLP. 
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Fig. 31. The multidimensional structure of PLP. 
 
Many users only use the pre-set report formats, although the program also enables 
selection of the reporting period and, for example, the products. For an analyst familiar 
with the content of the database and able to modify the information further with 
spreadsheet tools, this solution offers an excellent working platform. The Analyst tool 
gives free access to any database variable and also a possibility to overwrite (correct) 
data. The analyst tool operates with a MS-Excel interface, and all the spreadsheet tools 
are also available. Analyst access should only be given to trained and experienced users. 

When all products have been consolidated, the output should look the same as that 
consolidated through the cost centers. If all the products and services of the company are 
included in the PLP, it is possible to consolidate an estimated company level cash flow 
curve, which includes estimates of the new products. This is an advantage because 
unlaunched products are typically not visible in any other financial system. PLP enables 
this, not only within one business unit, but also across all the business units of the 
company. 

One problem in the implemented version of the system is the large amount of input 
information not available for the product concepts and product ideas. This drives us to 
simplify the contents and to reduce the number of input variables and accounts of PLP. It 
is also difficult to define the time range of the upcoming products. This very easily leads 
to the kind of situation illustrated in Fig. 32. In this case, consolidation gives only about 
two years' foresight, because of the missing business cases or the incomplete data input 
in the system. 
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Fig. 32. Effects of missing business cases or incomplete data collection. 
 
This also means that the capability to predict the company’s future sales revenues and 
profitability is directly dependent on the availability of future product plans. One way to 
improve this is to create a reduced version of business case calculations for the product 
concepts that are planned and utilized during the product roadmapping. 

4.4 Integrated implementation 

The business case calculation (e.g. product life cycle profitability) system is not 
necessary for company accounting. It is necessary for profit planning. Some other 
systems may also be used for profit planning, but they are incomplete if they do not 
consider the life cycle of the product or service. The alternative systems are often limited 
to a certain functional area, e.g. manufacturing, which may lead to suboptimal decisions. 

Most of the present sales revenues come from the old products in the market. These 
values are actual figures. These figures might also include a couple of new products 
which are still in the product development phase, i.e. the product development program is 
not yet finished though the product is mature enough for initial deliveries. Secondly, 
there are always some products under development that have not been delivered to 
customers. These revenues are the same as in the PLP calculation system. These two 
product types explain the company’s sales revenues far into the future, although the 
average life cycle in this figure is assumed to be only two years. 

To complete the future view of sales revenue estimates, it is possible to input the 
early estimates of product concepts and product ideas. Product concepts are under 
research, but the most important costs, such as materials and volumes & prices, can be 
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estimated based on the product life cycle calculations. This is done during the annual 
long-range planning. 

4.4.1 Advantages of integrated PLP 

When all of the company’s business cases have been maintained according to this 
concept, there will be a possibility, at any time, to extract a snapshot of the company 
business to be used in any other financial system, as illustrated in Fig. 24. An effective 
feature of the system is the possibility to generate an almost unlimited number of 
different consolidations. For example, LRP only needs sales revenues, product 
development costs, material costs, manufacturing costs and other costs. To extract 
specific data from PLP, one needs a parallel consolidation structure and summary 
accounts to produce these values for any combination of dimensions. 

While PLP is not an accounting system, its role is merely to give proactive 
information about the business directions and to enter it into long-term planning systems. 
The alternative is usually to gather and process this information manually. Efficient 
utilization of the PLP information database saves effort during the LRP planning period 
and gives more reliable figures than manual data collection. 
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Fig. 33. Integration of PLP with the financial processes of a company. 
 
Fig. 33 illustrates the principle of the positioning of PLP within the company’s financial 
processes. The principle allows closed-loop control of the PLP system. The flow starts 
from the green planning process on the left, where most decisions regarding the future 
costs and revenues are made. This information is stored and maintained in the amber PLP 
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process and used for LRP and business planning purposes. The booking process registers 
the actual expenses and incomes for the official financial records of the company. The 
figures in the blue and black processes include the financial facts based on the 
accounting transactions. 

From the PLP point of view, there are three control loops available. Firstly, it is 
possible and also necessary to feed back the decision deviations and changes from the 
LRP and business planning processes to the planning process to be checked and updated 
into the PLP. Secondly, it is possible to correct the business case estimates with the 
actual data derived from the booking process. Thirdly, it is possible to balance the 
consolidated estimates with the consolidated actuals and to reconcile, for example, the 
overheads and the administrative costs. 

The application of the principle as shown in Fig. 33 is not easy in practice. There are 
time lags from one to several years between the events of the planning and actual 
processes. In real life, there are often more product variants than was planned initially in 
the PLP, and the number of accounts in the PLP is less than in the company’s booking 
system. These require extra consolidation work. During the planning phase, the feedback 
is simpler to handle, because the amount of information is considerably smaller and there 
are no significant time lags between the business case and the LRP estimations. At any 
rate, despite practical difficulties, this principle is valid theoretically and could improve 
the accuracy and reliability of PLP when implemented properly. 

4.4.2 System implementation 

This thesis presents a novel implementation of the product business case calculation 
system. The system enables the user to design to profit all the products and services of 
the company and also provides a feedback framework to control the consistency of the 
data. 

The role of the PLP system is independent of functions and business units. This is 
necessary to allow an objective view of the company’s business. Actually, the business 
owner of the system should be the CEO of the company. The role of the business owner 
is to exploit the system to achieve the desired business targets. The business owner 
organizes the responsibilities, defines the performance targets and key metrics, and 
authorizes the managers to act in their specified roles. Once the roles and responsibilities 
have been established, the daily role of the system is to serve as a practical tool for 
product program decision-making. On the other hand, the system is also an analysis tool 
for business specialists and analysts. The system was designed by a cross-functional team 
consisting of individuals with financial control, product creation and delivery process 
competencies. The calculation system was implemented by the specialist users of the 
specific calculation tool. The sponsors of the project were the global controllers of R&D 
and operations. The customers of the system are illustrated in Table 12. 

The design work was carried out without involving a large number of stakeholders. 
Possibly for this reason, there has remained some doubt as to the reliability and validity 
of the system. This concerns mainly people with a major functional role or responsibility 
in such organizations as the sales, finance & control or operations. These people are used 



 114 

to sorting out profitability problems in a variety of ways – perhaps by their own system, 
which is naturally considered reliable by the developers. 

The biggest implementation effort was done by the product program managers and 
the local program controllers. These persons are also the most frequent users, while 
product business case calculations are mandatory elements of program reporting and the 
milestone reviews. Product business case training has also been a permanent part of the 
annual program management training sessions for 4 years. In this case, the old systems 
and processes helped the implementation work. In some other cases, the existence of an 
old system has been an obstacle (Pesonen 1990). 

4.4.3 Global use, maintenance and safety 

There are more than 50 constant users who locate on almost all the continents of the 
world. One advantage of Hyperion OLAP has been the unambiguous client-server 
architecture, where data are transferred and a local PC processes the user interface 
program. This has simplified the system solution remarkably and improved the system’s 
overall performance. If we had had to establish regional databases, which are 
consolidated into a global database, the implementation and testing effort would have 
been much greater. 

The responsibilities and duties of the program managers are defined by the job 
descriptions and business processes. The commissioning of the new tool was not 
difficult, because the product creation process had already been practised in the company 
for several years. The change of the tool was only a minor change in the program 
management work. This also demonstrates the fact that the process implementation is 
more important than the commissioning of a tool. The introduction of a new tool is not 
problematic when the use of the tool supports the defined business process and satisfies 
the performance and functional requirements of the users. 

This system architecture provides good utilities for system parameter maintenance. 
The local program controllers do not have to worry at all about updating the calculation 
rules and formulas. One global program controller can take care of all application rule 
updates in the system server. Actually, only off-line clients make the system maintenance 
more problematic. The users have to take care of updating their off-line applications. 
Technically, it is not difficult to update the altered files of the client program. In practice, 
there are occasional delays, and the client application may give different results 
compared to the other systems with the same data for some time. Fortunately, the 
frequency of system updates is 2-4 times a year after system commissioning. 

A security analysis of the system was carried out. The result of the analysis was that 
the biggest risk is the people who know the system well or have authorized access to the 
system. Therefore, the number of authorized users has been limited to a minimum. 
Access to the system requires the following: 

- Account and access into the company domain. 
- Access to the server (specified in the NT user rights). 
- Knowledge of the directories and the key file names. 
- Access to these server directories. 
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- A running copy of the software tool. 
- The logon password of the software. 
- Knowledge of how to use the system. 

Even after this, a normal user can only access a restricted number of business cases. An 
administrator can extract all data to an external destination, but without a copy of the 
application single files are worthless. Compared to the literature, this planning system is 
a state-of-the-art application in many respects, including global usability, easy and 
centralized maintenance and no special security risks. 

4.5 Validity and reliability 

The validity of the system is based on its inductive construction (Sykes 1991). The 
system has been constructed based on existing and proven financial calculations. Its 
novelty lies in the new way of combining and using the results. Design to profit in a 
complex and dynamic business environment is based on proper planning of the product 
development programs. This is necessary in dynamic business, because the period within 
which the most significant decisions have to be made is very short (see Sub-section 
4.1.2). It is necessary to make decisions according to the planned product design 
solutions. The financial effects of these design solutions have been calculated inductively 
based on the assumption that the estimated cost roadmaps are realistic and the selected 
cost drivers are relevant. 

A single product business case is not complex. It consists of the essential product 
parameters, which are also focussed on in the other decisions concerning the product. 
The quality of the single product business case depends on the quality of the input data as 
described in Section 3.3. The input procedure presented in Fig. 23 provides the 
information quality control before the data are presented in the milestone reviews. The 
program team naturally has the most recent information about resource usage, the latest 
component selection, etc. Thus, the rest of the report quality depends on the calculation 
system and the actual cost information updates. The results presented in Section 4.1 - 4.3 
were expected in the system requirement setting. The system features and qualities have 
also been verified during its operative period of four years in practice. Over 50 product 
program managers have used the system in their project management practises. This 
demontrates the system’s apparent validity (Sykes 1991). In the early phases of the 
product life cycle, there is no better method available to judge the profitability of the 
product than the plans and the planning process of a new product. 

The requirement for internal validity means that the data and findings should be 
coherent (Sykes 1991). The product business case consists of calculations that 
correspond to the functional parts of the company. It is possible to cross-check these 
calculations at any point of time by a business case or as a consolidated entity. It has 
been possible to verify that the proactive design decisions have resulted in better 
profitability soon after the launch of the product. In principle, this cross-checking can 
also be done by substituting the planned values (estimates) with the actual values and by 
using the detected gaps for the correction of the estimation formulas and parameters. This 
also demonstrates the instrumental validity (Sykes 1991) of the product business case. 
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Based on these facts, it seems justifiable to state that the model of the product business 
case will "give the best available information of product profitability at any point of the 
product life cycle". 

The complexity of the case business environment comes from the strong market 
competition, the fluctuating global markets, and the globally distributed operations of the 
company. Multidimensional consolidation does not improve the quality of the product 
business cases, but gives an opportunity to analyze the results at the business line, 
business unit, business group or company levels. This enables a comparison with the 
traditional financial statements, which enhances the instrumental validity of the system, 
although statistical analysis is not within the scope of this thesis. 

4.5.1 Sales revenue fluctuations 

The weakest point of the system is the sensitivity and reliability of the sales volume 
estimates. Product sales volumes are the most volatile variable to forecast, estimate and 
even follow-up. A given product may behave totally differently in different market areas. 
Forecasting the sales volume of a market-entering product is complicated. For example, 
one product sold well in Europe, but its sister product did not sell nearly so well in the 
US at the same time. Two years later, variants of the same product began to sell well in 
the US and finally sold about 10 times more than estimated at the beginning of the life 
cycle. 

Deviations in sales volumes are visible at the company level consolidations. A major 
underestimation may lead to material shortages in every-day operations, which may 
jeopardize delivery capability. Overestimation mostly leads to reduced profits of the life 
cycle. If the company is ready to deliver more than is sold in the market, the evident 
consequence is excessive inventories in the whole logistics chain. 

Sales price deviations have a direct influence on profit margins. It seems that sales 
prices are more stable and easier to estimate than sales volumes, although pricing may 
affect sales volumes. In the consumer market, it is sometimes easy to estimate the sales 
price according to the market situation. The presence of many competitive products on 
the market makes it possible to compare values. It is more difficult to estimate the price 
of a totally new type of product or a new commodity. 

This contributes to the quantitative accuracy of the profitability estimates. In a 
dynamic business environment, this can be improved only by developing more reliable 
sales estimation models, which take into account market-specific variables. Actual sales 
figures are used in PLP when making ramp-down decisions concerning products. 

4.5.2 Accuracy of estimating methods 

In a dynamic business context, reliability depends on the accuracy of cost estimations. 
The engineering construction industry has advanced methods for estimating project costs. 
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A summary of the methods and their relative accuracy is given in Table 27 (Turner 
1994). 
 
Table 27. Methods used to prepare different types of estimate (Turner 1994). 

Type of estimate Accuracy Estimating method 
Proposal estimate + 50 % Step counting or exponential (plant level) 
Budget estimate + 20 % Exponential (main plant item level) or parametric 
Sanction estimate + 10 % Parametric (main plant item level, vendor quotes) 
Control estimate +   5 % Parametric (main plant item level, firm prices) 
Tender estimate +   2 % Detailed estimation 

 
The step counting method assumes cost as a function of the number of functions and the 
plant throughput. Exponential methods assume that cost is proportional to the size of the 
facility. Parametric methods assume that all costs are proportional to some core cost, 
such as the main plant items. In the engineering construction industry, the techniques are 
so advanced that estimates of the prices of placed orders are sufficiently accurate for a 
control estimate. Detailed estimates are prepared by the tendering contractors. At the 
lowest levels, the costs are derived from standard cost books or from parametric data. 
Additionally, Turner mentions computer-aided estimating, which has been derived to 
support parametric estimating and detailed estimating. These are often based on a bill of 
materials (BOM) or a bill of quantities (BOQ). (Turner 1994.) 

4.5.3 Material costs 

In this case, the material costs account for 65 – 80 % of the total costs. Errors could have 
significant effects on profit margins. The estimation of the material unit cost of the 
product is based on BOM and sales volumes since the beginning of the life cycle. 
Component prices have been decreasing steadily, and their price development is 
monitored regularly by the customer companies. Passive components, i.e. standard 
components with almost fixed prices, are widely available and the market prices of 
bigger lots are steady. The prices of special components, such as electromechanics, 
ASICs, processors and tailored connectors, require the purchasers to have experience and 
to engage in continuous co-operation with the vendors. Continuous partnering with the 
vendors and manufacturers guarantees that most component prices develop in a 
predictable manner, if no dramatic changes in quantities occur. Through early 
cooperation with the component vendors, it is possible to get price agreements or vendor 
quotations in the early stage of the program. 

The unit costs of the components change during the product’s life cycle. Only bulk 
components, such as standard screws, chip resistors and capacitors, etc., do not have a 
product life cycle-specific cost relation. Their unit cost is more driven by the market and 
competition and naturally dependent on quotation lot sizes, i.e. purchase volumesa. In the 
beginning, unit costs are high because the first samples require a lot engineering, 
machining and possibly even specialized manual work, new fabricating processes, 
tooling, etc. relative to the lot size. It is also possible to reduce component costs during 
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the product life in many ways: by choosing cheaper (recycled) raw materials, widening 
tolerances, elaborating the process, etc. 

The quantities of scrapped components and the freights and duties are stable and 
possible to estimate according to the standard cost books. Scrapping is controlled on a 
daily basis, and fluctuations are reacted to immediately, which means that scrapping costs 
can be extrapolated from the history events. Freights and duties are exact figures and 
changes will be notified in advance. 

There are incidents that are impossible to predict. The risks of material or product 
obsolescence in a fast-moving business are big and difficult to estimate. This risk can be 
realized through several mechanisms: 1) If a big customer for a product accidentally gets 
information of a new and better version to be launched soon, they stop buying the old 
one. This may lead to scrapped components and semi-finished products worth hundreds 
of millions of FIM. 2) A product program is disrupted just before the product release 
phase, which results in scrapped components and semi-finished products worth tens of 
millions of FIM. In this case, the design work also becomes obsolete and the product 
development effort is lost. 3) Material faults that result in a need to call back all products 
for repair and to scrap faulty components. This increases the after sales or warranty costs. 
4) Poor planning of a product change, which results in a large stock of unused 
components, etc. 

No system can prevent all such events. However, in a large multi-product company, 
the average obsolescence figures follow a stable trend. In a small electronics company 
that delivers a small number of products or expensive products in small lots, this must be 
considered carefully. 

4.5.4 Other expenses 

As illustrated in Table 14, the formulas for estimating other than material costs are based 
on detailed planning or parametric methods. ABC-based calculations also connect the 
product-specific cost drivers and the function-specific driver quantities. These drivers are 
maintained in the functional units, and cost roadmaps for each cost per unit figure are 
available. For example, the plant-specific manufacturing general costs is not calculated as 
a per-centage of today's figures, but based on the indirect manufacturing activities of the 
factory. This calculation also considers new product introductions. Deviations between 
the estimates and the actual figures are caused by the varying efficiency and utilization of 
the factories. Also, some delayed product start-ups and low demand might occasionally 
increase some costs, but long-term deviations are rare because the capacity of electronics 
manufacturing can be adjusted to the actual demand within a couple of months. 

Expenses during the product development phase are based on detailed planning of the 
programs and cost roadmaps of the human cost per head (see Fig. 26). Plans and changes 
are be updated for every period. Deviations are more probable in project duration due to 
dynamic business changes than in costs per head. The variation of actual cost vs. planned 
cost is less than 40 % of the total product development effort. This equals about 15 
million FIM, which is small compared to the product life cycle turnover. This applies to 
all functional teams of the product program. 
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Additionally, there are customer-driven costs, management costs and costs of 
supporting functions. Product program decisions do not have a direct influence on the 
administrative and general management expenses, but decisions concerning target 
customers or marketing objectives have an impact on the distribution strategy, the 
outbound inventory levels and the expenses, which are traditionally not considered 
product costs. Because some of the customer-driven costs are also committed in the 
conceptual phase and are indirectly related with the product, they are considered in the 
product business case as process costs. 

The controllability of the global organization, management and administration costs 
is commonly good in any company, and it is possible to have a solid and reliable 
roadmap for the costs of the coming 18 months. 

The after sales or warranty costs are difficult to estimate. It is possible to verify the 
design actions that improve product quality through product and field testing. However, 
the model for estimating field failures is complex even if the company invested in 
product quality management, proactive design for quality, extensive prototyping and 
testing. 
 
Table 28. Accuracy of cost per unit of expenses. 

Expense Estimate type Accuracy Weight Weighted  
accuracy 

Materials Computer-aided estimate +  4 % 0.70 +  2.8 % 
Human resource expenses Parametric cost roadmap + 5 % 0.03 + 0.15 % 
NRE & tooling Detailed estimating +  5 % 0.01 + 0.5 % 
Manufacturing Parametric cost roadmap or 

computer aided estimate 
+  5 % 0.06 + 0.3 % 

Outbound logistics Parametric cost roadmap + 10 % 0.01 + 0.1 % 
Disposal costs Parametric cost roadmap + 50 % 0.002 + 0.1 % 
Warranties Parametric cost roadmap + 50 % 0.02 + 1.0 % 
Administrative overheads Parametric cost roadmap + 20 % 0.03 + 0.6 % 
Sales and marketing overheads Parametric cost roadmap + 20 % 0.03 + 0.6 % 
Weighted average   1.0 + 6 % 

 
Table 28 illustrates an approximation of the accuracy of the estimation method used in 
this study. This approximation concerns only the cost per unit estimates. Fluctuations of 
sales volumes also cause remarkable changes in the life cycle figures. However, this does 
not influence the profit margins, which remain stable if the sales prices per unit do not 
change equally much. 

It is possible, in spite of careful planning and data handling, that errors may occur in 
both the estimated and the actual costs of the system. Errors in cost estimations may 
originate from inaccurate estimation of resource use or false estimation of unit costs 
development, i.e. cost roadmaps. Corrections of program targets may also create 
unpredictable changes in business case calculations. However, these corrections and 
changes and their implications for business case profitability will be discussed and 
rectified before the milestone reviews. 

Although the quantitative accuracy of the price and cost estimates may vary, the 
repeatability of PLP calculations is good. The calculation process is stable and clear-cut. 
The estimates and calculations are based on formulas that have been evaluated in 
practice, and the input parameters are measurable and controllable. Accuracy fails mainly 
with regard to parameters that are totally out of company control, such as the market 
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situation, strikes, political conflicts, etc. Such parameters as "manufacturing efficiency" 
and component price erosion have quite stable trends or are, at least indirectly, 
potentially controllable. Such qualitative reliability means, in practice, that the business 
cases of the products are comparable. It is possible to compare products for profitability 
and to analyze the reasons for the conclusion made. Repeatability fails only if system 
updates are neglected, the due course of the process is ignored, or wrong values are 
entered. However, absolute figures should be use with caution when judging how much 
better things are. 

4.5.5 Working capital 

PLP includes component and semi-finished product inventories, WIP as well as estimates 
of the receivables and payables. This part of the system can be handled using the general 
logistic metrics of the company, because product-specific decisions do not influence 
remarkably the company’s average values. This could be a useful feature in a small 
company to calculate the business-driven net working capital (NWC). 

Days-of-supply (DOS) is a measure of inventory level. 14-day DOS means that the 
inventory rotates once in every 2 weeks. This is a tangible and easy metric for inventory 
follow-up. In practice, almost every company will follow up the DOS of their inventories 
with good accuracy. The decisions concerning product programs influence mainly WIP 
and the inventories of incoming, semi-finished and finished goods. At the beginning of 
the study, the aim was to include a link between the manufacturing yield and WIP. In 
electronic industries, a decrease of manufacturing yield, i.e. an increase of rejections for 
substandard quality, will increase WIP if the manufacturing rate is not decreased. The 
initial idea of calculating WIP from the yield and manufacturing rate was to illustrate the 
effects of poor product quality on manufacturing. This idea was abandoned, because 
these formulas required continuous updating from the several factories around the world. 

The product concept often includes a decision on how the products will, or can, be 
delivered. If not, the product program has to decide it. This also involves the decision on 
where the products is to be customized (Ojala 1997). Different delivery modes, such as  
manufacture to order, pack to order and ship to order have effects on the inventories. 
Manufacture to order means deliveries against customer orders – products are 
manufactured only if a customer has placed an order for these specific products. To 
maintain short delivery lead times, this mode needs to have components ready in the 
inventory to start manufacturing when the order comes in, but it is also possible to keep a 
low inventory of finished goods. Pack to order means that there are (standard) semi-
finished parts and modules in the inventory and an order initiates a process of packaging 
to the customer. In principle, pack to order increases the inventories of semi-finished 
products and decreases the component inventory. Ship to order requires more products in 
the finished goods inventory and less in the others. Ship to order is the fastest delivery 
mode from the customer perspective, but not the cheapest from the manufacturer point of 
view, if there is any unpredictable fluctuation in the demand. 
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4.6 Adaptive corrections 

The cost estimation models utilize several cost roadmaps, which usually describe how a 
unit cost is assumed to behave a couple of years from the present. As in adaptive process 
control, some system parameters have to be updated about quarterly. The global program 
controller defines the correct values from the actual values and updates these into the 
calculation system. As an example of these parameters: 

- Cost per manmonth/unit. 
- Material scrap %. 
- IPR %. 
- Obsolescence risk -%. 
- R&D overhead %. 
- Global overheads %. 
- Etc. 

The life cycle profitability framework for the CE -process provides a financial control 
discipline. Along the process of product development, at each milestone, the life cycle 
business case must be checked. If the target costs and timing have not been achieved or 
some other circumstances have been changed, the business case calculation will reflect 
the implications in financial terms. Fig. 6 illustrates how the financial results of different 
functions depend on time. Even the target cost and timing can be changed by the program 
sponsor, but only through understanding the changes in the product, market, business, 
etc. Using life cycle thinking as the framework for a product business case, it is possible 
to estimate all major cost accounts over the whole life cycle and to make them visible for 
all decision-makers. 

4.7 Validation summary 

A summary of the findings discussed in this thesis is presented in Table 29. There are 
obvious strengths and weaknesses in applying the design to profit procedure. Some of 
them are specific to the dynamic and complex business environment. Some are generic 
and could be expected to appear in any other similar application. 
 
Table 29. Summary of PLP strengths, weaknesses, opportunities and threats. 

Strengths Weaknesses 
1. The system philosophy is based on the life 

cycle business processes of the company 
2. The system works in both proactive and 

retroactive modes. 
3. The system supports management decisions in 

a dynamic and complex  business environment 

1. The quantitative accuracy of business cases 
depends on volatile price and volume 
estimations at the beginning of product life. 

2. Business case calculations require a dedicated 
system and some staff for maintenance. 

3. Decision-makers have to rely on estimated data 
in the dynamic business environment. 

Opportunities Threats 
1. Increases knowledge of the profitability 

behavior of products during their life cycle. 
2. Supports the product improvement phase and 

prolongs life cycles through profitable redesign 
3. Provides advanced product profitability 

1. Human resistance and mistrust in proactive 
calculations (estimations) 

2. Need for dedicated people to run the system in 
parallel with the traditional finance and control 
systems. 
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analyses in company level planning and 
simulation of different scenarios. 

3. Lack of discipline to use the system in business 
planning. 

 
The major constraint for the implementation of design to profit seems to lie in the human 
mind: A similar conclusion has been reached and reported in the literature (Shields & 
Young 1991, Susman 1989). For some people, it seems difficult to trust in models that 
are based on estimated cost figures. It is easy to criticize the design to profit model, 
because the market parameters are volatile in telecommunications industry. It will always 
take some years to confirm the estimated results with actual data. Therefore, a statistical 
study of the reliability of profit and cost estimations is suggested as a further tool to 
prove the proactive approach presented in this study. Here, the proactive approach has 
been demonstrated to be an advantage in a dynamic and complex business environment. 

The second notable constraint is the commitments to functional target setting. It is 
difficult to set quantitative financial targets for each organization of the company in a 
dynamic business. There seems to be a never-ending need for cross-functional decision-
making in order to attain the company’s overall targets, as demonstrated in Section 4.2 
Design to profit, as illustrated in the Figs. 8 and 9, challenges functional target setting. 
By using the PLP system wisely, it is possible to aim at the overall profit targets of the 
company instead of merely working toward the targets of a corporate sub-organization. 
On the other hand, it is also possible to misorient the product development process by 
using the system without due care. Neglect of maintenance of the important system 
variables or careless control of the inputs violate the reliability of the results. In addition, 
alack of discipline in observing the target costing or design to profit principles also 
violate the philosophy and result in lower profits than would have been possible. 

There are also technical constraints. The size of the system is not actually limited, but 
a large system is more difficult to maintain and control. For example, there is a rational 
limit to the number of products per business case. The product program designs the 
leading variants of the product family. Therefore, it is possible to keep one to three 
products per market. In practice, there will be tens of variants per market. The 
differences between the products are trivial. Most variants have only variable labeling or 
small differences of the configuration of the sales package. 

It also seems inevitable that there is no system that can assure the profitability of 
business. The purpose of the system is to enhance the profit consciousness of the key 
employees and to support the decisions concerning the business processes. By working 
through a systematic planning routine, it is possible to decrease risks, avoid extra costs 
and increase the probability of better profits. 

The case examples demonstrate that the constructed product business case calculation 
system supports some essential profitability decisions, as proposed in Fig. 8 (p. 20). The 
case studies also illustrate how the multidimensional consolidation of the product 
business cases enhances the possibilities to utilize the same data at other stages of 
corporate business planning and analysis. This model includes the necessary 
characteristics required for profitability planning in a dynamic and complex business: 

1. Planning of the life cycle. 
2. A method to design profitability through target costing. 
3. Focus on the early phase of the design. 

The philosophy of design to profit has been constructed on the basis of the life cycle 
processes of the business, which provides a sustainable basis for further development and 
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opportunities of use. The tools and techniques support the idea of company foresight. 
The business case calculation process uses the known methods and calculations and the 
system integrates with the existing accounting systems and planning processes. The early 
profitability estimation information is not supported in traditional financial accounting. 
Hence, the added value of the product business case calculations is to provide this 
additional information. 

4.8 Applicability to other industries 

The design to profit procedure and support system have been evaluated in an enterprise 
which produces high-volume consumer electronic products for wireless 
telecommunication. The company operates on highly competitive markets and has 
several product creation centers worldwide. Both of these factors require decisions in a 
dynamic and complex business. Fast and successful product creation is a vital requisite 
for competitiveness on the markets. Ever shorter product life cycles are typical of logistic 
operations. In this business environment, the demand for proactive product profitability 
is strong. 

There are no restrictions on using the same procedures in different business sectors. 
For example, it is possible to plan the profitability of system deliveries (such as cellular 
networks), because the product dimension of the system enables the user to configure any 
combination of existing items. Thus, it is possible even to plan the profitability of a 
single system delivery. If all the system sub-elements have been established as single 
business cases, the consolidated report is available right after the target system has been 
configured. Thus, it is possible utilize the PLP system support for the sales configuration 
of big system deliveries. 

There are no constraints from the time dimension point of view, either. The existing 
system platform is also capable of handling long life cycles – the limitation is the 
capability of planning and estimating the life cycle. The accuracy of the plans and 
estimates will decrease as a function of time and the range of estimation. In view of this, 
it is possible to review the estimates annually, to arrange reliable follow-up for the rest of 
the life cycle, and to use the information to improve product profitability and 
productivity. The information is also valid for LRP and for avoiding of sub-optimal 
decisions (see Section 4.2). This is valid for the applications in steel and paper industries. 

The system would suit perfectly small or medium-sized high-tech companies which 
develop their own products or engineering companies with clearly defined services and 
products – not only time-based design contracting. It would be ideal to have aprocess-
oriented business planning process that consolidates both the functional cost centers and 
the business processes, as shown in Fig. 7. At any rate, integration with the accounting 
and resource planning systems is necessary. 



 

5. Conclusions 

In this thesis, a design to profit procedure (see Fig. 8) is demonstrated as a way to 
improve profits in a global company. The argumentation is illustrated by case studies. 
The essential elements of the procedure are product business case calculations and profit 
consciousness of employees. This study utilizes a combination of product life cycle 
analysis, advanced costing methods and multidimensional data processing for the product 
business case calculations. The combination is necessary for solving the research task. 
This method has benefits, especially when the product life cycles are short and the 
market competition strong. 

This study presents and discusses the construction of the procedure and describes its 
elements, implementation and use in practice. The need for a product business case 
calculation system for the procedure is illustrated. The requirements, design, construction 
and implementation of the product business case calculation system are presented. 
Multidimensional consolidation of business cases is presented and applied in the case 
studies. The system supports product cost thinking, which seems to be the natural way of 
relating different expenses. However, product cost and product business case have 
different definitions and should not be confused. The achieved contributions of the thesis 
are: 

1. A novel approach, design to profit procedure, was created to help the 
business management to achieve continuous growth of the company’s profits 
in the future. 

2. The need for proactive design supported by product business case 
calculations and profit-conscious employees in a dynamic and complex 
business context was demonstrated in the case studies. 

3. A state-of-the-art implementation of the procedure was constructed as a 
combination of several methods in telecommunications industry. The 
combination of methods has been found necessary to solve the research task. 

4. The validity of the procedure and especially the product business case 
calculations have been verified in the case company for more than four years 
of day-to-day operation. This has proved the system to be globally usable, 
capable of integration with other systems, easy to maintain and secure. 

5. Validity and reliability have been discussed in practical case studies. 
6. An enhanced meaning of the product business case has been identified: 
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- Product life cycle profitability calculation, 
- business process cost and 
- functional split of the costs and profits of a product. 

7. The product business case illustrates the target profitability of a product 
program, motivates the employees for the effort and gives a financial plan 
throughout the product life cycle. 

8. It is possible to use the system in other industries and industrial 
environments without changing the structure of the procedure. 

The design to profit procedure is a proactive mind set or thinking pattern. This system 
makes all product programs aware of the importance target profitability and especially 
target costing. The method can be realized in a small scale without building a system 
with a multidimensional database. The system is not necessary to run a business, but it 
will help a great deal when utilized properly. 

There is no decision support system that could guarantee the profitability of business. 
The absolute results of any system are sensitive to product volume and price fluctuations 
and any unpredictable changes in the business context. Cautious utilization of the system 
results and common sense are required to achieve continuous growth of business profits. 
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Appendix 1. 

The definitions of the financial terms (Atrill & McLaney 1997): 

Return on owners' equity (ROE) 

100*ROE
reserves  plus  capital  shareOrdinary  

any)  (ifdivident    preference  andation  after  taxprofit  Net  
=  

Return on capital employed (ROCE) 

100*ROCE
loans  term-long    reserves    capital  Share

  taxationandinterest    beforeprofit  Net  
++

=  

Net profit margin 

100*marginprofit  Net  
Sales

  taxationandinterest    beforeprofit  Net  
=  

Gross profit margin 

100*marginprofit    Gross
Sales

profit  Gross
=  

 
Profit and loss statement 
P/L statement consists of accounts where credits and debts are registered in bookkeeping. 
Companies normally organize their financial structure into cost centers, which are the 
smallest units for financial statements. Cost centers have usually been formed to describe 
the functions of the company. The periodic results of all cost centers will be consolidated 
hierarchically into company level statement. All these statements are using same list of 
accounts. 
Balance equation 
L/E statement consists of assets and claims. A financial asset is characterized as follows: 

- A probable future (monetary) benefit exists 
- The business have an exclusive right to control the benefit 
- The benefit must arise from some past transaction or event 
- The asset must be capable of measurement in monetary terms 

 
Current assets are not held on a continuous basis, as cash in a bank, work-in-progress 
and short-term investments. Fixed assets have been obtained to generate more wealth 
rather than resale, i.e. plant and machinery, office equipment, etc. 
 
There are essentially two types of claims: 
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- Capital, i.e. "owner's equity", represents the claim of the owners against the 
business 

- Liabilities represent the claims of individuals and organizations apart the 
owner in the form of loans or credits. Typically, liabilities have been 
divided into long and short-term liabilities. 

 
With these elements, the balance sheet equation is: 
 
Assets = Capital + Liabilities  
 
In more detail the left side is fixed assets (FA) + current assets (CA) and the right side is 
capital (C) + long-term liabilities (LTL) + short-term liabilities (STL), and replacing 
these into the above equation produces 
 
FA + CA = C + LTL + STL 
 
This is usually rewritten in the form of 
 
FA + (CA-STL) –LTL = C 
 
This interprets net assets = capital. In this text we mainly use Net Working Capital 
(NWC), which represents net investments in short term assets. 
 
Cash flow 
Cash flow is an analysis of cash movements for a given period. It does not only give the 
operative cash in/out event summary, but also indicates the increase or decrease of cash 
of the business. We can recognize different levels of cash flows statement. 

1. Cash flow before investments = Cash flow from operating activities . 
2. Cash flow before taxes  = Cash flow before investments +/- C/F from taxes. 
3. Cash flow before financing = Cash flow before taxes +/- C/F from 

investments. 
4. Net Cash Flow = Cash flow before financing  +/- C/F from financing. 

 
Cash flow from operating activities (CFOA) is calculated as follows (Atrill & McLaney 
1997): 
 Net operating profit (from P/L) 

+ depreciation 
 =Net inflow of working capital from operations 
 - increase in stock 
 +decrease in debtors 
 +increase in creditors 

=CFOA  
 

The definitions of the profitability criteria (Turner 1994): 
 



 132 

Accounting rate of return (ARR) 
ARR expresses the profit forecast as a percentage of the capital expenditure involved. 
Capital employed may be takesn as the initial capital outlay or the average capital 
employed over the life cycle.  
 
Payback period 
This method calculates the period it takes for the project's net cash inflow to equal the 
capital outlay. In practise this is the point where the cumulative cash flow of the project 
is zero. The paypack period usually is expressed in years or months. 
 
Discounted cash flows 
Present value (PV) of sum P is calculated as follows: 

nr)(1

PPV
+

=  

where  PV is present value of P 
r is interest rate and 
n is number of years in which P is received. 

 
Net present value (NPV) is the sum of discounted (periodic) values Pi: 

nr)(1

i
Pn

1i

NPV
+=

= ∑  

 
Internal rate of return (IRR) 
IRR is the discounting interest that produces a zero NPV value. 
 
Profitability index (PI) 
PI is the ratio between the present values of cash inflows and cash outflows. 
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