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Integration of economical calculations into Life Cycle Assessment (LCA) has gained 

more and more attention in different branches of industry worldwide. Several LCA 

software applications include cost accounting features and individual projects have 

combined different environmental and economical methods. This project studies the 

suitability of these models for the Finnish pulp and paper industry and the feasibility 

of developing KCL’s LCA-software KCL-ECO 3.0 by adding cost accounting feature 

into it. 

 

All models that were found during the study, that combine LCA and economical 

calculations are introduced in this paper. Many of these use Life Cycle Cost 

Assessment (LCCA). In principal, the life cycle is determined differently in LCCA 

and LCA, which create challenges for the integration of these two methods. 

Appropriate life cycle is defined according to the aim of the calculations. 

 

The suggested method presented in this paper starts from special features of the 

Finnish pulp and paper industry. Compatibility to the life cycle of paper as it is 

normally determined in LCA is the main requirement for cost accounting. Integration 

into KCL-ECO 3.0 software is also discussed in details. 
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Taloudellisen laskennan yhdistäminen elinkaariarviointiin (LCA) on alkanut 

kiinnostaa eri teollisuuden aloja maailmanlaajuisesti viime aikoina. Useat LCA-

tietokoneohjelmat sisältävät kustannuslaskentaominaisuuksia ja yksittäiset projektit 

ovat yhdistäneet ympäristö- ja talouslaskentamenetelmiä. Tässä projektissa tutkitaan 

näiden yhdistelmien soveltuvuutta suomalaiselle sellu- ja paperiteollisuudelle, sekä 

kustannuslaskentaominaisuuden lisäämistä KCL:n LCA-ohjelmaan, KCL-ECO 

3.0:aan.  

 

Kaikki tutkimuksen aikana löytyneet menetelmät, jotka yhdistävät LCA:n ja 

taloudellista laskentaa, on esitelty tässä työssä. Monet näistä käyttävät 

elinkaarikustannusarviointia (LCCA). Periaatteessa elinkaari määritellään eri tavalla 

LCCA:ssa ja LCA:ssa, mikä luo haasteita näiden menetelmien yhdistämiselle. Sopiva 

elinkaari tulee määritellä laskennan tavoitteiden mukaisesti. 

 

Työssä esitellään suositusmenetelmä, joka lähtee suomalaisen sellu- ja 

paperiteollisuuden erikoispiirteistä. Perusvaatimuksena on yhteensopivuus 

tavanomaisesti paperin LCA:ssa käytetyn elinkaaren kanssa. Menetelmän 

yhdistäminen KCL-ECO 3.0:aan on käsitelty yksityiskohtaisesti. 
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1 INTRODUCTION 

Life Cycle Assessment (LCA) has become well known tool in different branches of 

industry worldwide. An interest to combine cost assessment in LCA has increased during 

recent years. Oy Keskuslaboratorio Centrallaboratorium Ab (KCL) is interested in studying 

different cost accounting methods (for example Life Cycle Cost Assessment LCCA) and 

their suitability to the economical structure of Finnish pulp and paper industry. As a result 

of this study the possibilities to develop KCL's LCA-software KCL-ECO with economical 

features are discussed. 

While LCA is useful for evaluating environmental attributes it does not provide 

economical information, which, however, business managers routinely use for decision-

making. Integration of LCA and economical calculations provides decision makers with 

more useful data and may help to reduce both costs and environmental burdens. If these 

parameters are calculated with same initial assumptions, the results can be used to form 

different rates and indices that describe the influences of the product or project. 

In LCCA the life cycle is defined differently from LCA. When LCA includes all phases 

from cradle to grave in static situation, LCCA considers also phases from different time 

periods, like R&D and construction of the production line. Company’s costs outside of 

production line, like sales and administration costs and even external costs are calculated. 

The different definitions of life cycle create challenges for the integration of these two 

methods. 

Presently there is no expertise of LCCA or other cost accounting methods in KCL. The aim 

of this work is to find out about different methods in the world, study them and their 

suitability for pulp and paper industry and compatibility with KCL-ECO. The result of this 

study is the method that the author recommends. Another aim is to find out about possible 

data sources that could provide required cost data. 
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2 THE BASIC ECONOMICAL TOOLS AND TERMS 

This chapter introduces some basic tools and terms in the viewpoint of economical 

calculations and the life cycle assessment. This is not a complete list of the tools that can 

be used: some methods can be seen as traditionally used basic methods and some are 

presented, because they have been used in calculation models integrating environmental 

and economical calculations. Also the suitability to pulp and paper industry is considered. 

2.1 Life Cycle 

Life cycle has different meaning in different contexts. In some cases a life cycle of a 

product is the time in which the new product becomes old-fashioned and is replaced by the 

next, improved model. The life cycle can also be the average time between production and 

disposal. In this paper the meaning of life cycle is adapted from Life Cycle Assessment 

LCA: it refers to the chain of phases that the product goes through and has nothing to do 

with time. 

2.1.1 Life Cycle of Different Products 

When talking about life cycle in general, one should keep in mind, that the phases and 

interesting points of the life cycle are very different with different products. The use phase 

of paper is not interesting, because of the lack of inputs and outputs – both economical and 

environmental. The use phase of paper machine on the other hand is significant to the 

environment and for the economy of the user: the paper mill. 

2.1.2 Life Cycle of Investment Alternatives 

The life cycle studies can also be performed for investment alternatives. In such case the 

included money flows as well as other inputs and outputs are quite different from the flows 

of the life cycle of a product. Earlier we compared paper and paper machine. If we are now 

interested about investing to the paper machine making certain kind of paper, we have to 

think about the life cycle of the project. The investment calculations should include the raw 



 9

materials and energy just as the life cycle of the paper, but it should also contain the 

investment costs of the paper machine as well as R&D costs, construction costs, etc. The 

price of the paper is included as revenue and it should cover all the costs. 

2.1.3 The Phases of Life Cycle 

In investment calculations the life cycle is usually divided into two main phases: 

acquisition phase and operation phase. As the figure 1 shows, the first phase includes the 

definition of requirements, design, prototype testing and detailed planning of production. 

The operation phase includes production, use and disposal. 

 

Figure 1. Committed and occurred life cycle costs and potential for savings. (Sullivan 

1997) 

The figure shows, that the cumulative committed life cycle costs increase rapidly during 

the first phase, while the cumulative costs actually occurred in the acquisition phase are 
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relatively low, about 20%. Approximately 80% of the life cycle costs are "locked in" at the 

end of this phase. This means, that the greatest potential for achieving cost savings is early 

in the acquisition phase. This can be illustrated by the thumb rule of the costs of a design 

change. The costs of the design change in conceptual design phase have to be multiplied 

with 10 if the same change is made in detailed design phase, with 100 in production or 

construction phase and with 1000 in operation phase. (Sullivan 1997) 

Generally the life cycle of a product in LCA is not as complete as presented above: it 

doesn't include acquisition phase at all. The main phases are usually production, use and 

disposal – sometimes completed with recycle. These phases are divided into sub-phases 

according to the material or energy flows or activities like production or transport. 

2.1.4 The Time Scale of Life Cycle 

The traditional time scale should be separated from the phases of the life cycle. Life Cycle 

Assessment, which studies environmental issues, is generally performed in a static 

situation – as if the production would occur at the same point of time as the disposal: the 

present time. In cost calculations the influence of time is usually considered because of the 

inflation and real rate of return. 

However, if the cost calculations are made for the life cycle of the product, the static 

situation can be considered. In a case of paper for example the life cycle costs LCC can be 

chosen to include the costs of the production, transport and disposal, but exclude the 

investment of the paper mill – just as LCA of paper excludes construction of the paper 

mill. In that case all the phases of the life cycle can occur simultaneously – not for one 

particular sheet of paper, but for the product in general – and there is no need to discount 

the money. (Lahti-Nuuttila 2001) 

If there is an investment or a change in production under study, the influence of time is 

more relevant. The aim is to study, if the investment is profitable in the long run, which 

generally means years or even decades. The point in time when the use phase of the 
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product ends can be determined either on a functional (technical) or economical basis. 

(Sullivan 1997) 

2.1.5 Life Cycle Cost 

LCC is short of Life Cycle Cost or Life Cycle Costing. Life Cycle Cost Assessment (or 

Accounting) LCCA is also a generally used name of this method. The aim is to identify 

those costs that don't add extra value to the product and eliminate or minimize them. It is 

also used to identify the most profitable product (Niskala 1996). When LCC is combined to 

LCA, material and energy flows of the life cycle can be compared both on environmental 

and economical bases. 

The main difference between LCC and traditional investment calculations is that LCC 

studies all the costs of the life cycle of the product regardless of who pays them, not only 

the purchase price or production costs. Life cycle begins with the identification of the 

economic need or want of the product and it ends to retirement and disposal activities. 

(Sullivan 1997)  

This determination of life cycle makes few companies interested in performing LCC. 

However, companies often use this term for calculations with more practical boundaries 

that are explained in the following. 

2.1.5.1 Practical System Boundaries 

Sometimes the producer may feel frustrated assessing those activities that are carried out by 

somebody else and set the system boundaries at the gates of the company. The idea is to 

avoid the trouble of assessing those costs that the company cannot influence on. For 

example, the pulp maker may think, that the costs of harvesting are included into the price 

of a log. (Kainz 2001) 

Another reason for setting the system boundaries tighter than "from cradle to grave" arises 

when the company wants to compare two or more alternatives that have some similarities. 
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In those cases it is reasoned to exclude the time consuming assessment of those activities 

that won't make a difference in between the alternatives. (Sullivan 1997) 

2.1.6 Life Cycle Profit 

Life Cycle Costing LCC has originally been used for budget or allowance based, public 

activity. Life Cycle Profit LCP is actually a version of LCC that also calculates profits and 

is therefore more suitable for commercial companies comparing different investment 

alternatives. If all the costs and profits during the life cycle of compared projects are 

calculated, the decision can be based on more realistic information than if only investment 

costs would be considered.  

The most difficult part of LCP is to collect cost information. Sometimes the company itself 

has got the required experience about the product or some parts of it. The information can 

also be collected from independent experts or the colleagues of same or other branches of 

industry. Some information can be asked from the supplier or read from standards. The 

required information is: 

�� Investment costs including all the set-up and purchasing costs 

�� Costs that are related to investment, for example the shutdown of other machines 

and educational costs 

�� Annual maintenance costs, including both proactive and reconstructive 

maintenance, handling of store and education 

�� Annual operating costs and cost savings concerning for example energy, water, raw 

materials, salaries, etc. 

�� Annual fixed costs, which are administrative costs, insurances, etc. 

�� Salvage value and all the profits and costs that can be expected after the economical 

life cycle of the product 

�� Annual profits in the case of maximal production and probable production. 

The probable production is calculated with the function: 
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��

  (1) 

 

Where: 

�� Availability is the rate of time that the machine is used (excluding shutdowns) to 

the total time. 

�� Performance rate describes under-utilization considering lowered production speed 

and short shutdowns. 

�� Quality rate measures process failures and reject by comparing the amount of 

approved products and all products produced. 

2.1.7 LCC-guaranty 

One advantage of calculating LCC and LCP before investment decision is the application 

of LCC-guaranty – an agreement that purchaser may require from supplier. In addition to 

agreeing about the purchase price, the life support cost LSC is determined. LSC includes 

investments to the tools of maintenance, other maintenance costs and operating costs. 

The guaranty is most convenient in cases where the agreement includes several units, from 

which one is first supplied and tested in practice. The experience gained can be utilized in 

redesign before other units are manufactured. Information about operational dependability 

can be collected for example by filling forms about failures. If the operational 

dependability is not as high as agreed, the supplier will first get a chance to work over the 

situation, but eventually has to pay penalty. This way the attention of the supplier can be 

drawn from his own production costs to the purchaser's maintenance costs.  

Close co-operation between the purchaser and the supplier benefits both sides; purchaser 

will get a product with higher LCP and the supplier will achieve valuable information that 

improves his ability to sell the product to other customers. (Riikonen 1996) 
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2.2 Cost Terminology 

The terminology concerning environmental, quality, total and full costs is not very clear 

and the terms may be used in different meanings and various contexts. 

2.2.1 Environmental Costs 

Environmental Cost Accounting simply means adding environmental cost information to 

existing cost accounting procedures (EPA 1995). Environmental Protection Agency EPA 

has divided environmental costs into four groups: 

�� Ordinary costs include costs of equipments, personnel, services and material. 

�� Hidden costs may occur before production – like research and design, installing and 

levy – or after production – like cleaning and landscaping. On the other hand 

hidden costs may be mandatory or voluntary. Mandatory costs are for example 

reports, testing, repairing, bookkeeping, waste treatment and environmental taxes. 

Voluntary costs may be inspections, insurance, planning, recycling and 

environmental research. 

�� Liability costs include penalties and future responsibilities. 

�� Image costs are those of environmental reports and relations to society. 

(Niskala 1996) Another way to group environmental costs is presented later in chapter 4.3. 

2.2.2 Quality Costs 

The rationale of Quality Costing is to highlight the costs of non-quality in order to develop 

motivation to reduce them. Conventional quality costing distinguishes three types of costs 

(Bennet): 

�� Failure costs are caused by defects that occur in use by customers. 

�� Monitoring costs are inspection and other cost to ensure that defects are eliminated 

or detected. 

�� Prevention costs are the costs of avoiding defects. 
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Sometimes the failure costs are divided into two groups: internal and external. External 

failure costs are caused by reclamations and internal failure costs are the costs of rejects, 

waste time, being absence and overtime working, and reconstructive maintenance. 

(Riikonen 1996) 

2.2.3 Total and Full Costs in Environmental Accounting 

Total Cost Assessment means integrating environmental costs into capital budgeting 

analysis. It has been defined as the long-term, comprehensive financial analysis of the full 

range of private costs and savings (Federal Facilities Enforcement Office 1995). The 

acronym of Total Cost Assessment TCA is the same as of Total Cost Accounting (EPA 

1995).  

Total Cost Accounting is also called Full Cost Environmental Accounting and it represents 

allocation of all direct and indirect costs to specific products, product lives or operations 

(Federal Facilities Enforcement Office 1995). The term Full Cost Environmental 

Accounting is sometimes also used to mean Full Cost Accounting, if it highlights the 

environmental elements (EPA 1995). 

Full Cost Accounting, which is sometimes called True Cost Accounting, is used in various 

contexts. In management accounting it is allocation of all direct and indirect costs to a 

product or product line (EPA 1995). This definition is practically the same as the one 

presented earlier for Total Cost Accounting and Full Cost Environmental Accounting. 

Full Cost Accounting can also refer to an enlarged Total Cost Accounting; Full Cost 

Accounting considers both internal and external costs, when Total Cost Accounting only 

calculates internal costs (Stinson 1999). External costs (also called societal or social costs) 

are those that are currently paid by someone other, but possibly not in the future – in 

another words external costs may later become internal (which means private) costs. This 

difference between full and total costs is illustrated in figure 2. 
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To make it more confusing, the words accounting, assessment and analysis are sometimes 

used as synonyms. Because of the unclarity and different use of terms, it is recommended 

to check the meaning separately in each case. 

       FULL COSTS     
External Costs: Costs currently paid for by someone other than the responsible    
entity. External costs may become internal costs in the future    

TOTAL COSTS    
Internal Costs       

Tier 0 costs    –    Direct costs:     
Capital costs, int  erest or capital dept servicing costs, raw materials    
usage costs, utilities and labor costs...    

Tier 1 costs    –    Indirect or hidden costs:     
Disposal costs, waste treatment c osts, by - product sales costs,   
environmental insurance...    

Tier 2 costs    –    Legal liabili  ty costs:     
Legal penalties and fines, remedial work, damage or personal injury    
claims...       

Tier 3 costs    –    Intangible or less tangible costs:     
Effect of poor community relations, poor corporate image, reduced    
share value, reduced sales from public ill will...    

   

Figure 2. Full costs and total costs. 

2.3 Cost Accounting and Allocation 

Usually costs of production are divided into direct and indirect costs. Direct costs can be 

easily allocated to specific product, for example salaries and raw materials. Indirect costs 

are often called overhead costs and they are those that are difficult to allocate to any 

product (if the company produces several products). 

Another way to divide costs is to determine fixed and variable costs. Fixed costs are 

unaffected by changes in activity level, like some taxes and insurance. Variable costs are 

for example costs of electricity and salaries. 
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2.3.1 Traditional Cost Accounting 

Traditional way to calculate the costs of a product is to divide all the costs straight to 

different cost groups. Produced products or services of the cost group are also calculated 

and the rate between costs and production is calculated for each group. The cost / final 

product –ratio is calculated by summing up the cost / production –ratios of those cost 

groups that the product goes through. 

Another traditional way to calculate costs is to consider two groups of costs: production 

costs and sales and administration costs. The production costs include direct material, 

direct salaries and indirect production costs, of which the latter are generally added as 

percentage of machine hours or direct salaries. 

2.3.2 Cost Breakdown Structure 

Cost Breakdown Structure (CBS) is a tree shaped structure in which all the costs and 

possibly even benefits of a specific product are represented. Figure 3 shows a typical CBS.  

Top categories of CBS are determined by the most conceptual design characteristics. 

Lower level cost categories are determined by more detailed design characteristics and the 

"roots" of the CBS contain cost functions that relate costs with design parameters, scenario 

parameters and cost information. Because the CBS contains information about the product 

design as well as cost information, several design alternatives can be represented within the 

same CBS by changing design parameters that are also called controllable (local) 

parameters. 

Uncontrollable (global) parameters are those parameters, which are not directly determined 

by the design of the product. Typical examples of uncontrollable parameters are material, 

energy and labour prices and interest rate, but also hours of use and the way of disposal can 

be interpreted as global parameters. A scenario is a set of uncontrollable parameters that 

state a certain situation. Scenarios can be built up from sub scenarios, such as economical 

scenarios, manufacturing scenarios, scenarios of use and the end-of-life scenarios. 

(Veefkind) 
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Figure 3. A general Cost Breakdown Structure. (Fabrycky 1991) 
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It is important that all the costs are included into the CBS and that the cost categories are 

defined explicit and broken down to the level necessary to identify high-cost areas and 

cause-and-effect relationships. The CBS can be coded in a manner that enables analysis of 

specific areas of interest while virtually ignoring other areas. Coding should also enable the 

separation of producer costs, supplier costs and consumer costs. (Fabrycky 1991) 
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Figure 4. One example of Cost Breakdown Structure of the production of paper. 

The CBS (just as the life cycle) of different products is quite different. The CBS above is 

not a very good example for paper or other products that are "used and thrown away". If we 
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consider cost calculations that are integrated into LCA, the CBS could contain only 

production costs, which are also the most interesting costs for the paper mill. An example 

of top categories and some lower levels are presented in figure 4. Indirect costs are those of 

production, not sales or administration, because the LCA also excludes environmental 

impacts of sales and administration work. This kind of model and problems of it are further 

discussed in chapter 6.2. 

2.3.3 Cost Allocation 

Traditionally costs have been allocated to different products of the company by dividing 

costs into direct and indirect costs. Direct costs are clearly caused by a certain product and 

they are proportional to the volume. Indirect costs are for example administration costs and 

they are estimated using a historical rate of direct and indirect costs. 

2.3.3.1 Activity-Based Cost 

Activity-Based Cost ABC is a management system that track hidden overhead costs to the 

specific activities that cause them. It is especially suitable for companies that produce more 

than one product. ABC doesn't assume that all the costs are proportional to the number of 

units produced, but classifies the major activities of production into four main "base" 

groups: unit-level, batch-level, product-level and facility-level activities. 

�� Unit-level activities can be directly apportioned to volume. They include for 

example direct labour hour costs, material costs and costs per machine operating 

hour. 

�� Batch-level activities are proportional to the number of batch runs of each product. 

Such costs are set-up, ordering, material handling and transportation costs. 

�� Product-level costs are those that can be allocated to product, for example research 

and development, parts and material acquisition and inventory costs, specialized 

pre-production safety and manufacturing training and technical administration. 

�� Facility-level costs are associated with the general manufacturing process. They are 

travel costs, directors' fees and general administration, etc. 
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For example the average number of units in one order varies from one product to another 

and the ordering cost are proportional to one order, not to one unit. If the costs of orders are 

allocated according to units of products produced, too big portion of costs will be 

calculated on some products, typically those that are made in large batches. According to 

ABC the number of orders of different products during the study period are calculated and 

the ordering costs are allocated accordingly. After that, the total of ordering costs of each 

product is divided by the amount of the units produced during the study period. (Sullivan 

1997) 

2.3.4 Cost Estimating 

If the costs are calculated before they have actually occurred, in a design phase for 

example, some costs have to be estimated. Estimating requires experience, but there are 

some methods to make estimating easier. Normally costs are estimated according to the 

structure of the product or production.  

Not so ordinary, but useful approach is to group future costs into categories of recurring 

and contingent costs (Federal Facilities Enforcement Office 1995): 

�� Recurring costs are for example permits and monitoring costs. If they are currently 

incurring the future costs can be calculated simply by using an estimate for inflation 

and discounting the costs. 

�� Contingent costs include catastrophic future liabilities such as clean-up costs. While 

current activities can lead to these future costs, quantitative estimation can be 

difficult. Sometimes a qualitative description of estimated liabilities is included into 

the budgeting process. Most likely the best option is to fully describe the potential 

liability if there is no changes made in the process and estimation of costs that 

would result if the liability event occurred today.  

In the viewpoint of developing KCL-ECO, cost estimation is probably not interesting, 

because it can be done using any desired method before the data is inserted into KCL-ECO. 

The method of least squares is shortly explained here to avoid confusion later, when it is 

referred to in the chapter 4. 
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2.3.4.1 Method of Least Squares 

Cost Estimating Relationship CER describes cost as a function of one or more design 

variables. The most common technique to solve the coefficient values of the function is the 

Method of Least Squares.  

The primary requirement is a linear relationship between the independent variable x and the 

dependent variable y. In the case of linear dependency, the cost is y and the cost driver is x. 

If the correlation is not linear, the method can consider y as a logarithm of cost and x as a 

logarithm of cost driver. 

The method seeks to determine a straight line: y = a + bx through the data that minimizes 

the total deviation of the actual data from the predicted values. The coefficients a and b can 

be calculated with equations: 
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In the equations n is the number of data sets of x and y. (Sullivan 1997) 

2.4 Money-Time Relationship and Investment Calculations 

The value of money changes as a function of time. Money received after 10 years is not 

worth the same amount of money received this year. Calculating the worth of money at 

different times requires an interest rate i, that is demonstrated in a figure 5.  
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Figure 5. Present worth of $1000 received at the end of year k at an interest rate i per 

year. (Sullivan 1997) 

The Present, Future and Annual Worth Methods are in fact different applications of the 

same idea: discounting the value of money flow to certain point in time. A general name 

for the results of these methods is "an equivalent worth". Other methods measure the 

acceptability of an investment, but equivalent worth methods can be applied in any kind of 

calculations that deal with money flows from different periods of time. A summary of all 

the methods presented in this chapter is in the table 1. 

Using the basic applications of money-time relationships requires knowing the Minimum 

Attractive Rate of Return MARR as an initial value for calculations. MARR is usually a 

policy issue resolved by the top management of the company and it gives the smallest 

approvable annual rate of profit for the project. (Sullivan 1997)  

In another words MARR is a sum of the needed interest rate and inflation. If we use higher 

MARR in the calculations, we will get a lower equivalent worth for the project and vice 

versa. Positive equivalent worth means that project will bring in some extra profit in 

addition to the needed interest rate. (Riikonen 1996) 
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Table 1. A summary of different investment calculation methods. 

The 
Result 

Present worth 
P given 

Future worth 
F given 

Annual worth 
A given 

Indicator of... Other 
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Methods for calculating time value of money 
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rate 
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value of 
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Solve IRR by trial-and-error 

profitability: 
IRR � MARR is 
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No 
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about cash 
flows 
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I
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B/C 
ratio  

Use either P, A or F 

liquidity: 
B/C � 1  

Not suitable 
for 
comparisons 

2.4.1 The Present Worth Method 

The Present Worth Method, which is often called Net Present Value NPV, gives the value 

of all the money inflows and outflows discounted to the present point in time. The present 

worth P is a function of the interest rate i per interest period. Generally the interest rate is 

the Minimum Attractive Rate of Return MARR.  



 25

The present value P of the future money flow F (at the end of period N) can be calculated 

after determining the interest rate i per period.  
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The interest rate is assumed to be constant over the periods. Finally, all the cash inflows 

and outflows are summed up to get the P of the project. If the interest rate over the life of 

the project is constant and the MARR is interpreted as an effective interest rate i, the P can 

be determined in the following manner: 

 
� � � � � � � �

� ��
�

�

���

��

���������

N

k

k
k

N
N

iF

iFiFiFiFP

0

2
2

1
1

0
0

1

1111 �

  (5) 

(Sullivan 1997) 

2.4.2 The Future Worth Method 

The Future Worth F of cash inflows and outflows is calculated in the end of study period 

using interest rate that is generally MARR. If the interest rate i is a constant effective rate 

per period, the equation for calculating F is (Sullivan 1997): 
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 (6) 

The Future Worth Method is rarely used in practical calculations, because the Present 

Worth Method gives the same information in more useful form. 
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2.4.3 The Annual Worth Method 

The Annual Worth A is an equal annual series of money for a stated study period, that is 

equivalent to the cash inflows and outflows at an interest rate that is generally the MARR. 

Annual worth can be computed from P or F with following equations: 
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Annual worth of a certain inflow or outflow for example in the middle of the life of the 

project can be determined for instance using equation (4) to calculate the present value and 

then equation (7) to find the annual worth. Some costs and profits are naturally stated as 

annual flows. The Annual Worth Method sums them up with flows calculated using 

equations (7) and (8). (Sullivan 1997) 

The annual equivalent cost of an asset is made up of two components, the cost of 

depreciation and the cost of interest on the undepreciated balance. The cost of depreciation 

on different years is determined by depreciation function. It represents the value of the 

asset over time and in the end of period it equals with the salvage value. 

However, annual equivalent asset cost can also be calculated without knowing the 

depreciation function if the investment cost in present worth P, estimated service life N, 

salvage value in future worth F and interest rate i is known. 
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This is shown in (Fabrycky 1991). 
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2.4.4 The Internal Rate of Return Method 

The Internal Rate of Return (IRR) Method is also known as Investor's Method. IRR is the 

interest rate that gives the cash inflows equal to cash outflows, no matter which method – 

present, future or annual worth method – has been used (Sullivan 1997). Figure 6 

demonstrates typical cumulative cash flow of a paper machine investment. With a certain 

IRR the cash flow will be zero in the end of the study period. 

 

Figure 6. A typical cumulative cash flow of a new paper machine project. (Diesen, 1998) 

IRR can be determined for example by writing the equation (5) equal to zero: 
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Equation can be solved with repeated trial-and-error calculations. The first two guesses for 

IRR should be relatively low – giving positive P – and high – giving negative P. An 

approximate answer can be seen by drawing the results into i – P –diagram and by using 

linear approximation. After that the guesses can be made again and again until the desired 

accuracy has been accomplished. Note, that the accurate function between i and P is not a 

straight line. 
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After calculating IRR, it is compared to MARR – it should be equal or greater than MARR – 

or to the results of other alternatives. The bigger IRR is, the better alternative is. (Sullivan 

1997) 

2.4.5 The Payback Period Method 

The Payback (Pay-out, Pay-off) Period Method indicates a project's liquidity rather than 

profitability. In typical project cash outflows, generally investment occurs in the beginning 

of the project and the cash inflows take place later. This method calculates, how quickly 

the investment can be recovered, in another words, it gives the number of years (or other 

compound periods) required for cash inflows to just equal to cash outflows. (Sullivan 

1997)  

The payback period can be calculated with or without the influence of interest rate. In the 

first case (assuming, that i and the length of compound period remains constant and the 

cash flows occur at the end of the period), the payback period � is determined with the 

function: 
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k iF        (11)  

� can be solved by summing up all the cash flows chronologically one year (compound 

period) at the time and by observing when the equation exceeds zero. Payback period 

without interest rate is determined by calculating cumulative cash flow and observing when 

the sum exceeds zero. (Sullivan 1997) 

Since Payback Period Method does not consider what happens after the payback period is 

over, it is not the most suitable method while calculating life cycle costs or profits. Payback 

Period Method favours small, short-termed investments rather than most profitable project. 

(Riikonen 1996) In Pulp and Paper industry a small or medium size investment is safe if 

the payback time is less than a year and questionable if it is more than four years (Diesen, 

1998). 
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2.4.6 The Benefit/Cost Ratio Method 

The Benefit/Cost Ratio Method is also known as Savings-Investment Ratio SIR. It is most 

often used in projects concerning public works. As the name implies, the method gives the 

ratio of the benefits to the total costs of the proposed project. If the benefit is immaterial, 

recreational use of land for example, estimating the economical value requires an expert.  

The method always uses discounted values: P, A or other equivalent worth. There are two 

ways to calculate B/C ratio, conventional method: 

 � �
� �MOPI
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�        (12) 

and modified method: 
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I
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�       (13) 

B indicates to benefits and O&M to operating and maintenance costs. I is the initial 

investment. In both methods, the project is acceptable, if B/C is equal or greater than 1. 

Because the result of this method is ratio of benefits to costs rather than a direct measure of 

project's profit potential, B/C ratio method should not be used to compare two or more 

mutually exclusive projects.  

Projects often have disbenefits or added – that is immaterial – benefits. In B/C ratio method 

disbenefits can be treated as costs or they can be reduced from the benefits. Also added 

benefits can be treated as benefits or reduced costs. These choices don't influence on the 

acceptance of the project, but they do affect on the magnitude of the B/C ratio. (Sullivan 

1997) 
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2.5 Uncertainty Analysis 

2.5.1 Sensitivity Analysis 

Sensitivity analysis is commonly used in the assessment of different scenarios. Both cost 

and environmental impact analysis base on some assumptions about initial conditions and a 

change in these conditions makes the results useless. The idea of sensitivity analysis is to 

study the change in the result when input parameters change. In another words, sensitivity 

analysis is simply recalculating the case with new initial values.  

2.5.2 Breakeven Analysis 

When the project costs are heavily dependent on a single factor, Breakeven Analysis is 

used to determine the value that gives project revenues equal to the costs. This value is 

known as breakeven point. If the real value of this factor is larger than the breakeven point 

(or alternatively smaller in some cases) the revenues will exceed the costs and the project is 

profitable.  

The breakeven point is calculated by writing the equivalent worth of the project as function 

of this factor and by stating the function zero. Another way is to plot costs and revenues as 

a function of volume and find the intersection of the two curves (figure 7). 

 

Figure 7. Chart for finding the breakeven volume of production. (Sullivan 1997) 



 31

In the case of alternative projects, we can determine the value, where these projects are 

equally desirable. Writing the equivalent worth of alternatives as functions of the common 

factor and stating these functions equal gives the value for breakeven point. Then the best 

estimate of the value of the factor is compared to the breakeven point. Plotting the curves 

helps to realize when a certain project is desirable, especially, when there are more than 

two alternatives. 

When sensitivity analysis in general gives the new results for a changed input, the 

Breakeven Analysis gives the value of input that is a limit for profitability. The user does 

not have to trial-and-error to find the input that result a significant change in output. Some 

commonly used input factors are annual revenue or costs, rate of return, market or salvage 

value, equipment life and capacity utilization. (Sullivan 1997) 

2.5.3 Monte Carlo Simulation 

Monte Carlo Simulation takes into account the probability distribution of uncertain factors 

of the calculation. The calculations are repeated thousands of times using computer that 

chooses the input values randomly according to the probability distributions of uncertain 

factors. The result is a frequency distribution of calculated values. (Sullivan 1997) 
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3 KCL-ECO 3.0 AND ECODATA 

KCL-ECO 3.0 is software for life cycle assessment made by KCL. It is made for the needs 

of Finnish Pulp and Paper Industry, but it can be used in other industries as well. KCL 

EcoData is a life cycle inventory database containing over 200 modules concerning 

forestry, chemicals, energy production, pulping, papermaking, board making, 

transportation and waste management.  

The structure and use of KCL-ECO is simple. The inventory is determined in a graphical 

flowsheet, into which the modules can be inserted from the database. The modules can also 

be made or modified by the user. The required information for a module or transportation 

is given in a module specific window. The main product of the module is called the 

reference unit and all the inputs and outputs are given in respect to it. For example in the 

module of electricity production the user defines how much fuel is required for the 

production of 1 MWh. The module of paper production determines how much electricity is 

used to produce 1000 kg of paper and multiplies the use of fuel accordingly. 

The impact assessment can be done using different methods, like Eco-Indicator -95 or 

DAIA 1998. Another special features are sensitivity analysis and agglomeration function 

that forms one functional module out of several modules. 

The results are automatically collected into report sheet according to the choices 

determined by the user. The modules can be grouped by primary or secondary codes given 

in the flowsheet and the summaries of these groups can be presented in the report. Charts 

can be created easily using the report for example. Hot spot function finds all the modules 

with selected input or output. 
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4 INTEGRATION OF ECONOMICS AND LIFE CYCLE 

ASSESSMENT 

This chapter introduces models that have been developed to integrate economical and 

environmental analysis in Finland and in other countries. All the models integrating cost 

accounting and LCA that were found during the study are presented. In addition, some 

models that integrate life cycle cost accounting to other environmental calculations are 

introduced. The author doesn’t expect that there are still many models unfound. 

Some models are in use as commercial software and some are developed for a certain 

purpose in an individual project. This may make them unsuitable for the project of KCL, 

but they are presented as examples or sources of ideas that can be adapted. "Discussion"-

chapters present authors own ideas and comments about adapting the method or its features 

into the KCL's project. In the end of this chapter there is a summary table of all models. 

4.1 The LCCA+ model 

The LCCA+ model is a preliminary LCCA based model for the assessment of business 

effectiveness of green design options. As LCCA addresses only to costs, LCCA+ includes 

also the other ingredients of competitiveness in product development: product’s 

performance- and feature level and the product’s development time. The method is 

presented by Delft University of Technology.  

The LCCA calculation model is based on the Cost Breakdown Structure. The lowest level 

of CBS consists of cost functions that relate costs with design parameters, scenario 

parameters and cost information.  

�� The design parameters consist of characteristics of the product’s components – 

energy consumption, weight, volume, disposal cost and price for example – as well 

as the parameters of product structure, like assembly time, disassembly time and 

product / components volume ratio. 
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�� Scenario parameters represent the way that the product is produced, distributed, 

used and disposed: the length of the use phase for example. 

�� Cost information that is needed for LCCA includes for example material price, 

component price, labour prices, transportation price, disposal price and also the 

price of money. Sensitiveness analysis allows the evaluation of the impact that 

changing prices (e.g. due to environmental policy) have on the business 

effectiveness of green design options. 

The output of the calculation is a money flow diagram, where the money flows are 

discounted to present equivalent (figure 8). Distraction of the "design as usual" money flow 

diagram from the "new design" money flow diagram results in a cash flow diagram that 

represents clearly the financial consequences of a transition to the new design alternative. 

 

 –  
Design as usual 

Cost 

Time 

New design 

Cost 

Time 

=
Cash 
flow

Time 
 

Figure 8. The result money flow diagrams. 

Green design option that includes the replacement of one of the product’s major 

components sometimes causes a change in the product’s performance and feature level. 

Cost Benefit Analysis, e.g. in the form of a questionnaire, can indicate the value that 

customers attach to a change in performance- or feature level. This value is incorporated 

into the model as a saving at the moment of purchase. 

The new design may also cause a strong price development to the product that is designed 

as usual. In another words, the consumer wants to buy the new model, which makes the 
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price of the old model to descent. This price development is represented in the model as 

deflation using a price index. (Veefkind 1999) 

4.1.1 Discussion 

The LCCA+ model seems like a comprehensive way to study competitiveness. In KCL's 

project, however, the aim is to concentrate on cost accounting. Considering the change in 

performance and feature level can be done by adding cash flows – and perhaps even the 

price index indicating the development time could be replaced by corresponding cash 

flows. That means that determining the "other ingredients of competitiveness" does not 

require any special features in the software, but rather willingness of each user to add such 

information into the calculations. 

Another special feature in LCCA+ model is cash flow diagram. It shows the difference 

between two alternatives distinctly, which makes it a desirable way to show results. Maybe 

it could even be applied in comparison of environmental results. This feature would deal 

with two processes at a time, which would be new in KCL-ECO. 

4.2 Life-Cycle Product Design 

The Integrated Chain Management of Polymers (CHAMP) project aims to develop 

decision support tools to help polymer designers and producers to make the best choices 

regarding the selection of materials to use in particular applications. An extended LCA 

approach called Life Cycle Product Design (LCPD) is applied to minimise environmental 

impacts and maximise the potential for polymer recovery, re-use and recycling. The 

University of Surrey in the United Kingdom together with six industrial partners are 

involved in this programme. 

The CHAMP LCPD interacts with economy, performance, manufacture, legislation and 

any requirements of the customer. Technical functions (product’s performance, utility and 

fitness for purpose) are determined as well as economic functions (costs, incentives and 

commercial and logistical constrains). Also energy use and environmental impacts and 

burdens are calculated. The method considers the entire supply chain network: stakeholder 
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characteristics; commercial and societal enabling factors; legislative and financial 

instruments and factors; and material additives and degradation constrains. 

4.2.1 Methodological Framework 

The CHAMP LCPD project was divided into three phases. In the first phase a 

methodological framework was developed. This framework can be summarized in terms of 

three key modelling components: resource (material and energy) and process 

characteristics, activity constraints and activity transformation functions. 

�� Resource and process characteristics are described in three classes of vectors: utility 

(technical), economic and environmental. Vectors of resources are formed of 

parameters that describe the material or energy flow. 

�� In order to enter a process, the flow has to satisfy certain predefined conditions that 

are set for the activities of the process. In CHAMP approach, a gate mechanism 

tests the compatibility of the flow by comparing flow parameters to lower and 

upper bound constraints of activities (figure 9). 

�� When the flow passes through the activity, it’s parameter values get changed as the 

material is processed. This change is described by activity transformation function 

that is determined for each activity. 
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Figure 9. The gate mechanism of an activity or process. 

Activities involved with the life cycle of certain product are grouped into cascade options. 

If the constraints of an option are known, the compatibility of material – also material at 

the end of one life cycle – can be assessed. This way certain material may flow through 

several cascaded life cycles.  Choosing between cascade options is called "route-finding" of 

a mass flow and it is done using the gate mechanisms (figure 10). 

 

Figure 10. The route finding of a mass flow. 

4.2.2 Case Studies and Decision-Support 

The second phase of the CHAMP project included a set of case studies provided by 

industry. Each study represents a link in the whole supply chain network for product life 

cycles.  

In the third phase of the project methodological and software based decision-support tools 

were developed. The superstructure of CHAMP approach is presented in figure 11. 

(Stevens 2000) 
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Figure 11. Levels of a case study. 

4.2.3 Discussion: Analogy to Finnish Pulp and Paper Industry 

The CHAMP project aims to develop the recovery, recycle and re-use of polymer 

materials. Besides this, LCPD could be utilized in developing logistics, and the case studies 

might give incentives for technical development of processes. The studies would also 

reveal the economical value of the changes. 

The framework is made for the whole branch of industry. The Finnish pulp and paper 

industry is formed of large consolidated corporations, that sometimes include the whole 

chain between the forest and the paper. Such corporations could use LCPD framework 

together with co-operative partners, who supply raw materials and pre-products or utilize 

the by-products of pulp and paper industry. It could rationalize material flows between 

mills inside the corporation and between the corporation and existing partners, such as 

wood or chemical suppliers and energy producers. LCPD could also work as a tool when 

new ideas of utilizing waste flows in other branches of industry is considered. 
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The framework used in CHAMP project deals with parameters of polymer materials and 

processes. These parameters for system vectors should be changed to characterize materials 

of pulp and paper industry. Utility vector could include properties like water retention 

value, brightness and purity (ink content for example). Environmental vector could 

describe the amount of harmful components, etc. 

Even if this analogy between the CHAMP project and the structure of Finnish Pulp and 

Paper Industry is obvious, the aims of this study are narrower than the aims of CHAMP 

project. KCL-ECO, even with the cost calculations, corresponds to small part of the 

framework developed in the CHAMP project. Perhaps the other areas of interest could be 

considered later in other projects. 

4.3 Life Cycle Environmental Cost Analysis 

National University of Singapore has developed Life Cycle Environmental Cost Analysis 

LCECA that includes the costs of the environmental burdens caused by the product or 

service into the total costs. It aims to reduce total costs with the help of green or eco-

friendly alternatives in all the stages of the life cycle of any product.  

A category of eco-costs has been added to the Cost Breakdown Structure CBS of the 

LCECA model. This category includes: 

�� Cost of effluent control including system implementation, operation and 

maintenance 

�� Cost of effluent/waste treatment including system implementation, operation and 

maintenance 

�� Cost of effluent disposal including collection, transportation and land fill  

�� Cost of implementation, operation, maintenance and certification of Environmental 

Management Systems 

�� Cost of Eco-penalties including country or product specific eco-taxes, levy, etc. 

�� Cost of rehabilitation (in case of environmental accidents) including costs of 

damages and production losses caused by the damages 

�� Cost of energy 
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�� Cost of implementation and cost savings of reuse and recycling strategies 

After the CBS has been defined, a cost model that is a hybrid of the LCCA and Activity 

Based Costing ABC is developed. It can be a simple series of parameters or complex set of 

subroutines, as long as the model is comprehensive, including all relevant factors and 

reliable in terms of consistency. 

The mathematical model can correlate the various eco-costs with the total costs of products 

by determining quantitative expressions between them. The regression equation is assumed 

to be linear and it is determined by least-squares method. The model includes a breakeven 

analysis to evaluate alternatives and sensitivity and risk analysis modules. (Senthil 2000) 

4.3.1 Discussion 

The idea of emphasising environmental costs and calculating their portion of total costs 

could be adopted in KCL's project by determining such category of costs in the CBS. 

However, there are often also another categories that could include these costs and that 

may give valuable results as subtotals. Separating environmental costs from these other 

categories may result distortion in these other subtotals.  

On the other hand, environmental costs could also be emphasised by other means. For 

example by a feature, that would enable the user to group costs. Such feature could also 

work in other situations, for example when the user wants to separate the external and 

internal costs. 

4.4 Decision Support Analysis 

Science Applications International Corporation in the USA combined Impact Analysis and 

Technology Assessment Tool to support The Naval Air Systems Team in developing 

pollution prevention technologies. The aim is to improve the environment, health and 

safety (EHS) of the community and workers; reduce hazardous materials, emissions and 

waste; and lower life cycle costs.  
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Decision Support Analysis includes two spreadsheet applications: Impact Analysis and 

Technology Assessment Tool. The use of these applications is fast and the analysis is easy 

to update in case of new ideas. Analysis doesn't include Life Cycle Assessment, but other 

environmental calculations. 

Impact Analysis develops cost-benefit information, including quantitative assessment of 

the environmental benefits of reducing hazardous products, priority chemicals, and 

hazardous waste. The calculations include among other things net present value, payback 

time, internal rate of return and some selected chemical and waste reductions. The 

sensitivity analysis can consider six parameters at the time. 

Technology Assessment Tool measures the suitability and technical performance of single 

new technology in comparison to the standard practice, or multiple technologies against 

each other. This assessment needs to involve three groups of people: the technical 

investigators, the users involved in the maintenance processes and major stakeholders. 

They assess technology performance with different measures and highlight the most 

important factors using Analytical Hierarchy Process AHP. AHP breaks down a problem 

into simpler component parts and does pair-wise comparisons of the parts to develop 

weighting factors. (Custer) 

4.4.1 Discussion: Spreadsheet Calculations 

Integrating spreadsheet calculations and KCL-ECO will probably not result very coherent 

and user-friendly software. The Impact Analysis could, however, serve as an example of 

simplicity and flexibility that can be reached in cost calculations. A software file can be 

copied and used as a template for a new analysis. Perhaps the cost calculations could be 

performed by filling in a "questionnaire" like spreadsheet. 

4.5 LCC in the Building Industry 

The building industry has taken steps forward in calculating LCC. Some ideas of the union 

of Finnish building engineers, one Finnish research program and software made in USA are 

presented here. 
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4.5.1 Life Cycle Technique of RIL 

Suomen Rakennusinsinöörien Liitto RIL r.y. (the union of Finnish building engineers) has 

written a book about life cycle technique of buildings. The main parts of the instruction are 

design, reuse and recycle, but it also considers possible modification and modernization of 

the building. The technique aims to improve life cycle quality by integrating several 

viewpoints into traditional design.  

The designer should consider not only ecology and economy, but also social demands – 

including safety, healthy and comfortableness – and building culture, which can mean 

traditions of building, way of living, company culture, aesthetic values and styles of 

architecture. Viewing ecology means calculating raw materials, energy, emissions and 

waste and estimating biodiversity of nature.  

Both economical and ecological calculations are made for the whole life cycle of building 

and the values are discounted to Present Worth. Discounting ecological factors is based on 

the idea, that as time goes by and non-renewable sources are used, the amount of raw 

material will be smaller and smaller. This way the ecological significance will become 

higher and higher. The design interest rate is estimated according to potential development 

of the eco-efficiency of the production or use during the life cycle. 

The life cycle quality is a function of several properties included in the viewpoints 

presented earlier, such as usability, functionality, variability, energy economics and service 

life. The Multi-attribute Decision Analysis Method MADA or Non-Traditional Capital 

Investment Criteria NCIC is applied to support decision-making. (RIL 2001) 

4.5.2 Tools for different design phases by VTT 

The project presented here is part of VTT Building Technology's research program. The 

main target of the project was to develop a concept to estimate the life cycle costs for needs 

of different design phases. The tools are specifically considering HVAC (heating, 

ventilation, air conditioning) systems and the calculations are divided into three accuracy 

classes: prediction, estimation and calculation. The tools for different phases are different, 
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but they use data from a common database. This system does not include Life Cycle 

Assessment, but only LCC-calculations.  

4.5.2.1 Pre-design phase 

The software of pre-design phase was made with Microsoft Excel and it uses the Present 

Worth Method. The software has two levels. At first level, a prediction is based on 

characteristic costs of different systems. The biggest problem is that the needed 

information is hard to get. Earlier experience and calculations made for considered systems 

can be used. Some parameters like relative changes in energy price and general cost level 

can be determined. The results, cumulative costs of a system over the time period and the 

present worth are given in graphical form and divided into four groups: investment, 

maintenance, replacement and energy consumption. Also a summary of different systems is 

presented. 

The second level is more accurate estimation, which is calculated using investment costs 

and design parameters. It can also be used after choosing the devices with real values for 

parameters. The costs are calculated separately for each device, drain, water pipe, etc. The 

results are given for each system for chosen periods of time. 

4.5.2.2 Design phase 

The tool used in design phase is called LVI-RETU. Granlund LCC-Analysis (RETU) is 

made by Insinööritoimisto Olof Granlund Oy and it is designed for the use of building 

industry and LVI-RETU is one part of it that is studying HVAC systems. It can be used in 

any phase of design process and it includes some consumption and cost information of 

building industry. The results are only valid for the individual case and set of devices. The 

software forms a hierarchical system from building through main and subsystems of 

HVAC to different rooms and their requirements, like temperature, sound insulating, 

illumination, water supply, etc.  

In investment calculation the design parameters and requirements of different rooms are 

converted into set of devices. There is a database of devices that includes for example 
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information about maintenance time and costs. Another database is about material costs, 

like air filters. These databases are used in calculation of maintenance costs. After technical 

life cycle the device has to be replaced. Replacement costs are calculated using investment 

costs and some correction factors. The lifetime can be expressed as a function of operating 

time. 

The consumption of energy is calculated with a separate application called Granlund 

Energy Simulation (RIUSKA). It can be used for economical comparisons, energy target 

consumption calculations, control zone optimisations, etc. The results are transferred to the 

energy cost module of RETU, where the final costs are calculated according to tariffs and 

consumption. The results of energy calculations can also be utilized in LCA. (Kosonen 

1999) 

4.5.3 BEES 

The BEES 2.0 (Building for Environmental and Economic Sustainability) software is 

developed in the USA by the NIST (National Institute of Standards and Technology) 

Building and Fire Research Laboratory with support from the U.S. EPA Environmentally 

Preferable Purchasing Program and the White House –sponsored Partnership for 

Advancing Technology in Housing.  

The BEES measures the environmental performance of building products using the 

internationally standardized life cycle assessment approach. Economic performance is 

measured using the ASTM (E 917-99) standard life cycle cost method, which covers the 

cost of initial investment, replacement, operation, maintenance and repair and disposal.  

The software includes the data of building products. The user can compare different 

alternatives by weighting environmental and economical performance and different 

environmental impacts. Also the discount rate and the distance between manufacture and 

use can be determined. All the results are given as scores that can be combined using 

Multi-attribute Decision Analysis. (BEES 2.0 Demo) 
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4.5.4 Discussion 

The methods presented here are greatly specified to building industry and include several 

parameters and viewpoints that have no significance for other industries. Therefore they 

may not be easy to modify for the use of pulp and paper industry. They are presented here 

because they may give ideas concerning some similar elements – energy prices and culture 

for example – with Finnish pulp and paper industry and because they serve as an example 

of comprehensive calculations of life cycle.  

The idea of discounting environmental impacts, like the use of raw materials, could be 

included into traditional LCA with little extra trouble, in case that the time scale is already 

added because of discounting costs. On the other hand, discounting results more 

uncertainty into calculations, because the interest rate is always only an estimate. 

Especially, when we talk about emissions that are strongly dependent on future 

innovations. 

VTT Building Technology's research program developed tools that use a common database 

but have different accuracy for different design phases. The users of KCL-ECO may also 

have different design phases under study. This should be taken into account when 

developing an LCC-feature for KCL-ECO. It should be possible to replace exact cost 

information with estimates at any level of CBS. This means that even costs of a whole 

category could be substituted with one estimate. This kind of flexibility would also serve 

those users, who don't want to study the costs paid by somebody else. For example the 

costs of producing chemicals could be replaced with the price of the chemical. Another 

good idea is utilizing the common database: calculating price of energy as a function of 

consumption for example. 

The BEES is strongly based on the database of the building materials and products. Also 

paper could be divided into parts like fibre network, coating, etc. The user could choose the 

desired elements and the software would search the information from database. However, 

this would not fit well into the structure of KCL-ECO and it can't be made very generic 

model for studying any products. The ASTM standard life cycle cost method is made for 
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building industry's needs, which makes most of it useless for pulp and paper industry. 

However, the standard could serve as a checklist and an example if the reader keeps in 

mind the difference between these approaches. 

4.6 Decision by Life Cycle Cost 7.1 

Decision By Life Cycle Cost, D-LCC is software made by ALD in Israel. It is designed to 

evaluate and/or optimise a product's LCC while satisfying performance and quality 

requirements and to provide input to decision making. It is not an LCA tool, but a tool for 

Total Cost of Ownership calculation and Life Cycle Cost Analysis. 

Cost elements of the product have three dimensions. 

�� Product Breakdown Structure (PBS) or Work Breakdown Structure (WBS) is a 

hierarchical list of parts or items of the product. Parameters such as Mean Time 

Between Failure MTBF, operating hours, duty cycle and item cost are determined 

in PBS or WBS. 

�� Another dimension is the cost category of applicable resources such as labour, 

materials, fuel, etc. That is called Cost Breakdown Structure CBS. 

�� The third dimension is the period, the life cycle phase, when the work/activity is to 

be carried out. 

As the result of calculations total and detailed costs are given in Present Worth according 

to CBS and PBS. Cost Component report gives bottom-level elements as functions of the 

global variables. This information may be useful when the variable is chosen for Sensitivity 

Analysis. (D-LCC 7.1 Demo) 

4.6.1 Discussion 

The three, separately presented dimensions of cost elements are somewhat different 

approach than that of traditional LCA software. The PBS or WBS corresponds to the 

structure of a flowsheet. Some of the information of PBS or WBS could also be introduced 

in CBS and even the dimension of time could be presented in this context simply as one 



 47

parameter. Software using flowsheet and CBS would have simpler user interface than one 

with several breakdown structures.  

4.7 EcoScan 2.1 

EcoScan was originally co-developed by Turtle Bay and the Philips eco-design group. The 

TNO Institute of Industrial Technology is taking EcoScan further towards version 3.0. 

EcoScan deals with environmental and economical properties of the life cycle of the 

product. 

A product is analysed in EcoScan 2.1 by using a Product Life Cycle form. By filling in 

information about costs, eco-indicator points, weight, etc. into sheets of production, usage, 

and disposal the product is specified. In this way the main stages of a product life cycle is 

analysed. (Environmental Expert Software House) 

4.7.1 Discussion 

The software requires a lot of expertise from the user. For example the input of 

environmental impact is in the unit of mPt, which means milli Eco-indicator points. The 

system itself is simple, but it seems more like a summary tool, than a tool for studying 

complex processes. There is not much to adapt into KCL-ECO, apart from the table-like 

form of filling in parameters of production, use and disposal phase, which could be used in 

filling in additional information (like time, payer, etc.) into the CBS. 

4.8 PTLaser and TCAce 

Sylvatica in Maine, USA, has made two software applications combining full LCC and full 

LCA.  

PTLaser adds to traditional LCA attributes the ability to define non-linear relationships 

anywhere in the system, to include non-flow-based causal influences among processes and 

to conduct multi-variable sensitivity analysis and uncertainty analysis concerning both 

economic and physical parameters. The dimension of time enables time varying of 
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environmental coefficients as well as of costs and benefits. Unlimited number of fixed or 

variable functions can be assigned to any physical flow. PTLaser can be modified by the 

user to address social costs in addition to internal costs. 

TCAce is the result of collaborative effort of ten multinational companies and the 

American Institute of Chemical Engineers' Center for Waste Reduction Technologies. The 

methodology is called Total Cost Assessment TCA, but it is defined the same way as Full 

Cost Accounting earlier in figure 2 (chapter 2.2.3). TCAce differentiates five cost types, 

that correspond to tier 0 – 3 internal costs of TCA and external costs of FCA (figure 2): 

�� Direct costs 

�� Indirect costs 

�� Future and contingent liability costs 

�� Intangible internal costs 

�� External costs 

(Norris 2001) 

4.8.1 Discussion 

The aim of KCL's project is to combine LCA and cost accounting. The boundaries of 

PTLaser and TCAce have been set the same way. However, KCL-ECO only treats linear 

equations, where Sylvatica's software has no such restriction. Another new feature is non-

flow-dependant parameters.  

TCAce seemed like an interesting method and the author would have wanted to study the 

structure of calculations more carefully. Unfortunately this was not possible, because there 

is no demo version available. 

4.9 Umberto 

Umberto is developed by ifu (Institut für Umweltinformatik Hamburg GmbH) and ifeu 

(Institut für Energie- und Umweltforschung Heidelberg GmbH). It is software that can be 
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used for cost accounting and LCA, but also for material flow analysis, process optimisation 

and eco-efficiency studies.  

Projects are characterized with a freely defined material hierarchy. Material refers to raw 

materials, pollutants, forms of energy, etc. Also scenarios and time periods can be 

determined. The technical, ecological and economical properties are defined for each 

material. Umberto includes a library of over 670 modules of transportation, waste disposal, 

energy supply, etc. 

Cost types – wages, social expenses and material expenses for example – can be freely 

defined and grouped into a hierarchical structure. Summaries can be calculated both for 

these cost types and for processes. On the other hand costs are divided into two groups 

discussed below: costs of direct material and other cost components. The function between 

the cost driver and the cost consist of variable and a fixed share. 

�� Material costs are defined for the unit of the material and the absolute value is 

calculated according to the quantity of flow. The direction of financial flow can be 

opposite or parallel to the material flow. It is also possible to insert scaled material 

prices depending on the calculated amount per period. 

�� The other cost components have no direct relation to material flow. Some of them, 

however, depend indirectly on the quantity flows within the process. An example of 

this kind of proportional cost is wages of the operator staff at a machine. The cost 

driver is machine hours, which is the time of average throughput of the material 

flow. Another type of costs, fixed costs, is related to the balance year: the write-off 

or rent of a machine for example. 

(UmbertoDemo) 

4.9.1 Discussion 

There are several features in Umberto that could be adapted to KCL-ECO's cost 

accounting, such as free defining of cost types (flexible CBS) and the form of functions 

between cost drivers and costs. However, cost assessment of Umberto can't be "copied" 
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into KCL-ECO, because the structure of the software is quite different: Umberto defines 

projects as a material hierarchy, when KCL-ECO operates with flowsheets. 

4.10 GaBi 3v2 

The GaBi 3v2 software has been developed in Germany by the Institute for Polymertesting 

and Polymerscience (IKP) of the University of Stuttgart and PE Product Engineering 

GmbH. The software system has got a large database in the web available for the users and 

the methodology is an extension of LCA including economical and technical parameters. 

This combination is called Life Cycle Engineering LCE. 

Each case can be presented as a hierarchical system. At the highest level the product life 

cycle is typically divided into manufacture, use and end-of life, which can be divided into 

sub-processes again and again. This means, that a module at high level is actually a group 

of several modules of lower level. At lowest level the relationship between inputs and 

outputs is determined with mathematical formulas – including non-linear functions and 

if/then options. 

Each module of the lowest level can be provided with three groups of economic data: flow 

costs, machine costs and personnel costs. Each of these can be given as total value or they 

can be calculated using parameters described below. 

�� Flow costs are determined in two parts, the price (as a sum of purchase price, 

freight charges, package, insurance and discounts) and the overhead costs as a ratio 

of direct and indirect costs. 

�� Personnel costs are calculated using cycle time and hourly costs. The user can 

determine annual salary, social security and services and parameters of working 

time. 

�� Also machine costs are calculated using cycle time and hourly costs. Hourly 

machine costs are calculated using several parameters that include for example 

machine replacement value, utilization period, annual maintenance and monthly 

rent charge. 
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The cost information for each module is entered in a table, where the user fills in required 

data described above. The software calculates costs from these initial values and groups 

them into the categories of material, machine and personnel costs or according to the sub-

processes. 

All results can be viewed at any level from the system summary to individual module data 

and on the other hand from the summary of certain pollutant, raw material or other result to 

individual processes causing the impact. Different scenarios can be studied or the 

parameters can be analysed for their sensitivity for the overall results.  

4.10.1 Discussion 

The structure of the GaBi 3v2 is little more complex than that of KCL-ECO, but the basic 

idea is the same: working with modules. The problem about cost calculations is that the 

calculated costs do not represent a general situation even if the structure would serve most 

processes. The user can't influence on the functions, determine cost drivers, add costs that 

are not defined in the software or group the costs freely. However, some features like non-

linearity and if/then functions could be adapted. 

4.11 Summary 

Table 2. A summary of the methods described above. The text refers to discussion-parts of 

this chapter and thus represents author’s point of view – not general facts. 

The 
Method 

The result Comments What can be adapted 
to pulp and paper 
industry and KCL-
ECO? 

LCCA+ Cash flow diagram of 
the difference between 
the new design and the 
design as usual. 

Uses questionnaires of 
performance and feature 
level. 

Result diagram 
considering two case 
studies, flows of 
competitiveness. 

LCPD Optimal recycling 
chain. 

Comprehensive, but 
building the framework 
requires a lot of work. 

If KCL-ECO is 
expanded in the future, 
this should be 
reconsidered. 
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The 
Method 

The result Comments What can be adapted 
to pulp and paper 
industry and KCL-
ECO? 

LCECA Costs of environmental 
burdens. 

Other cost categories 
will be incomplete, if 
eco-costs are separated 
from them. 

The idea of collecting 
eco-costs as a group 
(but with different 
method). 

Decision 
Support 
Analysis 

NPV, payback time, 
IRR, chemical and 
waste reductions... 

Simple and flexible 
system for calculating 
impacts of airplane 
industry. 

 

RIL's 
Methods 

Life Cycle Quality. Comprehensive. 
Specific for building 
industry. 

Discounting ecological 
factors 

VTT's 
Methods 

LCC of different design 
phases. 

Good method for 
investment calculations. 

Flexibility (accuracy 
demands), common 
database for costs and 
other parameters. 

BEES Comparison of building 
products. 

Based on the building 
products in the 
database. Not a tool for 
generic calculations. 

 

D-LCC Total Cost of 
Ownership and LCC. 

Three dimensions 
(PBS/WBS, CBS, time) 
makes the system 
complicated. 

 

EcoScan Costs, eco-indicator 
points, weight... 

Simple, but requires 
expertise. Not a tool for 
complex studies. 

Table form for data 
input. 

PTLaser 
and 
TCAce 

LCA and LCC. A good example of 
integration of LCA and 
LCC. 

Special features, like 
non-linearity and non-
flow-dependant 
parameters. 

Umberto LCA and costs. Based on material 
hierarchy, several 
advanced features. 

Free defining of cost 
categories; summaries 
of cost categories and 
processes. 

GaBi LCA, economical and 
technical results. 

Economical 
calculations are not 
very generic or flexible. 

If/then option and non-
linearity in functions. 
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5 COST DATA 

KCL EcoData database contains environmental input and output data like raw materials, 

energy and emissions of over 200 activities of pulp and paper industry. Modules concern 

forestry, chemicals, energy production, pulping, papermaking, board making, 

transportation and waste management. This chapter considers adding economical 

information into this database. 

Each module contains certain activity that has two types of costs. First type is dependent on 

flows – they are typically energy or material prices. Others are caused by the activity: 

salaries of workers for example. Flow-dependant-costs can be determined for each module 

or for each flow that is defined in the list of variables of the software. Other costs are 

always module specific. 

5.1 Data resources 

The required data is too specific to be found straight from statistics. It seems like there is 

no resources that could offer such detailed cost information. Naturally Finnish (or possibly 

even Scandinavian) data would best suit the conditions in Finland and the use of cost data 

obtained from other countries is at least questionable. 

The data could be obtained from the companies who carry out the activity concerned or 

possibly from their federal associations. Statistic Finland (Tilastokeskus) works 

administratively under Finnish Ministry of Finance and publishes some general statistics. 

Statistic Finland also sells these services. 

5.2 The Viewpoint of Finnish Pulp and Paper Industry 

The cost information concerning pulp and paper industry's own activities can't be reliably 

obtained from anywhere else than the companies themselves. When EcoData was 

collected, KCL gathered the data either by using questionnaires directly to the 

manufacturers, or to experts from different branches of industry. Data in EcoData expresses 



 54

either typical values (like pulping and paper production data) or average values (transport 

data, forestry data). Collecting data for LCA is time-consuming work, and typical values 

are considered accurate enough for the use of generic research.  

In economical calculations of companies the demands for accuracy are higher. Typical 

values have little meaning for a company trying to make profit in real world with it's own 

costs and revenues. Especially, since the company already has the real values. From their 

point of view, a database that they have little use for is not worth delivering confidential 

financial information. However, this data would be useful in generic joint research projects 

of the industry. 

Data from other activities than the pulp and paper industry itself is more interesting. 

However, the prices of transport, energy and raw materials depend strongly on the contract 

and the volume of the order.  

5.3 Updating 

EcoData has to be updated as technology develops. Including economical data into this 

database would require far more frequent updating than environmental data, because the 

prices of energy and raw materials may change significantly in couple of months. Updating 

and sending new information to the customers so frequently is time consuming work and 

selling such information as one-time-delivery is challenging.  

One solution for easier updating could be cost indices, that indicate the change of the costs 

compared to a situation in reference year or month. The data would consist of two parts, 

the cost at the reference moment and the index. The cost would be delivered by KCL as 

well as the index of the purchase moment. Updating would change only the index. 

Statistics Finland (Finnish Ministry of Finance) publishes cost indices of electricity, trucks, 

harvesting machines and tractors and some general price indices. The information is 

available for free in Internet, thus the user could check the indices whenever he wants, and 

update the data by himself. Problems may occur, if Statistics Finland decides to change the 

way they make these statistics. All the costs required in EcoData, price of wood for 
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example, is not published by Statistics Finland. Original costs or the reference year are not 

published either.  
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6 SPECIAL FEATURES OF THE PULP AND PAPER INDUSTRY 

6.1 Phases of the life cycle 

The final products of the paper industry are typically throwaway goods. The most 

interesting phase of the life cycle is the production and activities before it. After production 

there is only transportation, disposal and recycling activities. Especially the use phase has 

no interesting activities from the viewpoint of LCA and traditionally LCA of paper also 

excludes the whole acquisition phase. Therefore few similarities can be found between the 

life cycle presented earlier in the figure 1 (chapter 2.1.3) and typical life cycle of paper.  

The reason for this is that the figure 1 presents the life cycle of an investment, not a 

product. This kind of life cycle may be interesting for example in the case of comparing 

different paper machines. The suppliers may have some LCA results for their paper 

machines, but the only way for the paper mill to compare different machines with correct 

and similar assumptions is to make the calculations by themselves. Applying LCA and 

LCC gives results of investments, operational costs, consumption of energy, raw material 

and chemicals and naturally emissions and other environmental results. However, this 

study concentrates on typical life cycle of paper product, not paper machine. 

6.2 Cost Breakdown Structure 

An example of Cost Breakdown Structure CBS of the production of paper was presented in 

the figure 4 (chapter 2.3.2). In principal the main structure is simple, but the practice can be 

more complicated. Three problem areas are discussed in this chapter: salaries, energy and 

indirect costs. 

6.2.1 Indirect costs 

Indirect costs are generally calculated as percentage of machine hours, direct salaries or 

some other direct factor. They are often divided into variable and fixed share of indirect 

costs. However, different companies include different costs and have different ways to 
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calculate them, which makes "general model" difficult to make. Indirect costs consist of 

costs that are not proportional to the volume of production, for example lighting, heating 

and cleaning. Figure 4 considers only production costs, but also sales and administration 

costs can be included into indirect costs. 

Generally the company has long experience of calculating these rates of indirect and direct 

costs. It is important, that not only the rate, but also the choices that have been made while 

calculating indirect costs are known, when CBS is made. This way the costs are not 

included twice or forgotten. 

6.2.2 Personnel Costs 

The salaries of the cleaning personnel could belong to the indirect costs, because the mill 

has to be cleaned regardless of production level. Naturally they have to be then excluded 

from the personnel costs. Salaries of the maintenance personnel are more complicated 

issue. There is some relationship between volume of production and the need of 

maintenance, but the costs don't necessarily chance with small changes in production. 

There is also the possibility to treat these costs as machine costs, but then the salary would 

have to be divided for different machines and maybe even for the building, which would 

make it indirect cost as well as costs of cleaning. 

6.2.3 Energy Costs 

Electricity seems like a simple case. The first idea is to put it into the energy costs. But on 

the other hand, electricity is probably the biggest machine cost. Should these two categories 

be integrated or should the energy costs be a subcategory of machine costs? Or perhaps the 

machine costs should include only other machine costs, like lubricating oil and spare parts. 

It should also be noted that the electricity used for the heating and lighting the mill is 

actually indirect cost that should be separated from total electricity costs of production to 

avoid calculating it twice. 
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7 REQUIREMENTS OF KCL-ECO SOFTWARE 

The question about how to integrate economical calculations into KCL-ECO software 

should be considered carefully. When the software was originally developed for LCA, there 

were no plans about including a feature with so different requirements and parameters. 

Present users should still feel familiar using the new version thus the user interface should 

not change dramatically, when new features are inserted. 

7.1 The users point of view 

One challenge in combining the environmental and economical calculations into the same 

software is the expertise of users. Until now the users have mostly been LCA experts, but 

now they should also start dealing with economical aspects. Another way is co-operation 

between experts of economics and environment. This is why teamwork should be made 

possible and convenient by careful planning of the structure of the software.  

Another solution is such a simple calculations and good guidance that performing the LCC 

doesn't require expertise. This may easily mean compromising between easy user interface 

and advanced features, and there is a risk of designing such a simplified LCC that it has no 

significance in professional calculations of industry. 

7.2 Cost Breakdown Structure 

In this consideration we assume, that the CBS is used as the input method of the costs and 

cost functions. The structure of LCA calculations of KCL-ECO gives two choices for the 

input and calculations of costs:  

�� The CBS can be made for the functional unit of the product under study in a cost 

sheet that could be compared to the flowsheet. 

�� The CBS can be determined for each module separately in a module specific 

window. 
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The product specific CBS separates LCA and cost calculations, which is convenient for 

team users. The product specific CBS is probably also easier to comprehend as a life cycle 

study of the product than the module specific CBS. On the other hand the idea of 

combining LCA and LCC is not truly applied, even if these studies are made using the 

same software. 

When the CBS is made for each part of the product chain, much more detailed information 

can be included. The CBS can also be added to database as module information. Probably 

the most useful advantage of this alternative is the flexibility. If the module is an 

interesting part of the chain, the CBS can be made very carefully. If the user can't influence 

on the activity of the module (and therefore has no interest in studying) the whole CBS can 

be replaced with one number: the price of the raw material for example. Costs in each 

module can be calculated in respect to the reference unit (the main product) of the module. 

The functional unit of the flowsheet determines the usage of these products and therefore 

the final results. Another words, the calculations are carried out in a similar way as 

calculations of material and energy flows in LCA. 

7.3 Cost functions and variables 

KCL-ECO 3.0 works with linear equations only. This restriction will probably apply for the 

cost calculations as well. Since the costs are often dependent on the volume, batch, time, 

amount of personnel, etc. the linearity is probably not a problem.  

Some of the variables used in the cost functions are probably already determined in LCA 

calculations: energy and raw material flow for example. However, there should be a 

possibility to determine other variables, like the amount of workers in different tasks, their 

salaries, the costs of the use of the machines, the time needed to produce the product with 

the machine and interest rate for example. The amount of these variables may be quite 

large and the same variables may be used in many different cost functions. For the clarity 

and easy updates it is better to determine them as variable with a given value (that can be 

changed) rather than plain numbers in the cost functions. This also offers more alternatives 

for the sensitivity analysis. 
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8 SUGGESTED METHOD 

In author's opinion, none of the studied methods (described in chapter 4) is both suitable 

for the use of Finnish pulp and paper industry and compatible with KCL-ECO. Methods 

that are used in building or airplane industries concentrate on special features of those 

industries and are not suitable for generic use. Life Cycle Product Design would suit pulp 

and paper industry, but the system itself goes far beyond the aims of this project. D-LCC, 

TCAce and Umberto serve as good examples that could probably be utilized by the pulp 

and paper industry as well as others. However, combining economical calculations of them 

into KCL-ECO creates problems, because of the different structure of the software. Some 

features can also be adapted from LCCA+ and LCECA. 

That is the reason why suggested method presented in this chapter is created starting from 

an empty table. The main decisions are made according to the requirements of the pulp and 

paper industry. The method that the author recommends is then made to fit the software 

environment of KCL-ECO. It is considered in details, because the intention is to give good 

base for further development that is made by other people than the author. 

8.1 Main principals 

8.1.1 Investment calculations versus product calculations 

The first question to consider is the choice between investment calculations and product 

chain calculations (see chapter 2.1). Possibilities and limitations in these calculations are 

very different. Product calculations apply similar boundaries than LCA calculations: only 

production is concerned (sales and administration is excluded) and static situation is 

assumed. This makes some methods, like IRR, NPV and ABC insignificant. If life cycle is 

defined as in investment calculations, time is an essential parameter and all the costs are 

concerned. 

The Finnish pulp and paper industry favours product chain calculations, because it fits 

better into LCA of paper. Investment calculations often emphasize the use phase of the 
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product, which is insignificant in the viewpoint of paper. Investment calculations also 

include costs like R&D, sales and administration, which means that the boundaries are 

different than traditionally in the LCA of paper. The original aim of the project was to be 

able to define which activities or flows are both environmentally harmful and costly. This 

way the investments can be directed and cost savings can be calculated. 

Hence the suggested method is based on product calculations. This choice also influences 

on the selection of suitable CBS. Since acquisition phase is excluded and use and disposal 

phases are not the most interesting or significant parts of the chain, the CBS presented in 

figure 4 (chapter 2.3.2) is chosen. 

8.1.2 Flexibility  

Finnish pulp and paper industry appreciates generic research, for example joint research 

carried out by KCL. The companies themselves have different needs on different levels of 

organisations. The decision makers need results of macro level to draw guidelines for the 

company and the designers need detailed information of micro level to improve processes. 

KCL-ECO has to be a suitable tool for all these cases, which means, that flexibility is a 

very important characteristic for it. 

The flexibility concerning accuracy of calculations is performed by the possibility to insert 

information as general estimates or as specific cost functions. The flexibility is also the 

motivation for the possibility to edit default CBS and for several different ways to group 

results and calculate summaries. The user can also define different companies that carry out 

activities and he can exclude activities, which gives the possibility to calculate only 

company's own costs or perform general LCC. All these features are explained in details in 

this chapter. 
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8.2 Integrating calculations into KCL-ECO 

8.2.1 Module specific CBS versus flowsheet specific CBS 

Suggested method integrates economical and environmental calculations by using module 

specific CBS (see chapter 7.2). This gives many possibilities for comparison of different 

activities inside the process and makes the CBS simple, as it only considers one activity at 

the time. For example cost of wastewater is not considered in the paper production module, 

where the flow is born (unless the paper mill truly pays someone else for the handling). 

The water flows without a price out of the paper module into wastewater treatment module, 

where the costs are calculated. This way real costs of the treatment – chemicals, personnel, 

etc. – are truly directed to waste handling and are not hidden into more general categories 

of the whole process, like salaries and chemicals. 

8.2.2 CBS – List of Costs and Revenues 

The Cost Breakdown Structure of a product was presented in figure 4 (chapter 2.3.2). 

Three of the top categories – personnel, machine and indirect production costs – are added 

into the variable list (which is a list of flows) as categories (figure 12). 
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Figure 12. Sheet for selecting flows of the module in KCL-ECO 3.0. 

Material and energy costs are usually directly proportional to the amount of the flow, which 

allows easier handling. When flows from categories of Chemicals, Energy, Fuels or 

Materials/Products (KCL-ECO 3.0) are added into the input list (figure 12), they are 

automatically also added into a new list of costs and revenues with a negative value, 

typically the price of the flow (figure 13). Output list results positive values (revenues) into 

the list. Both signs can be changed manually, if needed. The names of flows remain 

unchanged except the unit mentioned in brackets. It is automatically changed from [kg], 

[MWh], etc. to [€], [$], etc.  Personnel, machine and indirect costs are added into this new 

list manually. 

 

Figure 13. Author's sketch about the new sheet for determining costs, revenues, cost 

functions, etc. If KCL decides to collect cost and price information, it will appear 

automatically into the column of cost function. 
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8.2.2.1 Default List of Costs and Revenues 

Since this new list will have a lot of information in it, it is probably best to make separate 

"Costs and Revenues" –sheet (figure 13) into the "Specify Module" –window. It has the list 

of all flows and the new list of costs and revenues. Default CBS is: 

�� Materials 

�� Chemicals 

�� Fuels 

�� Materials/ Products 

�� Energy 

�� Personnel 

�� Machines 

�� Indirect production costs and revenues 

Each category includes flows that are defined by cost functions (or plain numbers). The list 

is presented in table-form (table 3). The first column expresses the hierarchy of the list, the 

variable names and the units (the default unit is €). The second column is for the sign 

separating the costs and revenues and the third is for the cost function. Next columns are 

for special features of environmental and quality costs. These are presented later in this 

chapter. 

Table 3. The list of costs and revenues is actually a table, where cost functions can be 

modified and cost flows can be selected into groups of environmental costs or quality 

costs. 

CBS +
– 

Cost function ECO-
cost 

Quality 
cost 

1. Materials     
1.1 Chemicals     
…     
1.3 Materials / Products     
      Pulp [€] – 0,5*Pulp [kg]   
      Pulp reject [€] – Reject rate*Pulp [€]  × 
...     
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8.2.2.2 Modifying the list 

Because of the lack of the levels, the CBS is also referred to as a list. However, the user 

should be able to make subcategories, especially with the last three groups that are often 

defined different ways in different companies (see chapter 6.2). If the company has 

calculated a rate of indirect costs, the user needs to know exactly, what does this rate 

include. This way he can include and exclude right flows from categories of personnel and 

machine costs. 

It should be possible to add LCA-flows from other categories into the list and determine a 

price for them. This can be used for example in a case of wastewater treatment that is 

carried out by another company. Wastewater belongs into the category of "Emissions to 

Water" and the flow is not automatically added to the list of costs and revenues. 

There should also be a chance to deactivate the whole list and replace it with prices of 

products. This is useful if the company don't have specified information about some 

activities, especially those carried out by other companies. The user can also define flows 

with general names to give approximate values of a certain category for example. 

Flexibility concerning accuracy of calculations is important, because the software may be 

used to get results of macro level to support decision-making or at micro level to help 

designing. 

8.2.3 Calculating Costs 

8.2.3.1 Flows 

KCL-ECO 3.0 talks about variables, meaning materials, energy, emissions, etc. To avoid 

later confusion, they are referred to as flows in this paper. Flows can also refer to costs or 

revenues. Flows always have direction and one or two value or function. One 

value/function indicates mass or energy and the other money. A value and a function is 

actually the same thing, because the software treats values as constant functions, hence all 

the values can be replaced by functions and vice versa. 
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8.2.3.2 General and Module Variables 

Environmental calculations are generally made with functions that use other material flows 

as variables. In economical calculations some immaterial variables may be needed. These 

immaterial variables include information about taxes, insurances, amount of workers, etc. 

They cannot be added into the list of costs and revenues because they are not flows, but 

they can be used in functions. 

KCL-ECO 3.0 has a list of constants that can be used in any module of the flowsheet 

(figure 14). However, the immaterial variables are most likely to be used for the calculation 

of salaries and other costs that are usually module specific. They may also be dependant on 

each other or "general" constants, which means that the user should be able to insert 

functions as well as values. 

 

Figure 14. Sheet (KCL-ECO 3.0) for defining constants that can be used by all the modules 

of the whole flowsheet. These constants are defined by the user. 
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The main idea of variables is to replace plain numbers in cost functions with symbols that 

are explained and easy to modify. A list of these variables (or a link to them) has to be 

added into proper sheets of "Specify Module" –window and clarifying names should be 

given to separate them from "old" variables and constants of KCL-ECO 3.0 discussed 

earlier. Names can be for example flows, general constants (unless also they should be 

modified into variables with the possibility of a function) and module variables. There is 

no reason to exclude the possibility to use module variables also in LCA-calculations.  

8.2.3.3 Default Values and Functions of the Database 

All the cost flows may have values or cost functions defined in the database (if KCL 

decides to collect cost information) but these values can be changed. The database values 

of materials and energy are defined for each flow and they don't vary from one module to 

another. Personnel, machine and indirect production costs are defined separately for each 

module and there is no "general" values or functions for them. 

8.2.3.4 Modifying Values or Functions 

It is important, that the user understands how changing the value or function affect the 

calculations. That is why the user interface has to be designed carefully. One possibility to 

remind the user about different variables is to place link-buttons with text "to general 

constants / flows", "to module variables" or "to database" into proper sheets. This also 

reminds the user to consider straight from the beginning which variable is suitable in each 

case. The different cases are: 

�� Database contains cost information about the material and energy flows, which are 

not dependant on the module using them. Personnel, machine and indirect 

production costs are defined for the modules of the database. Database contains the 

default values for a new flowsheet and it should be protected carefully with 

passwords or warnings. 

�� If the change concerns the whole flowsheet, it can be done on sheets of "Variable 

names and Constants" –window presented in figures 14 and 15 (columns for cost 
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functions and currencies have to be inserted). Normally this is the case with the 

prices of material or energy flows or general constants.  

�� Changes for the personnel, machine and indirect costs are normally made in 

"Specify Module" –window's new "Costs and Revenues" –sheet. Module variables 

are modified on separate sheet that is linked from the window.  

 

Figure 15. The sheet (KCL-ECO 3.0) for defining variables that can be used in all modules 

of the flowsheet. 

When user defines new variables, the software will have to check that the name is not used 

in other variable lists. Only module specific variables can use same names, but even then 

the names have to be changed if the user forms agglomerate modules from a group of 

modules. 

If some changes are made for a module and later for a flowsheet, the user has to be warned 

and asked, if he wants to exclude some modules. The software may check the values or 

functions of all the modules and show the ones that differ from the default. This can be the 



 69

case, if the price of material or energy flow is defined differently for one module, and later 

the price of the others is changed. 

8.2.3.5 Limitations and Possibilities of Functions 

All calculations are made with linear functions. This means, that the function may be for 

example a constant value or a sum or product of numbers, variables or flows. It is 

recommended to give the user the possibility to define functions as freely as possible. This 

means, that the same rules apply for the functions of flows and variables, regardless of if 

the function is economical or environmental. The software should check possible 

unsolvable circular references that the user may define by mistake.  

Naturally a flow flows out of one module and into another. If the value of the flow is 

determined in one module, it is automatically the same in the other module. Since module 

variables may have same names in different modules the confusion is avoided by not 

showing the function in other modules. There is text "Function determined in..." indicating 

the other module. If a new function is inserted, the value in the other module becomes 

fixed. 

The user can decide how accurate functions are. For example the salaries of technicians can 

be given as a number of total (naturally calculated for 1000 kg of paper for example) or as 

a function with the amount of technicians and the salary of each. Yet another way is to 

define the hourly wage, the amount of technicians and the time that it takes to produce 

1000 kg of paper. The more accurate the function is the easier it is for another user to 

understand the calculations (transparency) and to study the influence of different changes, 

like the amount of technicians. 

Since there are several ways to calculate the same thing, it is not recommended to give 

default functions to flows of personnel, machine and indirect costs. Accuracy of the initial 

data naturally determines the level of details in functions. If the software includes some 

functions, it may mislead some users to make inaccurate calculations unnecessarily. In 

some cases, especially if the user is expert in LCA, but not in economical calculations, he 
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may give up on calculations because of the lack of detailed data. This topic should be 

discussed in manual. 

8.2.3.6 Currency rates 

Currency rates are treated the same way as units of LCA calculations. The default currency 

is euro €, but other currencies can be used, if the rate is given by the user. In KCL-ECO 3.0 

this is made in a text file, but if frequent use is expected, more user friendly way is 

recommended. 

8.2.4 Grouping Costs 

8.2.4.1 Environmental and Quality costs 

Some users may be interested in calculating environmental costs or quality costs. They can 

be easily summed up if the user marks them as he defines the functions. There are two 

alternatives for marking. The simpler one is to mark the flow with a tick (×), like in table 3. 

This gives the sum and a detailed list of selected flows as result. The other possibility is to 

define the type of environmental cost (ordinary, hidden, liability or image, see chapter 

2.2.1) or quality cost (failure, monitoring and prevention, see chapter 2.2.2). This can be 

done easily by inserting the first letter or the word instead of a tick. The result is naturally a 

list sorted by the type and the sums. 

Some environmental and quality costs are not production costs. It is up to the user, if he 

wants to include them anyway. It is always possible to modify the list of costs and revenues 

and create new top categories, like "Sales", "Administration", "Other quality costs" or 

"Other than production costs". 

Sometimes, for example in the case of rejects, some part of the cost may be a quality cost, 

but most of it is ordinary production cost. In that case the user can define a new flow (with 

new name) and split the cost according to rejection rate that can be saved as module 

variable (table 3). 
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8.2.4.2 The payer 

If the user wants to include external costs or for example costs of harvesting into 

calculations, he should specify, who is the payer in each case. This is done in "Costs and 

Revenues" –sheet of "Specify Module" –window. Each module has an "Owner of the 

Activity", who pays the costs (negative values in the list) and collects the revenues 

(positive values of the list). After the owner is entered in one module, it can be selected 

from a default list in other modules. The results then include also profits (the difference 

between revenues and costs) of each owner sorted out by activities. 

If the user is not interested of the other payers, he can check a tick-box "Don't calculate 

costs or revenues of the activity" (figure 13). Then the price of the flow is determined in 

the other module, if it is interesting for the user.  

8.2.5 Allocation 

Allocation has to be defined in those activities that produce more than one product. 

Advanced allocation methods, like Activity-Based Cost ABC, are not very useful for 

product specific calculations that exclude sales and administration costs and costs of 

acquisition phase. 

Allocation for LCA-calculations is done in "Specify Module" –window (figure 12) by 

selecting the product and determining the percentage for it. The same rate can be used in 

economical calculations. 

8.2.6 Results 

The results will be presented in report pane together with the results of LCA-calculations. 

After the cost functions are solved, numerical values are summed up to get total costs, total 

revenues and the profit of each module. Environmental costs are presented after the total 

with words "...of which ECO-costs are:" to make it clear, that they are already mentioned in 

the list above. Quality costs are presented in a similar manner. The owner of the activity is 

shown too.  
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The totals of each owner can be collected as well as total of the whole process. Also the 

features that are already included in the software can be utilized. These are hot spot –

function, which can be used to see totals of specific material flow or cost category and 

primary or secondary codes that can be used to group modules freely.  

The results can be presented graphically in chart pane as well as LCA results. LCA and 

LCC results can be combined into same charts to demonstrate possible correlation between 

them. Also a feature that combines the results of two flowsheets can be considered. The 

chart could be based on the diagram presented in figure 8 (chapter 4.1), but instead of using 

time scale, several parameters could be compared in one chart. For example different cost 

types or certain emissions can be all presented at once. 

8.3 Further calculations 

The suggested method calculates LCC and environmental and quality costs. The use of 

these results is actually beyond the boundaries set for this paper. However, some methods 

for further utilization of the results are mentioned here to satisfy requests of pulp and paper 

industry. They can be added to KCL-ECO easily, because they use the results mentioned 

before and there is no need to add module specific features. 

These calculations justify the use of the same software for economical and LCA 

calculations instead of using cost data from other software systems. When the same person 

calculates both results, used assumptions are most likely the same. That is important if the 

results are used for comparisons. With such software different rates between environmental 

and economical results can be easily calculated. This is not a complete list of methods that 

can be used, but rather examples to raise interest. 

8.3.1 Environmental impact versus value added 

Value added is a sum of operating margin and personnel costs. In KCL-ECO it could be 

calculated as the difference between the price of the product and short-term costs of the 

production (materials, energy). This can be done for each module to see which activities 

cause most environmental impacts and if value added is large in those cases. 
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8.3.2 Environmental impact versus absorption cost 

Absorption cost is actually the cost price of the company, including all fixed and variable 

costs. Comparing cumulative environmental impact and absorption cost points out, which 

activities are harmful for both environment and the economy of the mill. This way the 

research and future investments can be directed to right activities. 

8.3.3 Return on Environment 

Return on Environment ROE is a normalization method, which permits comparison of 

data, even from products with quite different characteristics. It is defined as: 

 %100��

mentact AssessScaled Imp
iceSelling Pr

 CostLife Cycle
ROE  

Typical range of values of ROE is 2 – 20 %. Impact Assessment scale is 1 – 100 and Life 

Cycle Cost is typically one order of magnitude larger than the products selling price. 

(Hunkeler 2000)  

It is important to note, that Life Cycle Costs here include all stages of the life cycle – also 

use and disposal. If KCL-ECO is used to calculate only production costs, ROE can't be 

calculated. However, it is possible to use the suggested method to calculate all the costs of 

the life cycle. In that case, the cost data of all activities (modules) have to be included and 

revenues are excluded from calculations. 
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9 CONCLUSIONS 

The original aim of this study was to choose an existing LCC-method (or a combination of 

them) that best serves the needs of the Finnish pulp and paper industry and is suitable for 

integration with KCL-ECO 3.0 software. As different models were studied, it became 

apparent that none of them fulfilled the requirements. A new method had to be built up 

from an empty table using studied cases as examples and sources of ideas. 

The first task was to select between calculations that are suitable for investment 

calculations or for product chain, as it is defined in LCA. The latter was chosen to support 

the wishes of the pulp and paper industry and to make truly compatible integration with 

LCA-software. Flexibility concerning accuracy of calculations led for choosing activity 

specific CBS instead of product specific CBS. This also gives the user the freedom to 

replace calculations with estimates or exclude activities – for example those that are carried 

out by other companies. Possibility to calculate environmental and quality costs was added 

as special feature. 

The suggested method is presented in details, but it still requires testing and possible 

development. At this point of the feasibility study, the author's recommendation is to 

continue the project and create a new version of KCL-ECO that integrates economical 

calculations into LCA. 

 

 

 

 

 

 



 75

REFERENCES 

BEES 2.0 Demo. Available: http://www.bfrl.nist.gov/oae/bees.html  

Bennet M., James B, 1999. Environment-Related Management Accounting: Current 

Practice and Future Trends. University of Wolverhampton Business School, UK. 

Sustainable Business Center, UK. Part of: Total Cost Assessment, Recent Developments 

and Industrial Applications. Edited by: Backman Mikael, Thun Rabbe, 1999. International 

Institute for Industrial Environmental Economics at Lunds University. Available: 

http://www.lu.se/IIIEE/publications/communications/1999_4.pdf 

Custer William R. Jr., Webb C. Flint. Pollution Prevention Technologies: Decision 

Support Analyses. Science Applications International Corporation. 20 pages. 

Diesen, Magnus, 1998. Papermaking Science and Technology, Economics of the Pulp and 

Paper Industry. Fapet Oy. 186 pages. ISBN 952-5216-00-4 (the series), ISBN 952-5216-01-

2 (the book). 

D-LCC 7.1 Demo. Available: http://www.ald.co.il  

Environmental Expert Software House. Available: http://www.environmental-

center.com/software/ecoscan/ecoscan.htm  

EPA United States Environmental Protection Agency, 1995. An Introduction to 

Environmental Accounting as a Business Management Tool: Key Concepts and Terms. 

Available: http://www.epa.gov/oppt/acctg/pdf/busmgt.pdf  

Fabrycky W., Blanchard, B., 1991. Life Cycle Cost and Economic Analysis. Prentice-Hall, 

Inc., Englewood Cliffs, New Jersey 07632. 384 pages. ISBN 0-13-538323-4. 

Federal Facilities Enforcement Office, 1995. Federal Facility Pollution Prevention Project 

Analysis: A Primer for Applying Life Cycle and Total Cost Assessment Concepts. 



 76

Pollution Prevention Information Clearinghouse, U.S. Environmental Protection Agency, 

Washington D.C. 

Hunkeler David, Biswas Gautam, 2000. Return on Environment. The International Journal 

of Life Cycle Assessment. Vol. 5 No. 6 2000. Ecomed publishers. ISSN 0948-3349 � 5 (6) 

317 – 384 (2000) 

Kaintz Bob, 2001. Daimler-Chrysler, USA. Telephone call. 

Kosonen Risto, Laitinen Ari, Laine Tuomas, Martiskainen Veikko, 1999. Huonekohtaisten 

talotekniikkajärjestelmien elinkaarikustannukset (Life cycle costs of HVAC systems). VTT 

Rakennustekniikka (Technical Research Centre of Finland), Insinööritoimisto Olof 

Granlund Oy. Research notes 1947. Libella Painopalvelu Oy, Espoo. 42 + 5 pages. ISBN 

951-38-5479-5. ISSN 1235-0605. 

Lahti-Nuuttila, Kimmo, 2001. M-Real, Finland. Telephone call. 

Niskala Mikael, Mätäsaho Risto, 1996. Ympäristölaskentatoimi. Suomen Ekonomiliitto 

and WSOY, Porvoo. 381 pages. ISBN 951-0-21246-6. 

Norris, Gregory A., 2001. Integrating Life Cycle Cost Analysis and LCA. The International 

Journal of Life Cycle Assessment. Vol. 6 No. 2 2001. Ecomed publishers. ISSN 0948-3349 

� 6 (2) 69 – 128 (2001) 

Riikonen Esko, 1996. LCP – elinkaarituottoanalyysi. (Translated from: Hagberg Leo, 

Henriksson Tomas, Lönsamt underhåll.) Part of: Käynnissäpidon johtaminen ja talous. 

Scandinavian Center for Maintenance Management Finland ry. Painoyhtymä Oy, Loviisa. 

RIL, 2001. Rakenteiden elinkaaritekniikka. Suomen rakennusinsinöörien liitto, Helsinki. 

301 pages. ISBN: 951-758-414-8 



 77

Senthil Kumaran D., Ong S. K., Tan Reginald B. H., Nee A. Y. C., 2000. Tool to 

incorporate Costs into Life Cycle Assessment. National University of Singapore. 

International Conference & Exhibition on Life Cycle Assessment: Tools for Sustainability. 

Stevens Gary, Clift Roland, Azapagic Adisa, Mellor Warren, Williams Elizabeth, 2000. 

Utility Based Framework for Material and Process Selection in the Integrated Chain 

Management of Polymers. University of Surrey. International Conference of Life Cycle 

Assessment, Washington DC, 2000. Available: http://www.surrey.ac.uk/CHAMP/ 

Stinson Christopher H., 1999. What Are We Learning About Total-cost Accounting & 

Full-cost Accounting?. The University of Texas, Austin, USA. Part of: Total Cost 

Assessment, Recent Developments and Industrial Applications. Edited by: Backman 

Mikael, Thun Rabbe, 1999. International Institute for Industrial Environmental Economics 

at Lunds University. Available: 

http://www.lu.se/IIIEE/publications/communications/1999_4.pdf  

Sullivan William G., Bontadelli James A., Wicks Elin M. 1997. Engineering Economy, 

11th edition. Prentice Hall, Upper Saddle River, New Jersey 07458. 662 pages. ISBN 0-13-

011570-3 

UmbertoDemo. Available: http://www.umberto.de/english/index.htm 

Veefkind Menno, 1999. Assessment of Business Effectiveness Of Green Design Options. 

Delft University of Technology. Available: 

http://www.io.tudelft.nl/research/tpa/menno/Aiced99/AICED99_full.htm  

Veefkind Menno. Life Cycle Costing for Green Product Development. Delft University of 

Technology, faculty of Industrial Design Engineering. Available: 

http://www.io.tudelft.nl/research/tpa/menno/ls/index.htm 

 


