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Abstract
The aim of this technologically oriented study was to develop an evaluation method for post-
completion audits of investment projects in paper production lines. The development work was based
on the constructive research approach. The objectives of the method were practical applicability, a
comprehensive framework, and measures of project performance.

The evaluation method developed here is based on an adapted Malcolm Baldrige self-assessment
framework, which has been embedded with three evaluation perspectives: project Targets (T), Risk
management (R), and company Strategy (S). The compositions of these perspectives i.e.  TRS
perspectives, serve as the fundamental basis for a value added project. The evaluation criteria have
been designed to fulfil the requirements of the paper industry and demanding projects. Scoring
guidelines are used as a basis for evaluation results. Furthermore, supportive evaluation tools were
developed to improve the accuracy and comparability of evaluation results. Evaluation is conducted
by a group which consists of qualified tutors, project experts and facilitators. The latter are used
especially to increase objectivity.

The method was tested with two cases studies which were applied in a greenfield paper machine
project. The first case study focused on technology choices. The second case study was a full-scale
study of the whole project scope. The evaluation results were relatively accurate, and feedback results
were particularly positive.

Usage of the TRS perspectives can produce information which benefits decision-making. The
method is capable of measuring both technical facts and subjective opinions. Moreover, the method
is applicable in practice and can improve the investment process in general.

Keywords: evaluation, paper machine, technology, TQM
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1 Introduction 

The pulp and paper business has become increasingly global. Paper and board products 
and also raw materials such as pulp and pigments are transported from production units to 
markets all over the world. The most important resource is forests. According to statistics 
from Tilastokeskus (2005), the world’s total forest area is 38.7 million km2 (30% of the 
world land area), where Russia and Brazil represent together 14.0 million km2 (36% of 
the world forest area) compared with the EU’s 1.1 million km2 (3% of the world forest 
area). Planted forests and new pulp mills as well as paper mills in Asia and South 
America have changed pulp and paper supply. The world’s demand for paper and 
paperboard is currently increasing by about 8 million t/a (2.4%/a), and it has grown to 
359 million tons (2004) despite the lesser growth in North America, Western Europe and 
Japan, because growth has been rapid in the Asia-Pacific and Eastern European markets. 
The long-term growth estimate is 2.1%/a, reaching 490 million tons by the year 2020 
(Suhonen T 2006). The current biggest export countries are (2004 figures): Canada (15.2 
Mt/a), Finland (13.1 Mt/a) and Germany (10.0 Mt/a) (Metsäteollisuus 2004).  

Technology and knowledge transfer has also changed the picture of the previous 
economic balance. Accordingly, the importance of the North American and European 
forest industry has decreased alongside the rapid growth in emerging markets. The 100 
biggest companies invested about 19 billion US dollars (about 16 billion Euros) in 2004 
(Talentum 2005). During recent years Finnish paper companies have invested (incl. 
acquisitions) about 9% (about 3 billion Euros in 2005) of turnover, and the share of 
domestic investments has been around 30% (Metsäteollisuus 2004). The size of the 
global paper machinery annual business is about 10 billion Euros, and the two biggest 
machinery companies are the Finnish Metso Paper (turnover 1.7 billion Euros in 2005) 
and German Voith Paper (annual sales 1.7 billion Euros in the period 2004--05) (Metso 
2005, Voith 2005).  

The paper companies have to adapt to these changes and opportunities in their 
business strategies, which are chiefly implemented as capital-intensive investment 
projects. Thus the significance of evaluating investment projects in pulp and paper 
industry has gained more importance. 
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The characteristics of paper production line investment projects are high capital 
demand, complex process constructions, project management in collaboration with 
several organizations and supplier companies, high knowledge demand on various areas 
of the operational environment, a time span of several years from the conceptual phase to 
project completion, and fierce competition in ever more saturated markets. Thus project 
success is dependent on interactions between several operations. 

The operational environment described above makes decision-making on a major 
investment a challenge for paper companies. The argumentation for decisions requires in-
depth surveys, including target setting, risk assessment and exploring of strategic fit. 
Usually the focus is on economic and technical analyses as well as market surveys. 
Nevertheless, areas like environment, project management and human resources are also 
important for project success. Above all, previous projects provide an essential 
knowledge base for future investments.  

There are only limited approaches available which can be applied at least to some 
extent for comprehensive evaluation of an investment project. Surprisingly, to date little 
research has been conducted in the field of post-completion audits (PCA), which are used 
for analysing already completed projects. Moreover, before this study there have not been 
any published comprehensive evaluation methods available for investment projects in the 
paper industry. A comprehensive approach is essential when incorporating key success 
factors into assessments. This research gap can be considered a deficiency. On the other 
hand, there are a variety of methods available for a narrow scale type of economic, 
technological, environmental, human resources etc. evaluations. Furthermore, highly 
sophisticated scientific methods are many times considered to be too complicated and 
remote applications. Therefore paper companies and suppliers as well consultants have 
developed their own internal techniques and methods which are suitable for practical use. 

This study explores the area of post-completion audits in paper production line 
investment projects. One of the main motives behind this study was to be able to develop 
a comprehensive method for investment evaluation, which exploits the specific 
knowledge of project teams, and which caters to the triplicity of project targets, risk 
management and strategic fit. Self-assessment methods have a strong practical 
applicability, thus they are potential solutions when developing a comprehensive 
assessment method to fulfil the requirements of the paper industry. 

A constructive research approach was used during this work. The developed 
evaluation method and findings are based on the Malcolm Baldrige (NIST 2005a) type of 
self-assessment and the embedded strategy maps (Kaplan RS & Norton DP 2003) 
method. Much interest is attached to project knowledge and practical applicability. 
Development and strategic investments are the subject matter of this study because they 
cover several areas which have to be included in decision-making and post-completion 
auditing. Replacement investments are usually more maintenance-oriented. Finally, 
despite the comprehensive operational environment this study has a technology focus. 



2 Research issues 

This research focuses on post-completion audits in paper production line investment 
projects. There is a research gap between the current methods in practice and methods 
that were developed based on scientific methodology. Eventually, there is a lack of paper 
industry-specific post-completion audit methods. This chapter highlights the 
characteristics of paper industry investments and the research approach. 

2.1  Background 

Investment projects in pulp and paper industry have become increasingly important in a 
strategic sense. There are several reasons for this: mill-scale investments have become 
ever more capital-intensive (Asprem M et al. 2005a) which drives companies to grow and 
to achieve more risk tolerance. However, partly due to investments in productivity 
improvements, the paper industry is currently suffering from overcapacity (Rettig B 
2006). The cyclicality of the paper business has required well-planned timing for 
investments (Weckström NA 1996), but the current changes in global business have made 
planning increasingly difficult. Raw material sources have become limited in many 
traditionally significant pulp and paper countries like Germany, Finland and Sweden. 
Newly-planted and fast-growing forests in Asia and South America have turned cheap 
wood raw material to their advantage, and the pulp and paper business has become more 
global than ever (Haase S 2006, Härmälä J 2005, Knight P 2004, Araújo LP 2004). In 
addition to this, the upswing in the economy increases the demand for pulp and paper in 
those areas (Rooks A 2005, Lowney B 2004). In contrast, markets in Europe, North 
America and Japan are showing much lower growth rates (Fig. 1). Although bulk 
products like pulp and copy paper can be transported far away, paper itself is basically a 
local product, because customer service and delivery efficiency are important (Rettig B 
2006). Available supply chains of raw materials and final products are essential when 
building competitive logistics and customer service (McInterney M 2003). The relative 
price of paper is decreasing, causing increasingly lower profit margins, which in turn 
makes the business more challenging (Asprem M et al. 2005b, Asprem M et al. 2004).  
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Fig. 1. Paper demand is growing (A) in the areas which have potential for investments (B) 
(Jaakko Pöyry 2002). 

It is important for global companies to identify which processes are the most important to 
them and where the benefits from sharing those processes will be greatest. Furthermore, 
sharing of best practices across the organization by using the appropriate mechanisms is 
required not only between country managers and headquarters but also between rapidly 
developing economies. (Bhattacharya A et al. 2006). This is analogous to the situation in 
the paper industry, where rapid economic and structural changes precipitate demands to 
develop investment project evaluation methods and share best practises. 

There is no such thing as a perfect investment project. This is also true for capital-
intensive investments in paper production lines. Therefore it is important to have 
sufficient evaluation tools for the investment project during the strategic decision-
making. In modern companies there is a need to have a portfolio for their assets 

A 

SOURCE: JAAKKO PÖYRY 

B 

SOURCE: JAAKKO PÖYRY 
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development. Furthermore, this leads to the verifying of several parallel investment 
proposals based on the current strategy. 

An investment decision is based on an in-depth analysis of the available information 
from past and present as well as forecasting. If this process is done lightly compared with 
the size of the investment, the decision-making will be done more on an ‘act first – 
explain later’ basis. This is the case if e.g. an investment looks good on the company’s 
assets comparison list and the link to the company’s strategy is weak. It would be 
preferable to be able to concentrate on looking for the comprehensive advantages of the 
projects. Later on, if the original grounds for the decision change after the project and this 
would have an impact on the final results, it would be important to be able to analyse the 
causes of that change. In this post-completion audit, it should be possible to determine 
changes to the original target with reasonable accuracy.  

It is logical to look for a healthy operating environment for an investment project. 
What is then good for the business can vary from time to time according to matters such 
as operational environment and company strategy. There are always forces that prevent, 
pull, push or uphold events. Furthermore, the challenges of a cross-scientific investment 
project occur in a continuously changing cross-scientific operational environment (e.g. 
utilisation of technologies, human resources and business opportunities). The company 
management should be able to update its internal priorities in the investment portfolio 
according to these changes. 

When using information for an investment project evaluation, the question of the 
‘truth’ of the data arises. There can be different approaches to this depending on the 
culture of the company and on geographic areas. In that sense the ‘truth’ can either be 
more fact-based or more relative. Partly this is related to the ethics of the company. This 
can also have an impact on company strategy. During the evaluation of an investment 
project these issues can affect decision-making. 

The economics of investment projects have been well studied (e.g. Collan M 2004, 
Kyllönen H 2004, Edwin JE et al 2003, Anttila A 2002, Nurmi M 1991). Investment 
strategy has also been covered in numerous studies (e.g. Dussauge P et al. 1992). Project 
management including risk management is another well-studied field (e.g. Peltonen M et 
al. 2001, Kurki H 1997, Kähkönen K 1996, Haapanen L 1995, Shtub A et al. 1994). 
However, there are much fewer empiric analyses of the factors behind the success of an 
investment project than conceptual studies. This is due to confidentiality and difficulties 
to provide related material (Honko J et al. 1982). This combined with company-specified 
strategies and investment guidelines has necessitated the scarcity of published investment 
project evaluation methods. 

Paper machine investment costs have increased along with e.g. increased embedded 
technology, improved materials and manufacturing accuracy as well as more powerful 
and efficient drives. This has increased the threshold especially for greenfield paper 
production line investments. To some extent this reduces the possibility for such 
investments in capital-poor emerging markets. A significant reduction in investment costs 
would accelerate the investment rate in these areas. The low level of productivity 
development of paper machines would also be reflected as lower machinery costs and the 
transfer of paper machine manufacturing to low-cost countries. In contrast, the higher 
margin in machinery prices would better secure the productivity development of paper 
machines in the future. The customary high investment cost rate during a bullish 
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profitability cycle that is limited, particularly in small (Finnish) mills, to economic boom 
periods, is gradually changing global paper manufacturing towards low-cost emerging 
markets. However, the ownership of the new capacity can still remain in the hands of the 
original (Finnish) companies due to the lower capital price and paper technological 
know-how. (Niskanen J 2005). 

Special characteristics for investment projects in the paper industry are e.g. a long 
planning and completion time, as well as high capital expenses. The pre-planning phase 
of a greenfield paper production line can take 2-4 years. In addition to this the 
engineering phase and completion can take 1-3 years. A major rebuild can take 1-3 years. 
Some representative investment costs based on the author’s experience are listed below: 

− a greenfield paper production line  400 - 900 M€ 
− a major rebuild      30 - 250 M€ 
− a new paper machine   100 - 300 M€ 
− a new coating machine     50 - 150 M€ 
− a new winder      10 -   20 M€ 
− a new roll         0.3 -  4 M€ 

Management of large investment projects requires multiple competences, professional 
experience, management of technology, risk management and excellent cooperation 
between project parties. Many companies and suppliers have identified their specific 
project completion culture, which may be the result of several years’ shared experience 
among project personnel. This subjective aspect can influence project completion. 

Tough competition in the paper business, the low profitability margins of the products 
(e.g. turning from special to commodity WFC paper) and the high capital expenses of 
investments presuppose that investment projects have to be successful and profitable. The 
opposite outcome would be damaging for the company. New assets need to have a clear 
performance advantage compared with the old assets, of which the capital cost has 
already been considerably amortized. 

Several studies discuss decision-making in projects i.e. pre-auditing related issues. 
However, post-completion audits are important for organizational learning. Earlier 
published academic studies of post-completion audits have taken an economic approach. 
The main question has been something like: what is the optimal method to apply to the 
analysis of project returns (Kennedy JA & Mills RW 1988)? What are the roles of project 
control/pre-auditing vs. post-auditing (Neale CW 1995)? Many recent studies have taken 
a more process-oriented approach and thus TQM and systematic tools have become more 
important. In addition, more qualitative factors have been included in the evaluation (e.g. 
Tavana M 2003, Poh KL et al. 2001). Furthermore, evaluation methods can be specified 
in some speciality areas like life cycle cost analysis (Durairaj SK et al. 2002) and 
information technology investments (Wen JH et al. 1998). In this respect this study can 
be positioned in a speciality area (i.e. paper industry) for process improvement (i.e. 
investment process) using post-completion auditing. 

When considering the circumstances above, it is possible to draw the conclusion that 
the investment process in a company needs to be combined in a practical way with the 
triplicity of project targets, risk management and strategic fit. This has been the 
background for the present study, which is a practical approach for evaluating 
investments in a paper production line. 
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2.2  Driving forces 

Paper companies grow by acquiring other companies and by investing in new capacity. 
Both cases are capital-intensive. As there are always limited financial resources available 
both cases have to be analysed thoroughly for decision-making. It would be even more of 
a benefit if existing and new capacity could be evaluated based on the same measures. 
The limitations of the existing evaluation methods have restricted their effective and 
widespread usage (Anttila A 2002). In a previous study it was stated that “Overall, one of 
the striking results of the literature review work is the apparent disconnect between the 
research activities and their applications. The analysis tools are becoming highly 
sophisticated but, as the level of technical analysis increases, the less likely they appear 
to be accepted as valuable tools in aiding decision-making. … Regardless, one cannot 
ignore that the survey results in multimodal planning all point to a relative lack of use of 
analytical tools in practice while at the same time literature points to increasingly 
sophisticated models being available. … Another potential reason (with “black box” 
analogy in programs) for the disconnected research and applications is that many of the 
research efforts appear to be performed outside the system where they will be ultimately 
be applied.” (Young R 2002). There is a real need for new practical evaluation tools. 

As much as two decades ago, the applicability of studies in business science was seen 
as somewhat problematic (Neilimo N & Näsi J 1980). This is still partly the case today. 
Lukka K & Tuomela TS (1998) argue that company managements see top-level academic 
business research as a remote issue due to generalized results or deficiencies in 
criticalness in case studies, which is reflected as a research gap. In contrast, in technology 
and medical research the interplay between science and practice is strong and fruitful, 
because the corresponding basic research serves practical applicability. The constructive 
approach is used to fill the gap. Thus, the essential features for the practical applicability 
of the resulting construction are: relevancy, simplicity and ease of use. 

In addition, the life cycle of technology has become shorter. For example, areas like 
process automation and paper machine runnability components have brought new 
products on stream for rebuilds (e.g. Lomperi E et al. 2003). At the same time the 
greenfield investments are based on fast-developing technology in order to achieve 
competitive advantage. 

During the strategic investment planning process it would be useful to test investments 
in different situations. This would have particular value for company management. For 
example, how would the competitiveness of an investment change if a company changed 
its strategy from technology-oriented to more market-oriented or vice versa. Project 
success studies have raised the importance of evaluating the success of any project in its 
contextual framework (Artto K 2002). 

Investments include a degree of uncertainty which has to be managed. It has been 
found that the more uncertainty an investment includes the more intuition is involved in 
the decision-making process, but traditional investment methods do not take this into 
account (Alessandri TM 2002). Investment decisions can be considered as one of the 
most important parts of company management. Cognitive oversimplification processes 
are commonly used for selecting various alternatives in an investment project but these 
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simplifications also have a significant effect on the quality of decision-making 
(Mustajärvi H 2003). 

A sufficient level of profitability is required for an investment if there are no 
arguments for it on other grounds, like work safety and maintenance, which are otherwise 
economically feasible. Even though profitability is essential it is a somewhat narrow 
guideline for evaluating investment projects. If the company’s investment guidelines 
already give target values for performance in the market, supply chain etc., working 
project groups could redirect the planning using these values in their pre-evaluation of the 
investment project. 

If the assets portfolio in a paper company is wide enough, it gives the opportunity for 
assets restructuring. Paper machines can be used in a more efficient way by exploiting 
their synergies. As part of this kind of restructuring it is essential to determine high and 
low performers as well as production lines at the end of their life cycle. With new and 
rebuild investments and line closures it is possible to change the assets portfolio. This 
requires objective benchmarking and proper evaluation methods. 

The start-up phase after the construction implementation phase is critical. Changes in 
the planned start-up curve (like volume and quality) can significantly affect the 
profitability of an investment. The matters influencing the start-up are not only technical. 
It is of great concern to recognize during the planning phase all the major factors which 
can affect a successful start-up. For example, comparing the operating environment of a 
planned new production line with the case in an existing production line could help to 
determine similarities and differences which can later affect the start-up. 

The post-completion auditing is normally done after all major investments as part of 
the project management procedure. In this procedure the actual outcome is compared 
with the targets of the investments. The targets can be numerical measures for selected 
items. However, if the operational environment is not covered it may be hard to describe 
the major factors behind a deviation in results. Also, it can be problematic to collect 
information for the post-audit review and since the project initiator may have a personal 
interest in presenting the success of a project, the post-audit should usually be undertaken 
by an independent person or group (Northcott D 1992). These can be included as 
requirements for post-completion audit reporting. If it were possible to have a holistic i.e. 
“photographic” view of an investment project before (planned) and after completion 
(realized) it would support post-completion auditing. Furthermore, a well-established 
post-completion auditing process can produce “lessons learned” material to be used for 
further improvements in the company’s investment process in general. 

Human factors affect market moves and investment decisions. Even though 
sophisticated yielding tools have been developed for stock investment decision-making, 
still psychology has an effect on investors as they make investment decisions. They can 
act in a seemingly irrational manner and make predictable errors in their forecasts. The 
2002 Nobel Prize in Economics was awarded in this field, e.g. it is common to 
overestimate the accuracy and importance of information. The prospect theory is used to 
describe the behaviour of investors. Along with the purchase price, investors value gains 
and losses according to an S-shaped function as shown in Fig. 2. Behavioural biases can 
be categorized by their source: 1) self-deception, 2) heuristic simplification and 3) a 
person’s mood. Strategies for overcoming the psychological biases can be 1) understand 
the biases, 2) know why you are investing, 3) have quantitative investment criteria, 4) 
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diversify and 5) control your investing environment. (Nofsinger JR 2005.) The factors 
mentioned above can be partially applied to paper machine line investments. This study 
supports especially the strategy of quantitative investment criteria but it also uses the 
essential qualitative part of the criteria as well. 

Fig. 2. Prospect theory value function shows that doubling the gains or losses does not double 
the feeling about it (Nofsinger JR 2005). 

These driving forces endorse the development of a new practical evaluation method for 
investments in the pulp and paper industry. Furthermore, the method has to be 
comprehensive in nature and its time span must extend from the feasibility phase to post-
completion auditing. Clearly this benefits the evaluation of single projects but it also 
supports the investment process in general by promoting the collection of the cumulative 
knowledge held in a company. 

2.3  Research problem and questions 

There is a significant research gap in post-completion audits in paper production line 
investment projects. Despite the importance of project success for the paper industry, 
post-completion audits have not been a linchpin in the relevant research. This study 
explores methodologies for how post-completion audits can be developed in paper 
production line investments where the objectives are practical applicability, a 
comprehensive framework, and measures of project quality. The research focuses on 
technology, and it uses the operational environment of a project as the overall framework. 

GainsLosses 

Utility 
“How does it feel?” 

PROSPECT THEORY VALUE FUNCTION
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Paper companies have to allocate their investment funds in a more and more 
competitive and complicated operational environment in which the rate of technological 
development is continuously speeding up. At the same time project management and 
analysis methodologies are becoming ever more sophisticated. However, companies do 
not adopt these tools and principles equally as they are considered to be e.g. too time- and 
resource-consuming because of their deep scientific approach. Also, the form of the 
evaluation results can be case-specific which limits the exploitation of the results e.g. for 
paper production line investment project portfolio management purposes. This 
development trend increases the gap between scientific investment project evaluation and 
its practical applications in many ways. There is a clear potential to develop investment 
project evaluation methodology by bridging the scientific and practical approaches. 
Besides a scientific background the method should have practical applicability. This 
promotes a constructive approach in the research. 

The research idea is to develop a practical investment evaluation method for paper 
production line investments, which can be used among project groups and company 
management. The new evaluation tool is especially meant to bridge the grounds for 
investment decision-making and the related results of post-completion audits. 

The commonly used Malcolm Baldrige framework for self-assessments, which has 
been verified academically in other studies (e.g. Ainscough M, Neailey K & Tennant C 
2003, Tennant C & Roberts P 2003 & Meyer SM & Collier DA 2001) can be modified 
and embedded with new elements for the purpose of post-completion audits. This is one 
way to re-equip a proven method framework. It is presumed that as long as the system 
perspective remains more or less the same it enables modification of the criteria without 
losing the practical functionality of the self-assessment method. 

Target setting, risk management and strategic fit are essential elements of a successful 
project. As a continuation of this, these elements need to be included in post-completion 
audits. 

‘A priori’ constructs (Eisenhardt KM 1989) have been one application of the self-
assessment framework with embedded targets, risks and strategy perspectives. The 
research questions are set accordingly. Furthermore, solving the research problem is 
mainly answering questions of how the novel bases of the developed self-assessment 
based method contribute to post-completion audits. Therefore the research is not about 
verifying a statistically constituted hypothesis. Nor is the solution the result of a model. 
However, the issue is partly about justifying a proposed method, but the method 
framework itself is already part of the research problem, and thus it is primarily used for 
answering the research questions and secondly it is a proposed solution.  

The problem area of this constructive research can be described by the following 
general research questions that are derived from the research gap:  

1. Can a practical investment project technology evaluation method for post-completion 
audits in paper production lines based on a self-assessment framework produce 
information which can benefit decision-making by utilizing the evaluation 
perspectives of project targets, risk management and strategy? 

2. Is it possible to define the criteria of the method in such manner that it measures both 
technological facts and evaluators’ subjective opinions? 

3. Can the evaluation method be used for post-completion audits in practice? 
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In addition to these three research questions, the aim of this study is also to present the 
content and framework of the developed method in a form that supports further plans to 
exploit the method in practice. These applications of the systematic and objective 
evaluation method will contribute to scientific discussion on post-completion audits by 
generating more verified data, and knowledge of investment processes. 

2.4  Research approach 

The constructive research approach was selected for this study. It is characteristic of the 
approach that it produces solutions for real-world problems, the solutions are verified in 
practice, and the solutions are more widely applicable (Kasanen et al. 1991). In general 
terms, the approach strives for practical applicability, which almost fundamentally 
requires the interest and knowledge of the target organization (Lukka K & Tuomela TS 
1998). However, constructive research is not necessarily a case study, and it does not 
have a descriptive research section for expounding current phenomena. In addition, the 
approach can lack empirical and other evidence even though its purpose is to propose a 
solution for an application problem. (Takala J & Helo P 2000). Accordingly, in this study 
the research problem is to develop an application for self-assessment in post-completion 
audits, and the solution is built into the answers of the research questions which describe 
the main characteristics of the new construction i.e. the structure of the applied evaluation 
method. The outcome is the measured result of the quality of an evaluated project.  

The constructive methodological base can be described with the following three 
research paradigms: 1) Analytical Approach, 2) Systems Approach, and 3) Actors 
Approach. The appearance of a problem followed by the required data of the research are 
based on the selected approach(es). Keeping strictly to one of the methodological 
approaches is known as an absolute view, and creating knowledge by letting these three 
methodological approaches supplement each other at least partially is known as a relative 
view. (Arbnor I & Bjerke B 1997). The advantages and disadvantages of a selected 
research strategy (experiment, survey, archival analysis, history, or case study) depend on 
three conditions: 1) the type of research question posed, 2) the extent of control an 
investigator has over actual behavioural events, and 3) the extent of contemporary events 
as opposed to historical events (Yin RK 2003). Moreover, the case study is a research 
strategy which focuses on understanding the dynamics present within single settings 
(Eisenhardt KM 1989).  

The research area is quantitative and qualitative in its nature. The reality includes 
social constructions (ref. project team), and the methodological approach also takes 
inspiration from paradigms (ref. validity of self-assessments), which is why this study 
mainly conforms to the actors approach. In addition, the reality includes mutually 
dependent fields of information (ref. technology), as well as requirements for contextual 
analysis (ref. scoring). Information on post-completion audits is considered in its 
contextual dependency, and corrections to the investment process are based on the 
feedback (ref. results of post-completion audit). The latter partially promotes the systems 
approach. Therefore the actual approach in this study takes a relative view.  
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The research strategy is used for both descriptive and explanatory purposes. The 
considered case study strategy gives direct observations of the evaluated project, and 
project personnel partake in the assessment, which are some of the objectives in this 
research. However, the method development and application significantly require 
technological knowledge and experience of the investment process. This emphasizes the 
involvement of project management in the framework during the development phase. 
Accordingly, there is more method building and less method testing. Eisenhardt KM 
(1989) has stated that within-case analysis and replication logic are unique to the 
inductive, case-oriented research process, but strong theory-building research should 
result in new insights, whereas replication is appropriate in theory-testing research. 
Analogously, this study stresses method-building research. Hartley JF (1994) states that 
in case studies, argument about the method depends on 1) the relationship between theory 
and method, and 2) how the researcher deals with the potential weaknesses of the 
method. Furthermore, the case study approach was not seen as a method as such but 
rather as a broad research strategy, which enables the usage of a number of methods. 
Nevertheless, case studies require theoretical frameworks which provide more general 
relevance and interest. 

Criticism precludes the direct influence of the researcher on the research results. Thus, 
there remains the interplay of the researcher and the research problem. Furthermore, a 
theory is required for measures i.e. defining the relevant phenomenon interacting with the 
research problem. The presumed theory is used for answering the research questions. 
(Airila M & Pekkanen M 2002). In this study criticism was continuously present as the 
theories explored were always verified. The relevant theory consists of verification of the 
modified Malcolm Baldrige system perspective (NISTb 2005) and the strategy map 
method (Kaplan RS & Norton DP 2003). Finally, the method developed was applied 
objectively in practice by highly experienced project expert groups. 

Due to the characteristics of paper production line investment projects, the study is 
technologically oriented. This has influenced the selected constructive research approach. 
The development work is based on the synthesis and partial application of self-
assessment methodology, strategy maps methodology, characterizing of technology, 
profiling of the operational environment and the practical testing of the newly developed 
method. 

The methodology was adapted from the phases of classical constructive research 
(Kasanen et al. 1991). The structure of the thesis is presented in the context of the 
following main steps: 

1. Identification of problems (Chapter 2) 
2. Examination of relevant literature (Chapter 3) 
3. Innovation phase and constructing of a model (Chapter 4) 
4. Testing of the model using case studies (Chapter 5) 
5. Examination of theoretical connections and discussion of the results (Chapter 6) 
6. Examination of usability and conclusions (Chapter 7) 
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2.5  Scope of research 

The new method aims at improving and promoting processes which bring success to 
investment projects in the paper industry. The starting point is post-completion audits, 
and its consistent extension is decision-making during feasibility phases. However, it is 
unacceptable and unrealistic to use practical evaluation results as an absolute indication 
of project opportunities as such. Instead, evaluation results are more like measured 
outcomes of both the quantitative and qualitative quality of an investment project. 

This study develops a method for evaluating investment projects in a paper production 
line in its technological and operational environment context. The focus is clearly 
technological in orientation. The operational environment is taken as an overall 
framework, using well-known models as a basis (see Fig. 3.). The method has a 
multifunctional and integrative role as it combines these two areas in a novel way. The 
same method with some modification is probably also applicable to other fields (e.g. pulp 
mills and saw mills) but this is omitted from the present scope. 

Fig. 3. In this study investment project evaluation has a technological focus. The other areas 
are used as a framework for the operational environment in the paper industry. This 
illustrates the objectified reality in the Actors approach. 

The following definition is used for the term ‘technology’ (Dussauge P et al. 1992 p. 13): 
Technology is “a process which, through an explicit or implicit phase of research and 
development (the application of scientific knowledge), allows for commercial production 
of goods and services”. This definition serves the focus of this study because it is linked 
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to the business context and production technology, as well as taking into account the 
research and development function that is generally involved in investment projects. Risk 
management and the strategic management of technology lie behind this approach. 

An investment project itself is an extension of an investment. Technology is the core 
area of an investment in a paper production line to achieve competitive advantage. 
Several other areas (e.g. economics, markets, products, supply chain, human resources 
etc.) of the operating environment are also included in the project. As solitary functions 
they all have a significant role in the operating environment. However, the investment 
project in this study is technology-oriented and therefore the related project plan covers 
other areas mainly to fulfil the relevant consideration of the operational environment. 

The following general definition can be used for capital investment: capital investment 
requires the making, communication and acceptance of a decision about investment in 
long-term, risky capital assets. These decisions take place within a social organizational 
context and impact upon the strategic and operating position of the organization, and 
also upon those people who constitute the organization. (Northcott D 1992). In this study 
capital investments are placed in the operational environment of a paper production line. 

The nature of the information in this study is more qualitative than quantitative. Also, 
many issues are classified as company confidential, which limits significantly the 
availability of material. Therefore the study pays more attention to conformity with 
general models than to the number of case studies. 

The aim of this study is to provide new tools and knowledge for decision-making 
during the planning phase of an investment project for a paper production line. Although 
it is possible to widen the scope to pulp production as well as to other industrial sectors, 
due to the original aim this study is limited to paper production lines. The main reasons 
for this focus are differences in technology and characteristics in project management. 

The new scientific knowledge in this study is based on both measurable results of 
selected technological issues and measured content of opinions during the evaluation 
process. The defined operational environment of the method should give a novel 
approach to integrate project targets, risk management and strategy analysis. 

The investment project evaluation method developed here should also be practical in 
nature and it does not have to be elaborate or time-consuming to prepare. This is essential 
for supporting the implementation process in project groups. A scientific approach is 
required for a sufficient knowledge base, and for confidence building it is essential to 
have an evaluation process that is both comprehensive and decisive. 
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2.6  Preliminary assumptions 

Because of the cross-scientific nature and the extensive area of the study, some 
assumptions had to be made in this research to keep it to reasonable proportions. The aim 
of the study is a practical evaluation method for investments in paper production lines, so 
all the assumptions are grounded in existing knowledge and the demand for common 
sense that support the implementation of the method. The following assumptions and 
arguments lie behind this research: 

1. Only paper production lines are used in the method. It is essential to have specific 
criteria for evaluation. Therefore only paper production lines are taken into the scope 
instead of a wider perspective. 

2. Limited data requirements are needed for the practical usage of the method. The data 
used in the method should be available for project groups in the mills. Therefore a 
limited amount of data as well as unambiguous content is required. 

3. The research is technology-oriented. The investment projects have a technological 
standpoint. Technology is also one of the main sources of competitive advantage 
(Dussauge P et al. 1992 p. 43-66). Paper production line investments in particular are 
based on construction technology where paper machine design plays the main role. 
Thus non-technological i.e. intangible investments like human resources development 
and acquisitions are outside the scope of this research.  

4. Evaluation is set at steering group level. One of the driving forces in this study is to 
support company management level decision-making and planning. The persons 
responsible for the project in most cases report to company representatives i.e. to a 
possible steering group. Therefore the evaluation is performed accordingly at a level 
that is useful from the project steering group’s point of view, and many details need to 
be encapsulated to be part of bigger blocks. 

5. Both technological facts and subjective opinions are measured. In practice an 
investment project evaluation is a combination of technical facts and subjective 
opinions. The result is partly a combination of both these measures. Therefore both 
technological and subjective opinions are measured. 

6. The research is focused on post-completion audits. The evaluation approach can be 
predictive (e.g. during a pre-feasibility study) or explanatory (e.g. during post-
completion audits). Valid project documentation is in most cases available during post-
completion audits. In addition, the technical results and subjective opinions are more 
solid when they are based on measured facts after the investment completion phase. 
Therefore the research focuses on post-completion audits. 

7. Self-assessment is one of the bases for the method. According to the research problem, 
sufficient project expertise requires the involvement of project members during the 
post-completion audit, and furthermore the research questions enable it to focus on a 
verified self-assessment framework. Therefore the Malcolm Baldrige framework and 
an application of its system perspective have been selected. 
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2.7  Viewpoints of developing the evaluation method 

First of all, the evaluation method developed for investments in a paper production line 
has to be practical. It is a clear benefit if the method is based on a common procedure to 
some extent. The amount of source information must be limited to a selected level 
because it is impractical to consider all the detailed consequences. The availability of 
material has to be adequate. All this makes the method more feasible for project groups 
and decision-makers. Furthermore, the initial development as well future modifications 
have to be done in continuous relationship with industrial applications in order to achieve 
sufficient creditability. 

Even though an investment project has a technological focus, the evaluation method 
has to cover the operational environment. The elements i.e. areas of the operational 
environment have to be set in positions i.e. status which support the evaluation process. 
The importance of these positions can vary according to changes e.g. in strategy, 
technology and markets. Naturally a single area may contain several items with varied 
internal importance. The areas and items have to be treated as independently as possible 
to increase objectivity and coverage in the method. This forms the method framework. 

However, from the scientific point of view the whole framework is much too wide, 
and therefore technology has been selected as the focus. The corresponding items of 
profitability have to be taken within the scope, thus making evaluation possible in two 
dimensions: technology and profitability. 

Furthermore, the method has to have adequate data (e.g. results of technical 
performance, investment costs) during the evaluation. Therefore post-completion audits 
have been selected as the focus area. The method is used in an explanatory manner in 
these cases. 

The results of the evaluation method have to be comparable between several 
investments. Therefore the evaluation criteria have to be the same in the compared cases. 
By the same token the result of an evaluation is relative to the criteria which have been 
set down. Therefore the criteria act in a way like the rules of a game. If the rules are 
changed the name of the game will change as well. This also applies at the level of single 
evaluation areas. 

As the importance of the areas including varied items and the evaluation of areas are 
separate, it is possible for e.g. company management to define importance for areas and 
for e.g. expert panels to evaluate specific areas. This approach also balances the areas of 
the framework. Using this separation, the expertise in a company can be widely utilized.  

In a way the development of an evaluation method can be compared with the mapping 
process in orienteering. The operational environment is described i.e. mapped, according 
to evaluation for investment projects. Still the description i.e. the map, is a simplification 
of the real operational environment. Evaluation can be done as a pre-process during the 
planning phase (feasibility) or as a post-process after the completion of the project (post-
completion audit). The latter is used in this study. 

Investments in a paper production line have already a specified context, which is the 
technology in paper product manufacturing. Therefore the company strategy is also 
related to this context and the operational environment remains the same in various 
investment projects. 
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2.8  Definitions 

This research area of post-completion audits of investment projects in paper production 
lines is not widely referred to in the scientific literature. Therefore it is necessary to 
present the following definitions, which are used according to need in this study: 

Audit is a systematic, independent and documented process for obtaining audit 
evidence and evaluating it objectively to determine the extent to which audit criteria are 
fulfilled. (SFS-EN ISO 9000 – 2005). 

Company Strategy (S) is a combination of different identified strategies, which the 
company uses for managing its investment process related activities. 

Final report is a summary which is made after project completion. The final report 
describes how a project achieved its targets, and it presents improvements for managing 
future projects. (Pelin R 2004). 

Investment project in this study is the laying out of money or capital in the form of a 
project to gain the paper-making assets and resources which make a company’s strategy 
completion possible with the expectation of profit or other value-added outcomes. 

Lessons learned is the learning gained from the process of performing the project. 
Lessons learned may be identified at any point. Also considered a project record, to be 
included in the lessons learned knowledge base. (PMBOK 2004). 

Method is a guiding principle for the creation of knowledge (Arbnor I & Bjerke B 
1997). 

Methodological approach is a set of ultimate ideas about the constitution of reality, the 
structure of science etc., that is important for methods (Arbnor I & Bjerke B 1997). 

Methodology is a system of practices, techniques, procedures, and rules used by those 
who work in a discipline (i.e. in a field of work requiring specific knowledge and that has 
a set of rules governing work conduct e.g. mechanical engineering, computer 
programming, cost estimating, etc.). (PMBOK 2004). This includes understanding how 
methods are constructed (Arbnor I & Bjerke B 1997). 

Paper production line in this study is a combination of assets and workforce which is 
used for producing thin material (paper or board) from vegetable fibres (e.g. chemical 
and mechanical pulp) and other raw materials (e.g. water, pigments, starch, latex, dyes, 
and biocides), mainly for writing, printing, wrapping, and hygiene purposes. 

Paradigm is any set of general and ultimate ideas about the constitution of reality, the 
structure of science, scientific ideals, and the like (Arbnor I & Bjerke B 1997). 

Post-completion audit is the monitoring and evaluation of the progress of a capital 
investment project through a comparison of the actual results and other benefits after 
completion with those forecast at the time of authorisation. (adapted from LSE 2005). 

Project is a unique process, consisting of a set of coordinated and controlled activities 
with start and finish dates, undertaken to achieve an objective conforming to specific 
requirements, including the constraints of time, cost and resources. (SFS-ISO 10006 - 
2004). 

Project management team (reporting to project steering committee in this study) 
consists of the members of the project team who are directly involved in project 
management activities. On some smaller projects, the project management team may 
include virtually all of the project team members. (PMBOK 2004). 



 32

Project steering committee (steering group) is the highest decision-making body 
which is set by the originating organization. The steering group is responsible for 
surveillance of project targets and main decisions, and it approves the final results of a 
project. (Pelin R 2004). 

Project Targets (T) are stated goals to be attained, and which are used for justification 
of an investment decision and as measures for project management  

Quality is the degree to which a set of inherent characteristics fulfils requirements. 
(PMBOK 2004). 

Risk (R) is an uncertain event or condition that, if it occurs, has a positive or negative 
effect on a project’s objectives. (PMBOK 2004). 

Risk assessment is the overall process of risk analysis (systematic use of available 
information to identify hazards and to estimate the risk to individuals or populations, 
property or environment) and risk evaluation (process used to produce a measure of the 
level of risks being analysed). Risk analysis consists of the following steps: frequency 
analysis, consequence analysis and their integration). (IEC 300-3-9 - 1995). 

Risk control is the process of decision-making for managing and/or reducing risk; its 
implementation, enforcement and re-evaluation from time to time, using the results of 
risk assessment as one input. (IEC 300-3-9 - 1995). 

Risk management (R) is the systematic application of management policies, 
procedures and practices to the tasks of analysing, evaluating and controlling risk. 

Risk management planning is the process of deciding how to approach, plan, and 
execute risk management activities for a project. (PMBOK 2004). 

Self-assessment is a comprehensive, systematic and phased review by a project 
organization of an investment project’s operations and results, referenced against defined 
criteria. The self-assessment process allows the project organization to discern clearly the 
investment project’s strengths and areas in which improvements can be made and 
culminates in planned improvement actions that are then monitored for progress. (adapted 
from EFQM 2005). 

Strategy (S) is the direction and scope of an organization over the long term which 
achieves advantage for the organization through its configuration of resources within a 
changing environment and fulfils stakeholder expectations (Johnson G & Scholes K 
2002). 

Technical age is an indicator which describes the overall modernity and competitive 
state of a paper or board machine without any technical parameters of performance 
characteristics. This indicator makes several machines comparable with each other. 
(adapted from Laitinen M 1999). 

TRS perspectives are the compositions of the perspectives: project Targets (T), Risk 
management (R), and company Strategy (S). 



3 Literature review 

Project management as such has been widely explored in the scientific literature, whereas 
post-completion audits have received relatively little attention in scientific research. This 
constructive research includes project evaluation methodologies, risk management and 
investment strategy, and their connections to the current research are explored in this 
chapter.  

3.1  Project management 

The management of projects differs in several ways from management of a typical 
enterprise. A project is an organized endeavour aimed at accomplishing a specific or low-
volume task and the objective of a project team is to accomplish its prescribed mission 
and then disband (a enterprise works on a continuous basis). In addition, projects are not 
repetitive, they may take significant amounts of time and they are sufficiently large or 
complex to be recognized and managed as separate undertakings. Due to a finite project 
life employees are hired full or part time mainly as the way of supplying the required 
talents on an ad hoc basis from among people who normally have assignments in other 
parts of the organization (in a enterprise it is more career-based). A project may involve 
tasks varying from days up to years. And finally, the use of teams complicates the flow of 
information which is challenging for a project management. (Shtub A et al. 1994).  

Project management is a well-covered area in research, thus numerous standards and 
publications deal with this issue (e.g. SFS-ISO 10006 – 2004, PMBOK 2004, Pelin R 
2004, Kurki H 1997, Kähkönen K 1996, Frame DJ 1994, Shtub A et al. 1994, CII 1995). 
In this study, project management forms part of the evaluation but not a solitary subject 
for research. Therefore this study only refers to appropriate theories of project 
management and the corresponding publications. Acquisitions are out of the scope. 

Companies may have very detailed instructions i.e. guidelines for executing 
investment planning and the implementation phase. For project management and 
decision-making purposes it is informative to have measured evaluations of the project 
status. It is also useful after a project to collect “lessons learned material”, which 
distributes knowledge throughout the company to improve the overall investment 
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process. This study promotes both project quality measurement and the improvement of 
the investment process.  

For large investment projects in the pulp and paper industry there are mainly three 
methods used for planning and implementation: EPCM (Engineering, Procurement and 
Construction Management), EPC (Engineering, Procurement and Construction) and 
Turnkey (extension of EPC, contractor’s full responsibility). These methods have been 
thoroughly covered in recent studies (Talvitie M 2005, Alteborg S & Sandlätt P 2005). 
Fig. 4 presents the recommended implementation method as a function of investment 
type and supplier capabilities. This approach is also used in this study due to its 
compatibility with the subject and up-to-date status. 

Fig. 4. Selection of implementation method based on investment classification and supplier 
capabilities (Alteborg S & Sandlätt P 2005). 

The relationships between the customer (buyer) and the machine supplier (seller) have an 
effect on the project management. This buyer-seller relationship is partly developed via 
shared project experience, thus project success plays a key role. Usually the relationship 
is developed over several years, even several decades. Therefore a relationship can have 
different stages. A simplified (a priori) model of the buyer-seller relationship is presented 
in Fig. 5. This model is based on research work by K Alajoutsijärvi. The diamond-shaped 
surface defines the four extreme relationships in the corners: cooperative, competitive, 
customer dominance and seller dominance. In practice, relationships are mainly 
combinations of more or less ideal relationships. (Alajoutsijärvi K 1996). The model can 
be used for planning project management principles and the investment strategy. For the 
purposes of this study, the figure presents an example of buyer-seller relationship 
development. The relationship begins with the customer’s dominance and develops via 
moderate seller’s dominance to the current strong cooperation. In the future the 
relationship may include open competitiveness with several sellers. This can be 
considered a typical example in the paper industry, and it also describes technology 
knowledge transfer for the purposes of this study. 
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Fig. 5. Development of the relationship of an example buyer-seller case (adapted from the 
original source, Alajoutsijärvi K 1996). 

Moreover, K Alajoutsijärvi presents in his research work a typology model for projects. 
The typology model is used to conceptualize better the relationships between a buyer (a 
paper mill) and a seller (a machine supplier). A fundamental criterion for evaluating 
projects is the technical strain on a buyer and a seller. This covers the relative technical 
complexity and novelty for the project parties. The typology model for projects is 
presented in Fig. 6. The technical strain on both a buyer and seller is low in routine 
projects. In duplicate projects a machine supplier transfers well-proven technology to a 
buyer. In learning projects the buyer has a higher technological knowledge level than the 
seller. Thus such a project is more challenging to the seller and the buyer acts as the 
means of technology transfer. Breakthrough projects include a technological leap for the 
whole industrial sector. Project success in the latter type of project in many cases 
significantly strengthens the cooperation between buyer and supplier. In contrast, failure 
in a routine project can harm the relationship relatively more than would have been the 
case with other type of projects. (Alajoutsijärvi K 1996).  

The typology model of projects provides another tool for project analysis in this study. 
For project planning purposes it is good to have a structured classification which helps 
the communication of project requirements. This promotes e.g. usage of possible 
reference projects. 

Andersen ES et al. (2002) have used the Project Evaluation Scheme (PEVS) for 
comparison of similarities and differences between project landscapes in two countries as 
one of their research objectives. One of the findings was that those international projects 
could not be compared directly. It is possible that the respondents in the two countries 
used the scale differently. However, several cultural divergences were identified: success 
factors and possibilities for learning. 
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Fig. 6. A typology model of projects (Alajoutsijärvi K 1996). 

3.1.1  Technology management 

The application of technology, rather just its development, is the key to success in the 
competitive global economy. Technology can flow across organizational boundaries and 
across borders, as production facilities can also be moved from one location to another in 
search of the optimal combination of resources. Widely studied factors that have been 
associated with improvement in technological competitiveness include long-term 
planning horizons, research, innovation, education, quality of products and services, 
productivity, free trade, and regulatory and social factors. There are several issues 
associated with the management of technology (MOT). Technology itself can be defined 
as all the knowledge, products, processes, tools, methods, and systems employed in the 
creation of goods or in providing services. In a National Research Council Report in 1987 
MOT was defined as an interdisciplinary field concerned with planning, development and 
implementation of technological capabilities to shape and accomplish the operational 
and strategic objectives of an organization. (Khalil TM 2000). 

MOT is included in this study as it can be considered one of the driving forces behind 
most investment projects and is well covered in numerous publications (e.g. Tötterström J 
et al. 2001, Khalil TM 2000, Dussauge P et al. 1992). MOT is not covered as a solitary 
subject in this study because MOT is incorporated more appropriately in the evaluation of 
investments as part of the methodology and predefined theories. 

low 

Project technical strain on the customer 

high 

low 

high 

Pr
oj

ec
t t

ec
hn

ic
al

 s
tr

ai
n 

on
 th

e 
se

lle
r 

Learning project for a 
machine supplier 

Routine project Duplicate project 

Breakthrough project 



 37

In this research scope MOT is the managing of technology in the paper industry. 
Furthermore, from the evaluation point of view, the key areas of MOT are the selection of 
technology, technology strategies, and risk analysis. These areas are covered in the 
corresponding chapters and sections. 

For example, in a case study in the pulp and paper industry, important factors for the 
choice and diffusion of twin-wire technology were the nature of the supply and demand 
conditions in the pulp and paper industry, the dominant role of suppliers in the 
development of the twin-wire machine, regional differences in natural resources, 
production specialisations and industrial histories; adoption by competitors; the 
innovation and investment histories of the firms, their decision-making procedures, and 
the innovativeness of their executives as well as the ability to read and interpret trends in 
the industry accurately. The term innovation-adopter-characteristic (IAC) has been used 
for the statistical analysis of selected (spatial and temporal) characteristics of innovation 
adopters compared with the characteristics of non-adopters. The decision-making process 
has been found to be closely related to technology choice. In fact, technology choice has 
been defined as an investment decision-making process leading to the adoption or non-
adoption of technology by manufacturing firms. The related technology choice process of 
four broad interrelated stages and four environmental contexts is presented in Fig. 7. The 
cases in the study included the following three main factors for evaluating the various 
machine options: 1) the machine (product quality, machine quality and speed), 2) the 
supplier (confidence commanded by the supplier, supplier’s technical support services, 
delivery time and special financial incentives), and 3) the company/firm (the experience 
of the company and other competitors, the company’s financial and investment position, 
and the type of product and furnish). The innovativeness of the firm’s executives and the 
decision-making process itself were found to be important factors affecting the 
implementation timing among early adopters. (Ofori-Amoah B 1993). 

Fig. 7. Technology choice process (Ofori-Amoah B 1993). 
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Today the majority of technology development and innovations in the pulp and paper 
industry are made by machine suppliers, which is indicated by the number of patents 
(Espacenet 2006). The related basic research can be done in co-operation with research 
institutes and universities. The role of producers has some importance only for some 
speciality pulps, papers and boards. Naturally producers also make occasional inventions 
but they are still very often finally commercialized by suppliers. This has led to the 
situation in most investment projects where MOT concentrates on selecting the best 
technology available in co-operation with producers, suppliers and consultants. The 
importance of references and proven technology is high. Usually suppliers are provided 
with a reference list of their applications. In some cases it is possible to adapt new 
technology and/or technology that is untested on production scale, which may be a 
challenge to a successful project. These latter cases have to fit well with project targets, 
risk management and company strategy. Typically suppliers are lowering the adapting 
threshold e.g. by offering significantly lowered prices, co-operation in related R&D work, 
expert support and extended and/or expanded guarantees. 

Mill-level operational experience is very important in large-scale investment projects. 
The project organization needs to have sufficient knowledge of practical operations and 
production processes, suppliers’ capabilities, local circumstances, supply chains, mill 
economics etc. MOT in this sense overlaps with project management because the selected 
planning and implementation method forms the premise for this process. In particular, re-
builds and insufficient supplier capabilities highlight local experience. In contrast, e.g. 
new technology and mill-scale standardized solutions which are reasonable for well-
proven brownfield applications may not be directly adaptable for stand-alone greenfield 
applications in other geographic locations. All this shows that MOT requires unbiased 
judgement without groundless assumptions.  

Project evaluation in this study is aimed at supporting objective and extensive 
considerations which are the above-mentioned requirements for MOT. The tools for this 
process are explained in chapter 8. Due to the variety of technologies in use and the 
complexity of their applications, the evaluation approach needs to be comprehensive. 
Otherwise the number of technical details can prevent the evaluation from making 
appropriate reports. This is precisely the weakness of current technological evaluation 
methods from the comprehensive viewpoint of this study. Therefore the evaluation in this 
study is not a sum of single technical evaluations, but it is more an overall testing of the 
technological capability of the project. This also includes the technological strain on the 
project group. In a way the self-image of an investment project needs to be measured. 

3.1.2  Investment process 

The investment process includes those phases and activities which are required to achieve 
given project targets and to fulfil the demands of project management. The investment 
process includes several phases which can be classified according to the purpose of their 
use. One general approach for defining investment project phases is 1) Business planning, 
2) Strategic project preparation, 3) Pre-project planning, 4) Technical and implementation 
planning, 5) Implementation and 6) Mobilization of results (Kähkönen K 1996). 
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The project process is a key element in project-oriented companies. The learning and 
utilization of cumulative experience is a salient development area in such companies 
(Artto K 1999). Correspondingly, the investment process is essential for paper 
companies. Therefore learning and the exploitation of experience are also promoted in 
this study. 

It is likely that in most cases the accuracy requirement of investment cost estimation 
gets more precise as the investment process proceeds. One example is shown in Fig. 8. In 
this example an investment is divided into three phases: 1) Development, 2) 
Implementation and 3) Production (original source: Start-up). Furthermore, the 
development phase consists of four different activities: a) the Conceptual phase, b) Pre-
feasibility study, c) Feasibility study and d) Implementation planning. Typically between 
these activities there is a decision-making point. (Alteborg S & Sandslätt P 2005). In this 
study the subsequent phase, Production, is divided into I) Start-up and II) the Test phase 
during the project period. The original source used a complete Start-up phase instead. In 
some cases rebuild shutdown activity is also required, and therefore rebuild is added to 
the Implementation phase. This interpretation has been made to show the investment life 
cycle model used in this study. Post-completion audits are ordinarily done before the 
official project finish. The project finish is followed by the continuous production period. 

Fig. 8. An example of an investment process (adapted from the original source, Alteborg S & 
Sandslätt P 2005, based on Stora Enso's Investment guidelines). 

A clearly defined investment process is a key element for the quality development of 
investment projects. Evidently the results of an investment evaluation method are more 
useful for company management as part of a defined process than as occasional actions. 
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In large firms it is common that lower level managers initiate internal corporate 
venturing (ICV) projects entrepreneurially. The role of the top management team in the 
ICV process is to manipulate the structural and strategic context. The middle managers 
link the entrepreneurial behaviour and strategic objectives. This linking process is 
important for getting the venture approved by the corporate managers. (Alessandri TM 
2002). 

3.2  Previous approaches for evaluation of investment projects 

Companies have to make investment decisions in an operational environment that is more 
difficult to forecast and changing even faster than before (Leivo K 2000, p. 7-8). For 
example, in the fine paper market the paper industry itself has the largest responsibility 
for cycle creation (Hahtola K 2000). Investment decisions include both measurable and 
discretionary factors. The normative investment theory has faced criticism precisely for 
omitting discretionary factors from investment decisions. For example, the roles of 
company management, organizations, individual persons and operational environment are 
significant in investment decisions and completions. Moreover, in practice companies 
tend to simplify more sophisticated calculation techniques and even to act against 
theoretical recommendations (Kolehmainen J 1996, p. 103-104, Jokisuu T 2002, p. 10-
12). Thus in the business world, decision-making is an imperfect process in a highly 
dynamic environment. Therefore plans and decisions should be made on the basis of 
known facts and the best available information. Therefore e.g. decision-matrix techniques 
and selected set of criteria have been used to guide decision-making (Khalil TM 2000). 

For capital investment decision-making it is essential to identify the relevant 
information, which is simplified to be anything that will change as a result of the capital 
investment decision. After that comes a choice of methods which may be used for 
analysing this information. (Northcott D 1992). Also, the project evaluation practices 
need continuous development, which involves the challenge of creating a company 
evaluating culture and implementation (Martinsuo M et al 2003). 

There are a handful of rational techniques that can be helpful for decision-making. But 
project evaluation is a more extensive issue than just technique. Following five general 
rules these techniques can be put into a broader decision-making context (Frame DJ 
1994): 

1. Be explicit about what is important in choosing projects 
2. Identify explicit procedures for choosing projects, then stick to them 
3. Be prepared to rigorously challenge all assertions 
4. Constitute a project selection team whose members represent a broad array of 

stakeholders 
5. Involve key project personnel in the selection process 
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3.2.1  Economic approach 

The most common evaluation methods are based on an economic approach, which can be 
divided into normative and behaviourist investment research (Jokisuu T 2002, p. 4 – 12). 
In these methods investments are ranked based on their profitability. The following five 
factors affect the profitability of an investment (Mustajärvi H 2003): 

1. Basic investment cost 
2. Net income of an investment 
3. Duration time of an investment 
4. Residual value of an investment 
5. Accounting interest rate 

Economic evaluations use various key figures. The most common key figures i.e. 
traditional budgeting methods, are: 

− IRR, Internal Rate of Return 
− Pay-back time 
− NPV, Net Present Value 
− ROCE, Return on Capital Employed 
− ROI, Return on Investment 
− Sensitivity analysis 
− WACC, Weighted Average Cost of Capital 

Some other key figures and methods are: 

− the Accounting rate of return method 
− APV, Adjusted Present Value 
− CAPM, Capital Assets Pricing Model 
− CVA, Cash Value Added 
− DCF, Discounted Cash Flow 
− Dynamic Rank Ordered List 
− the different scenarios method 
− EBITDA, Earnings Before Interest, Taxes, Depreciation and Amortisation 
− EVA, Economic Value Added 
− ECV, Expected Commercial Value 
− LCC, Life Cycle Costs 
− LCP, Life Cycle Profit 
− Monte Carlo simulation 
− the option theory 
− PI, Productivity Index 
− RAV, Replacement Asset Value 
− ROE, Return On Equity 
− ROIC, Return Over Invested Capital 
− RONA, Return on Net Assets 

These key figures and methods as well as their applicability in various cases have been 
thoroughly explained and studied in a number of researches and publications (e.g. 
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Siitonen S 2003, Mustajärvi H 2003, Martinsuo M et al. 2003, Jokisuu T 2002, Gobuleva 
O 2001, Bodman J 2000, Leivo K 2000, Laukka S 2000, Jyrkkiö E & Riistama V 2000, 
Kolehmainen J 1996, Ottosson E & Weissenrieder F 1996, Viitala J 1995, Pitkänen E 
1990, Aho T 1982) and these principles are well-known. Therefore these key figures and 
methods are not covered in detail in this technological-oriented study. 

The economics of an investment are not limited to profitability but also investment 
financing has to be taken into account. In the long term an investment can be profitable 
but in the short term financing can cause problems. Also, factors like inflation and 
taxation have an influence on the economics of investment. 

Because of the increased risk and shorter assets’ life cycle demand for profitability, the 
IRR is higher in rebuild projects than in greenfield projects. The IRR demands for various 
projects are presented below (Komulainen P 1999): 

greenfield project  IRR > 15% 

major rebuild project IRR > 18% 

minor rebuild project IRR > 25% 

It is common to consider suppliers’ and customers’ processes separately. Furthermore, the 
profitability and benefits of an investment have been estimated from one company’s 
viewpoint even if the investment refers to operations before and after the butt of an 
investment, e.g. supply chains usually include operations from several companies. 
(Kyllönen H 2004). 

The start-up phase is critical for the profitability of an investment. If the production 
doesn’t meet the targets in the investment card it can destroy the profitability. In this 
sense rebuild projects are even more sensitive than greenfield projects because there 
differences in the repayment period. Nevertheless, problems in a greenfield project can be 
a risk for a company’s short-term profitability. (Nurmi M 1991). 

The economic approach gives an indication of the profitability priorities of investment 
alternatives based on selected calculation methods. But because of the required 
simplification in these calculations such as constant interest, perfect capital markets and 
perfect future assumptions, it is not possible to get the absolute truth (Mustajärvi H 
2003). Sol P & Ghemawat P (1999) suggest including competitive strategy frameworks in 
the DCF analysis. Project-specific characteristics can make the use of traditional capital 
investment appraisal techniques (CIAT) very difficult and the reliability of an outcome 
most uncertain, as is the case e.g. with information and communication technology (ICT) 
projects. Therefore it is justified to use a mixture of techniques, eliminating or reducing 
the weaknesses of each technique used. (Milis K & Mercken R 2004). Even a small 
change or inaccuracy in profitability calculation can change the result from profitable to 
unprofitable and vice versa. Also, the financing effect can be underestimated and e.g. 
high residual value can show high profitability but the investment requires considerable 
funding (Viitala J 1995). Furthermore, the economic approach is limited to profitability 
issues and therefore a more extensive approach is needed for evaluating the success 
factors of an investment project in its operational environment. 

Prueitt GC & Park CS (1991) state that the post-audit is an important aspect if capital 
budgeting, including a comparison between the actual results and plans, as well as 
explanations for differences. They present a post-audit method for the class of investment 
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problems where each element of the cash flow forecast is uncertain. The method takes 
advantage of the normal distribution properties of sub-grouped data, and the relative 
stability of the cash flow. Finally, it portrays cash flow control chart graphics. 

Angelis DI & Lee CY (1996) present a methodology that ties investment decisions to 
Activity Based Costing (ABC) concepts using the Analytical Hierarchy Process (AHP). 
The former provides management information about the true cost of business. The latter 
enables both monetary and non-monetary benefits to be included in the analysis. The 
activity-based investment analysis is based on improving the performance of value-added 
activities. Finally, it is possible to use a performance vs. cost graph to help in selecting 
the best alternative of the investment proposals. 

Markets and price have a dominating effect on profitability. The structure and the 
dynamics of paper markets are complex. Market parameters and forecasting models have 
been analysed in several studies (e.g. Siitonen S 2003, Hahtola K 2000, Weckström NA 
1996). In one study it has been shown that long-term price estimates tend to be more 
optimistic than short-term estimates (Venäläinen J 2004). Bergman MA & Johansson P 
(2002) used regression analysis to explore the effects of price and market size variables 
on the major investment trends in the European pulp and paper industry. They state that 
wages, the USD/EUR exchange rate, the price of paper and the installed production 
capacity (i.e. agglomeration effect) are the main determinants of major investments rather 
than market size. From the author’s viewpoint, the latter study covered the impact of the 
international pulp and paper trade somewhat weakly. According to various market 
analyses on a general level, the market base of an investment has to support adequate 
volume, growth and stability. From the investment project evaluation point of view it is 
critical to verify that items affecting project targets and risk management are in the scope. 
The company strategy has to be in line with the marketing strategy of the project in order 
to achieve the required focus. In this study, links between markets and profitability have 
been included in the evaluation method development. 

3.2.2  Scoring techniques and methods 

According to the applied definition by Arbnor I & Bjerke B (1997), tools refer to physical 
or conceptual means (e.g. mathematical concepts), techniques refer to various ways to 
use tools (e.g. making a mathematical calculation), and methods refer to guiding 
principles for the creation of knowledge. There are interactions, where a set of methods is 
created from possible techniques against the background of a problem and the ultimate 
presumptions. The two most important presumptions are: 1) there are different types of 
ultimate presumptions (paradigms) and 2) these presumptions are important to how 
methods are constructed. Applicable methods are both consistent (fit the problem and the 
ultimate presumptions of the creator of knowledge e.g. the researcher) and constructive 
(fit each other). 

There are techniques and methods for evaluating technology and investments that are 
available based on scoring. Such methods are e.g. rating check lists extended with 
criteria, matrix techniques, benefit-cost analysis, cost-effectiveness analysis, multiple-
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criteria methods (e.g. multi-attribute utility theory, MAUT) and the analytic hierarchy 
process (AHP), which will be expounded one by one with references later in this chapter. 

Rating checklists are perhaps the most commonly used technique for the project 
screening process. They are used especially when the available data is limited or when 
only rough estimates have been obtained. In constructing a checklist, the criteria or set of 
requirements has to be identified. Furthermore a developed direct scoring or weighted 
scoring scale is used to measure how well a project does in respect to each criterion. A 
variety of formulas can be used to derive the relative weights such as e.g. uniform or 
equal weights, rank sum weights and reciprocal weights. The results can be presented e.g. 
in the form of a table or multidimensional diagram known as a polar graph. The 
disadvantage is that these methods lack precision and rely on an arbitrary scoring system. 
Therefore these methods are used mainly as an expedient without any great deal of depth 
and should be used with this caveat in mind. Multi-attribute scoring models have been 
used e.g. for planning studies, regulatory proceedings and in bidding systems. (Shtub A et 
al. 1994). 

In the private sector, firms generally bear the full economic responsibility of 
investment projects. Therefore the first steps of evaluating the merits of alternative 
investment opportunities are technical feasibility and a comparison at some minimum 
attractive rate of return (MARR) of the estimated stream of costs over the expected 
economic life of each project. This is followed by the comparison of estimated cost and 
benefits, usually on a present value basis, using a predetermined discount rate. In the 
public sector, the situation is different. The costs of investments are usually 
straightforward to measure, but the benefits are many times complicated to evaluate as 
actions are taken “in the public interest”. Benefit-cost (BC) analysis is used to rank 
competing projects. In the basic form all benefits are written for the numerator and all 
costs are written for the denominator. The highest BC ratio gives the best ranking. There 
are also more sophisticated BC calculation methods available e.g. an incremental 
approach when comparing a set of mutually exclusive alternatives. (Shtub A et al. 1994). 

If projects have the same BC ratio or the investment cost reaches a fixed upper limit in 
the budget, cost-effectiveness (CE) studies can be used. This method focuses on the 
performance of the resultant system as measured by a composite index, which is 
necessarily subjective in nature. System effectiveness is often denoted as a function of the 
system’s availability, dependability, and capability. Instead of monetary value, a 
numerical value, say between 0 to 100, is used to evaluate efficiency-related terms like 
value, worth, benefit, utility, gain, and performance. Again the evaluation criteria for the 
merits of each project are critical. Weight values can be used for different items. Finally, 
the results can be presented in a cost-effectiveness graph. (Shtub A et al. 1994). 

Multi-attribute methodology and BC analysis with goal programming have been used 
for the investment project selection of transportation systems. These projects include both 
monetary and non-monetary attributes (e.g. politics and general public interest). The 
Multimodal Investment Choice Analysis (MICA) project was carried out to develop a 
computer-based tool to aid decision-makers in selecting transportation projects. 
According to the study, the results of utilizing this tool are promising. The study also 
provides a broad view of methods related to transport project evaluation and mathematics 
in selection problems. (Young R 2002). However, for the goals of this paper production 
line oriented study, MICA is too specialised in one subject (transportation), the selection 
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process supports governmental purposes, and the deeply computerized approach as such 
does not support operation-oriented working methods in a variety of investment project 
groups. However, it may be possible to use some elements and principles of MICA for 
project evaluation in the pulp and paper industry. 

Criteria selection is critical for project evaluation. The selected project may not be an 
ideal mix of choices, but it should be the most acceptable mix in the given set of 
conditions and circumstances. The multiple-criteria decision-making (MCDM) method 
provides guidelines for scaling non-quantitative criteria quantitatively at least in 
monetary terms, to avoid subjectivity. It follows three assumptions: 1) the structure of the 
problem is more important than the solution itself, 2) the decision-makers, who are 
responsible for the structuring of the problem, use knowledge, both public and private, 
and 3) skilled decision-makers are in a position to assign weights to the various attributes. 
This methodology uses a six-step approach which also results in the project’s 
acceptability index for ranking. MCDM criteria have been divided into two categories in 
the study referred to (Mohanty RP 1992): 

Intrinsic criteria: 

− project-identification ability 
− resources requirements and availabilities 
− the past experience of the organization in managing the project 
− management attitudes 
− the time horizon of the project 

Extrinsic criteria: 

− the risk/return ratio 
− the market environment 
− government policies and regulations 
− the socio-economic climate 
− legal and technological implications 

The MAUT methodology is mainly quantitative by nature, and is based on a hierarchy of 
attributes which describes what is important in a decision problem and is often 
interchangeable with the objective and criterion. The set of attributes, x = (x1, x2, x3, …, 
xn), should fulfil the following requirements: 1) completeness, 2) importance, 
measurability, 4) familiarity, 5) non-redundancy, and 6) independence. The methodology 
utilises the possibility of formulating a mathematical function called a multi-attribute 
utility function that will assign numbers, called outcome utilities (U), to each outcome 
state. The generic formula is U(x) = U(x1, x2, x3, …, xn). Before the calculation 
procedures it is required to test and identify the boundaries of the conditions of the 
attributes i.e. 1) preferentially independent of its complement, and 2) utility independence 
of its complement. Furthermore, the uncertain state of an attribute can be taken into 
cognizance by using a probability density function. The results can be presented as an 
attribute-utility (probability) graph. (Shtub A et al. 1994). 
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The basically qualitative AHP methodology makes it possible to structure a complex, 
multi-person, multi-attribute problem hierarchically, and then investigate each level of the 
hierarchy separately, combining the results as the analysis progresses. Local priorities are 
determined between each factor on a given level with respect to each factor on the level 
immediately above it by using comparisons in pairs. The two basic tasks in AHP are: 1) 
formulating and solving the problem as a hierarchy, and 2) eliciting judgments in the 
form of pairwise comparisons. Weights are calculated, the consistency of response of 
preference is checked, and global priorities are determined by using matrix calculation. 
Commercial programmes are also available for AHP analysis. (Shtub A et al. 1994). 

In the paper industry AHP has been used e.g. in research to find out how R&D can be 
used to provide integrated process concepts. The reliability of the model and evaluation 
was estimated by applying the ‘inconsistency ratio’, which was relatively low. In this 
respect the model construction developed and the results were considered to be reliable. 
However, the long time span of strategic planning was considered to be a possible flaw in 
the reliability of the company strategy section. In addition to this, there was in some cases 
a lack of available written strategy.  It was also stated that the limited number of case 
studies was sufficient, thus in regard to the theoretical background it can be concluded 
that a higher number of cases would not have introduced any radically new information 
to the research material. (Kauppinen S 1999). It may be possible to utilise these results 
partially when evaluating criteria for product development, but due to the different focus 
and purpose, the results cannot be used as such for investment project evaluation.  

Takala J (2002) has developed an AHP method for multi-focused competitive 
strategies using a descriptive and constructive case research approach. According to AHP, 
the method utilises pairwise comparison by interviewing the experts of manufacturing 
strategies and tactics within the whole supply chain. Later Takala J et al. (2005) 
constructed another model for new product development (NPD), and it was found 
feasible for the case company to be used to fill the gap between long-term research and 
short-term development i.e. strategic decision-making in NPD. From this study’s point of 
view, the constructions of the models highlight possible methodologies for using AHP 
and strategic analysis. However, these models are not intended for use in project 
evaluation as such. 

Boucher TO et al. (1997) have demonstrated that a mathematical relationship exists 
between AHP and the Non-Traditional Capital Investment Criteria (NCIC) model. The 
main initiative in the development of NCIC has been the necessity to tie the criteria 
weights to monetary values. NCIC places the investment alternatives in the hierarchy 
next to the main objective i.e. at level two (in AHP benefits and costs at level two). The 
method is also able to handle a single investment alternative problem (in AHP at least two 
alternatives). Finally, they presented transformation equations to map the outcome of one 
method into a data set that is directly comparable with the outcome of the other. 

Hwang H-S (2004) has developed an integrated decision support system for 
engineering project evaluation based on decision analysis methods, web applications, 
brainstorming, AHP, the fuzzy set ranking method and the heuristics method, and a 
computer system. The program takes a three-step approach to evaluation problems, and 
gives integrated evaluation results. The model is feasible for the performance evaluation 
of multi-attribute and multiple goals. 
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Poor Man’s Hierarchy is a simplified version of AHP. The original AHP contains 
somewhat arcane mathematics (e.g. eigenvalues and eigenvectors) and thus its practical 
implementation can be limited. In this simplified method each of the options is compared 
pairwise. The first task is to identify what criteria will go into the decision-making 
process. Then the selected criteria are ranked according to priority by making pairwise 
comparisons between the criteria. A square grid with 0/1 ranking is used to make sure that 
all possible pairwise combinations of criteria are addressed. Furthermore, the square grid 
is used to score a criterion by adding up the numbers across a row, which results in a total 
score. Possible tie scores are signs of inconsistencies in pairwise comparisons, which 
reflect the fact that the current model has not taken into account all pertinent decisional 
dimensions. (Frame DJ 1994). 

The previous studies emphasize AHP as a method for decision-making as well as for 
pairwise comparison and making choices. However, this is not the major point in this 
study, which focuses on evaluating operations and results in completed projects. 
Therefore AHP is not considered to be a good potential method for post-completion 
audits in this research. 

In decision-matrix techniques the information is clustered in a matrix cell according to 
the criteria selected. A decision is associated with each cell. The size of the matrix can 
vary from one by one to as large as m by n. Decisions located in cells can have relative 
importance which is based on the weight of each criterion. These types of matrix analyses 
have been used for e.g. strategic planning, product evaluation and market analysis. An 
example of market-growth-market-share is presented in Fig. 9. An m-by-n dimension 
matrix can be utilised when decisions have multiple levels. For example, a market-
technology (M-T) matrix with separate levels (low, medium, high) has been used for 
strategic decision-making in product innovation. A method of using m-by-n dimension 
matrix is described in Fig. 10. This method is based on a four-phase process which can be 
used to choose an appropriate technology for a particular application. Also the SWOT 
(strengths, weaknesses, opportunities, threats) matrix has been used successfully to create 
a match between resources available to an organization and opportunities present in its 
environment. (Khalil TM 2000). 

The presented scoring methods provide a solid base for ranking decisions (decision-
making is discussed later in a separate chapter). In many cases the mathematics in use is 
also applicable for investment project groups, which is one of the issues in this study. 
More sophisticated mathematic applications can also be used in practice if they can be 
focused on specific items and there are competitive resources (e.g. consultants and 
research scientists) available. However, project evaluation needs to be balanced with 
resources (e.g. time, money and experts). In addition to this investment projects in paper 
production lines not only have project specific targets, but their often considerable risks 
need to be managed, and they need to be well-fitted with the company strategy. Therefore 
more advanced tools are required for a practical evaluation. 
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Fig. 9. An example of a company portfolio matrix (Khalil TM 2000). 
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Fig. 10.  An example of using a four-phase process and m-by-n matrix to evaluate technology 
and make a decision on adoption (Khalil TM 2000). 
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Phase 4: Constructing the decision
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- identify all the possible technologies that are capable of 
solving the problem and list all attributes (positive & 
negative) associated with each technology 

- rate each technology based on the attribute list identified 
in Phase 1. Rating scale from 0 (technology does not 
possess this attribute) to 5 (Excellent technology for the 
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the user of a particular application. Rating scale from 0 (do 
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rating is multiplied by the attribute rating. Results are 
summed by column, and the highest ratings are those to 
be most seriously considered for selection
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3.2.3  Self-assessment 

Oakland JS (2004) examines self-assessments in the context of Total Quality 
Management (TQM). Many companies have realized the necessity to assess themselves 
against TQM criteria as a basis for self-audit and review, to highlight areas for priority 
attention and provide internal and external benchmarking. Although there are a number of 
approaches to carrying out self-assessments (e.g. workshop methods, surveys, process 
audits and hybrid approaches), the emphasis should be on understanding the 
organization’s strengths and areas for improvement. Finally, quality management systems 
require adequate audits and reviews, which can be 1) first party internal audits by an 
organization on its own systems, 2) second party audits by e.g. a supplier, or 3) third 
party audits by independent agencies. 

Self-assessment implies the use of a model on which to base the evaluation for 
regularly monitoring the impact and progress of organizations’ efforts to improve their 
business. Models help organizations to develop and manage their quality improvement 
activities e.g. in the following ways: 1) by providing a definition and description of TQM, 
2) by enabling measurement of the progress of TQM, 3) by pinpointing improvement 
opportunities, 4) by facilitating benchmarking and organizational learning, and 5) by 
encouraging training in TQM. (Wiele A et al. 1996). 

One of the best-known TQM methodologies is the self-assessment based on Malcolm 
Baldrige (MB) Quality Award (MBQA) criteria (NIST 2005a). The organizational model 
and the framework contained in the Baldrige program probably constitute the most 
prevalent self-assessment model in the world (Oakland JS 2004, Ford MW & Evans J 
2002). This Baldrige framework can be considered to be a scoring method, but due to its 
wide use and several applications as well as its importance for the method development 
in this study, it is discussed here separately. 

The U.S. Department of Commerce is responsible for the Baldrige National Quality 
Program (BNQP) and Award (in the USA, where they also use the term: Malcolm 
Baldrige National Quality Award, MBNQA). The National Institute of Standards and 
Technology (NIST) manages the Baldrige program (NIST 2005a). There are also other 
criteria which are derived from or inspired by the principles of MBQA e.g. the European 
Foundation for Quality Management (EFQM) and the Finnish National Quality Award 
Criteria. Furthermore there are organizational level applications e.g. the Common 
Assessment Framework (CAF) to assist public sector organizations across Europe to use 
TQM (IPSG 2002). Companies have also developed specialized self-assessment methods 
for their own industry sectors e.g. Stora Enso’s Business Excellence Guidelines, SEBEG. 
In addition self-assessments can be part of formal quality management systems (SFS-EN 
ISO 9004 – 2001). All these criteria follow basically the same methodology, and in this 
sense they could be used as a platform when developing the investment project 
evaluation method. Now BNQP has been chosen as a platform due its well-documented 
sources, wide use, several applications and reviews in scientific publications. However, 
the criteria, system perspective, and scoring guidelines need to be modified for the 
purposes in this study. 
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The BNQP includes seven categories and 19 items which have their own point values 
i.e. weights, see Appendix 1. The categories from 1 to 6 are called processes (operations) 
and category no. 7 is called results. Performance excellence goals are defined in the 
following way: “The criteria are designed to help organizations use an integrated 
approach to organizational performance management that results in 1) delivery of ever-
improving value to customers, contributing to marketplace success, 2) improvement of 
overall organizational effectiveness and capabilities, organizational and personal 
learning”. As organizations are dependent on measures and analysis of performance, 
performance development and change management involve the well-considered selection 
and use of performance measures or indicators. (NIST 2005a). 

The system perspective of the Baldrige criteria is presented in Fig. 11. The six 
categories in the centre of the figure define the operations and achieved results. On the 
left side categories no. 1, 2 and 3 represent the leadership triad, and it emphasises the 
importance of leadership focus on strategy and customers. On the right side categories 
no. 5, 6 and 7 represent the result triad. Business results are a composite of all actions. 
The triads as well as the leadership and the business results are linked with the horizontal 
arrow. The two-headed arrows indicate the importance of feedback. Category no. 4 serves 
as a foundation for the performance management system. 

Fig. 11. The Baldrige criteria for a performance excellence framework: a system perspective 
(NIST 2005a). 
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Strategic planning is one of the categories. Oakland JS (2004) states that strategic 
planning is the continuous process by which any organization will describe its 
destination, assess barriers standing in the way of reaching that destination, and select 
approaches for dealing with those barriers and moving forward. The basis for this is a 
carefully planned and managed process, which includes identification and documentation 
of those factors critical to success and achieving the strategic direction and the means by 
which success will be measured (key performance outcomes) and targeted. Furthermore, 
a framework is required for successfully deploying all goals and objectives though all 
organizational levels, goals and objective need to be monitored, and the skills and 
knowledge need to be transferred to sustain the process. 

Companies have made their own applications of the MBQA for TQM purposes. 
Generally TQM tools can be applied to e.g. production, cost-cutting, capital investment, 
environmental concerns, and R&D activities. One application area has been the 
management of R&D, which is linked to this study from the project evaluation viewpoint. 
But the problematic characteristics and complexity of R&D makes the application of 
quality award criteria in the assessment of a company’s R&D process very challenging. 
Therefore both quantitative and qualitative evaluation techniques may be needed. 
However, there is a common need to bring the criteria also to project-level assessment in 
order to control and manage a variety of R&D projects and the whole project portfolio 
effectively. In a related case study it was stated that the assessment of executed R&D 
projects was useful to clarify the success, strengths and weaknesses of their execution and 
to continuously improve the product development process. The assessment was mainly 
based on discussions and collected experiences as well as some quantitative criteria like 
time and cost. In addition the need for new criteria was identified to clarify the fulfilment 
of the project goals and the effectiveness of their execution. (Ojanen V et al. 2002). 

Measurement is a key element of the criteria. In the previous R&D project study it was 
found that through measuring, activities can be better diagnosed and significant problem 
areas or bottlenecks which influence the overall effectiveness of projects can be clearly 
detected. Cause and effect relationships should also be clarified in order to understand the 
significance of a single project for the whole R&D. Both leading and lagging indicators 
are needed for phase-wise performance assessment. Among several possible frameworks 
for R&D project measures, the MBQA framework was considered well known and 
widely applied for company self-assessments. The phased process of derivation of new 
R&D project-level measures is presented in Fig. 12. One of the outcomes of the 
execution derivation process is that it has helped to create common measures for both 
project and functional level as well as increasing the understanding of links between 
functional level and project level measurement. (Ojanen V et al. 2002). 
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Fig. 12. The phased process of derivation of new R&D project-level measures (Ojanen V et al. 
2002). 

An organization’s competitiveness can be enhanced by the effective use of the  
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Fig. 13. Concurrent engineering self-assessment model (Ainscough M et al. 2003). 
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leadership (the most important), process management and information and analysis. It 
was also found that the Baldrige framework still has opportunities for improvement. The 
authors felt that the scales used in the analysis accurately represent the theoretical 
constructs, and it was stated that the strong degree of fit between the recent Baldrige 
framework and the empirical findings were very impressive. However, the study did not 
validate the Baldrige framework empirically, but it did provide some important steps in 
that direction. (Flynn BB & Saladin B 2001). 

The study by Pannirselvam GP et al. was related to a category of studies which 
examines the issue of the validity of the Baldrige framework and criteria more directly. In 
their study they analysed data from the Arizona Governor’s Quality Award (AGQA). The 
criteria for the AGQA are closely parallel with the MBNQA. Hence, it was stated that the 
conclusions drawn from the study provided a basis for generalization to the MBNQA 
criteria. In the study the authors examined 1) the content validity (a judgement of the 
extent to which a summated scale truly measures the concept it is intended to measure, 
based on the content of the items), 2) the construct validity (measures whether a scale is 
an appropriate operational definition of an abstract variable or a construct), and 3) the 
predictive validity of the AGQA. MBNQA criteria were also compared with two other 
quality management instruments, the SBS and FSS. The data was based on applications 
for the 1993 AGQA by a total of 69 applicants. The results show that AGQA had both 
content and construct validity. Because of the impossibility of obtaining outside measures 
(several privately owned businesses), it was chosen to verify the correlation between 
Approach and Deployment (ref. processes i.e. operations) and Results for predictive 
validity. A clear correlation was found, which was an indication of the strength of the 
relationship between these two areas. Thus the predictive validity of the AGQA was also 
confirmed. In addition, the MBNQA criteria was found to be more comprehensive and 
less prescriptive than the SBS and the FSS quality management instruments. According 
to the authors, the results indicate that the AGQA model criteria form a reliable and valid 
measure for organizational quality. (Pannirselvam GP et al. 1998). 

The causal relationships of the MBNQA Health Care Pilot Criteria were empirically 
tested in the research of Meyer SM & Collier DA. This criteria contains 28 items i.e. 
dimensions of measurements. The database was collected from 220 US hospitals. In the 
test 18 hypothesized relationships and structural equation modelling were used. Since a 
questionnaire of 115 questions was used to verify the relationships, the measurement for 
dimensions, which cannot be measured directly, was operationalized using a scale, or set 
of questions. The results of the modelling showed that many of the hypothesized causal 
relationships in the MB model are statistically significant. (Meyer SM & Collier DA 
2001). 

NIST has performed the Baldrige Stock Study where a hypothetical sum was invested 
in each of the 1994-2003, publicity traded MB recipients’ common stock, in the year they 
applied for the award. The reference group was the Standards & Poor (S&P) 500. It was 
found that award recipients, as a group, underperformed the S&P 500 by approximately –
0.51 to 1, with a –18.15% return compared to a 35.58% return for the S&P 500. In 2004 
the Baldrige Program decided to discontinue the study because it no longer accurately 
reflected the results, accomplishments, and diversity of the Baldrige Award recipients and 
site-visited organizations. One reason was the increased number of recipients that were 
either no-profit or privately owned businesses. (NIST 2005d). 
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Evans JR & Jack EP (2003) explored the validity of the MB criteria and its core 
concepts and values. The MB criteria framework portrays linkages between practice (ref. 
operations) and results. The researchers used 307 surveys as a database. A model was 
used for validating selected results linkages, suggesting correlation and implying 
causality. In total 20 hypotheses with endogenous and exogenous variables were tested. 
These empirical results support long-standing beliefs about the relationships among 
endogenous and exogenous results for business excellence, and promote the causal 
hypothesis that improving internal management practices leads to improvement in 
external results. 

One of the goals of the Wiele A et al. (1996) study was to identify the reasons for 
successes and failures of quality management self-assessment methods. The results show 
that organizations expected business performance and process improvements. According 
to the replies, the category “customer focus and satisfaction” was especially improved. 
Some positive learning also took place. The most correlating factors related to 
improvements were: award criteria, easily quantifiable process indicators and business 
results, and internal TQM awareness and employee indicators. However, the results also 
indicated that many respondents had problems in defining the goals and achievements for 
self-assessment activities in their respective organizations. Therefore organizations need 
to pay more attention to this issue. 

Loosveldt G et al. (2004) explored the quality of data used in research projects. TQM 
is described as a comprehensive approach motivating everyone involved (in the 
production) process to make permanent improvements to all components of the process. 
The main assumption is that all the components of the process individually and in 
correlation with each other contribute directly or indirectly to the quality of the end 
product. Moreover, it is very important in the context of data quality to draw a 
representative sample. A conceptual framework (process and output evaluation) for the 
assessment of survey data was presented. It was found that TQM can be used for 
informing the researcher about the quality of the data, as well as for improving quality. 

Benavent FB (2006) highlights the relationship between self-assessment application 
and learning. The research was of an exploratory nature, and the results were based on 
two case companies. Some of the findings were that the more experienced a firm is in 
self-assessment use, the simpler is the approach employed to carry out such an exercise. 
Moreover, the greater the number of organizational units that use the same reference 
model when self-assessing, the greater the learning obtained as a result.  

Worldwide TQM tools have been applied in various cases. This endorses the 
applicability of self-assessment methods. Spiegel M & Ziggers GW (1999) had applied 
the TQM concept in food supply chains by using the model on two levels of organization: 
1) firms and supply chains, and 2) individual linkages. Oakland JS (2004) presents case 
studies of self-assessments e.g. for a baseline assessment in performance improvement 
(Shell SQF) and for incorporating a long-held policy to improve the management and 
operation of the organization (Highways Agency). 

Tanner S & Tantawy B (2001) presented a model of key factors for success in self-
assessment. They are the controlling factors of 1) leadership and direction, 2) internal 
environment, and benefit delivery factors of 3) the change method (total 8 factors). The 
model promotes identification of opportunities for improved results as a result of self-
assessment activities like using the output of the self-assessment strategically. 
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Ford MW & Evans JR (2001) suggest that an effective process change management 
model can be derived from the MB framework. The study differentiates organizational 
changes resulting from strategy development and implementation (“strategic change”), 
and organizational changes resulting from self-assessment (“process change”). 
Furthermore, Ford MW & Evans JR (2002) argue that the prevailing rise in self-
assessment suggests that companies are now more apt to internalize the activity instead of 
having it conducted by outside consultants. In addition, interest extends beyond the 
quality context, however, with self-assessment frameworks emerging in a number of 
functional disciplines. This emphasizes the importance of the organizational model as 
they serve as the reference standard for self-assessment. Furthermore, they identify 
processes and outcome variables, as well as important relationships between process 
variables and outcome variables. The MB framework provides an integrative model 
across a variety of disciplines. 

It is possible to use the aid of artificial intelligence in self-assessments. Chin K-S et al. 
(2003) have developed a knowledge-based expert self-assessment toolkit for measuring 
and assessing organizational performance. The model adopts the guiding principles 
embodied in the MB framework. One application has been a learning environment for 
users to get experience in measuring and assessing enterprise performance. 

Baliga S & Sjöström T (2001) studied the misrepresentation of work quality related to 
career concerns. A project proposal was used as an example. The four effects were 
defined as: 1) false praise, 2) denigration, 3) exaggeration, and 4) false modesty. In this 
context the inventor makes a self-assessment of the project, so in effect this person has 
been delegated the authority to have their own project implemented or cancelled. 
Alternatively the self-assessment may be made by a peer. In both cases self-assessment 
was found to be always optimal in the class of incentive-compatible and renegotiation-
proof mechanisms. 

The current self-assessment methods clearly have strong practical applicability which 
is seen as a variety of applications and global utilisation. This also indicates the 
comprehensive adaptability of self-assessment methodology. Therefore self-assessment is 
a consistent and constructive method for post-completion audits. However, there has not 
been a self-assessment method available for evaluation investment projects in the paper 
industry prior to this study. Therefore self-assessment methodology forms a potential 
base for the framework of the new practical evaluation method. First of all, the criteria 
need to be re-written. As the self-assessment is used for a practical approach, the 
scientific approach in this study is based on the constructive application of identified key 
project success factors and measurable technological performance. Other performance 
indicators can also be adapted. This makes it possible to develop a comprehensive 
evaluation method framework. 
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3.2.4  Pre-project alternative evaluation 

It has been shown that there is a direct relationship between project success and pre-
planning effort. A well-performed pre-project planning can e.g. reduce project costs by as 
much as 20% and lead to less project variability in terms of cost, schedule, and operating 
characteristics. The project life cycle can be divided into four distinct stages: 1) perform 
business planning, 2) perform pre-project planning, 3) execute the project and 4) operate 
the facility. The pre-project planning process has been described in Fig. 14. The defined 
pre-project planning method contains a sub-process of ‘Select Project Alternative(s)’, 
which further contains the function ‘Evaluate Alternatives’. (CII 1995). 

Fig. 14. The Pre-project planning process contains a section for evaluating alternatives (CII 
1995). 

The function ‘Evaluate Alternatives’ produces all the remaining information necessary for 
the preparation of recommendations to be presented to the decision-makers concerning 
the selected alternatives. Alternatives are evaluated using selection criteria when giving 
scores to weighted categories (ref. self-assessment), and the final scoring is the outcome 
of the weight multiplied by scores. (CII 1995). The pre-project planning process covers 
the general approach in project evaluation well, but it does not sufficiently fulfil the 
demand for technology, risk and strategy evaluation set in this study. 
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3.2.5  Technology audit model 

A technology audit model (TAM) is an analysis performed to identify the strengths and 
weaknesses of the technological assets of an organization. TAM assesses the company’s 
position in technology. This method was developed as a framework study by J. Garcia-
Arreola in his Master of Science thesis in Miami University in 1996. In this chapter a 
summary of TAM is presented based on the source: (Khalil TM 2000). 

The objectives of TAM are 1) to determine current technological status, 2) to stress 
areas of opportunity, and 3) to take advantage of the company’s strong capabilities. This 
model has three levels: the first level is composed of six categories, the second level 
consists of 20 assessment areas and the third level comprises 43 assessment elements. 
The TAM structure is shown in Fig. 15. The model is based on the following six 
categories: 

1. Technological environment. Analysis of business environment factors (leadership, 
strategies, organizational structure, technology culture and human resource 
management). 

2. Technologies categorization. Evaluation of company’s level of knowledge and 
appreciation of its own technologies, state-of-the-art technologies, and emerging 
technologies. 

3. Markets and competitors. Assessment of the company’s competition environment in 
respect of technology management. 

4. Innovation process. Assessment of the company’s ability to transform ideas into 
competitive advantage. 

5. Value-added functions. Performance evaluation of the value chain (R&D, 
manufacturing, sales, and distribution). 

6. Acquisition and exploitation of technology. Assessment of the adoption process of 
technology (technology effectiveness). 

The quantitative evaluation for a technology assessment is based on a five-point scale 
ranging from poor to outstanding (1 for poor, 5 for outstanding) for each assessment area. 
In an ideal case criteria are set as to what the scores should encompass. The sum of 
individual scores forms the overall score. 

If TAM is repeated periodically it can be used as a self-assessment instrument which 
promotes e.g. proper technology planning, continuous improvement, and it serves as a 
tool for measuring the progress achieved and the effectiveness of implemented programs. 
It provides a methodology for technology management excellence. 

However, for this study of the evaluation of investment projects, TAM offers a 
somewhat too restricted approach. Even though the evaluation of assessment areas is also 
useful for investment projects to some extent, the structures presented in TAM are 
technology management oriented; it is not comprehensively project-oriented as is the 
scope of this study. Important factors for investment projects such as the time schedule, 
profitability, selection between technical alternatives, risk analysis, and parallel strategies 
are missing or they are inadequately defined for project evaluation purposes. In addition 
the criteria base in TAM does not match with project evaluation. 
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Fig. 15. Technology audit model (TAM) structure (Khalil TM 2000). 
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3.2.6  Technical age 

An investment can change the technological level of assets, which needs to be evaluated. 
Target setting can be based on a certain desired technological level which is derived from 
the company’s strategy. In many cases the increased technological level requires better 
risk management due to more complex technology management. Furthermore, references 
and objective evaluations of the level of technology in investment projects are needed for 
environmental and legal permit processes. 

Greenfield projects pose somewhat different challenges than rebuild projects. 
Greenfield projects focus on putting new equipment into operation whereas rebuild 
projects need to take into account both operative production and investment project 
requirements. Therefore a rebuild project can take relatively 1.5 to 2 times more planning 
work compared with a greenfield project (Reijonen Y 1999). 

Suppliers have different cultures and project management principles. It is good to 
prepare beforehand for challenges e.g. in communication and documentation. Experience 
and reports of previous projects can be used as a source of information (Hangasluoma J 
1999). 

An investment affects the assets portfolio. Therefore all major investments should be 
taken into account as a part of company portfolio development and strategy. The 
opportunity for assets restructuring is a natural outcome of major investments. The asset 
portfolio may change according to changes in company strategy. 

Production potential varies according to paper grade, assets’ quality and operating 
performance. Some production potential figures for modern paper production lines are 
presented in Table 1: 

Table 1. Production potential for modern paper production lines (Komulainen P 1999). 

 Unit MF SC LWC UWF CWF Board 
Trim width mm 9 900 9 900 9 900 9 900 9 900 9 900 
Avg. speed m/min 1 800 1 800 1 800 1 600 1 600 1 600 
Total efficiency % 90 88 82 86 81 86 
Basis weight g/m2 45,0 56,0 57,0 80,0 115,0 115,0 
Net production, reels t/d 1 043 1 265 1 200 1 577 2 132 2 248 
Net production, length km/d 2 390 2 340 2 190 2 030 1 930 2 010 
Production time d/a 357 357 357 357 357 357 
Production km2/a 8 270 8 060 7 520 7 040 6 620 6 980 
Production t/m/a 37 600 45 600 43 300 56 900 76 900 81 100 
Production t/a 372 200 451 600 428 500 563 100 761 300 802 600 
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Greenfield investments naturally have assets which are technically new and aging has not 
yet taken in place. In this sense all new alternative technologies have similar asset quality. 
If some new technology is considered “better” than others, it should accordingly have 
better asset performance, not better asset quality. But the rebuild projects need to be 
measured by the change in asset quality. In a way after a rebuild a PM line becomes 
“younger”. A practical way to measure asset quality is to determine its technical age, 
which is a theoretical value in years presenting the age of the assets compared to a similar 
greenfield investment. This methodology has been developed and is widely used by 
Jaakko Pöyry Consulting Inc. Every rebuild reduces the technical age of the assets. The 
PM line can be divided into functional sections: 1) stock preparation, 2) wire section, 3) 
press section, 4) drying section, 5) and 6) reeler, as well as possible additional sections 
like 7) coating, 8) calendering, 9) winding, and 10) finishing. The section-specific 
weights and the scope of the rebuild affect the reduction in technical age. The basic 
formula is shown below and the estimated relationship between technical age reduction 
and investment cost is shown in Fig. 16. (Laitinen M 1999, Jaakko Pöyry 2002): 

 

 

Fig. 16. Rebuilds reduce the technical age of assets depending on the replacement value. 
(Laitinen M 1999, Jaakko Pöyry 2002). 
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3.2.7  Other methods 

Investment evaluation methodologies have been developed for specific areas of 
technology. However, the purpose of this study is to create a comprehensive framework 
model for investment projects evaluation and further to use technological-oriented 
evaluation in this framework model. The current tailored methods have the potential to be 
applied to some extent to general evaluation methods and further to include area-specific 
criteria and viewpoints. But in general they do not provide the required tools for this 
study, mainly because of their too narrow technology-specific viewpoint and insufficient 
coverage of the operational environment in the pulp and paper industry, as well in some 
cases impractical usage for investment evaluation purposes. 

In the area of information technology, methods for evaluating IT investments have 
been developed. Major investments have been made in the fields of e-business and ERP 
(Enterprise Resource Planning). With the aid of a corporate IT strategy it is possible to 
determine the IT investments which support present and future business operations. 
Possible methods for evaluation and reconciliation of investments and strategy are IT 
Balanced scorecard, priority arranging and classification of investments, investment 
portfolio, map of investments, decision tree method, and classic cost-benefit analysis 
(CBA) with the possible addition of intangible assets and real options. (Lehtiniemi S 
2004). 

For emerging technology, early in the 1980s a small committee of experts in Motorola 
Inc. developed and is now also updating a corporate-wide systematic technology planning 
tool called the technology road map. This emerging-technology road map is said to 
provide the company with a) an objective evaluation of Motorola’s capability in the 
technology, b) a comparison of Motorola’s capabilities and those of its competitors, today 
and in the future and c) a forecast of the progress of technology. For product technology 
the road map has eight sections: 1) Description of the business, 2) Technology forecast, 
3) Technology road map matrix, 4) Quality, 5) Allocation of resources, 6) Patent 
portfolio, 7) Product descriptions and status reports, and 8) Minority report i.e. potential 
solutions which have not been fully considered are brought to the attention of 
management to avoid missing potential benefits. (Khalil TM 2000). 

Investment evaluation is in many cases related to group decision-making dynamics. 
Therefore attention should be paid to issues like the composition of the evaluation group,  
the decision-making process, participation in the evaluation process, responsibilities and 
stature within the organization. Group decision support systems (GDSS) can be used for 
improving group decision-making by removing common communication barriers, 
providing techniques for structuring decision analysis, and systematically directing the 
pattern, timing, and content of the discussion (Shtub A et al. 1994). 

In the Delphi method, a group of informed decision-makers make a group decision 
based on several rounds of group discussions and anonymous responses, and typically 
two to three rounds are used. Responses are preferably modified after each round 
according to the influences of the previous discussions. Finally, relative weights are set 
by averaging the responses of the final rounds. This method has been used when 
determining the criteria weights in a project evaluation process. (Young R 2002). 
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Question lists can be used for project classification. Strategy themes can be formulated 
in simple yes/no questions, and this methodology can be used to develop a project more 
in line with the strategy. Projects can also be verified in a uniform and simple way. In 
addition to collection points from right/wrong answers, “life/death” answers can be used 
for crucial issues in decision-making. (Martinsuo M et al. 2003). 

Subjective and intuitive project evaluation is common in practice. This is because 
formal evaluation tools often give only a partial view of the operational environment, and 
they are not able to describe everything. Heavily subjective and intuitive methods include 
the risk of omitting some critical issues from the evaluation scope. The higher the level of 
intuition in decision-making, the more expertise required. Group working techniques, 
Delphi methodology and verified subjective selections promote successful intuitive 
evaluation. (Martinsuo M et al. 2003). 

The Value Management (VM) method is highly suitable for defining project targets in 
the initial stage. It can be followed by Value Engineering (VE), which is a systematic 
method for decreasing cost by using lower cost solutions without lowering quality, 
reliability or usability. VM consists of two workshops where the first one (after the pre-
feasibility study) generates project targets, and the second one (after the feasibility study) 
generates more specific project targets and evaluates alternatives based on the criteria at 
issue. (Kurki H 1997). Nixon B (1998) highlighted in one case study that VE was one of 
the tools that structured and articulated the dialogue among members of a project team in 
a bid to meet many technical and financial goals. 

Quality Function Deployment (QFD) is mainly used for setting up targets for final 
products. The methodology combines customer needs and product characteristics. (Kurki 
H 1997). However, this is not a relevant issue for post-completion audits, although QFD 
can be used for target-setting during the initial project stage. 

Methods like The Murder Board (the project champion defends the proposal in front 
of a panel of reviewers) and The Peer Review (projects are evaluated by individuals who 
are technically competent to assess the technical merits of a proposal) are used in practice 
(Frame DJ 1994). However, these methods are mainly suitable for projects with a clearly 
limited scope. 

The performance of research projects can be measured by a specialized Balanced 
Scorecard for applied research with strategy-specific dimensions. In this context, project 
performance should be measured as output or process quality relative to project 
uncertainty. This application addresses strategic alignment and prioritization, evaluation 
and incentives, operational control, and learning and improvement. One limitation is the 
application’s specialization to process technology research. (Loch CH & Tapper UAS 
2002). Furthermore, Bremser WG & Brasky NP (2004) introduced a framework where 
the Stage-Gate approach is embedded in the Balanced Scorecard. Despite the advantages 
in R&D, these methods do not support the structure and content of investment projects. 

Kumar V et al. (1996) used a five-stage process for advanced manufacturing 
technology investment decisions. In addition, Stillman HM (1997) disclosed a three-stage 
process for technology evaluation in a case company. Both studies contribute to 
systematic decision-making. This is valuable for post-completion audits, which should 
also measure the quality of a decision process. 
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Supply chain efficiency can be evaluated and developed using sophisticated methods. 
A method for evaluating a supplier network has been presented by Hakkarainen V et al. 
(2002). It used 16 different criteria for evaluating supplier performance in the analysis. 
The criteria formed five strategic entities: 1) product, 2) deliveries, 3) productivity, 4) 
operative co-operation, and 5) strategic co-operation. The method was found useful in 
order to develop the supplier network comprehensively, and it is easy to use. In addition, 
Hameri A-P & Lehtonen J-M (2001) explored supply management strategies in the paper 
and pulp industry, and they state that thanks to open competition, the winners are those 
with high productivity, high operational speed and excellent customer service. They also 
emphasize the importance of flexibility to tackle periods of low demand. 

The environmental impacts of product and process alternatives are important in paper 
production line projects. Weaver PM et al. (1997) have developed a methodology, based 
on materials accounting and operational research techniques, which seeks the 
environmentally optimal sectoral configuration in both the short run, with existing 
technology, and in the longer run with some assumptions about prospective technologies. 
One of the findings was that policy makers must find ways to avoid discouraging 
investments in process changes that might eventually give returns superior to those 
available from extremely high levels of recycling. 

Well-established knowledge management contributes successful technology choices 
and knowledge transfer. Brown JP et al. (2005) explored evaluation practices in the 
context of an online technical support knowledge base (KB), which present an organized 
effort to capture expertise and disseminate it to user populations. Self-help online KBs 
have been identified as efficient in areas like customer relationship management (CRM) 
strategies. The study found that a hybrid evaluation approach (a mix of analytical and 
interpretive evaluations) gives benefits, and selected methods and measures should be 
driven by a keen understanding of what is important to various groups and why. In 
addition to this, Tahvanainen A-J & Hermans R (2005) explored Finnish biotechnology 
companies, and showed that companies with differing intellectual capital bases exhibit 
differing capital structures. They suggest that intellectual capital metrics should be 
applied in investment decisions. 

Location is a fundamental basis for competitiveness in investments. There are models 
available which can be used for choosing the optimal mill site. Deng S et al. (1997) 
presented a numerical method for evaluating investment environment from the viewpoint 
of a host region or country. It includes the following three requirements: 1) match the 
host region’s characteristics with the types of investment, 2) evaluate policy measures 
systematically, and 3) coordinate the expectations of both foreign investors and the host. 
The investment environment system presents the basic relationships between the factors 
of an investment environment hierarchically with four levels. Furthermore, the method 
uses criteria-index matrixes, calculations and the investor’s assessment to evaluate the 
key factors of an investment. 

The Inter-American Development Bank (IDB) has developed the Forest Investment 
Attractiveness Index (IAIF), the general objective of which is to measure the business 
climate for investments in the sustainable forest business. The model consists of 20 major 
indicators using more than 80 variables. The final result is an index which is a weighted 
average of combined Supra (weight 1), Inter (weight 2) and Intra factors (weight 4). 
(Nascimento JR 2005). 
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Lundmark R (2001) explores the choice of location from the wastepaper viewpoint, 
and a conditional logit model was developed. Maximal profit for the investment was one 
of the basic assumptions. In was found that in the European paper industry market size 
and the agglomeration effect were important factors. In contrast, factor input prices in 
general, and the price of wastepaper in particular, are neither a statistical nor an economic 
significant location determinant for a paper manufacturer. Thus the paper industry was 
stated to be output-oriented. 

3.2.8  Applicability of the present methods 

The research questions in this study are looking for a practical solution for investment 
project evaluation in paper production lines. As such none of the published methods 
reviewed here provides a sufficient tool for that purpose. 

First of all the comprehensive approach of evaluating an operational environment is 
missing from the present methods. A comprehensive framework is essential when 
incorporating key success factors into the evaluation process. In this sense in addition to 
project targets it is important also to evaluate risk management and the strategic fit of an 
investment project. 

An economic approach is essential but still too limited for comprehensive investment 
project evaluation. Furthermore a post-completion audit is often done much earlier than 
what is the calculated pay-back or cash flow period. For instance, profitability results 
after two years of a greenfield project do not yet give the definite profitability of the 
investment, therefore the calculation premises are typically 15 to 20 years, so other 
project success indicators are needed as well. 

In general, self-assessment methodology can also be used for investment evaluation 
because of its practical approach. However, there are no ready-made criteria available 
which could be used for the purpose in this study. Therefore in any case a new evaluation 
method has to be reconstructed. In addition, the scientific basis for using self-assessment 
as such for measuring project success is restricted to measuring the personnel’s opinions 
if only highly subjective criteria are in use. This supports the development of quantitative 
measures for the purposes of this study. The scientific approach requires justified and 
repetitive measures which can be embedded into the new evaluation framework. 
However, the qualitative i.e. more or less subjective measures are needed too. Ultimately 
individuals form their opinion of specific project success based on both qualitative and 
quantitative measures. 

New strategic management tools such as Strategic maps also offer options for project 
evaluation. But these tools are not ready as such for investment project evaluation in 
paper production lines. On the other hand, merging these tools with practical self- 
assessment and analytic measures of project results offers a constructive approach for 
exploring investment projects in their operational environment. 
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3.3  Decision-making 

Decision-making is particularly part of the pre-evaluation of projects at a stage when e.g. 
technological choices are being made. Thus its importance for post-completion audits is 
limited as such, and the focus of the audit is more on systematic approaches and objective 
selections during the project phase.  

Stelzer L (2006) has written that decision-making is a recurrent human and 
organizational activity. Decisions can be characterized as routine (programmed, 
developed around certainties) and non-routine (non-programmed, needed in a complex 
environment). A general approach to decision-making is: 1) define the problem, 2) 
generate alternative solutions, 3) evaluate the alternatives, 4) implement the preferred 
decision, and 5) evaluate the result, and alter it if necessary. 

There are methods for maximizing the frequency of successful decisions. Jago AG & 
Vroom VH (1980) explored the validity of the early Vroom/Yetton model, which includes 
five decision processes (from autocratic to participative). Further, Vroom VH et al. 
(1998) presented the Vroom-Jago model which in its simplest representation guides the 
leader’s choice from among the five processes on the basis of 11 decision heuristics. 
Other representations use mathematical equations or alternatively decision trees. In 
general the optimum leadership style is believed to be dependent on the situation faced by 
the leader. However, the model is also criticized for having only an individual-level 
approach instead of covering multiple-level thinking. The latter gives the opportunity to 
integrate various leadership theories. Vroom VH (2000) continues naming the five 
processes of leadership styles as 1) decide, 2) consult individually, 3) consult group, 4) 
facilitate, and 5) delegate, and describes the quality and implementation of the decision as 
key components of its effectiveness. The situational factors in the normative model are: 
a) decision significance, b) importance of commitment, c) leader’s expertise, d) 
likelihood of commitment, e) group support for objectives, f) group expertise, and g) 
team competence.  

Schwarber PD (2005) highlighted the importance of avoiding inefficient decision-
making conversations by using a systematic approach. Decision-making conversations 
that are not guided by a process can lead to misunderstanding, wasted time, and lack of 
results. This is especially valid for cross-functional project teams. The critical aspects of 
the decision are: 1) objectives (ref. targets), 2) alternatives (ref. strategy) and 3) risks, and 
they are approached in the same sequence. In addition, leaders need to involve others in 
decision-making for several reasons: to obtain the necessary information, to come up 
with creative alternatives, to gain commitment, and to train future generations of decision 
makers in a sound process. Engaging others needs to be done in respect of the 
individual’s potential contribution and timing.  

Finally, as post-completion audits focuses on already completed projects, decision-
making as such is not the main issue. However, the results of post-completions can 
benefit future decision-making in the form of ‘lessons learned’ i.e. to be a link in 
knowledge transfer. As described earlier in this study, it is particularly the latter link 
which needs to be improved by systematic post-completion audits. 
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3.4  Risk management 

The importance of project risk management is emphasized by the increased number of 
project-oriented operations as well as the risks and uncertainty derived from the unique 
nature of various projects. (Artto K 1999). The proper analysis of possible risks is a key 
element in an investment project. After the risks have been determined the possibility of 
risks can be evaluated to some extent based on mathematical methods. Profitability 
calculations are in most cases based on unreliable calculation information because the 
future cannot be known in detail (Aho T 1982). Investment calculations typically include 
risks in IRR or payback time. The higher the risk, higher the demand for profitability. But 
there are also many other types of risks than profitability, e.g. technical, quality and 
service risks can play a key role in project success although they are not directly related 
to profitability. The variety of classifications of several types of risks and furthermore the 
actions for reducing the probability of risk extend the concept of risk management. 

Risk management includes identifying risks, risk analysis, planning and 
implementation as well as follow-up risk management operations. The project portfolio 
should be able to be balanced according to risks and current strategy by using flexible 
company practises with relation to the risk level. (Martinsuo M et al 2003). Congruent 
classification is presented in Fig. 17. This approach includes the following areas: 1) risk 
management planning, 2) risk identification, 3) qualitative risk analysis, 4) quantitative 
risk analysis, 5) risk response planning, and 6) risk monitoring and control. (PMBOK 
2004). In this sense and for the purpose of this study risk management is covered in two 
parts: 1) risk assessment (areas 1-4) and 2) risk control (areas 5-6). The latter is a sign of 
well-developed risk management. 

Besides issues that relate to non-successful outcomes, conditions or activities that 
would strengthen the occurrence of successful outcomes should also be studied. Many 
recent project risk studies promote the importance of managing potential favourable 
future business events rather than fighting against unfavourable ones (Artto K 2002). 

Risk management has been a widely explored area in scientific research. This has 
generated both general information and sophisticated methods. A few examples are 
mentioned here: Hallikas J (2003) explored the general importance of uncertainty and 
risk management in supplier networks using case study methodology. It was found that 
e.g. networking between organizations distinctly changes the nature of business risks. It is 
essential to understand the systemic view of risk management, and the success factors of 
risk management depend on determined components such as common explicit goals, 
compatible strategies and business processes, as well as relationship capability 
assessment. 

Sherif M & McCowan AK 2001 stated that if there is a high level of unrecognized 
total uncertainty in long-term investments, it will often totally distort predictions, making 
any decisions based on these predictions highly suspect. Predictions should include both 
the monetary and non-monetary aspects of an investment. They present a method, which 
is capable of modelling and ranking various investment options by utilizing interval 
mathematics and possibility theory for uncertainty associated with parameters. 
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Fig. 17. Project risk management overview (PMBOK 2004). The two parts named Risk 
assessment and Risk control used in this study are shown in grey. 
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Mareschal B (1986) presented an expected preference function for a stochastic multi-
criteria decision problem to take into account uncertainty in data in the context of project 
evaluation. Uncertainty appears for two reasons: a technical reason due to the evaluation 
procedures and a structural reason due to the fact that the criteria are difficult to quantify. 
He proposed a general approach to handle stochastic problems by utilizing an outranking 
method which constructs a binary preference relation on feasible actions.  

As shown in the literature review, there are a variety of risk analysis methods 
available. In this study the focus of risk management is to select and define a suitable 
method for investment evaluation purposes. In particular the focus is on systematic 
technology risk evaluation which can be used to derive numeric measures. From the 
project evaluation point of view it is necessary to measure the level of implemented 
project risk management.  

3.4.1  Risk assessment 

A project evaluation requires comprehensive risk assessment. The project risk 
management overview (PMBOK 2004) offers one possible methodology, but it is not the 
only one to serve the risk assessment approach in this study. 

The standard SFS-EN 1050 gives guidance for decisions during the design of 
machinery and assists in the preparation of other types of standards in order to comply 
with the essential safety and health requirements. The standard defines risk assessment as 
a series of logical steps to enable, in a systematic way, the examination of hazards 
associated with machinery. This can be followed by risk reduction. An iterative process of 
assessment and reduction can be used for eliminating hazards as far as possible and for 
implementing safety measures. Risk assessment includes (SFS-EN 1050 - 1997): 

− risk analysis: a) determination of the limits of the machinery, b) hazard identification, 
and c) risk estimation 

− risk evaluation 

Risk can be defined as a function of severity and probability of occurrence. This is 
illustrated in Fig. 18. The elements of risk can be evaluated by using several systematic 
methods e.g. FMEA, FTA and the “WHAT-IF” method. (SFS-EN 1050 - 1997). 

Fig. 18. Elements of risk (SFS-EN 1050 - 1997). 
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Other standards are also available for risk assessment (e.g. SFS-EN 414 - 2000, SFS-EN 
ISO 12100-1&2 – 2003, IEC 62198 - 2001). For focused technology audits, standards can 
provide sufficient tools, but from the project-wide point of view risk assessment needs a 
more comprehensive methodology.  

Common methods for risk analysis are e.g. sensitivity analysis, risk added IRR, 
decision tree, triple-expectation value (optimistic, probable and pessimistic), failure tree 
analysis, potential problem analysis and work safety analysis (e.g. Peltonen M et al. 
2001, Aho T 1982). Other methods are also used for risk analysis in investment projects. 
These other methods include Conjoint analysis, MDS (Multi-dimensional Scaling), 
FMEA (Failure Mode and Effects Analysis), FTA (Fault Tree Analysis), MOSAR 
(Method Organized for a Systematic Analysis of Risks), PHA (Preliminary Hazard 
Analysis), Option theory, Wiener process, Portfolio theory, Six Sigma and Taguchi (e.g. 
Hiltunen K 2003. Tötterström J et al. 2001, SFS-EN 1050 – 1997, Haapanen L 1995, 
Dixit AK & Pindyck RS 1994). 

State authorities provide legislation which can be risk assessment and safety related 
(e.g. VPN 629/1994 – 1994). These form part of the legal obligations which has to be 
fulfilled. Legislation can define e.g. procedures for certain machinery operation 
principles and inspection audits. 

Internal and external communication is an essential part of risk management. 
Reporting on risk issues is an input to the management level decision-making process and 
provides confidence that project objectives are achievable. Both formal and informal risk 
meetings should be recorded and reported. (IEC 62198 - 2001). 

Estimation of probability in practice is always somewhat subjective. The 
quantification difficulty is that people tend to see probability percentages differently. One 
way to achieve better objectivity is to verbalise probability figures, e.g. “great 
probability”, “medium probability” or “small probability”. Another way of allocating 
probabilities is triple estimating (minimum, maximum, and the most probable value). 
(Pitkänen P et al. 2000). 

Often companies can have their own risk assessment guidelines. These guidelines can 
be based on common systematic analysis, company- or case-specific analysis. Usage of 
common systematic analysis tools makes it possible in practice for a company to have 
congruent risk measures with its suppliers. 

The content of risk management is determined by far how the term risk is defined and 
understood. This is essential because concrete actions have to be based on risk 
management that focuses on those risks which are selected according to the definitions. 
Risk management has specific knowledge areas such as financing markets, technical 
systems, environment, country risks and natural disasters. The risk management 
principles need to be selected accordingly. Damage, accidents and sudden losses belong 
typically to the clean risks category. There are only limited possibilities for affecting the 
probability of these risks. On the other hand, risks which can be controlled by the manner 
of project management belong to the business risk category. These risks include 
complicated technical solutions, changes in planning, delays, production problems, 
insufficient information in planning and decision-making, legislation, and contradictory 
targets between customer and supplier. Generally the identified risks can be both 
quantitative and qualitative. (Artto K 1999). 
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In a recent research the terms risk and uncertainty have been separated. The 
perception of risk was defined as the degree of variability of financial returns and the 
potential for loss associated with a capital investment that the decision-maker believes to 
exist. The perception of uncertainty was defined as the extent to which the decision-maker 
feels certain about the parameters associated with a capital investment. The research 
examined correlations between perceptions of external/internal uncertainty, perceptions 
of investment-related risk, and substantive/procedural rationality. Substantive rationality 
was defined as behaviour that is appropriate to the achievement of given goals within the 
limits imposed by given conditions and constraints. Theory of “best” solution. Economic 
analyses are typically related to substantive rationality. Procedural rationality was 
defined as the extent to which the decision process involves the collection of information 
relevant to the decision and reliance upon analysis of this information in making a 
choice. Behaviour that is the outcome of appropriate deliberation. A theory of efficient 
computational procedures to find acceptable solutions. Furthermore the research 
separated the sample firms into three relative groups – low risk, medium risk, and high 
risk – based on the variability in the standard deviation of stock returns. The paper & 
forest products firms represented the low risk category. One of the research findings was 
that as perceived uncertainty increases, firms tend toward less extensive analysis, and 
more intuitive decision-making, which runs counter to both normative decision theory 
and financial theory. On the contrary, there is a positive relationship between perceptions 
of risk and rationality i.e. a greater perceived risk is associated with maximization and 
more extensive analysis that is quantitative in nature. This indicates that risk appears to 
be distinct from uncertainty. (Alessandri TM 2002). However, this distinction between 
risk and uncertainty is made more from a theoretical viewpoint, whereas it is unlikely that 
managers would draw that distinction, and they may use the term risk in a broader sense 
(Harris E 1999). 

The cost of capital used to finance an investment can be linked with risk management. 
Several sources of financing can be used. These sources have a different marginal cost of 
capital. The overall cost is called the weighted average cost of capital, WACC. 
Furthermore organizations can use WACC as an indication of its normal required rate of 
return, RRR, on a project of average business risk. (Northcott D 1992). 

Risk-benefit analysis targets the inclusive and quantitative evaluation of risk and costs. 
The steps are: 1) identifying objectives and goals for the project options, 2) identifying 
constraints, 3) defining the scope and limits for the study itself, and 4) developing 
measures of effectiveness for the feasible alternatives. Because of the frequently 
controversial nature of risk-benefit analysis, the analyst has to take exceptional care in 
stating the assumptions and limitations of each assessment. As in the scoring methods 
presented earlier in this study, the principal task of methodology is to express risks and 
benefits numerically. Various scientific procedures or simulation models can be used for 
making the calculations of the probability of risks. The results can be presented in a 
benefit-risk graph, as shown in Fig 19. (Shtub A et al. 1994). 
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Fig. 19. Illustration of risk profile (adapted, Shtub A et al. 1994). 

Major paper production line investments should have a global perspective regarding 
market analysis. Paper products are not the only global issue but raw materials and 
technology also have global connections. 

Regarding stock markets, analysis tools are available for global markets and price 
volatility. Related to those tools four basic risk management strategies can be used: 1) 
avoidance strategy, 2) anticipation strategy, 3) risk transfer strategy and 4) risk reduction 
strategy (Reilly FK & Norton EA 2003, p. 54 – 272). The term ‘smart money’ is also 
partly valid for paper production line investments so that investment funds are designated 
for the best targets. 

The nature of pulp and paper markets has been notoriously cyclical both in price and 
volume. This has a consequential impact on the profitability of pulp and paper industry. 
For example, the structure of the fine paper market and its essential parameters have been 
analysed for system dynamic based models which are used for forecasting market trends 
(Hahtola K 2000). This can be considered part of risk analysis, and it can be adopted to 
some extent for investment projects, as well. 

The Monte Carlo method is used for system modelling when analysing mechanisms 
and behaviour. It is an effective tool for stochastic simulation where variables are defined 
as distributions. Risks and uncertainty of parameters are defined as probability 
distributions. The distributions can be objective (e.g. previous project reference) or 
subjective depending on the available data. The Monte Carlo method is used for e.g. 
project schedules, cost analysis and profitability analysis. (Kurki H 1997). 

Jovanovic P (1999) stated that quite clearly investment decision-making takes place 
under conditions of uncertainty or risk. Accordingly, he has presented some methods for 
decision-making: Break-even Analysis, Sensitivity Analysis, Theory of Games and 
Decision-making Theory. 
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Sensitive analyses are widely used in risk assessment. In this method one variable is 
changed at a time, and the impact on final results is analysed. This makes it possible to 
estimate the error effect of variables which are otherwise difficult to evaluate. The target 
is to identify the most critical variables. Graphs like spider or tornado can be used for 
presenting the results. (Kurki H 1997). Furthermore, Borgonovo E & Peccati L (2004) 
argued that the decision-making process is integrated by sensitivity analysis. They 
presented the differential importance measure (DIM), which enables the analyst to obtain 
the importance of any arbitrary change in the magnitude of cash flows. DIM was applied 
to NPV and IRR equations and analytical expressions were derived for the cash flow 
importance of both factors.  

Distribution functions can present estimates and describe uncertainty over variables 
under evaluation. The higher the dispersion of a variable, the higher the related 
uncertainty. Some basic formulas for probability distributions are (Kurki H 1997, 
PMBOK 1996): 
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The “Matrix method” for selecting technologies has been used for risk analysis. As the 
first approach for technology selection, the two dimensions of the matrix combine the 
potential competitive impact of various available technologies with the probability of the 
technical and commercial success of their respective applications. The second 
complementary approach to this method is to distinguish technical uncertainty from 
business exposure when evaluating the overall risk involved in the various technologies 
analysed. The two factors compared directly are technical uncertainty and business 
exposure for each technology considered. The third approach also considers the position 
of the company with respect to the technologies under consideration. This is done by 
combining the familiarity of a technology for the company with the novelty or familiarity 
of the markets. As a result of this comparison the matrix defines regions of increasing risk 
associated with new technologies. As the final fourth phase the “Decision tree method” 
can be used for the selection of new technologies by the company. This method is used to 
minimize risks of allocating resources for the internal development of technologies by 
directing the selection of a process towards areas which offer the widest ranges of 
subsequent alternatives. These four approaches are presented in Fig. 20. (Dussauge P et 
al. 1992). 

Harris E (1999) states that the analysis of investment opportunities (defined as 
strategic options or projects) stands at the interface between Corporate Strategy and 
Financial Management. The management problem is to evaluate the strategic fit (ref. 
company strategy), and the financial problem is to evaluate the likely outcome (ref. risk 
management) of the project. However, managers often make subjective judgements about 
the riskiness of prospective projects, but these are rarely formalized into the strategic 
decision-making process. Harris studied this qualitative side of investment appraisal. 
Based on innovative action research approach constructs were elicited, which managers 
used to explain the riskiness of a particular project, compared to other projects of similar 
type that they had knowledge of from past investment appraisals. The analysis uses 
weighting of project risk attributes depending on the types of projects. 

Jaafari A (2001) explored strategy based project management using a life cycle project 
management approach. He emphasized that risk analysis and management should not be 
viewed as a separate planning and response operation. Furthermore, he highlighted the 
importance of both project managing based on strategic objectives (ref. strategic fit), and 
a holistic and integrative framework (ref. MB framework). In most cases the Equity 
Internal Rate of Return (EIRR) is the overriding motivator for project promoters. 
Moreover, a set of strategic objectives should be the basis for project development and 
implementation. These strategic objectives measure the value of the project in business 
terms and bond the project decisions to strategic business decisions i.e. life cycle 
objective functions (LCOF). Too much simplified risk assessment instead of quantitative 
modelling will seldom produce the right results. Risk management should be a core 
function in a strategy-based project management approach. Jaafari presented the 
Integrated Facility Engineering (IFE) model to facilitate the uptake of life cycle project 
management methodology. This enables the project manager to estimate the probability 
of how LCOFs will meet their target values. In addition, an IFE model promotes non-stop 
value addition wherever opportunities present themselves throughout the project life 
cycle. 
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Fig. 20.  The four approaches when using “Matrix method” and “Decision tree method” for 
risk analysis. Adapted from various sources. (Dussauge P et al. 1992). 

TA1 

1st APPROACH  
– evaluating technological options 

Case 
n:o 11 

Po
te

nt
ia

l c
om

pe
tit

iv
e 

im
pa

ct
 

Probability of success 

 

Case 
n:o 31 

 Case 
n:o 13 

 Case 
n:o 23 

Case 
n:o 32 

Case 
n:o 33 

B
us

in
es

s 
ex

po
su

re
 

High 
risk 

2nd APPROACH  
– technological risk 

Medium 
risk 

Technical uncertainty 

Low 
risk 

High 
risk 

Very 
high 
risk 

Medium 
risk 

Very 
low 
risk 

Medium 
risk 

Low 
risk 

High

Medium

Low 

M
ar

ke
ts

 

 

3rd APPROACH  
– the familiarity matrix 

 

Technologies 

 

  

 

 

New and 
unfamiliar 

Current 

New but 
familiar 

   

Current New but 
familiar 

New and
unfamiliar

4th APPROACH  
– selecting technological directions 
using the decision tree 

R&D 
resources 
invested 

100% 

TA TB 

TA2 TA3 TA4 TB11 TB12 TB21 TB22 

TB1 TB2 



 77

3.4.2  Risk control 

After completing risk assessment it is possible to move onto a higher level of risk 
management i.e. to risk control. Risk control covers the risk management activities which 
lower project risks by implementation of various actions and follow-up routines. Well-
performed risk control is an essential part of effective risk management. 

Information about project failures can be taken as a basis for risk management 
definition and development. This supports cause and effect analysis as well as planning 
risk control action to avoid failures in forthcoming projects. These “learning by failures” 
types of control tools are e.g. check and risk lists, which are based on completed projects 
and on corresponding experience. Not only failures but also unexpected positive success 
can be included in risk management. In this sense risk management can be extended to be 
a part of actions which are favourable to project success. (Artto K 1997). Project success 
factors are discussed in more detail in the next chapter. 

The project application area determines the content of risk management, e.g. a 
construction project and a change project (organization) have different risk management 
methodology. The latter type of project includes aspects like personnel’s resistance to 
change and the commitment of management. Concrete risk management methodologies 
are e.g. (Artto K 1997, Artto K 1999): 

− teamwork applications, mainly in identification and quantification methodologies 
− risk lists/checklists for risk identification 
− risk identification, mapping with relation to different criteria 
− identification and quantification of extreme cases, catastrophe scenario techniques 
− various quantification and risk calculation methods 
− estimation of range of the most accustomed risks and distribution calculation 
− combined risk and action lists as well as planning of actions 
− software for organizational learning and collation of knowledge 
− risk management related to project bidding and project portfolio management 

Common ways to hedge against detriment risks are to take out insurance, make a 
reservation in the budget or move risks to other parties (suppliers) by terms of agreement. 
(Artto K 1997). In the paper industry the project agreements usually contain guarantees 
which include technical, quality, and operational clauses. Agreements tend to become 
more complicated when the responsibilities of several contractors have to be determined. 
The determination of the content and the extent of guarantees is an essential part of risk 
control in paper machine investment projects. 

Interaction graphs and tree structures as well as risk mapping (a classified criteria 
matrix) are used in practice for risk management. Tools such as risk databases and risk 
management software are also available for modelling, analysing, and decision-making. 
These tools also support the collation of cumulative knowledge (Artto K 1999). 

Risk should be monitored continuously by project management methods. Actions have 
to be directed towards reducing possibilities of identified risks. New risks may also 
appear in an ever-changing operational environment during a project phase which 
increases the necessity of continuous risk assessment followed by risk control. 
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3.4.3  Key success factors for investments 

A part of the risk analysis is to recognize factors which have been behind unsuccessful 
investments. In one study the following hypothesis-type statement has been given for 
failures (Honko J et al. 1982): 

1. One salient reason for an unsuccessful investment is the imbalance between several 
items, factors and functions in the investment idea, in planning as well as in 
completion. This may be termed the hypothesis of investment balance or harmony. 

2. The probability of failure increases if the harmony (balance) is inadequate between the 
company strategy and the investment. This may be termed the hypothesis of strategic 
compatibility. 

3. The risk of failure gets bigger as the importance of market factors, especially new 
market factors, becomes more important for the investment. This may be termed the 
hypothesis of market factors. 

The statements above support the target of linking company strategy with an investment 
and evaluating an investment project as a whole. Also, the initial investment idea has to 
be verified carefully. Background information such as raw material availability, cost 
competitiveness and supply/demand balance need to be verified, which can be done using 
scenario analysis (Ronnila M 1991). Operation environment analysis supports decision-
making on investments. One study presented that companies rank items like the 
sustainability and functionality of the society, knowledge of markets and education level 
of personnel highly (Lindström M 2004). Furthermore it has to be possible to evaluate 
complementary investment projects. Finally, the completion has to be done according to 
plan. Post-completion auditing can highlight some of the critical issues. 

Basically a project has three main targets: 1) results, 2) duration, and 3) costs. From 
this point of view it is possible to measure the outcome of these targets quite precisely at 
least after the project. During the post-completion phase reasonable objective information 
is available about a) in what sense the outcome of a project was quality-wise and 
operationally unsuccessful, 2) whether the project was delayed, and 3) whether the cost 
overran the budget. (Artto K 1997). 

There is no common and objective definition of project success because e.g. project 
parties may have different goals and thus different viewpoints of project success. 
Basically project success includes two concepts: success criteria and critical success 
factors. Success criteria mean those goals which are set for a project, and which 
determine the final success of a project. Critical success factors mean those single issues 
which strongly correlate positively with final project success. Methodologies have been 
developed for measuring project operations e.g. “3A Workshop”, which uses a three-stage 
approach; 1) Assessment workshop (present situation), 2) Algorithm workshop (action 
planning), and 3) Action workshop (action decision). (Järvinen P et al. 2002). 

Project success studies may serve as the most effective contributors to the adaptation 
of more and more successful project management practices in companies. The four 
important success domains are 1) technical performance, project functionality, client 
satisfaction, and technical and financial performance of the deliverable for the 
sponsor/customer, 2) project management: on budget, on schedule, and to technical 
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specification, 3) supplier’s commercial performance: commercial benefit for the project 
service providers, and 4) the learning that project stakeholders acquire. The four 
perspectives of the Balanced Scorecard: customer, financial, internal process, and 
learning and growth, by Kaplan and Norton are analogous to project success domains. 
(Artto K 2002). In this study the applicability of the Strategy Maps, a modern version of 
the Balanced Scorecard, has been introduced. 

Munns AK & Bjeirmi BF (1996) emphasized that better appreciation of the distinction 
between the project and project management will bring a higher possibility of project 
success. Roles, responsibilities, objectives and measures need to be well established. 

Construction i.e. building projects, has some similarities with paper machine green-
field projects. They both include to a major extent e.g. planning, budgeting, work force 
and co-operation between different teams. Different viewpoints and expectations of the 
causes of problems and success elements in construction projects are available which 
have been collected from various sources in one study (Salminen J 2005): 

Causes of problems: 

− poor professional skills 
− organization type 
− management and leadership style 
− differences in project culture 
− lack of resources 
− attitudes, lack of motivation and 
− a person as the cause of the problem 

Success elements: 

− keeping to budget, profitability 
− schedule adherence 
− quality / technical specifications / low number of defects 
− product functionality 
− client satisfaction with the product and service 
− cost and time predictability / minimization of client surprise 
− contractor satisfaction 
− project manager / team satisfaction 
− environmental sustainability and 
− safe performance / low accident rates 

Technological complexity was not used as a success factor in this previous study, because 
technical difficulty was seen more as a project-specific characteristic, which should be 
taken into consideration when estimating and planning project goals. Technology was 
seldom seen as a competitive factor in the construction industry but instead success 
depends more on the skills and competencies of the project personnel to use it. It was 
stated that a method for measuring “technology” in a construction project in some 
rational way has not yet been invented. Another viewpoint was that central technical 
solutions may be considered as part of the environment of the construction site system 
and treated as external variables. Success elements were summarized as presented in Fig. 
21. (Salminen J 2005). 
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Fig. 21. Factors of a construction site system model affect results relative to proportions 
which have been found by regression analysis (Salminen J 2005). 

In a greenfield paper machine investment project, the construction part is often seen as 
less challenging compared with process assets because buildings are often based on 
standard and industrial-type solutions. Often cost reduction reasons drive a company 
towards simplified construction solutions. This is one reason why technology is seen as a 
key element in these greenfield projects. 

Financing of early stage investments differs from that of mature type investments. The 
risk level can be considered to be higher than average in early stage investments. There 
are several examples where the actual time and cost especially of a development type of 
investment have differed from the original estimates (e.g. Kharbanda OP & Stallworthy 
EA 1983). Therefore special types of funding have been arranged for these purposes,  e.g. 
positioning, resources and funding of local key players and the state’s global position in 
risk funding can be found from national studies (Maula M & Gordon M 2003). 

Total product competitiveness is one part of investment project success. The model of 
product reorientation developed in one study demonstrated the relative factors. The 
findings of the research supported the view that the market and market-related issues 
receive too little attention compared with technology-based quality and price 
competitiveness issues. The performance of paper industry product development projects 
is determined mostly by factors related to project execution instead of the market 
environment. Also in the case projects, proficiency differences in market-related activities 
were bigger than in technical activities. (Rohweder T 1993). 

The main boundary conditions are set during the strategic preparation and pre-
planning phase of a project (Kähkönen K 1996). Project management can have a key role 
in the initiation stage of projects, and attention is required for broad, strategic and often 
external matters, Fig. 22 (Morris PWG 1988). 
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Fig. 22. Factors affecting project success (Morris PWG 1988). 

Management has a key role in project success. During the definition and planning phase 
i.e. before the investment decision and construction phase, the management focus should 
cover all main areas of the project. The management touch has to be skilled and there has 
to be enough expertise. After the investment decision, the role of site management 
becomes more important. In one study it has been shown that the success of a 
construction project is highly dependent on the management skills of site managers and 
on a production-oriented management style. In addition the implementation and practical 
use of planning and production control methods are most important (Salminen J 2005). 

Booth P & Schulz AK-D (2004) emphasized the importance of a strong ethical 
environment. It increases the tendency for managers to act in the interests of their 
organizations, and it reduces their opportunistic behaviour under agency problem 
conditions. Furthermore, it reduces their tendency to continue with failing projects. 

Veen-Dirks P & Wijn M (2002) presented a framework for bridging the Balanced 
Scorecard and market-oriented critical success factors for companies operating in 
dynamic markets. The framework is devised to give support to strategy implementation 
as well as the ability to review the chosen strategy. According to the valuation in the 
prevailing business practice, the corresponding method uses financial and non-financial 
indicators, and it supports strategic control complementary to the Balanced Scorecard. 

Awareness of project success factors supports project evaluation. Although the 
purpose of project evaluation is to achieve better project success and to learn from the 
investment process, there can be issues outside the evaluation scope which pose risks to 
project success. This is not least because of the ever-changing operational environment. 
Therefore comprehensive project evaluation contributes sufficient risk management. But 
today even the most extensive project evaluation in practice cannot absolutely guarantee 
total project success. There is always at least a minor risk left. 
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3.4.4  Safety 

The basis for the safety management of investments is built up in the company culture 
which partly comes from the safety policy. Large investments in particular catch public 
attention end therefore safety issues are also part of the company image. The safety issues 
have to be planned and the target setting has to done well in advance. Several computer 
programs are available for safety risk handling. One part of this is the investment contract 
which determines the responsibilities of the contractors. In this process experience gained 
in previous projects provides valuable information. The exercise of confidential 
information is one aspect of safety. Legislation and permits place demands on 
environmental safety but this is not enough. In order to control environmental risks they 
have to be detected and analysed first. If there are facilities in operation during the 
completion phase that has to be taken into account separately. Generally the safety level 
decided on affects the risk level and project costs. (Houni P et al. 1997.) 

Safety management is a combination of processes, working methods, and controlling 
of human resources. However, there is no comprehensive system standard available. 
Instead there are standardized management systems for specific sectors e.g. ISO 14001 
for environmental safety, and BS 8800 and OHSAS 18001 for occupational safety. These 
safety systems can be applied as a part of ISO 9001 quality management systems. 
(Työturva 2005). 

There are several systematic methods for analysing safety risks in projects. A checklist 
can be used for detecting and classifying risks. For example, point analysis and range 
analysis are tools for proportioning risks. Graphs like a tornado chart and risk map can be 
used for visualising the results of the analyses. (Houni P et al. 1997). 

The self-assessment based Turvallisuuskymppi (Safety Ten) method was developed in 
Finland (published 2001) for independent safety evaluation in workplaces, and it has 
been used for Finnish contractors’ safety management purposes as well. It is based on the 
BS 8800 standard. Also, the Safety Checklist for Contractors (SCC) has been used as a 
model. The SCC system is a standard that applies the evaluation and certification of 
safety management systems. (Hietala J 2005, Työturva 2005, DNV 2005). 

Safety management in investment projects is basically the same as in normal 
operations (production and maintenance). However, there are some differences in 
weighting issues. One approach for safety management in investment projects is to 
modify the Turvallisuuskymppi method. Specific issues can be added to the company 
(project) description e.g. how is safety management included in the planning and 
implementation phase? How is risk management included in post-completion audits? 
How does the project organization exploit external experts? How is the safety training 
organized? (Hietala J 2005). 
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3.5  Investment strategy 

One definition of a strategy is that strategy is the direction and scope of an organization 
over the long term which achieves advantage for the organization through its 
configuration of resources within a changing environment and to fulfil stakeholder 
expectations. The characteristics usually associated with the word ‘strategy’ and ‘strategic 
decisions’ are: 1) strategy is the long-term direction of the organization, 2) strategic 
decisions are normally about trying to achieve some advantage and effective positioning 
for the organization over the competition, 3) strategic decisions are concerned with the 
scope of an organization’s activities, 4) strategy can be seen as the matching of the 
resources and activities of an organization to the environment in which it operates 
(strategic fit) 5) strategy can also be seen as building on or ‘stretching’ an organization’s 
resources and competences to create opportunities or capitalise on them, 6) strategies 
may require major resource changes, 7) strategic decisions are likely to affect operational 
decisions and 8) the strategy of organization is affected by environmental forces, resource 
availability and by the values and expectations of those who have power in and around 
the organization. (Johnson G & Scholes K 2002). 

Generally an organization’s strategy describes how it intends to create sustained value 
for its shareholders, customers, and citizens. If the value of intangible assets is high in an 
organization, then its strategy formulation and execution need to be done accordingly. 
However, conventional strategic doctrines do not provide a comprehensive and integrated 
view for describing strategy. Therefore new strategic tools such Strategic maps provide 
an efficient way to describe strategy in practice. (Kaplan RS & Norton DP 2003). 

One of the most important things behind a successful investment project is to combine 
investment planning and company strategy. The company management controls 
investments according to its strategic visions and by giving instructions for the 
investment process and by defining the financial accounting principles. (Kurki H 1997.) 
Based on the selected targets a company can define its own investment policy (Mustajärvi 
H 2003). The selected company investment strategy should also be transparent so that it 
could be taken into account in investment projects. This is strongly related to company 
practices and culture. 

A comprehensive approach like B-TECH can be used as a tool for integrating 
technology strategy with the business strategy, see Fig. 23 (Khalil TM 2000). This 
approach promotes the transparency of strategy implementation. A project portfolio is a 
set of projects, which have common strategic goals and use the same resources 
(Martinsuo M et al 2003). Modern IT-enabled systems and methods can be used for 
management in a multi-project environment (Rintala K et al. 2004). Furthermore well-
defined measures in a strategic audit support the management of the project portfolio. 
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Fig. 23. Integrating technology and business strategies: the B-TECH approach (Khalil TM 
2000) 

The technology-oriented B-TECH approach is different from a general model e.g. in 
business planning as presented in D Hussey’s approach (Hussey D 2000). This approach 
has the following steps in the strategy process: 1) create a vision, 2) select objectives 
(financial targets), 3) make a gap analysis, 4) define strategic choices and risks, and 5) 
select the strategy. This is followed among other things by goal setting and action plans. 
Furthermore actual results are monitored and the control process provides the required 
information and actions. The roles of markets, business environment and competitors are 
more significant in this general strategy model. In contrast, in the B-TECH approach, 
technology is described as a stand-alone process. Nevertheless, target setting i.e. 
objectives and goals could be highlighted more than is the case in the B-TECH approach. 

In a way investments make strategy completion possible by providing the required 
resources and capabilities. It is essential to perceive how an investment changes a 
company’s assets structure. Strategic management is not only decision-making but also 
making sure that decisions are brought into effect in the required manner (Kolehmainen J 
1996, p. 24). Neale B (1993) highlights the importance of post-auditing for project 
control and strategic planning viewpoints. But if strategic decisions are defective the 
investment can turn unprofitable despite successful investment completion and operative 
management. Process description binds together company strategy and investment 
planning in a natural way but nevertheless the connection in research has been weak 
(Jokisuu T 2002, p. 15). 

The whole (R&D) project should be evaluated according to compatibility with 
(development) strategy and project concept. Because a project fulfils business targets it 
should make visible strategic choices such as (Martinsuo M et al 2003): 
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− technical focus areas 
− emphasis on new vs. old products; the nature of an investment 
− emphasis on new vs. known markets 
− emphasis on new vs. known technology 
− positioning vis-à-vis competition 
− business potential and profit expectations 
− business risk-taking 
− business models and their impact on products 
− partnership and major procurement 

Investments are done in operational environments which include uncertainty. The 
environment incorporates many different influences, which creates diversity. Difficulty is 
increased by the speed of change i.e. the pace of technological change and the speed of 
global communications mean more and faster changes now than ever before. Managers 
typically try to simplify the complexity of the environment by focusing on those few 
aspects of the environment which have been important historically. Therefore it is 
important to achieve an understanding of the environment which is both useable and 
oriented towards the future. One key question is whether it is possible to identify the most 
significant structural drivers. (Johnson G & Scholes K 2002).  

Challenges from the operational environment give strong or weak signals depending 
on the availability and quality of information and opportunities to utilise it in the  
planning process of a company. There are strategic planning tools which can be used for 
processing these signals. (Ansoff HI 1984). One tool for addressing uncertainty in 
planning is to use scenarios. When scenarios are focused on a particular industry, they are 
a powerful device for taking account of uncertainty in making strategic choices. (Potter 
ME 1985). Also from the strategic viewpoint of an investment project the company 
benefits from being able to use these strategic tools. 

Several classification principles can be used for sorting out different types of 
investments (e.g. Lehtiniemi S 2004, Mustajärvi H 2003, Diesen M 1998, Northcott D 
1992, Aho T 1982). For the reasons of practicality and usability mentioned below, the 
following three groups are used in this study: 1) strategic investments, 2) development 
investments and 3) replacement investments. The group of strategic investments are 
dominated by the company’s decision to achieve a target position in a certain function 
e.g. in production volume, quality or market position. Development investments are 
dominated by profitability, which is the major grounds for their implementation. 
Replacement investments are essential for retaining the present production capacity or 
quality level and thus they are mainly for replacing worn machinery and equipment. In 
one study it was concluded that rebuilding investments can be considered as maintenance 
i.e. replacement investments as the investment strategy has maintained the 
competitiveness of the mill units (Nurmi M 1991). However, this is a somewhat narrow 
viewpoint thus with rebuilds it is possible e.g. to change the product area and complete 
strategic assets restructuring. An investment evaluation is more critical in the case of 
strategic investment because the amount of qualitative information increases. 

Strategic management differs from operative management, as it is ambiguous and non-
routine. The process of strategic management is often divided in literature into three main 
elements: 1) strategic analysis, 2) strategic choice and 3) strategic completion. (Johnson 
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G & Scholes K 2002). Despite different approaches to strategy management the common 
factor is focusing on strategy. The three main and intricately bound concepts are: 1) 
strategy is seen as the means by which the organization moves towards its long-term 
aims, 2) strategic planning is the detailed specification of both the long term and the 
strategy for achieving them, and 3) strategic management is the process by which the 
long-term aims, the strategy, are managed (Hussey D 2000). 

The quality of investment ideas is critical for successful investment strategy. Therefore 
part of the strategy process should be the search for and development of investment ideas. 
(Jokisuu T 2002, p. 22 – 28.) 

The evaluation in this study concentrates on strategic and development investment 
because they include several areas which have to be included in decision-making and 
post-completion auditing. Replacement investments are more maintenance-oriented. They 
can also be considered as low risk investments (Honko J et al.1982 p. 77).  

The strategy can change according to business area and markets, which is more typical 
for conglomerates (Honko J et al.1982 p. 32-33). The paper business area is relatively 
narrow and therefore the strategy can be considered to be more coherent at company 
level. Globalisation is included in the strategy in many companies, but it is probably most 
beneficial for companies which have the necessary critical mass and financial resources 
(Siitonen S 2003). 

In strategic investment decision-making, the importance of markets is great (e.g. 
Lindström M 2004, Takkunen H 1997). The size, the growth and the price level of a 
market are some of the most important factors. Other important factors are manufacturing 
costs, the economic and political stability of the area, technical and logistic infrastructure, 
human capital, the company’s raw material supply and competitor analysis. It is obvious 
that strategic decisions especially are not only based on economic analysis. In fact the 
decision makers’ evaluation can often be seen as given targets and selection criteria. 
Benefits and costs are seen relative to targets (Pitkänen E 1990). 

The strategic fit approach has been presented e.g. in ICT investments (Milis K & 
Mercken R 2004). This is also valid for paper production line investments. Thus the 
investment evaluation method should promote the strategic dimensions of the competitive 
advantage perspective on management.  

For strategic technology management purposes the S-curve analysis of technology life 
cycle can be used. The status of a technology is determined on a time vs. performance-
graph. Investment decisions can be made according to the competitive impact of the 
technology i.e. the position of the technology on the S-curve, see Fig. 24. The shape of 
the S-curve can change a lot depending on the technology. For example, software and 
super-high technologies may shoot quickly into a fast-growing phase and plateau 
suddenly into maturity. Therefore it is reasonable to use the aid of methods of forecasting 
technological changes, such as monitoring, the use of experts, Delphi techniques and a 
variety of mathematical or computer forecasting models. Because many factors may 
contribute to a change in forecasted information, forecasting methods do not guarantee an 
absolutely accurate prediction but they do give more of an educated guess. Furthermore a 
competitive company must be able to integrate technology planning and business 
planning effectively, and it should rely on its core competencies to provide real and 
perceived value to its customers. (Khalil 2000). 
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Fig. 24. Technological investment mode (Khalil TM 2000). 

The basic processes in the pulp & paper industry clearly have features of a mature 
technology and business. However, due to the wide range of technologies in use and 
continuous development in different sectors of the basic processes, investment projects 
can include technologies which are differently positioned on the S-curve. 

One strategic approach in the paper industry for reducing technological risk is to have 
alternatives i.e. options in the project. For example, a paper machine can be designed for 
two or more paper grades or a machine section can be designed for easy modification if 
needed. The latter is a common approach if new technology is put into operation, but the 
new construction will be possibly changed later to a conventional one. In practice, 
technological options can also mean compromises which especially reduce quality or 
efficiency competitiveness. Therefore technological options are used in cases where the 
operational environment is not well determined or where its changes are most probable. 
This is the case e.g. when a greenfield mill is built in a new market or product area. 

Even if the strategic choices and technical options are well-planned there is still room 
for unexpected opportunities. It is possible that the development of raw materials can lead 
to usage of conventional paper-making technology for new paper grades. On the other 
hand, improved process control and measurements as well as increased knowledge of 
printing technology can diversify the applications of a specific paper grade. Especially 
when finding ways of improving the profitability of outdated assets, innovative changes 
to the original strategy are often needed. 

Embryonic Growth Maturity Aging 

Pe
rf

or
m

an
ce

 

Emerging 

Monitor 

Pacing 

Invest 
selectively 

Key

Build
systematically Base 

Divest 
selectively 

Time Original: Little A. D. 



 88

3.5.1  Profitability 

There are several factors which affect the investment decision. One model is presented in 
Fig. 25 (Kurki H 1997). This model has a common economic approach and it includes 
conformity with company strategy. The demand for return on investment (ROI) is the key 
factor. The risk has been taken into account due to its possible impact on profitability. 

Fig. 25. Factors that affect the  investment decision (Kurki H 1997). 

When selecting a strategic approach for an investment it is necessary to take profitability 
issues into account. Investment profitability is not only affected by market position, 
production cost and technical scope but also by issues like project schedule, project 
management, purchasing and technical support. There are examples in the paper industry 
where the wrong strategic decisions have made the investment unprofitable (e.g. 
Kharbanda OP & Stallworthy EA 1983). 

As presented earlier in the chapter 2.1 Background, the economics of investments has 
been included in numerous in-depth studies and does not belong to the outline of this 
technology-oriented study. However, profitability is a key issue in strategy and it must be 
included at a general level because this study uses a comprehensive framework model for 
investment evaluation. 
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3.5.2  Strategy maps 

The strategy map is a modern method for combining company strategy and operational 
environment. It was developed by Robert S. Kaplan and David P. Norton who have also 
developed the Balanced Scorecard (BSC) measures. The principle of the strategy map has 
been published in the book “Strategy Maps: Converting Intangible Assets Into Tangible 
Outcomes” (Kaplan RS & Norton DP 2003). The principles of connecting strategy with 
areas in the operational environment have also been partly used in this study. 

A simplified strategy map is presented in Fig 26. The four main areas i.e. viewpoints 
of BSC contain items which are internally linked with the strategic targets. Linking is 
shown by strategic paths (marked by arrows). The strategy has two main groups: 1) 
profitability and 2) growth. 

Fig. 26. A strategy map connects the company strategy with the operational environment. 
(Kaplan RS & Norton DP 2003). 

The Strategy map method is excellent for intangible assets. However its basic form lacks 
elements which are valuable when evaluating an investment. Technology is the main area 
in investments but is only briefly covered and only one case (company) is presented at a 
time. Furthermore there is no measurable value available that could be used for verifying 
various investment projects. 

The strategic path type of presentation is valuable from the viewpoint of this study. 
Project evaluation includes areas and items which are linked with each other. Moreover it 
is a question of evaluation perspectives i.e. how issues of a certain type of categories are 
observed and weighted. Theory strategy maps are a consistent and constructive method 
for post-completion audits, because its structure supports embedding in self-assessments 
i.e. linking strategy between evaluation areas. The derivation of the linked strategy is 
presented in the next chapter. 
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4 The principles of the method for evaluating investment 
projects in paper production lines 

Based on the general define-measure-improve statement, the idea behind the method for 
evaluating investment projects in paper production lines can also be described that if you 
can define the operating environment of an investment project, you can measure it, and if 
you can measure it, you can evaluate it. Furthermore the results of the evaluation can be 
used for improving the investment process and decision-making. 

In a way an investment project is built up of components. Some of these components 
can be evaluated more accurately than others, e.g. the prices of machinery can be 
evaluated quite exactly based on price lists, earlier purchases or suppliers’ offers.  
Whereas with construction work, budgeted and realized costs may differ significantly. 
Technological performance and product quality level can also vary. Components like 
interest rate and prices of raw materials and final products always include uncertainty. 
Furthermore components like human resources, the infrastructure of a location, 
environmental issues and the congruence between investment strategy and company 
strategy can be included in the investment project. All these components affect the 
revenues of an investment. 

The evaluation of the operational environment is connected with the strategic targets 
of an investment, including the fulfilment of the specific targets of an investment, risk 
management and company strategy. For ranking and decision-making reasons it is 
required to make the evaluation on a scoring and ranking basis. Furthermore evaluation 
areas have different importance according to the strategic targets. Therefore weighting is 
required for building up this importance difference. These elements form the basic 
principle of the evaluation method. 

Criteria are required to set rules for the evaluation. In order to get sufficient accuracy, 
criteria have to be specified according to the evaluation area. In this study the evaluation 
area is investment projects in a paper production line. However, criteria have to meet 
changes in company strategy and operating environment thus criteria need to be written 
at a general level to fulfil these requirements. 

The guideline must always be in line with the practical evaluation of an investment 
project. As stated earlier, in chapter 2.2 Driving forces, there is a need for a practical 
evaluation tool for capital-intensive investments. 
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4.1  Linked strategy 

The selected company objectives are related to what one is trying to accomplish. The 
measures have to be selected accordingly. Furthermore objectives should be linked in 
cause-and-effect relationships. The strategy map methodology (a diagram) describes a 
company strategy by explicit cause-and-effect relationships among the objectives in the 
four BSC perspectives. In addition a map is case-specific reflecting differences in 
industries and strategies. The successful execution of a strategy requires three 
components (Kaplan RS & Norton DP 2003): 

{Breakthrough results} = {Describe the strategy} + {Manage the strategy} 

The underlying philosophy of the three components is two principles: 1) “You can’t 
manage (third component) what you can’t measure (second component)”, and 2) “you 
can’t measure what you can’t describe (first component)”. This can be written in the 
following format using the principle of linked objectives in strategy maps (Kaplan RS & 
Norton DP 2003): 

{Breakthrough results} = {Strategy maps} + {Balanced Scorecard} +  
{Strategy-focused organization} 

In Strategy map methodology the four BSC perspectives with linked objectives i.e. 
strategic paths, contribute to the successful execution of a strategy. The focus of this 
methodology is on intangible assets, not tangible assets as is the case with paper machine 
investment projects. Therefore other perspectives are required for investment evaluation. 

Earlier in this study the principles of the Baldrige framework were presented. In the 
framework a total of six defined categories (processes) generate business results. 
However, the Baldrige framework does not have all the processes which are identified as 
critical for a successful investment project. It is also a TQM tool for continuous 
improvement, but a project evaluation requires measurements for a temporary endeavour. 
On the other hand, this does not exclude the TQM approach from being used for 
improving the investment process in a company. Actually the latter can be one outcome 
of an investment evaluation. 

In this study a linked strategy is constructed using these two methodologies, the 
Strategy maps and the Baldrige framework. A new framework of investment evaluation is 
constructed as the continuation of the strategy formulation. The original terminology of 
the two base methodologies is respected as far as possible, but the new approach requires 
new definitions in some cases for reasons of legibility and concept. 

The company strategy is linked with the investment project using strategy map 
methodology. It is based on the following derived equation: The evaluation method in 
this study combines tangible physical and financial assets with intangible assets in the 
operational environment of an investment. Furthermore analyses of project success 
presented earlier in this study increase the importance of fulfilling project-specific 
targets, adequate risk management, and the strategic fit of all project operations. Thus the 
linked strategy of a value added investment project can be written in the following way: 

{Value added investment project} = {Investment project meets project targets}  
+ {Extensive risk management}+ {Investment strategy meets company strategy} 
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The derived equation brings out the three perspectives: targets, risks, and strategy. 
Furthermore, according to the outline of the thesis, these perspectives provide the quality 
measures of the investment project, see Fig. 27. Together these three perspectives i.e. 
dimensions constitute the project profile. This can be expressed e.g. as an investment 
project that is strategically important, with low risks, and fulfilling moderate targets. The 
outcome of operations and results is a value added investment project which is 
concurrently the ultimate goal of a company. Single project results are considered to be a 
part of the project scope; not the final goal of the company – only a value added 
investment project can be considered the ultimate goal. This study harnesses results as 
one part of the perspectives which jointly contribute to the achievement of a value added 
investment project i.e. the ultimate goal. This approach is one of the key elements when 
building the framework of investment project evaluation.  

Fig. 27. The three evaluation perspectives: Targets (T), Risks (R), and Strategy (S). These 
derived perspectives constitute the dimensions for the project quality profile in this study. 

Arbnor I & Bjerke B (1997) argue that in the Actors approach an actor’s (ref. project 
members) various meanings and interpretations acquire their structures from the finite 
provinces of meaning. As presented earlier in this study, project targets, risk management, 
and strategic fit are essential for project success. Therefore these perspectives are present 
consciously or unconsciously in all areas of a project (actors’ reality). By following the 
principle of provinces and the conducted formula of the linked strategy, in this study 
targets, risks, and strategies are constructed as a part of the model for understanding the 
chosen actions (operations) and general objectives (results) of the evaluated project. This 
new way of thinking increases explicit understanding of the existing reality. 

In constructive research the construction is a method, and furthermore the construction 
is the end result of the study (Takala J & Helo P 2000). In this study the three evaluation 
perspectives (targets, risks and strategy) are an essential part of the new method. They are 
embedded into a self-assessment framework, which jointly generates a novel method for 
post-completion audits according to the research questions. 
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Obviously an investment project is expected to meet the project targets. In many ways 
this is the basic assumption for a successful project. A company management cannot 
accept any other kind of result than the fulfilment of the project targets. Targets also lay 
the grounds for the commencement of a project. 

Risk management should be extensive in every area, in every link of the chain. If this 
is not the case, the project evaluation should show a lower ranking in risk management. 
This is also a way to estimate the full extent of risk management. The awareness of a risk 
situation is essential for realistic decision-making and required corrective actions. It also 
gives information on the work involved in risk management. 

In addition to project targets and risk management an investment has to meet company 
strategy. This is not only a general statement but it has to be evaluated in the different 
areas of an investment. It is not enough that profitability and market issues fulfil the 
requirements of company strategy but areas like environment, resources and technology 
have to meet that strategy as well. It is possible that a clear defined investment strategy is 
not always available in every evaluation area. In these cases the area has to be evaluated 
based on detected similarities and deficiencies with the company strategy or targets. One 
approach is to evaluate how an investment covers the company strategy. This can be done 
by verifying similarities with strategy to the sum of similarities and discrepancies. In 
practice there should be a linked chain between different strategies: company strategy ↔ 
investment strategy ↔ technology strategy ↔ R&D strategy. As an outcome of this chain 
of strategies it is possible to determine a criteria base for investment project selection. 

Project targets, risk management and company strategy have to be parallel in order to 
achieve focused operations. This is described in Fig. 28, which presents one of the ideas 
behind the project evaluation method now developed. The parallel direction does not 
mean only similarities for actions but it is also a combination of issues like timing, 
resource allocation, common measures, communication, long-term planning and 
priorities. In a way this is part of the commitment to company principles. The result is the 
consolidation level for targets. In investment project evaluation the links between parallel 
targets have to be included to achieve an estimate of the consolidation level. 



 94

Fig. 28. If project targets, risk management and company strategy are unparallel the 
investment is not focused. Parallel targets support focused operations.  

The company strategy can be based on a mission, vision and values. These planks also 
give direction to the investment strategy. However, the investment strategy can and 
should change according to changes in company strategy. When evaluating the link 
between company and investment strategies, it should be possible to adapt the criteria 
used in a case to these changes. Otherwise the criteria would be sensitive to changes and 
in practice instructions for evaluation would easily go out of date. 

4.2  The basic principle 

The extent of the evaluation must have a relationship with the size of the investment. 
Small investment evaluations focus on technology and profitability. Middle-sized 
investment evaluations must have elements of resources and long-term cost 
competitiveness. Big investment evaluations must cover the whole operating environment 
and economic stability of the location. 

The evaluation of the investment project will take into account the type of investment. 
Roughly it can be said that the strategic investment approach puts more value on 
operations (technology) and correspondingly the development investment approach puts 
more value on profitability issues. 

The extension of evaluation areas according to investment size is presented in Fig. 29. 
This semantic description assists project evaluations in this study. The different strategic 
approaches can outstrip some evaluation areas, and is represented with a dashed line. 
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Fig. 29. The extension of evaluation areas corresponds to the size of the investment. The 
approach, strategic or development, can affect the evaluation area. 

The focus of this study is on projects which include post-completion audit reporting. In 
this sense the project size is normally at least several million Euros and/or it has specific 
importance to some extent. Small development investments and replacements (i.e. 
maintenance) are therefore out of the scope. 

The basic principle of the evaluation method in this study is based on an MB type of 
self-assessment and weighted scoring calculation. Scoring is needed for ranking and 
decision-making purposes. This scoring principle is used in self-assessment and therefore 
it is commonly used and well known. This study introduces strategy maps in this context. 
The basic principle of the new method is presented in Fig. 30. 

An investment project has the ultimate target of being a value added investment 
project which needs to be fulfilled by various operations and profitable results. 
Furthermore this ultimate target is a sum of project-, risk-, and strategy-related targets 
which can be partly project-specific but the majority of targets have to be defined in 
common for all investment projects. The importance for project success can vary among 
these targets so they can be differently weighted. Naturally an evaluation is not functional 
if criteria and targets change from one investment to another. Also the number of targets 
has to be limited so that a clear strategic focus is achieved. 
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Fig. 30. The basic principle of the new evaluation method. Strategy maps (Kaplan RS & 
Norton DP 2003) are introduced in a self-assessment (ref. NIST 2005a) context. 
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Several things affect the successful achievement of the targets. In the strategic maps 
technique the links between items and targets are shown by arrows (Kaplan RS & Norton 
DP 2003). In the same way links between items and targets can be highlighted in 
investment project evaluation. The major difference is that investment projects include 
both tangible and intangible resources. Also for evaluation purposes links need to be 
defined in a more structured way. In this study these links are evaluation perspectives i.e. 
strategic paths. 

The method divides an investment into areas (ref. categories) which represent a well-
defined evaluation subject, e.g. “Markets” is an evaluation area. The areas have to be in 
balance with their size and importance. Otherwise there is a risk that only well-known 
areas are evaluated in detail and they naturally receive more attention which is reflected 
as an unbalanced importance in evaluation results. The areas need to be defined in such a 
manner that one single area does not get too big. If this is likely to happen the area needs 
to be divided into two or more separate areas. For example, the area “Results” is very 
wide. Many things affect the results. Therefore this wide area has to be defined so that it 
will be in balance with other areas. 

Areas are further divided into sub-areas called items. Each item is a basic cell, forming 
together with other items a complete evaluation area. The selection of items has to be 
done in order to describe the area and achieve a balance between evaluation areas. The 
items in a way form the characteristics of the areas.  

For evaluating and weighting purposes, it is appropriate to formulate items that have 
roughly an equal size and the same level of importance. Later this approach will support 
the balancing of the scoring between areas. 

All areas have specific weights which correspond with their importance level. The 
total weight, say 1000, is the sum of area weights. These weights are given by company 
management, and they are based on technology, project and business knowledge and 
business strategy. Furthermore the weights can vary depending on the investment 
classification i.e. strategic or development investment and greenfield or rebuild project. 

Items get their own weights as a result of long division of the area weight value. 
Therefore the sum of item weights are equal to the area weight. 

Evaluation is based on criteria, and results (yield) are presented as percentages [%] for 
each item i.e. percentage score. The better the percentage score, the higher the percentage 
and vice versa. The scale is from 0% to 100%. Criteria are built up for the rules of the 
evaluation method. If the criteria are changed the basis of evaluation is changed as well. 

Evaluation can be performed at target-specific levels. This makes it possible to 
evaluate the performance of each item or more widely that of an area against determined 
strategic targets. 

Scoring is done by multiplying item percentage scores by the corresponding weights 
and totalling the scores of the areas. This results in the weighted average scoring of the 
investment. 
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4.3  Areas and items of evaluation perspectives 

The method has three evaluation perspectives: 1) project Targets (T), Risk management 
(R), and company Strategy (S). This combination of TRS makes it possible to have 
different viewpoints which can be considered as the strategic paths of the analysis. The 
reason for this is that it is not enough to evaluate a project as such, but the success in a 
project is also strongly related to risks and company strategy, both of which have to be 
covered and managed. These three evaluation perspectives have different characteristics, 
and therefore the evaluation principles used have to be adapted accordingly i.e. strategy is 
evaluated differently than risks, and risks are evaluated differently than project targets. 

The whole operational environment of an investment project is described by areas and 
their items. The selection of areas and items is the result of a combination of the MB 
framework type (NIST 2005a) of self-assessment, strategy maps (Kaplan RS & Norton 
DP 2003), project management and technology management. The following seven areas 
and their items have been used in this study (see Fig. 31): 

- Management. This area covers issues related to communication and project 
management. The items are 1) Co-operation & communication and 2) Legal affairs, 
planning and implementation. 

- Sustainability. This area covers both environmental and safety issues which are 
evaluated separately. The items are 1) Environment and 2) Social response. 

- Markets. This area covers market analysis, sales planning and distribution. The items 
are 1) Volume & competition, 2) Growth & strategic options, 3) Supply chain, and 4) 
Price, service & customer retention. 

- Infrastructure. This area covers the infrastructure at the mill site and in the 
surrounding area. The items are 1) Internal and 2) External. 

- Resources. This area covers the human resources in the project and in the investment. 
The items are 1) Occupational safety, 2) Competence and 3) Adequacy. 

- Technology. This area covers issues related to product and process technology. The 
items are 1) Raw materials, 2) Energy, 3) Production technology, 5) Product, and 6) 
Maintenance & suppliers. 

- Results. This area covers economic analysis. The items are 1) Time schedule & 
budget, 2) Sustainability, 3) Profitability, 4) Start-up, 5) Site, and 6) Assets & product 
performance. 
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Fig. 31. The basic areas and the three evaluation perspectives of the method developed. 

VALUE ADDED INVESTMENT PROJECT 

7. Results 
W71 x (Time schedule & budget) 

project 
Targets (T) 

WT weighted 
avg. 

W1 

W31 x (Volume & competition) 3. Markets 

W32 x (Growth & strategic options) 

6. Technology 

W64 x (Product) 

ΣWi(Ti+Ri+Si) / W 

W 

W34 x (Price, service & customer retention) 

W63 x (Production technology) 

W76 x (Assets & product performance)

W41 x (Internal) 

5. Human resources 

W52 x (Competence) W53 x (Adequacy) 

4. Infrastructure 

W33 x (Supply chain) 

W7x x T7x 

       x R7x 

       x S7x 

2. Sustainability 

W51 x (Occupational safety) 

W21 x (Environment) 

W72 x (Sustainability) 

W11 x (Organization & co-operation) 

W75 x (Start-up) 

W12 x (Legal affairs, planning & implementation) 

W1x x T1x 

       x R1x 

       x S1x 

W2x x T2x 

       x R2x 

       x S2x 

W3x x T3x 

       x R3x 

       x S3x 

W4x x T4x 

       x R4x 

       x S4x 

W5x x T5x 

       x R5x 

       x S5x 

W6x x T6x 

       x R6x 

       x S6x 

W42 x (External) 

company 
Strategy (S) 

WS 

Risk 
management (R) 

WR 

W2 

W3 

W4 

W5 

W6 

W7 

W61 x (Raw materials) 

W62 x (Energy) 

W65 x (Maintenance & suppliers) 

1. Management 

W74 x (Site) W73 x (Profitability) 

W22 x (Social response) 

Areas are based on the Malcolm Baldrige framework 



 100

The areas from number 1 to 6 are generally called the Operations as distinct from area 
number 7, the Results. This classification has synergy with MB criteria i.e. the Processes 
and the Results. The term operations is used instead of processes due to the occasional 
and monetary driven nature of investment projects compared to the continuous and multi-
valued nature of the whole company activities. It is also used because it is possible to link 
tangible and intangible items with the results better e.g. the outcomes of the investment 
project measured in monetary terms, volume or time. Later this benefits the effective 
presentation of evaluation results. 

The validity of the framework model is discussed in the following paragraphs. The 
selection of areas and items has been made based on the requirements for success in a 
value added investment project. The evaluation approach is comprehensive. The 
requirements are derived from the literature review and constructive research, and they 
are described as the criteria of the framework model. Yin RK (2003) has summarized the 
principles of four tests for case studies: 1) construct validity, 2) internal validity, 3) 
external validity, and 4) reliability. The validity of the model itself is first evaluated via 
content, construct, and predictive validity adapting the principles which are presented in 
the study of Pannirselvam GP et al. (1998) for a self-assessment method. 

The content validity i.e. criteria include all the items that help assess a company’s 
project evaluation (adapted from the source: Pannirselvam GP et al. 1998), of the new 
framework model is based on the derivation from a commonly used development tool, 
the MB criteria methodology. In addition the modern strategy map tool is used to 
strengthen the evaluation process by making it possible to separate project Targets (T), 
Risk management (R), and company Strategy (S) as separate viewpoints. Specific 
evaluation criteria for items support the adaptation to investment project requirements, 
and it further deepens the content validity. 

The construct validity i.e. each of the items under a criterion in the framework model 
provides an operational measure of the dimension of what the criterion represents, and 
thus all items collectively and completely measure the criterion (adapted from the source: 
Pannirselvam GP et al. 1998), of the comprehensive framework model may be analysed 
mathematically using correlation models between the items. O’Leary-Kelly SW & 
Vokurka RJ (1998) argue that construct validity involves the assessment of the degree to 
which a measure correctly measures its targeted variable. Instead of a comprehensive 
framework model, the focus of this study is limited to two items: Production technology 
from the Technology area and Specific investment costs from the Profitability area, as 
described in the following chapters. In that sense the strong correlation of one item in an 
area to itself is clear. In contrast, Production technology and Specific investment costs do 
correlate to some extent. However, this correlation cannot be considered to be direct but 
more implicit, hence these items may be used in the framework model from the construct 
validity point of view. Furthermore, the scoring principles of the assessment exploit the 
MB framework which is developed for the appropriate accuracy level. 
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The predictive validity i.e. measures based on the criterion correlate with other 
measures of project evaluation (adapted from the source: Pannirselvam GP et al. 1998), 
of the scoring-based framework model need to be verified with evaluation results derived 
from the same case but using different methodology. As there are most probably no 
corresponding scored results of case studies available, substitutive measures need to be 
used. Therefore the written conclusions of post-completion audit reports will be used as 
reference data for assessing the predictive validity. 

In addition to these three tests, the reliability test according to Yin RK (2003) has the 
objective of ensuring that with the same procedures and the same case study (not another 
case study), a later investigator should get the same findings and conclusions (ref. 
research questions). One prerequisite is to document the procedures done in this study 
using method description and case study documentation. The second prerequisite is the 
use of auditors, which has been included in the method by using competent facilitators 
during post-completion audits. Furthermore, the general way of approaching the 
reliability problem has been the operational steps in the evaluation process itself, which 
promote objectivity and the focused expertise of the evaluators and facilitators. Finally, 
the results were verified by using two single-case studies which had the same intersecting 
database i.e. the very same project (a single case) was evaluated twice. 

P Lillrank’s (1998 & 2006) idea about strategic analysis has been presented in a self-
assessment context with the two axes “Things right” and “Right things” by K Laamanen 
(2002). The first axis is about strategic position. The question is about right things, where 
issues such as products, capacity, supply chains and pricing (ref. operations) are 
evaluated. The second axis is about the ability to execute the chosen strategy. The 
question is about doing things right, where issues like quality, speed, flexibility and 
innovativeness (ref. results) are evaluated. For the purposes of this study, the approach 
described provides a good tool for presenting the outcomes of self-assessments. 
Furthermore, the famous quotation “Efficiency is doing things right; effectiveness is 
doing the right things” by Peter F. Drucker (Drucker PF 2005, BrainyQuote 2006) 
incorporates the definition of efficiency as success in carrying out an assignment (manual 
worker), and effectiveness as success in knowledge management (knowledge worker). 
From this study’s point of view, effectiveness refers to operations which have to be the 
‘right things’ i.e. to cover the essential areas of an investment project. Accordingly, 
efficiency refers to results which have to be ‘things right’ i.e. success in the completed 
operations. Finally, this “Right things - Things right” type of presentation has been 
further developed by Nieminen P (2006) in his own research, and it has been used 
successfully in self-assessments in the case company. These applications of the “Right 
things - Things right” presentation have inspired the author to develop the presentation 
further to be used for an Operations vs. Results graph including the TRS perspective. 
This principle is described in the following paragraphs.  

The Operations (ref. Processes) consist of areas from 1 to 6, which are focused on 
examining the project approach e.g. systematic and proven methodologies, validity of 
information, utilization of benchmarking and company knowledge etc. Due to the 
transacted nature of Operations the corresponding measures are mainly qualitative. 
Therefore the viewpoints are also more subjective. In contrast the Results i.e. area no. 7 is 
focused on examining project results e.g. capacity, profitability, technical performance, 
time schedule etc. These measures are often based on actual measurable facts. Thus the 
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corresponding measures are mainly quantitative and the viewpoints are more objective. 
Both areas, Operations and Results, include the three TRS perspectives thus it is possible 
to use two-dimensional co-ordinates. 

Measures in Operations and Results assess the quality of a project. Excellent 
performance in both dimensions promotes achievements towards success in projects. This 
progress is required in all three evaluation perspectives, see Fig. 32. A failure in one area 
can risk project success. Therefore evaluation perspectives are like chains of success and 
there must not be any weak links. 

 

Fig. 32. The “doing the right things vs. doing things right” principle is adapted to the MB 
framework as part of the Operations vs. Results graph by using the original sources (Lillrank 
P 1998 & 2006, Laamanen K 2002, Nieminen P 2006). “Right things” refer to Operations (e.g. 
management, technology and human resources) and “Things rights” refer to achieved results 
in the corresponding area. The general principle in this presentation is that well-performed 
operations generate good results and vice versa. Furthermore, each component of the TRS 
perspectives can be presented separately as a factor for success in projects. 
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4.4  System perspective 

The system perspective of the investment evaluation framework is modelled on the 
system perspective of the Baldrige criteria. This installs TRS perspectives on an MB 
criteria type of platform. As a setup it is quite heavy for a practical approach, but it is still 
justified, because MB criteria methodology has been adopted worldwide, and thus it 
gives a verified standpoint for the basis of the study – to develop a self-assessment-based 
investment project evaluation method. It is definitely a subject for further study to lighten 
and simplify the self-assessment framework for the TRS perspectives.  

When comparing MB and TRS system perspectives the main designation differences 
are: Project profile (ref. Organizational profile), area no. 2, Sustainability (ref. Strategic 
planning) area no. 4, Infrastructure (ref. Measurement, analysis, and knowledge 
management), and area no. 6 Technology (ref. Process management). The TRS system 
perspective is presented in Fig. 33.  

As in the BNQP, the six areas in the centre of the figure define the operations and 
achieved results. On the left side areas no. 1, 2 and 3 represent the management triad, and 
emphasise the importance of management focus on sustainability and markets. On the 
right side areas no. 5, 6 and 7 represent the result triad. Project results are a composite of 
all actions. The triads as well as the management and the project results are linked by the 
horizontal arrow. The two-headed arrows indicate the importance of feedback. Category 
no. 4, Infrastructure, serves as a foundation for the project success management system. 

The difference between TRS and BNQP system perspectives is not only in the 
designation of factors, but also in the internal relationships. Management has a feedback 
link with Project profile which provides initiatives to the project process and also 
measures the TRS dimensions of the project. Without any project evaluation the latter are 
only partly known by distinct project targets, occasional risk assessment results, and 
possible strategy declarations. These features form a basically known project profile i.e. 
project characteristics and challenges. This has synergy with the MB criteria of 
environment, relationships, and challenges. Only after performing a project evaluation is 
it possible to determine TRS dimensions in more detail. Thus project evaluation makes 
the project profile more distinct. This dual nature of the project profile is seen in practice, 
as the profile grows and becomes more explicit along with progress. Evaluation promotes 
this process. 
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Fig. 33. TRS framework modelled on the BNQP system perspective (adapted from the 
original source, NIST 2005a). 
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be allocated. Score weighting is done for 1) the areas, 2) the items of a single area, and 3) 
the evaluation perspectives TRS. It is applicable for weights to be given by company 
management, as is usual with scoring methods. In this study weighting was done using 
the guidelines of the supervising group (i.e. an expert panel for investment projects). 

The basic weighting for the areas and items is shown in Table 2. The weights of each 
area present the relative importance according to the company’s management and experts. 
This initial weighting adapts principles of the Baldrige framework (NIST 2005a). 
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Table 2. The TRS evaluation method weights for areas and items. 

Categories & Items Description Point values 
1 Management The Management area examines how the project organization is 

established and how it performs in cooperation. Also examined are 
how the project handles legal affairs, and how planning and 
implementation are managed. 

40 

1.1 Organization and cooperation 20 

1.2 Legal affairs, planning & implementation  20 

2 Sustainability The Sustainability area examines how the project organization 
determines and fulfils its environmental objectives. Also examined are 
how it responds and develops the social response. 

40 

2.1 Environment 20 

2.2 Social response 20 

3 Markets The Markets area examines how the project determines its strategy 
and competitiveness in markets, customer s’ requirements, service 
capabilities and development trends of prices and volumes.  

160 

3.1 Volume and competition 50 

3.2 Growth and strategic options 40 

3.3 Supply chain 30 

3.4 Price, service & customer retention 40 

4 Infrastructure The Infrastructure area examines internal and external prerequisites for
the location of on investment. Also examined is the support and 
benefits of the related infrastructure. 

40 

4.1 Internal 20 

4.2 External 20 

5 Human resources The Human resource area examines how working methods and 
employee suitability enable project objectives to be achieved. 

60 

5.1 Occupational safety 20 

5.2 Competence 20 

5.3 Adequacy 20 

6 Technology The Technology area examines the key aspects of the production 
process, technological choices, and managing competitiveness of 
assets and products. Also examined are the compatibility of 
maintenance, and support and knowledge transfer from suppliers. 

160 

6.1 Raw material 30 

6.2 Energy 20 

6.3 Production technology 60 

6.4 Product 30 

6.5 Maintenance & suppliers 20 

7 Results The Results area examines project performance in the six areas. The 
performance levels are examined relative to those of the acceptance of 
the investment (benchmarking for feasibility studies). 

500 

7.1 Time schedule & budget 70 

7.2 Sustainability 70 

7.3 Profitability 120 

7.4 Site 70 

7.5 Start-up 70 

7.6 Assets & product performance 100 
Total score 1000 
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4.6  Criteria 

MBNQA defines Baldrige criteria as follows: performance excellence criteria are a 
framework that any organization can use to improve overall performance. Seven 
categories make up the award criteria (NIST 2005b). Furthermore it is stated of the basis 
for the criteria that the criteria are developed from the state-of-the-art learning of private- 
and public-sector organizations that are working to achieve organizational performance 
excellence. The criteria reflect validated, leading-edge practices for achieving 
performance excellence (NIST 2005c). 

As in the MB criteria also in this new investment project evaluation framework the 
criteria fall into seven areas (ref. categories), but they also have the all three TRS 
evaluation perspectives. Areas consist of items which form the basic level for criteria. 
The item and perspective specific criteria are presented in the corresponding chapters. 
The nature of the criteria is both quantitative and qualitative depending on the item.  

When self-assessment can be seen as a by-product of quality awards (Ojanen V et al. 
2002) there is an analogy with investment evaluation and decision-making. Criteria are 
needed for evaluating the quality of a project and the score is weighted more toward the 
approval decision. Thus long-term development of single projects is more related to the 
development of criteria, and accordingly the score weighting is related to the company’s 
strategic decision-making and the management of a project portfolio. 

The nature of qualitative, quantitative and semi-quantitative evaluation techniques and 
their applicability have been reviewed in the literature (Ojanen V et al. 2002). For the 
evaluation purposes of this study it is clear that all three evaluation techniques have to be 
utilized. The nature of single items defines the applicability of each technique. 

Even though the approach in this study is technology- and post-completion audit- 
oriented, the criteria are written to fulfil extensive evaluation requirements during a 
project lifetime i.e. from feasibility phase to post-completion audit. This is because 
increasing the usability of the framework correspondingly increases the value of the 
model according to the driving forces, as presented earlier in this study. On the other 
hand if evaluation principles are consistent with all project phases and various projects, it 
promotes the collection of cumulative knowledge in a company. 

Criteria can utilize reference evaluation cases (REC), which show an example of 
criteria appliance e.g. how to combine the output of the quantitative scoring graph with 
the input of the qualitative item status estimate. In the long run the set of completed 
investment project evaluations and their documented evidence form a source of new REC 
(ref. precedents). For implementation of the new REC a company needs to have a 
formalized updating procedure to prevent later confusion in the criteria. 

For an investment project evaluation i.e. project audit the application of the criteria is 
quite straightforward. It is essential to stay in the scope of the criteria, and not to 
condense or expand the original scope. The main grounds of the selected percentage 
scoring are written on the evaluation form. Where possible, the main grounds are 
documented in the form of a new REC for use in further evaluation cases. 

Whenever the evaluation method is adapted to an assets audit instead of a project 
audit some conversions have to be made to the criteria. These conversions need to be 
documented as a new REC, and used further as part of assets audits. 
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The evaluation perspective project Targets (T) always contains item-specific 
evaluation criteria. Thus the evaluation of each item is based on separately defined and 
focused criteria. This is relevant due to the project- and technology-oriented evaluation 
approach. In contrast the two other evaluation perspectives, risk Management (R) and 
company Strategy (S), use both item-specific and common criteria depending on the item 
and the evaluation perspective, i.e. the same criteria can be used for one or more items of 
an evaluation perspective. This is relevant due to the partly qualitative nature of 
evaluation criteria for both R and S. This also aims at the capturing of the vision that the 
evaluation group has of the project. In addition, common criteria make the evaluation 
process more compact and efficient. 

The three evaluation perspectives, TRS, make it possible that not all the criteria have 
to be applied as one package for the evaluation subject. This is essential for investment 
projects that can clearly have a project-specific target, have variety in risk management, 
and can be completed with or without complete strategy compliance. This is a different 
thing e.g. for a company unit that has a specific and fixed location, assets, organizational 
culture etc. which is continuously developed. 

Basically the criteria are the intellectual property of a company. Thus the evaluation 
method forms a framework which can be further implemented according to company 
specifications and requirements. 

4.6.1  Scoring guidelines 

In the MB framework, Process items are evaluated by four factors: approach-deployment-
learning.-integration (A-D-L-I). Accordingly the four factors used to evaluate Results 
items are: 1) the organization’s current level of performance, 2) the rate and breadth of 
the organization’s performance improvements, 3) the organization’s performance relative 
to appropriate comparisons and /or benchmarks, and 4) linkage of the organization’s 
results measures to important customer, product and service, market, process, and action 
plan performance requirements. Ever better quality in these factors is expected as 
processes mature. Results are expected to show improvements in key business factors. 
(NIST 2005a). However, this kind of measurement of continuity does not cohere with an 
occasional project evaluation as such. 

In this new investment project evaluation framework, Operations items are evaluated 
by A-D-L-I factors, but some modifications need to be taken into consideration. 
“Learning” means especially the use of company-wide expertise and knowledge. 
“Integration” also promotes technical needs and cooperation with suppliers for aligning 
requirements and approaches in a project. In addition, criteria are not written directly in 
terms of A-D-L-I factors because process improvement cycles are not distinct in 
occasional project phases. Therefore A-D-L-I acts more as a figurative backcloth for 
project evaluators. 
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The evaluation of Results items in this study uses the following four factors: 1) the 
project’s current level of performance, 2) outcome versus defined targets, 3) the 
utilisation rate of best practices, and 4) linkage to company policies and objectives. These 
factors are adapted to MB criteria principles. Factor no 2 can in many cases be accurately 
predefined and numerically measurable. Factor no 4 can be e.g. linked to the company’s 
investment instructions. 

The guidelines for percentage scoring are shown in Table 3. It includes six 
performance category levels. Generally the scoring guidelines are valid for Operations, 
and there are separate guidelines for Results, see Table 4. The area-specific criteria are 
derived from the scoring guidelines. It is recommended to use a 10% minor scale when 
giving percentage scoring during the evaluation process and the resulting average final 
item evaluation can be presented in 5% steps. 

Scoring guidelines are grouped according to the TRS perspectives. Each of these 
perspectives has specific requirements and measures project quality from a different 
angle, and thereby they give dimensions to project quality. Furthermore these dimensions 
form the project perspective, as described earlier in this study. Accordingly the TRS 
perspectives have their own criteria for measuring these dimensions. 

The criteria in the project Target (T) perspective measure particularly the relation 
between project & technology management and target-setting. There has to be a balance 
between the two factors. For instance, in Operations areas the T perspective is not 
balanced if a project has poor project & technology management, and it has also at the 
same time very challenging targets. High scores are achieved with a fully responsive 
project & technology management in a project, which have challenging or impressive 
targets. The third factor is a combination of learning and integration i.e. it measure how 
cooperation and knowledge is utilized in a project. Thus evaluation of information 
management is built in the evaluation of the T perspective. 

The criteria in the Risk management (R) perspective measure roughly the project’s 
approach to managing risks (Operations) and risk level (Results). This perspective is 
particularly characteristic for projects, and for analysis and decision-making this 
evaluation of the R perspective results in a risk profile, as well as an overall risk 
management level. The three evaluation factors in Operations are risk management 
approach, coverage, and formulation of results and estimates. The first two factors are 
evaluated relative to the monetary value or conceived extent of the item. The latter factor 
is even more notable with intangible and qualitative items when a formal risk assessment 
procedure is not available.  

The criteria in the company Strategy (S) perspective measure the integration of 
company and project targets. Evaluation of the S perspective is particularly a tool in 
projects for re-directing (feasibility phase) operations. It is also a tool for decision-
making. In a post-completion audit the S perspective exposes the factors behind a 
company’s support and success in business strategy. In the Operations area the S 
perspective evaluation mainly measures the dimensions of strategic thinking and its 
deployment. Accordingly in the Results area, the main evaluation factors are: strategic 
links with project targets, parallel direction between project strategy and company 
strategy, internal balancing between project areas, and the validity of the chosen strategy. 
In addition for the Results area question lists with scoring are preferred to a purely 
qualitative evaluation in order to achieve more objectivity. In big projects, such as a 
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greenfield production line, investment strategy can be formulated by the company 
management. Therefore the nominated project organization itself may not concur directly 
with the original strategy process, and the strategy is more like a “given” strategy. In such 
cases the original strategy is evaluated as if it had been made by the nominated project 
organization. 

The six performance categories are used in order to get a quick approach to the right 
percentage scoring level, which is later adjusted using a 10% minor scale, and finally 
summarized by using 5% average accuracy. Reference material e.g. feasibility reports, 
investment proposals, the post-completion audit report, as well as quality system audit 
reports, and quality award applications, can be used during the evaluation process. The 
semantic description of the relative correlation between the percentage scoring vs. the 
quality of the Operations and Results as seen in this study is presented in Fig. 34. The 
scoring is not exactly linear. Both weak and strong ends have an asymptotic approach to 
scoring. In addition the percentage scoring scale is extended at both ends by +5% since it 
makes evaluation of extremely weak and excellent cases more compact. 

Since a project evaluation is a tool for decision-making, results in particular serve the 
principle of “management by fact”. Therefore measures have to contribute objectivity 
instead of subjectivity and be quantitative instead of qualitative. In this study several 
quantitative measures are presented in the form of RECs. The RECs used in this study are 
presented in the appendices. 

Fig. 34. The semantic presentation of the correlation between percentage scoring vs. quality 
of  operations and  profitability. In both extremes the scoring is asymptotic. 
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Table 3. The scoring guidelines for Operations. 

Percentage score, 
[%] 

project Targets, 
(T) 

Risk management, 
(R) 

company Strategy, 
(S) 

   0 - (5) – 10  no defined targets 
 no systematic approach; 
anecdotal information 
 no contacts; fully 
independent project group 

 no risk assessment 
 coverage 0-2% 
 no formulated results; 
occasional statements 

 no strategic planning 
 operations are based on only 
department / unit level 
constructional approach; 
mainly verbal statements 

15 - (20) –25  some / occasional targets 
  beginning of project & 
technology mgt; responsive 
to some requirements 
 some contacts; sparsely 
defined project organization

 very simple risk assessment
 coverage 2-19% 
 no numeric dissection; 
formulated statements 

 occasional strategic links in 
the project scope; beginning 
of strategic thinking 
 over 3 years’ constructional 
approach with a development 
plan; written arguments 

30 - (40) – 45  moderate targets compared 
with the project scope 
 effective, systematic project 
& technology mgt; 
responsive to basic 
requirements 
 extensive cooperation; solid 
project organization 

 satisfactory risk assessment 
 coverage 20-49% 
 simple numeric dissection; 
basic analysis 

 moderate strategic analysis 
and description with 
occasional links with 
company strategy 
 basic links with project targets 
have been shown; some links 
with company strategy 

50 - (60) – 65  targets express evident 
improvements 
 effective, systematic project 
& technology mgt; 
responsive to overall 
requirements 
 continuous company and 
external experience in use; 
diversified project 
organization 

 simple risk mgt in use 
 coverage 50-79% 
 extensive numeric 
dissection and analysis; 
some measures for 
corrective actions 

 simple strategic mgt in use; 
strategic mgt is evident 
 it can be shown that project 
targets haven been directed or 
re-directed based on strategic 
mgt; verified links with 
company strategy 

70 - (80) – 85  targets are recognised as 
challenging and essential for 
the company 
 effective, systematic project 
& technology mgt; 
responsive to multiple 
requirements  
 long-term cooperation with 
partners; fully professional 
level project organization 

 excellent risk mgt in use 
 coverage 80-100% 
 extensive numeric 
dissection and analysis; 
special studies of 
concentration of risks; 
extensive measures for 
corrective actions 

 extensive reconciled strategic 
mgt in use; extensive strategic 
planning and focusing is 
evident; strategy is verified 
objectively and independently 
 mainly item level strategic 
focuses; flexible strategic 
directing is evident; 
continuous feedback about 
meeting the project targets 

90 - (95) – 100  targets set at benchmarking 
level; several breakthrough 
developments 
 effective, systematic project 
& technology mgt; fully 
responsive to multiple 
requirements  
 global network in use; 
selected top-class project 
organization 

 ultimate risk mgt in use 
 coverage 100%; no risk 
gaps 

 fully extensive numeric 
dissection and analysis; 
independent special studies 
of concentration of risks; 
independent extensive 
measures for corrective 
actions 

 fully reconciled strategic mgt 
in use; extensive strategic 
planning and focusing is 
evident; continuous objective 
verification and learning 
 company’s strategic 
attendance / involvement is 
evident; operations and 
follow-up of targets are based 
on item level strategy 
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Table 4. The scoring guidelines for the Results. 

Percentage score, 
[%] 

project Targets, 
(T) 

Risk management, 
(R) 

company Strategy, 
(S) 

   0 - (5) – 10  all targets failed; results 
generally poor 
 protracted significant 
problems 

 a very high risk exposure 
identified 

 high risk is evident but not 
assessed 

 conflicting strategy 
correlation identified 

15 - (20) –25  main targets failed; 
otherwise satisfactory or 
good results 
 several problems in areas of 
importance to requirements 

 a high risk exposure 
identified 

 some risks identified; no 
actions to lower risk 
exposure 

 no strategy correlation 
identified 

30 - (40) – 45  generally satisfactory 
results; some good results 
 several targets achieved; 
occasional problems which 
are possible to solve / are 
solved on schedule 

 a moderate risk exposure 
identified 

 sufficient risk assessment; 
major risk risks evaluated 

 a moderate strategy 
correlation identified 

50 - (60) – 65  good results in most areas; 
results have evident positive 
importance at department / 
unit level 
 all targets achieved; some 
target positively exceeded 

 a modest risk exposure 
identified 

 risk exposure in control; 
lowered exposure of major 
risk is evident 

 a clear strategy correlation 
identified 

70 - (80) – 85  good to excellent results; 
results at benchmark level; 
results have evident positive 
importance at company 
level 
 most targets exceeded 
positively 

 a minor risk exposure 
identified 

 risk exposure lowered to 
low level by excellent risk 
mgt 

 a well-defined strategy 
correlation identified 

90 - (95) – 100  excellent results; record 
level achievements; world 
class performance; results 
have evident positive 
external importance 
 all targets positively 
exceeded 

 no risk or minor risk 
exposure identified 

 risk exposure lowered to 
very low level by excellent 
risk mgt 

 a complete strategy 
correlation identified 
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4.6.2  Management area 

The Management area examines how the project management fulfils capability and 
guidance requirements, see Table 5. It also covers project management capability, 
organizational convenience, legal affairs, project planning, and applicability of the 
selected implementation method. The evaluation function is especially meant to judge 
overall project management and co-ordination, as well the legal basis for the investment. 

Table 5. Management criteria. 

Evaluation 
perspective 

Within evaluation, include answers to the following questions 

1.1 Organization & co-operation 
 Describe how project management is constituted and how it co-operates. 
project Targets,  
(T) 

1. How does project organization correlate with company policy and common 
knowledge of project management? 

2. How does project organization promote internal and external co-operation? What are 
the references of the project management, engineering partners, and process 
consultants?  

3. How does project organization the promote process from feedback to corrective 
actions? How has previous project experience been utilised? What has been the 
contribution of experts during the feasibility study to engineering and 
implementation? 

Risk management, 
(R) 

1. How does project management promote risk management? 

2. How does project management sustain professional risk management capabilities? 

3. What are the changes in organization that increase risk exposure? 
company Strategy, 
(S) 

1. How does project management promote the company’s vision and mission? 

2. How does project management promote company strategy? 
Notes • Project organization has great influence on project success. Therefore its composition 

and cooperation are important factors. 

• Company vision and mission are the basis of investment strategy. 

• Project management sustains co-operation and knowledge transfer. Therefore the 
project organization also has to be built up using the best available resources. See 
also area 5 Human resources. 
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Evaluation 
perspective 

Within evaluation, include answers to the following questions 

1.2 Legal affairs, planning & implementation 
 Describe how project management arranges legal affairs, secures adequate planning and implementation. 
project Targets, 
(T) 

1. How does project organization recognize legal responsibilities and possibilities? How 
does the project management respond to requirements in budgeting as well as 
accuracy in investment cost estimates and profitability calculations? What premises 
are used for profitability and working capital calculation? What is the profitability of 
the whole mill site? What sensitivity analysis methods have been used? What are the 
additional start-up costs? How are capitalised investment expenditures separated 
from annual costs? 

2. How does project management clinch adequate planning and implementation? What 
is the defined project scope? What are the accuracy and methodicalness of feasibility, 
engineering and post-completion audit reports and documents? How has it been 
ensured that the budget fits the defined project scope? How has the time schedule 
been planned to meet the project scope? How is change management organized to 
reduce the costs of changes during the implementation phase? 

3. What is the balance between company and external resources in project 
management? How is the participation of different resources and operation 
organizations synchronised with project phases? How is it planned to move from 
implementation phase to start-up and production phases? 

Risk management, 
(R) 

1 How does the project organization manage legal, planning, and implementation 
risks? What are the insurances and liabilities of the company and project partners? 
What are the risks for achieving the planned technical and commercial start-up 
curves? 

2 What are the most efficient methods for investment expenditure control and project 
status reporting? 

company Strategy, 
(S) 

1. How does project management take cognisance of company strategy and strategic 
opportunities? 

2. What is the contribution of the company’s strategic planning experts in the project? 
Notes • Environmental issues are focused on the Sustainability area, see Item 2.1. 

• Implementation method and contracts are an essential part of project management. 
These have to be made according to company policy and instructions. 

• High-quality reports and documents are essential for project evaluation. 

• Guarantees can cover only a part of risk management; risk exposure has to be 
lowered. 

• Secure the applicability of the selected implementation method for project purposes. 

• Local circumstances e.g. taxation and public image as well as personnel contracts 
(see Items 5.1-5.3), are an essential part of legal affairs. 
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4.6.3  Sustainability area 

The Sustainability area examines how the project fulfils its environmental and social 
response requirements and responsibilities, see Table 6. It also covers the economic 
response which includes the company’s long-term profitability. The evaluation function is 
especially for judging the overall environmental and social response relating to the 
expectations of the project and the interest groups. 

Table 6. Sustainability criteria. 

Evaluation 
perspective 

Within evaluation, include answers to the following questions 

2.1 Environment 
 Describe how the project fulfils its environmental responsibilities. 
project Targets, 
(T) 

1. How does the project organization recognize the environmental response? What are 
the environmental effects of the investment? What are the requirements and 
directives of the permit process? What are results of the environmental impact 
assessment (EIA)?  

2. What are the technological choices to promote BAT? What is the share of 
environmental investments? What are the reference values for specific consumption 
figures? What is the raw material efficiency and environmental loading e.g. 
emissions to air, water, and disposal of waste? What are the environmental 
requirements for the mill site? 

3. How does the raw material supply and procurement increase environmental choices? 
Risk management, 
(R) 

1. How does project management promote environmental risks? 
2. How have environmental risks been benchmarked? 
3. What are the environmental process risks? How have the handling and storage of 

dangerous substances been secured? 
company Strategy, 
(S) 

1. How does project management promote the company’s environmental policy? 
2. What are the strategic environmental choices? 
3. What are the competitors’ environmental strategies? 

Notes • The environment is an essential part of sustainable strategy. 
• The permit process requires competent personnel and nominated responsibilities, see 

Item 5.2. 
2.2 Social response 
 Describe how the project fulfils its social response. 
project Targets, 
(T) 

1. How does the project organization recognize social response? What are the social 
effects of the investment? 

Risk management, 
(R) 

1. How does project management promote social response risks? 

company Strategy, 
(S) 

1. How does project management promote the company’s social response policy? 

Notes • Social response is a part of sustainability and long-term integration to local 
operations. 
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4.6.4  Markets area 

The Markets area examines how the project takes cognisance of market requirements, 
expectations, and opportunities, see Table 7. As markets are an essential platform for 
company strategy and project success, this area has to be evaluated from a comprehensive 
and realistic point of view. The evaluation function is especially for judging the 
competition and profitability base of an investment project. 

Table 7. Markets criteria. 

Evaluation 
perspective 

Within evaluation, include answers to the following questions 

3.1 Volume & competition 
 Describe what kind of demand base the markets provide. 
project Targets, 
(T) 

1. What is the market volume compared with the planned capacity? 
2. What is the market share of the company? What are the relative positions of the 

competitors in the markets? 
3. What is the sales plan for the start-up volumes? 

Risk management, 
(R) 

1. What are the market risks? 
2. How does the investment respond to stability and cycles in markets? 

company Strategy, 
(S) 

1. What markets belong to the company strategy? 
2. What is the company strategy on competition? 

Notes • Investment and new capacity can change the demand/supply balance in markets. For 
high volumes i.e. operating rate, spot business may be needed, see Item 3.4. 

3.2 Growth & strategic options 
 Describe the market growth expectations and possible strategic options of the investment. 
project Targets, 
(T) 

1. How does the investment respond to possible changes in growth? What are the 
growth rates for the specific paper grade and markets in general? What is the time 
span of market estimates? 

2. What are the most important technical quality factors for products in the markets? 
How has the positioning of the new product been identified?  

3. What are the alternatives in the markets for utilizing new capacity? 
Risk management, 
(R) 

1. How does the project lower the risks of growth? 
2. What are the accuracy and the scope of the price trend estimation? 

company Strategy, 
(S) 

1. What is the company growth strategy? 
2. What strategic options does the investment provide? 

Notes • Current capacity is increasing without major new investments via continuous 
development of assets, and the growth of markets should be above that. Otherwise 
new capacity can mean the necessary closure of current uncompetitive assets. The 
latter is the case especially in mature markets. 
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Evaluation 
perspective 

Within evaluation, include answers to the following questions 

3.3 Supply chain 
 Describe how the investment fulfils supply chain requirements. 
project Targets, 
(T) 

1. How cost efficient is the supply chain of raw materials and products? 
2. How does the supply chain provide competitive advantage in services? 
3. What are the market- and product-specific supply chain requirements? 

Risk management, 
(R) 

1. What are the risks of the supply chain? 
2. What are the possible changes in the supply chains? How to respond to changes? 

company Strategy, 
(S) 

1. What are the strategic choices to build competitive advantage and integration in the 
supply chain? What are stocked volumes and how many direct customer deliveries 
are there? Who are the distribution partners? 

2. What is the strategy to use own external and outsourced converting services? 
Notes • Transportation costs are one of the most potential cost-saving factors, but it is also 

possible to create significant hidden costs and constant unsatisfactory service. 
• The supply chain is a comprehensive process from raw materials and production to 

customer deliveries. Also processes like maintenance and health care depend on the 
supply chain. A sales plan can be used for estimating transportation costs. 

• It is possible to get a variety of outsourced logistics services. Whatever the case may 
be, part of the supply chain can arguably be managed by the company itself. 

3.4 Price, service & customer retention 
Describe how the investment responds to price and service requirements and expectations. Describe how 
the investment acquires and retains customer satisfaction. 

project Targets, 
(T) 

1. What are the price levels and their estimated development in the markets? Does a 
high operating rate require spot business during the start-up phase? What is the price 
effect of the investment on the markets? 

2. What service advantage can the investment provide? What are the required sales 
support services? 

3. What are the factors of the investment which promote customer satisfaction? What 
are the potential customer segments? 

Risk management, 
(R) 

1. How is the price risk determined? How to lower price risk exposure? 
2. What are the customer-related risks? 

company Strategy, 
(S) 

1. How do price expectations correlate with the company strategy? 
2. How does the customer base fulfil requirements set by the company strategy? 

Notes • Price is the most important single factor behind the investment success. A company’s 
opportunities of influencing the price level positively are very limited. Instead in 
many cases it is possible to lower the product price level by introducing new 
capacity. On the other hand, raw material prices can rise along with new capacity. 

• Price trend information has to be objective, realistic, and critical. Estimate accuracy 
can be improved by using internal and external long-term data banks, expert panel 
workshops, and updated knowledge of technology and capacity changes. 

• Service is one of the factors how customers perceive the quality of products. The 
quality of service is partly relative to the competition situation, and thus competitors’ 
benchmarking results is required information. 
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4.6.5  Infrastructure area 

The Infrastructure area examines how the project takes cognisance of internal and 
external infrastructure, see Table 8. Internal infrastructure is related to mill site 
characteristics, and external infrastructure examines site location e.g. from a geographic, 
political, and socio-economic point of view. The evaluation function is especially meant 
to judge the internal capacity growth potential on the mill site and external integration to 
the surrounding community. 

Table 8. Infrastructure criteria. 

Evaluation 
perspective 

Within evaluation, include answers to the following questions 

4.1 Internal 
 Describe what kind of growth base the mill site provides. 
project Targets, 
(T) 

1. What are the practical reasons to increase capacity? What are the capacity limits? 
What are the development possibilities in the future? 

2. What are possible internal integration synergies? What is the possible influence on 
the production capacity and production directions of other internal units? 

3. How does the mill site promote architectural harmony with the surrounding 
environment? What has been done for improving personnel well-being by using 
architecture and industrial design? 

Risk management, 
(R) 

1. What are the internal infrastructure risks of the mill site? 
2. What factors lower or raise internal risk exposure? 

company Strategy, 
(S) 

1. How does the mill site respond to current company strategy? 
2. What are the possible internal strategic options? 

Notes • Internal mill site changes can be very expensive. Therefore readiness for capacity 
increase is a competitive advantage. The effects of the investment on the internal 
infrastructure have to be evaluated. Integration of e.g. raw materials, broke, energy, 
and products can bring synergy benefits, see also Item 4.2 External. 

• Mill site layout and internal logistics are a part of efficient production which has 
requirements from both production operation and maintenance. Service departments 
are a part of the internal infrastructure. 

• The outward appearance and the mill architecture are part of the internal 
infrastructure. These two promote the company’s general image and human well-
being. 
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Evaluation 
perspective 

Within evaluation, include answers to the following questions 

4.2 External 
 Describe what kind of growth base the mill site provides. 
project Targets, 
(T) 

1. What are the capacity and operative limitations set by external requirements? 
2. What are possible external integration synergies? What is the possible influence on 

the production capacity and production directions of other external units? 
Risk management, 
(R) 

1. What are the external infrastructure risks of the mill site? What are the analysed 
political and cultural risks? 

2. What factors lower or raise external risk exposure? 
company Strategy, 
(S) 

1. What are the strategic links with company strategy in the evaluated mill site? 
2. What are the possible external strategic options? 

Notes • External mill site changes can take a considerably long time, and a company usually 
has very limited possibilities to execute major changes alone. The effects of the 
investment on the external infrastructure e.g. traffic arrangements and services, have 
to be evaluated. Good and informative networks with the surrounding community are 
often essential for external changes. 

• Transportation of raw materials, products, and spare parts, as well as goods and 
equipment during implementation has requirements and possible limitations which 
have to be involved in the evaluation of the external infrastructure. 
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4.6.6  Human resource area 

The Human resources area examines how the project responds to the work safety, 
competence, and adequacy requirements of human resources, see Table 9. The project has 
to respond to the requirements in all project phases. The evaluation function is especially 
meant to judge the comprehensive utilization of human resources. 

Table 9. Human resource criteria. 

Evaluation 
perspective 

Within evaluation, include answers to the following questions 

5.1 Occupational safety 
 Describe how the project promotes excellent occupational safety. 
project Targets, 
(T) 

1. What are the actions taken to have excellent occupational safety? What are the 
company policies and national directives? How was safety included in the planning 
and implementation phase? How do the actions meet the project schedule? 

2. What are the targets and measures for occupational safety? 
Risk management, 
(R) 

1. How does the project lower occupational safety risks? 

company Strategy, 
(S) 

1. How does the project promote the company’s occupational safety strategy? 

Notes • Occupational safety is a key element for achieving excellent results and human well-
being. Besides the occasional nature of a project it is essential to promote a 
comprehensive approach and commitment in occupational safety. Suppliers are  an 
essential part of the approach. 

5.2 Competence 
 Describe what kind of competence base the project organization provides. 
project Targets, 
(T) 

1. What are the competence requirements for the project and operation organization? 
How have the requirements been assessed? What is the priority of competence 
requirements? 

2. How does the project respond to competence requirements? How does the 
recruitment and training respond to competence requirements? How does 
compensation take cognisance of competence? How competitive are personnel costs? 

3. What are the requirements of the organization model for competence? 
Risk management, 
(R) 

1. How does competence influence risk exposure? 
2. What are the changes in competence that increase risk exposure? 
3. Are there coexisting projects which can jeopardise the availability of competent 

personnel? 
company Strategy, 
(S) 

1. On what grounds is competence built in the company’s own resources and/or external 
resources? 

2. What is the status of agreements with unions and implementation of corresponding 
human resource development plans? 
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Evaluation 
perspective 

Within evaluation, include answers to the following questions 

Notes • Competence is related to knowledge management, see area 1.1.  
• Cross-scientific expertise extends the knowledge base of personnel. 
• Human resources are one of the most important factors for project success. Good 

motivation and the continuous will to learn are essential for organizational 
development, e.g. the start-up curve of production is considered to be influenced to a 
great extent by the learning of project and operation personnel. 

• There has to be enough competence for e.g. technical evaluation, permit process, 
legal affairs, profitability calculations, market analysis, project management etc. 

• Human resource development can take several years. Therefore corresponding plans 
and implementation have to be initiated in time. 

• A project is a chance to build and change organizational models e.g. from hierarchic 
to team-based models. New organization models can be a risk, as well. 

5.3 Adequacy 
 Describe how the project ensures adequate human resources. 
project Targets 
(T) 

1. What are the adequacy requirements for the project and operation organization? What 
are the requirements and targets for the staffing plan in operations and services? How 
have the requirements been assessed? What is the adequacy demand profile in project 
phases? 

2. How does the project respond to adequacy requirements? What are the long-term 
targets of staffing? 

3. How is the commitment of the project organization? 
Risk management, 
(R) 

1. How does adequacy influence risk exposure? 
2. What are the changes in adequacy that increase risk exposure? What alternatives does 

the project have for ensuring sufficient human resources? 
company Strategy, 
(S) 

1. On what grounds is adequacy built in the company’s own resources and/or external 
resources? 

2. What is the preparation for responding to possible changes in labour markets? 
Notes • Adequacy is related to planning and implementation, see area 1.2. 

• Compensation is part of actions for ensuring adequacy. 
• A staffing plan is influenced by local circumstances e.g. national directives, working 

time, local culture and manners, the nature of the project, previous experience of 
personnel (see Item 5.2), possible rearrangements, outsourcing and usage of 
permanent and temporary staff. 
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4.6.7  Technology area 

The Technology area examines how the project turns its technological choices into 
competitive advantage, see Table 10. The area covers the scope from raw materials and 
production process to products and suppliers. The evaluation function is especially meant 
to judge how technological choices respond to item-specific requirements. 

Table 10. Technology criteria. 

Evaluation 
perspective 

Within evaluation, include answers to the following questions 

6.1 Raw materials 
 Describe how raw materials promote competitive advantage. 
project Targets, 
(T) 

1. What are the major quality, productivity, and cost arguments for the selected raw 
material base? How are the arguments verified? What quality standards are used for 
the measurements? 

2. How do the selected raw materials promote cost competitiveness? 
3. What is the availability of raw materials in terms of quantity and quality? What are 

the alternatives for the raw material base? 
Risk management, 
(R) 

1. What are the raw material risks? What is the stability of the raw material supply? 
2. How does the project lower the risk exposure of the most critical materials? 

company Strategy, 
(S) 

1. How do raw material choices respond to the company strategy? 
2. How do raw material choices promote strategic integration with other units and 

suppliers? 
Notes • Pulp for paper production is the major cost factor in most cases.  

• Raw material choices are often linked to the company strategy. 
• Wood procurement has raw material supply balance, environmental and social 

response impacts. Therefore this has to be planned and implemented in co-operation 
with persons responsible for wood procurement and sustainability affairs. 

6.2 Energy 
 Describe how the energy base supports competitive advantage and future growth. 
project Targets, 
(T) 

1. What are the opportunities and limitations of the selected energy base? What are the 
alternatives for the energy base? What are the energy balances and capacity 
demands? What are the alternative electricity, steam, and gas grid connections? What 
is the volume impact on purchased energy? 

2. What are the main design criteria for power, gas, and steam supply to the mill? What 
are the requirements of the energy supply? What are the seasonal variations? 

3. How has the company and external energy expertise been consulted?  
Risk management, 
(R) 

1. How stable is the energy supply? 
2. How stable is the available energy price compared with a trend price? 
3. What are the possibilities of using an extensive and integrated energy grid? 

company Strategy, 
(S) 

1. How do energy choices promote the company energy policy? 
2. What are the options to lower dependence on external energy sources? 

Notes • Energy choices and process design are linked with production technology, see Item 
6.3, and with environmental issues, see Item 2.1. 

• Energy availability and price premises as well as national policies and taxation have 
to be investigated with expertise.  

• There is often a focal potential for optimisation in energy efficiency. 
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Evaluation 
perspective 

Within evaluation, include answers to the following questions 

6.3Production technology 
 Describe how production technology promotes the company’s competitive advantage. 
project Targets, 
(T) 

1. How does production technology promote quality, productivity, and cost 
competitiveness requirements? How do the design criteria meet competitors’ assets 
performance? What is the investment’s impact on assets’ quality i.e. technical age? 

2. What are the major arguments for the technological choices? What sets limits on 
capacity? How have the choices been verified independently and objectively? Have 
the choices been made with sufficient resource and time allocation, as well as using 
second opinions? What are the requirements for purchasing? What are the references 
and benchmarks? How do the competitive products differ from the production 
technological point of view? 

3. How do the technological choices respond to the project organization’s knowledge 
management? What is the level of process automation, and its embedded company 
knowledge? What is the share of introduced new technology and prototypes? What is 
the technological level of the main competitors? 

Risk management, 
(R) 

1. What are the alternatives for lowering technical risk exposure? 
2. How does the production technology promote continuous risk management? What 

are the shares of avoided, mitigated, transferred, and accepted risks? 
3. How have the most risky areas been communicated with project partners e.g. in 

engineering, civil construction, and installation? 
company Strategy, 
(S) 

1. How does the project management respond to the correspondence requirements 
between technological choices and the company’s technology strategy? 

2. What are the strategic options provided by the technological choices? 
Notes • Technological choices are linked with knowledge management, see 1.1 and 5.2. It is 

essential to utilise fully the available knowledge base and expertise. 
• Objectivity and independent verifications promote success in technological choices. 

Technical descriptions are verified at different levels, such as the mill site, processes 
and equipment. 

• Material and energy flows have to be defined for the unit, the whole mill site, and the 
company, as appropriate. Common systems e.g. water system, steam, sewers, and 
effluent treatment are planned and integrated into the project scope accurately. 

• Process automation and the information system have to be planned in conformity 
with existing mill systems and company standards, as well as by taking cognisance of 
development possibilities in the future. 
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Evaluation 
perspective 

Within evaluation, include answers to the following questions 

6.4 Product 
 Describe how the products promote competitive advantage. 
project Targets, 
(T) 

1. How do the products promote quality, productivity, and cost competitiveness 
requirements? What are the key factors for product competitiveness? What are the 
requirements for possible intermediate products? 

2. How does the product development process promote customer satisfaction? What 
makes the products differentiate positively or alternatively among standard products 
to promote operational excellence? 

3. How do the products respond to printing and converting requirements? What are the 
trends in printing and converting technology? 

Risk management, 
(R) 

1. How does the project lower product risk during the start-up phase and later during 
continuous production? How does the project respond to quality and productivity 
requirements and possible changes? What are the priorities? 

2. What is the product risk for customers? How the risk exposure has been lowered? 
company Strategy, 
(S) 

1. How do product properties correlate with the company strategy? 
2. Do the products provide any strategic options? 

Notes • As products are final outcomes of technological choices and the concrete link 
between the company and customers, it is essential to attach the customer satisfaction 
approach to relative areas of technology as early as the feasibility phase. 

6.5 Maintenance & suppliers 
 Describe how maintenance and suppliers respond to technical and profitability requirements. 
project Targets, 
(T) 

1. What is the share between own mill maintenance and outsourced maintenance? To 
what extent can suppliers provide maintenance services? 

2. What are the technological and operational differences between suppliers? What 
arguments do suppliers use for their products? Are the arguments verified? 

3. What are the opportunities to have long-term co-operation with suppliers? What is 
the competitiveness of alternative suppliers of technologies and raw materials? What 
are the criteria for selecting suppliers? How well do the suppliers know the company 
policies and guidelines? What are the opportunities with local and long-haul 
suppliers?  

Risk management, 
(R) 

1. How does the project organization ensure adequate maintenance services? How is the 
required maintenance service level determined? What are the required levels of spare 
parts? 

2. How to ensure continuity of production in the event of disturbances? What are the 
risks of availability with alternative suppliers? 

company Strategy, 
(S) 

1. What is the company policy on maintenance arrangements? 
2. What is the company policy on suppliers? 
3. What kind of integration and partnership can suppliers provide? 

Notes • Choices of maintenance arrangements and technology suppliers depend partly on 
local circumstances. In many cases e.g. roll covers, dewatering ceramics, IT and 
automation services suppliers are relied on. In most cases the best solution is an 
adjustment of best practices and local requirements. 

• Purchasing experts should be consulted about contracts and price levels. Also 
updated information of suppliers’ references and economic situation needs to be 
verified. 

• Service facilities e.g. roll grinding and transportation possibilities, are part of 
infrastructure, see Area 4. 
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4.6.8  Results area 

The Results area examines the performance level of an investment project in the 
evaluation areas, see Table 11. Performance levels are examined relative to company 
requirements which are in most cases based on industrial competitiveness. The evaluation 
function is especially meant to judge how results respond to the set project targets. 

Table 11. Results criteria. 

Evaluation 
perspective 

Within evaluation, provide data and information to answer the following questions 

7.1 Time schedule & budget 
Summarize project’s time schedule and budget performance results. Present Time schedule and Budget 
results separately and relative to targets. Include appropriate comparative data. 

project Targets, 
(T) 

1. What is the level of targets relative to comparative data (feasibility)? What is the 
difference compared to targets (post audit)? What is the percentage deviation? 

Risk management, 
(R) 

1. What is the risk exposure before the investment decision (feasibility)? How has the 
project managed the risk exposure (post audit)? 

company Strategy, 
(S) 

1. How does the time schedule fit the company strategy? 
2. How do the budget premises promote the company financing policy? 

Notes Timing and budgeting have to be exact. Deviations in both directions are indications of 
inaccuracy during the planning and implementation phase. However, there should always 
be promotion and encouragement to exceed challenging targets positively. 

7.2 Sustainability 
Summarize the project’s sustainability performance results. Present Environment and Social response 
results separately and relative to targets. Include appropriate comparative data. 

project Targets, 
(T) 

1. What is the level of targets relative to comparative data (feasibility)? What is the 
difference compared to targets (post audit)? What is the percentage deviation? 

Risk management, 
(R) 

1. What is the risk exposure before the investment decision (feasibility)? How has the 
project managed the risk exposure (post audit)? 

company Strategy, 
(S) 

1. How does the project fulfil company strategy and social response policy? 

Notes • Environment is a substantial part of sustainable strategy. The project targets have to 
promote the company’s environment strategy 

• Social response results are also related to success in cooperation with the surrounding 
community. 

7.3 Profitability 
Summarize the project’s profitability performance results. Present Profitability results relative to targets. 
Preferred format is to use index figures which summarize several profitability factors. Include appropriate 
comparative data. 

project Targets, 
(T) 

1. What is the level of targets relative to comparative data (feasibility)? What is the 
difference compared to targets (post audit)? What is the percentage deviation? 

Risk management, 
(R) 

1. What is the risk exposure before the investment decision (feasibility)? How has the 
project managed the risk exposure (post audit)? 

company Strategy, 
(S) 

1. How does the profitability respond to company financing policy? 

Notes • Profitability is the most important single item of results to be evaluated. Predefined 
calculation principles and formulas point the way to accurate evaluation. Profitability 
index vs. percentage scoring graphs are the preferred approach for the evaluation. 
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Evaluation 
perspective 

Within evaluation, provide data and information to answer the following questions 

7.4 Site 
Summarize the project’s mill site performance results. Present Site results relative to development 
opportunities. Subdivide the results by internal and external performance. Include appropriate comparative 
data. 

project Targets, 
(T) 

1. What are the opportunities and limitations of the mill site? 
2. How does the local town plan take cognisance of mill site requirements? How does 

related logistical development promote mill site requirements? 
3. What are site and area based legal competitiveness factors such as working hours, 

labour contracts, and annual working time? 
Risk management, 
(R) 

1. What is the risk exposure before the investment decision (feasibility)? How has the 
project managed the risk exposure (post audit)? 

company Strategy, 
(S) 

1. How does the mill site promote the company strategy? 

Notes • The mill site gives the basis for future development and continuous competitive 
position. Therefore the mill site has to be selected in a long-term perspective, as do 
development steps in an existing mill site. 

7.5 Start-up 
Summarize the project’s start-up performance results. Present Start-up results relative to targets. Include 
appropriate comparative data. 

project Targets, 
(T) 

1. What is the level of targets relative to comparative data (feasibility)? What is the 
difference compared to targets (post audit)? What is the percentage deviation? 

Risk management, 
(R) 

1. What is the risk exposure before the investment decision (feasibility)? How has the 
project managed the risk exposure (post audit)? 

company Strategy, 
(S) 

1. How does the start-up promote the company strategy in distributing new production 
volumes to existing and new markets? What is the price impact? 

Notes • Start-up is influenced by several factors e.g. personnel learning curve, accuracy of 
sales estimates, performance of technology, and product quality. The evaluation 
focuses on measurable production volumes and its stability. 
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Evaluation 
perspective 

Within evaluation, provide data and information to answer the following questions 

7.6 Assets & product performance 
Summarize the project’s technical performance results. Present Assets & product performance results 
relative to targets. Preferred format is to use index figures which summarize several technical factors. 
Include appropriate comparative data. 

project Targets, 
(T) 

1. What is the level of targets relative to comparative data (feasibility)? What is the 
difference compared to targets (post audit)? What is the percentage deviation? 

2. What are the capacity performance indicators? What is the result of the calculated 
performance index? 

3. What are the possible changes in the project scope? 
Risk management, 
(R) 

1. What is the risk exposure before the investment decision (feasibility)? How has the 
project managed the risk exposure (post audit)? 

company Strategy, 
(S) 

1. How do the technological choices change the company‘s strategic position? 
2. How has the technical age of assets changed in the unit and/or in the company? 

Notes • Technology promotes the company’s competitive advantage. An investment and its 
technological choices have to contribute to the company’s competitiveness. 

• Utilisation measures can be used for capacity e.g. the gap between design/target 
capacity and actual capacity, production time and material efficiency rates, speed and 
width utilisation, and achievement of basis weight. 

• Quality measurement can be used for the assets e.g. technical age calculation (ref. 
Jaakko Pöyry Oy’s method), design capacity, width, speed, and technology 
benchmark. 

• Costs include assessment of both specific investment costs and cost structure of 
products. Specific costs references or indexes can be used for verification. 
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4.7  Evaluation process 

The self-assessment evaluation of an investment project is planned to take a day-long 
session according to the practicality targets in this study. The session can be split 
according to the evaluation areas and expertise in a project group. This makes it possible 
to use time and resources effectively in a project. 

The evaluation can be done at different levels in the project organization. The levels 
can be e.g. company management, project steering group, and project engineering groups. 
This colours the requirements and evaluation perspectives respectively. One of the 
driving forces in this study is the need to support decision-making and planning at 
management level. Therefore the evaluation in this study is set at the next reporting level 
i.e. to the level of the project steering group. This needs to be expressed to those who 
participate in the evaluation process. 

The principle of the process is presented in Fig. 35. It begins with an introduction to 
the evaluation process. This is followed by an introduction to the area to be evaluated. 
Then strengths and opportunities for the improvement are evaluated. Furthermore 
preliminary scoring is done on an individual basis, which is used to compile the 
consensual percentage scoring. The participants give feedback about the session. Finally 
the results are reported, and used in a database for improving the investment process. 

Fig. 35. The investment project evaluation process developed here and its connection to the 
improvement of the investment process. 
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This study concentrates on the post-completion audit. This level of information is in 
many cases reported by the project management to the company management. In such 
cases a possible post-completion audit report can be used as the main document. The 
level of information e.g. in engineering groups, task forces, consultant analyses, area-
specific implementation follow-up reports etc. has to be condensed using the area 
managers’ or relevant experts’ knowledge during the evaluation process. The semantic 
levels of evaluated information are thus 1) company management, 2) project steering 
group & project managers, and 3) engineering groups, task forces etc., see Fig. 36. As 
described earlier, the project steering group and project managers together have a holistic 
view of project activities, which is essential from the standpoint of the post-completion 
audit. This is also the information level evaluated in this study. 

Fig. 36. The level of evaluated infromation is set to what is typical for a steering group. This 
study focuses on the Project steering group &  project manager level. 
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into methodology. This kind of construction constitutes a relatively dense approach to 
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4.8  Evaluation spreadsheet 

It is efficient to write the evaluation matrix in the form of a spreadsheet. It is 
recommended to link percentage scoring and final scoring with common weights and thus 
they can be executed simultaneously. As different project classes can have different 
weighting it is possible to write those profiles ready in a spreadsheet. 

An example layout used in this study is shown below, Fig. 37. Percentage scoring is 
given in the green area and final scoring in the brown area. Informative data is presented 
in the yellow area. Weight values are in the cyan area. Input values are red, calculated 
values blue and fixed values black. The evaluation results are summarized in the upper 
sector of the spreadsheet. Evaluation areas and their corresponding calculations are 
written in the rows below the summary sector. To explore different strategic approaches, 
the weight values can be changed easily. As shown in the example, the current weight 
values between evaluation perspectives (T,R,S) are (1,1,1), and the total scoring is 545. If 
the values were changed to favour strategic rather than development investments, say 
(1,2,3), the total TRS weight would result in 6, and the total scoring would accordingly be 
520. Risk- and strategy-oriented weighting, say (1,3,2), would result in 512, 
development- and risk-oriented weighting, say (3,2,1) would result in 571. 

 

Fig. 37. An example of the upper part of an investment project evaluation spreadsheet.  
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4.9  Information content of results 

Investment project evaluation in the three TRS evaluation perspectives gives both the 
relative position of the Operations (including areas from 1 to 6 as well as corresponding 
items) and the Results. Furthermore relative scoring is derived based on the weighting 
used in the framework model. Additional analysis and calculation can be made based on 
these results. This makes it possible to present the evaluation results in various forms. 

For the purposes of this study an Operations vs. Results graph was developed, which 
shows the relative position of project Targets (T), Risks (R), and company Strategy (S), 
see Fig. 38. The origin of the presentation principle was described earlier in this chapter. 
Based on the evaluation results and relative weights of TRS the Centre of TRS is 
calculated (Ctrs i.e. centre of gravity). This Ctrs presents a kind of weighted mean value 
in the Operations vs. Results graph. Furthermore a company can determine limits for 
acceptable and unacceptable results (see the grey area in the figure). Final scoring results 
can be used in a variety of ways. Items and areas can be verified. Several projects can be 
placed in ranking order. Furthermore profiles of a project can be presented in a spider 
graph. 

 

Fig. 38. A TRS evaluation result presented in an Operations vs. Results graph. Ctrs 
represents the centre of TRS. The grey area shows the predefined limits by a company for 
non-acceptable results. 
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4.10  Technology focus 

The scientific approach in this study focuses on technology rather than a more 
comprehensive practical approach. Therefore this study is technology-oriented i.e. it has a 
technology focus. However, as presented earlier, a comprehensive practical approach is 
also needed for achieving industrial capability. This is done by presenting the technology 
focus within a comprehensive evaluation framework. 

As presented earlier this method is based on the MB framework (NIST 2005a) and 
embedded strategy maps (Kaplan RS & Norton DP 2003). In principle, all six areas of 
Operations could be assessed separately with corresponding items from Results. This 
would result in a focused analysis of the selected area. However, in that case the links 
between areas would not be detected and a comprehensive evaluation of a value added 
project would not be reached. Nevertheless, it is reasonable to focus on selected areas in 
cases where e.g. the size of investment is very limited, there are significant resource 
limitations or the project does not contribute to all areas. 

The Technology area is for evaluation of the technical solutions of investments. The 
corresponding items are 1) Raw materials, 2) Energy, 3) Production technology, 4) 
Product, and 5) Maintenance and suppliers. This structure of items is congruent with the 
process from raw materials to products and supportive operations. All technology-related 
issues are handled under these items. 

This study focuses on Technology and the corresponding Results items. Moreover this 
study focuses on the Operations area up to Production technology (Item 6.3) and on the 
Results area Assets & product performance (Item 7.6), as presented in Fig. 39.  
Project targets (T) of the Production technology area are evaluated mainly according to 
the targets presented in the original investment plan. The targets are written in a 
measurable form in most cases. Therefore it is possible to define the deviation between 
the target level and the realized level. This first comparison covers the assets 
performance evaluation of the technology. The most common measures are e.g. capacity, 
total efficiency, time efficiency, material efficiency, speed, and paper basis weight range. 
Other possible measures are e.g. specific energy and heat consumption, specific water 
consumption and selected paper quality specific measures which strongly correlate with 
technology such as tensile ratio, coat weight range, profiling response, two-sidedness, 
gloss/bulk ratio, basis weight deviation and orientation angle.  
The second comparison covers the assets quality evaluation of the technology. This 
comparison exploits the Technical age methodology which has been described earlier in 
the literature review of this study. Technical age and costs are evaluated on quantitative 
bases using REC values. Guarantees and quality are evaluated on a semi-quantitative 
basis. 
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Fig. 39. In the evaluation framework the scientific approach of the study scope is restricted to 
the Technology area and the Assets & product performance item of the Results area. The 
technology focus is derived from the method developed, which is based on the MB framework 
(NIST 2005a) and strategy maps (Kaplan RS & Norton DP 2003). 

Again the results of the Technology and Results analysis can be presented in an 
Operations vs. Results graph, Fig. 40. Because the focus is on these areas, the 
corresponding evaluation criteria are presented in more detail in the following chapters as 
well in the appendices. 
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Fig. 40. The Operations-Results graph of Production technology. The Operations axis 
includes the Production technology item and the Results axis includes the Assets & product 
performance item. TRS evaluation shows the location of the weighted centre of TRS, Ctrs. 
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Capacity, technical age and cost can be evaluated using quantitative measures. The 
principle for capacity and cost is presented in the appendices. Qualitative values of 
guarantee and quality can be transformed into quantitative values by using the correlation 
graph, which is presented earlier in Fig. 34., chapter 4.6.1 Scoring guidelines. 

4.10.1  GAP analysis 

This study introduces a new tool for paper production line capacity performance 
measurement called GAP analysis. It is based on the percentage gap between targets and 
actual results. As the analysis calculations are based on project targets, it gives as a result 
a quantitative value of the capacity.  

GAP analysis is used for percentage scoring in investment project evaluation. It is a 
simple calculation that is used to convert GAP results into percentage scores using a 
correlation graph. GAP is defined as the percentage difference between the target and 
actual figure. The basic formula is as follows: 

 

In the basic case the CACTUAL can be calculated directly based on cumulative figures.  

( 1) 100%, if a high figure is better e.g. capacity,          (9)

(1 ) 100%, if a low figure is better e.g. cost,        (10)
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Based on the GAP analysis results it is possible for percentage scoring purposes to 
define mathematical functions which give directly min/max scoring limits. These limits 
can harmonize percentage scoring during the evaluation process. Results given by the 
evaluators should stay inside these limits. For the purposes of this study a -50% GAP 
correlates with a 0% percentage score, and +50% GAP correlates with a 100% percentage 
score. If the targets are achieved exactly (GAP = 0%) this will always result in 50% in 
percentage scoring. The first correlation function is linear (direct), and the second 
function is a logarithmic approximation (arsinh) of rounded (strong) percentage scoring, 
see the formulas below: 

 

Correlation graphs based on these formulas are presented in Fig. 41 at linear axis, which 
shows logarithmic values as a curved line. Accordingly, the logarithmic axis would show 
logarithmic values as a linear line. Rounded percentage scoring uses full decades as 
register points on the percentage scoring axis. The strong response of rounded percentage 
scoring and its logarithmic approximation is clearly seen in the figure. With positive GAP 
results the linear correlation forms the minimum level for percentage scoring, and the 
logarithmic function forms the maximum level. With negative GAP results it is vice 
versa. Evaluators’ final responses should stay inside these limits. Any deviations need to 
be thoroughly justified. Even though the purpose is not to automate the responses without 
expert analysis, to prove objectivity and increase comparability with the original targets it 
is justifiable to demand adequate evidence. At any rate these min/max limits are only 
consultative results to be used for expert group evaluation purposes. However, any 
percentage scores outside these limits should be reasonable, warranted and reported. 

Primarily this mathematical tool supports assessments by setting quantitative min/max 
limits. Furthermore, if the limits have been defined during the early phase of the project 
they can be used to compare production line performance or other selected factors with 
target values during the start-up phase. This could be further connected with 
performance-related monetary bonus clauses between the mill and the supplier. A unified 
target using GAP analysis would make the common efforts for project success even more 
focused.  

It is presumed that a relative standard i.e. the level of requirements of targets can be 
estimated. Targets can be estimated to be e.g. highly demanding but realistic. Numerical 
target values are set accordingly. In these cases the GAP analysis also has the potential to 
improve comparability between different projects, if the target setting is done based on 
the same relative standard. 

Data in GAP analysis have to be based on verified sources e.g. investment card, 
production reports, final report, and supplier analysis. Results of GAP analysis are 
presented in Appendix 2. 
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Fig. 41. Linear axis presentation of the linear (direct) function, approximation area function 
(arsinh), and rounded (strong) percentage scoring function correlation between GAP analysis 
results and percentage scoring. The approximation area function recompenses more for 
positive GAP results than the linear function and vice versa. The rounded scoring function 
uses full decades for percentage scoring. If targets are achieved (GAP = 0%) this will always 
result in 50%. The GAP analysis supports evaluators. The area between the linear and the 
logarithmic curves is considered the area for expected evaluation results based on the pre-
defined quantitative targets. A deviation from this area requires clear argumentations from 
the evaluators. 

If statistical data is available on the production factor, a more sophisticated GAP analysis 
can be used. Production capacity is the product of the following factors: 

capacity [t/a] = trim width [m] x speed [m/min] x basis weight [g/m2] 

x time efficiency [%] x material efficiency [%] x operating rate [%] 

x 60 x 24 x 365 / 1.000.000 (13) 

Mean value and deviation can be calculated using PERT (Programme Evaluation and 
Review Technique) distribution functions. The calculation is based on the determined 
minimum, most probable, and maximum values. Selected values are monthly averages, 
except for the speed / basis weight pair, which is defined based on a performance of 24 
hours. This is due to a combination of drying capacity, dewatering capacity, and stock 
preparation capacity. The proportion of deviation (sigma) to the mean value results in the 
relative potential of the production factor, as the capacity is the product of all the factors. 
Furthermore the relative potentials can be set in potential order.  
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Actual capacity is achieved during the examination period. In a greenfield project in 
the start-up phase this can be the latest or the best three consecutive months. The GAP is 
the difference between actual and project target capacity. 

4.10.2  Question lists 

A supportive question list can be used for the Results evaluation. The right answers to the 
questions are “True” or “False” and they are scored. The sum of the scores is equal to 100 
i.e. the maximum in percentage scoring. This is only a very simple and rough approach, 
and it only helps evaluators to verify their answers. The final scoring is always done 
according to the scoring guidelines. 

Project Targets (T) of the Production technology area can also be evaluated using the 
supportive question list, see Table 12. The questions are formulated at a general level, and 
they promote quantitative verification. 

Table 12. The supportive question list for the project Target evaluation viewpoint in the 
Results area. The total scoring is the sum of right answers marked with a cross (X). 

Statements T F Scores 
1. Results fulfil some targets which were identified in the investment card. X  20 
2. All project targets in the investment card have been fulfilled. X  30 
3. Results exceed original main targets.  X  20 
4. Results have a positive importance at company level. X  10 
5. Several good results have been used as an example in benchmarking. X  10 
6. There are positive record level results which have importance for the paper industry. X  10 
Total scores   100 

Risk management (R) of the Production technology area is evaluated according to the 
selected risk management methodology. In this study FMEA is used as the basic 
methodology for risk because it is already widely in use in project management and it has 
several practical applications. The supportive question list for scoring can be used in the 
evaluation, see Table 13. 

Table 13. The supportive question list for the Risk management evaluation viewpoint in 
the Results area. The total scoring is the sum of right answers marked with a cross (X). 

Statements T F Scores 
1. Risk exposure is very low (severe risks have very low probability). X  50 
2. Risk exposure is moderate (severe risks have low probability) X  20 
3. Risk exposure is lowered by risk management (FMEA, corrective actions). X  20 
4. There is no risk or only minor risk. X  10 
Total scores   100 
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Company Strategy (R) of the Production technology area is evaluated to find the level of 
strategic fit. In this perspective the question list is a practical tool for the evaluation as it 
provides a measurable platform. Usage for measurement requires a relatively 
comprehensive set of questions, see Table 14. 

Table 14. The scoring guidelines for the company Strategy evaluation viewpoint in the 
Results area. The total scoring is the sum of right answers marked with a cross (X). 

Statements T F Scores 
1. The corresponding company strategy or targets have been identified. X  10 
2. The investment strategy is defined in writing and it is linked with current actions. X  10 
3. The investment is well-timed. X  10 
4. The investment provides an opportunity for diversification. X  10 
5. The value chain is optimized. Operations are optimized and effective. X  10 
6. There are several strategic options available. X  10 
7. The investment fits the current operation and business model. X  10 
8. The selected strategy promotes consistency. No changes required. X  10 
9. Main competitors’ strategy or future operations have been identified and documented. X  10 
10. The investment is a written part of the company strategy / long-term planning, or 

 the company management has declared the investment to be a success factor, or 
 the investment definitely supports company strategy in a verifiable way. 

X  10 

Total scores   100 

The basic principle of using these evaluation tools, GAP analysis and question lists, is 
that the results of evaluation tools are only supportive, and the final decision is made by 
the group according to the evaluation criteria. 



5 Case studies 

The case studies apply to Stora Enso Fine Paper Oulu mill, which is specialized in 
making multicoated fine paper (WFC), see Fig. 42. The brand names are LumiArt (gloss 
paper) and LumiSilk (silk paper). The mill has two paper production lines: PM6 line 
(start-up 8/1991, rebuild 2001, production capacity 538 000 t/a, basis weight range 130-
216 g/m2) and PM7 line (start-up 4/1997, production capacity 474 000 t/a, basis weight 
range 90-118 g/m2). The total WFC paper production capacity is 1 012 000 t/a (2005), 
making the mill one of the world’s largest manufacturers of graphic paper. Its production 
covers about 4% of the global WFC paper demand. About 99% of production is exported. 
The integrated mill also has an ECF pulp mill (capacity 370 000 t/a) and a sheeting plant 
for paper converting (capacity 300 000 t/a). The total number of personnel is about 800, 
excluding maintenance which is about 280 persons. 

Fig. 42. Stora Enso Oulu mill (Photo courtesy of Stora Enso). 
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TQM work has been promoted at Oulu mill since the middle of the ‘90s. Continuous 
development work has been extended to department level. The mill has also been a 
forerunner in TQM in Stora Enso Oyj. In 2001, Oulu Mill won the Finnish Quality Award 
and in 2002, Stora Enso's annual Excellence 2005 Award. This also provides a good basis 
for this study for implementing self-assessment tools in the area of investment project 
evaluation. 

The case studies are based on the evaluation of the LUMI 7 investment project. The 
project was chosen in a meeting with Stora Enso’s investment management experts who 
made the decision due to its representativeness of a comprehensive investment project 
and the availability of information. This “LUMI 7” project was executed in 1995-97, and 
post-completion audit reporting was done in December 1999. The project included a new 
WFC paper production line (stock preparation, paper machine [with gap former, tri-nip 
press, film coater and soft nip calendering], re-reelers, off-machine coater, two calenders, 
two winders and a re-winder), enlargement of the sheeting plant, a new power station and 
modifications e.g. in the pulp mill, conveyors, waste water plant and office building. The 
layout of the PM7 production line is presented in Fig. 43. A view of PM7 is presented in 
Fig. 44. The project cost was 406 MEUR. The total increase in personnel was 224 
including production, R&D and laboratory, sales and maintenance. The raw material base 
was integrated BHKP (birch), BSKP (pine), PCC and clay fillers, carbonate and clay 
pigments, latex and starch binders. 

Fig. 43. The layout of Oulu paper mill: PM6 and PM7 lines in 1999 (Photo courtesy of Stora 
Enso). 
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Fig. 44. A view of Oulu PM7 production line (Photo courtesy of Stora Enso). 

The LUMI 7 project was evaluated using the new self-assessment method for investment 
project evaluation. The main sources of information were the post-completion report, the 
investment proposal, project documentation records as well as the expertise and 
experience of the evaluation group members.  

According to Yin RK (2003), one rationale for selecting a single-case study is that it 
can represent the critical test of a significant theory. This is also the rationale in this 
study. As this study has both a technological approach and a comprehensive framework, 
the author decided to use two single-case studies using intersecting databases, and the 
evaluation of results was done in two different scopes. First, in the technological i.e. 
scientific approach of case 1 only technological choices and results were evaluated using 
a focused approach (area no. 6 and Item 7.6). Secondly, in the comprehensive i.e. 
practical approach of case 2 the operational environment of the LUMI 7 project was 
evaluated using the whole framework. These latter results give the comprehensive frames 
and comparison data of technology for a more detailed evaluation. The practical approach 
represents implementation purposes in a company, because technology as such is too 
narrow a consideration of an investment. Implementation applicability is one of the 
objectives in this study. The evaluation criteria and expenditure of time were the same in 
both cases, but due to the scope of this study, the criteria were technology-oriented. 
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According to the scope the evaluation of case results is technology-oriented. This is 
also justified from the scientific viewpoint while the criteria and evaluation tools are 
consistent with technology orientation in order to achieve sufficient accuracy. The two 
technological and comprehensive approaches are presented in Fig. 45. 

Fig. 45. The principle of technological and comprehensive approach in this study. 

The members for the evaluation cases were selected in order to accomplish adequate 
coverage of the case project operations, as well as for their in-depth knowledge of project 
management. The evaluation group consisted in both cases of evaluators (LUMI 7 project 
members) and facilitators (external evaluators). The percentage scoring and the feedback 
evaluation were done by the groups without the author. The evaluators were selected for 
their responsibilities in the LUMI 7 project to represent project management as well as 
for their experience of implementation and the production phases. The facilitators were 
selected for their expertise in the evaluation areas in general. The author is experienced in 
the LUMI 7 project through working experience (shift supervisor 1996, development 
engineer 1997-98, and production manager 1999-2003) and through surveying the project 
documentation records as well as interviewing the project personnel to collect more 
detailed information. 
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5.1  Technological approach 

Case 1 (2 November 2005) was given a technological approach by concentrating on Area 
6 Technology and the corresponding results i.e. item 7.6 Assets and product performance. 
The evaluation group consisted of the following eight members (Table 15): 

Table 15. Evaluation group members in case 1. 

Current position Position in the LUMI 7 project 
Evaluators 

1. Development Manager *) 
2. Project Manager 
3. Project Engineer 
4. Power plant Manager 
5. Production Manager *) 
6. Production Supervisor 

 
Production Engineer 
Erection Manager 
Production Engineer 
Project Manager, Power plant 
Project Engineer 
Production Supervisor 

Facilitators 
7. Quality Manager *) 
8. Project Manager *) 

 
Training Manager 
- 

*) also in case 2 

The session was chaired by the author. One of the members acted as secretary to produce 
a group summary. All members were provided beforehand with the summary of the 
evaluation method. At first an introduction was given about the method, and the 
evaluation continued following the procedure described in the previous chapter, 4.7 
Evaluation process. 

The members filled in their comments and percentage scoring on their own evaluation 
sheets during the discussion. The main findings were summed up by the secretary. 
Individual percentage scores were collected in a spreadsheet to calculate the group’s 
average scoring. This was followed by a consensus discussion which yielded a group 
decision on the percentage scoring. The procedure was repeated for all the Items in 
technology area. 

The project evaluation group and individual evaluation sheets were collected for 
further analysis. This was followed by the feedback evaluation where the members were 
given feedback forms. Both the general evaluation and the method were assessed. 
Evaluators answered anonymously, but the facilitators put their names on the forms to 
separate project members and external evaluators. 

The evaluation comments and feedback results have been combined with case 2 
results, and they are presented in the following chapter, 5.3 Evaluation results. This 
allows the case results to be verified in parallel. 

Case 1 was evaluated according to the principles of the method, and therefore it 
fulfilled the requirements for evaluating the technological quality of the investment 
project. 
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5.2  Comprehensive approach 

Case 2 (9 November 2005) was given a comprehensive approach by concentrating in all 
the areas (Areas 1 – 7) including all 24 items. The evaluation group consisted of the 
following eight members (Table 16): 

Table 16. Evaluation group members in case 2. 

Current position Position in the LUMI 7 project 
Evaluators 

1. Vice President, special assignments 
2. Vice President, technology and R&D 
3. Managing Director 
4. Development Manager *) 
5. Production Manager *) 
6. HR manager 

 
Project Manager, LUMI 7 project 
Manager: production, process, HR 
Sales & Marketing Director 
Production Engineer 
Project Engineer 
HR Manager 

Facilitators 
7. Quality Manager *) 
8. Project Manager *) 
9. HRD Manager 

 
Training Manager 
- 
- 

*) also in case 1 

After the initial introduction, the evaluation group was divided into three sub-groups 
according to the members’ expertise areas. These parallel sub-groups were chaired by the 
three facilitators. The evaluation process in the sub-groups was similar to case 1. After 
this evaluation phase, the sub-groups came together to present the results and for a 
consensus discussion with the whole group. The group was instructed that if the group 
members estimated a +/- 20% difference in scoring compared with the sub-group’s 
results, the result would have to be re-evaluated by the whole group. 

The sub-groups’ results were accepted directly in the consensus discussion apart for 
two items: 1) 7.3 Profitability which the group claimed had been scored too highly by 
one sub-group. The item was re-evaluated by the group as instructed. Another item was 
2) 7.2 Sustainability which the sub-group members themselves asked to be scored by the 
group as they requested support for their evaluation. The need for support arose because 
the term ‘sustainability’ as such was not used during the LUMI 7 project, but it has a 
conceptual form in the criteria. The item was evaluated as requested. 

The results are presented in the next chapter. The Technology results have been 
combined with case 1 for comparison purposes. 

The evaluation of case 2 was performed according to the principles of the method, and 
therefore it fulfilled the requirements for evaluating the comprehensive quality of the 
investment project. 
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5.3  Evaluation results 

The results are presented in three sections according to the evaluation of the LUMI 7 
project: 1) technology results, 2) comprehensive results, and 3) feedback results. The 
evaluators’ and facilitators’ comments are presented accordingly. 

The results consist of the percentage scoring of items, written comments, and feedback 
on the evaluation process. Furthermore, summary scores have been calculated based on 
percentage scoring, and analyses of the results are presented. 

5.3.1  Technology results 

The technology evaluation was performed in case 1 & 2 based on the same criteria, 
therefore the results are comparable. The case 1 evaluation group consisted more of area 
manager level members and case 2 evaluation group members represented more the 
project management level. Also the different evaluation perspectives, technical and 
practical, in the two cases were expressed in a different approach to the evaluation. 

In the technology evaluation, the weights were shared evenly 500/500 between 
Operations and Results according to the principle in the basic framework. Evaluation 
perspectives had the same weights i.e. 1.  

The presented formula (8) gives the percentage score proposal for the Assets & 
product performance (Item 7.6) i.e. technology results. However, the final decision was 
made by the groups according to the principle of using the evaluation tools. The proposed 
results were used to score the Target (T) result in both cases, see Table 17.  

Table 17. Assets & product performance. 

Factor Weight GAP Case 1 Case 2 diff. 
Capacity 
Technical age 
Cost 
Guarantee 
Quality 

6 
2 
3 
1 
3 

46 – 50 
100 

62 - 85 
- 

37 - 48 

50 
100 
70 
45 
40 

60 
100 
70 
45 
40 

+10 
0 
0 
0 
0 

Total   58 62 +4 
Target (T) members’ avg.:   56 55 -1 
Target (T) final:   55 55 0 

The GAP analysis results of Item 7.6 Assets & product performance have been calculated 
for the targets of the LUMI 7 project. These results are shown in Appendix 2. 

Question lists were used only on an individual basis in the percentage scoring of 
results in risks and strategies. Therefore the results of the individual question lists have 
not been presented, but the tool itself has been evaluated, see chapter 5.3.3. Feedback 
results. 
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The percentage score results of the technology evaluation have been collected in a 
spreadsheet in order to calculate the differences, see Fig. 46. Case 1 & 2 results are 
presented separately. First the difference in Item level scoring was calculated. Secondly 
the average results of Targets (T), Risk (R), and Strategy (S) were calculated. And finally, 
the difference between item level averages was calculated. 

 

Fig. 46. Summary of Technology evaluation in cases 1 & 2. 

The total scoring result was 598 in case 1 and 629 in case 2. The difference in total 
scoring was 31 points i.e. 3%. As the individual percentage scoring steps were 10% and 
the consensus percentage scoring steps were 5%, the difference in total scoring between 
the two cases can be considered relatively small. In this respect the accuracy of the 
evaluation was very good. 

At item level the percentage scoring differences in the evaluation perspectives varied 
from -10% to +15%, and there was no difference in the four planks. Inside Targets (T) the 
difference in the Operations average was only -1% and there was no difference in the 
Results average. There was no difference in the summary of the Targets (T) perspective. 
The results of the Target (T) perspective can be considered to correspond very well.  

Within Risks (R) the differences were +8% in Operations and +5% in Results. The 
difference in the summary of the Risk (R) perspective was +6%. These results show clear 
correspondence. 

The Strategy (S) had differences in the average level of Operations, +4%, and Results, 
+10%. The difference in the summary of the perspective was +3%. According to these 
results there is a clear correspondence between the two cases. 
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Generally the Targets (T) perspective showed very good correspondence. There were 
some differences within the Risk (R) and Strategy (S) perspectives, but still a clear 
correspondence was determined. These results are in line with the tangible and thus more 
measurable nature of Targets (R), and intangible and thus more subjective nature of the 
Risk (R) and Strategy (S) perspectives. 

The relative positions of the results in the Operations vs. Results graph are presented 
in Fig. 47. In the Target (T) perspective of case 1 (filled black diamond) and case 2 
(unfilled diamond) the results show relatively better performance in Operations than in 
Results. This can be interpreted that there were challenges in achieving the targets and 
therefore more effort was needed in Operations. Also the original target level was a 
challenging one. In the Risk (R) perspective, Operations and Results are well-balanced, 
but case 2 indicated better performance than case 1. In Strategy (S) case 1 showed well-
balanced results, but case 2 indicated relatively good performance. This indicates that the 
evaluation group in case 2 estimated a better strategic fit than the group in case 1. 

Fig. 47. Operations vs. Results graph of cases 1 & 2. 
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The case averages i.e. centres of TRS (Ctrs) are very much on the same level in 
Operations (+1% difference) and fairly good in Results (+5% difference). The centres 
indicate good correspondence between the cases. 

Item level results of Target (T), Risk (R) and Strategy (S) i.e. all three perspectives, are 
presented in Fig. 48. This illustration shows the profiles of the evaluation perspective. 
These profiles are presented separately in the following figures. The general positioning 
showed correspondence within the items. The items 6.1 Raw materials and 6.5 
Maintenance & suppliers had the highest internal deviation in percentage scoring. In 
contrast, the items 6.2 Energy and 6.4 Product had the lowest internal deviation.  

Fig. 48. Item profiles of cases 1 & 2. 

The results were between 50% and 75%. According to the scoring guidelines, a 50% level 
represents a good operational level and achievement of targets, and thus it is the level that 
is expected of project performance in most cases. 
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The Target (T) profile is presented in Fig. 49. Generally the scoring of items has 
relatively small deviation, with a maximum of +/-5%. Items 6.2 Energy and 7.6 Assets & 
product performance did not show any difference. This indicated good correspondence 
between the two cases, as well as promoting the accuracy and repeatability of the method. 

Fig. 49. Target (T) profile of cases 1 & 2. 

Target (T) - evaluation groups’ comments. Regarding item 6.1 Raw materials, the 
performance level was excellent, 70%-75%. Strengths: According to the evaluation 
groups’ comments, it was possible to utilise the mill integration benefits as one of the 
targets. There was an integrated pulp mill with a capacity that was enough for two paper 
machines. As the raw material base was the same in PM6 and PM7, it was possible to use 
this experience. The planning work could be done more accurately compared to the PM6 
project, OPA. Raw material logistics was considered efficient, and one part of this was 
the site’s own port. Also the site’s latex plant with integrated pipelines offered efficient 
raw material logistics. Opportunities for improvement: However, as the raw material 
choices were typical for PM6, in practice not much attention was paid to other possible 
alternatives. There was technical readiness e.g. for eucalyptus pulp, but the actual target 
setting did not promote this opportunity. 
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Regarding item 6.2 Energy, the performance level was 70% in both cases. Strengths: A 
new power plant was built in the LUMI 7 project. This increased the mill’s own power 
and steam production, as well as improving self-sufficiency in the energy supply. The 
Finnish government supported the use of peat as a domestic energy source. The power 
plant project was implemented well in advance in order to serve the PM project. 
Connection to the national power grid was well established. The use of electricity was 
maximized because it was possible to use a supply from the related power company, 
Pohjolan Voima Oy. Energy efficiency was improved by installing inverter controlled 
electric drives. Dimensioning was more accurate than in the PM6 project because of the 
experience gained. Opportunities for improvement: The steam consumption of PM7 was 
over-dimensioned due to the machine supplier’s initial figures. This led to extra capacity 
in the new power plant. However, it was also an investment cost-efficient way to build 
power capacity for possible future enlargements. The comparison of energy production 
assets and raw materials could have been more deeply evaluated. An alternative fuel for 
peat was missing, but this was not considered to be necessary. Also electric supply and 
different connection possibilities could have been explored in a more extensive manner. 
Parasitic power compensation should have been made better. Based on the post-project 
experience, control of the electric grid could have been different to avoid disruptions. 

Regarding item 6.3 Production technology, the performance level was 65%-70%. 
Strengths: Reference material, experienced technology, and experience of operations 
were available and they were utilized (e.g. Veitsiluoto PM1, Kirkniemi PM3, and Oulu 
PM6). Oulu PM6 was used in many cases as a reference for targets. The product 
requirements were the basis for technological choices, which made it possible to focus on 
the selection of alternatives and also gave a narrower scope for the R&D work. This also 
improved opportunities for technology knowledge management. The chosen technology 
base has provided good opportunities for upgrades which promotes success in selections. 
The major new technology was 1) the shoe press in the 3rd position in the press section 
for higher web dryness, 2) jet nozzle technology (i.e. jet stations, four units) in the coater 
for machine runnability, and 3) nip load compensated calenders (i.e. OPTILOAD, two 
units) for improving paper bulk properties. The latter presented a clear technological step, 
as they were the first to be put into operation on production scale. The new calenders had 
excellent performance, and they represented state-of-the-art technology. In addition to 
single nip load control, the changeable bottom nip construction made it possible to use 
the very same calenders for silk/matt calendering, as well. The gap former as such was a 
proven technology, but for light-weight WFC papers it represented somewhat new 
technology. The on-line film coater enabled it to have the option of surface-sized WFU 
grade production. The soft nip calender in PM7 for improving paper two-sidedness was 
also new technology, and the selection was linked with the removal of an inverted 4th 
press. Technology-wise there were no real competitors in WFC papers, and the best 
reference was Oulu PM6. In civil construction, the thin-shell slab technology used was 
found to be an efficient method which shortened erection time. Opportunities for 
improvement: The new technology of electric drives caused disruptions which were 
partly due to manufacturing failures of specific components. The possibility for common 
spare parts and finishing operations (calendering and winding) with Oulu PM6 was used 
as a dimension factor for the machine width, and this led to the 9 m width of PM7. 
However, productivity would have been better with a 10 m machine width, which would 
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have been an option apart from the increased investment costs. There were some changes 
in technological choices during the implementation phase (e.g. coating stations: 
application rolls  jets), which posed additional challenges for the project management. 
This was also partly due to a technological turning point at a time when new applications 
(e.g. coating stations, super calenders, shoe press, film coater, runnability units in dryers) 
were being introduced on the markets. The importance of good coating profiles in the 
PM7 film coater was covered after the start-up. Therefore manual control units were 
replaced with automated control units (the modification was made in December 1999). 
During the start-up phase a lot of trials were made mainly for paper quality (formation) 
reasons, even though there had been several pilot trials on the supplier’s pilot machine. 
This indicated deficiencies in the implementation of gap forming technology for graphic 
papers along with utilising the potential of raw material options. 

Regarding item 6.4 Product, the performance level was 55%-60%. Strengths: The 
original target was first-class products in order to achieve a high position in merchant 
ranking, which correlates with high prices. As the targets were set primarily according to 
the most challenging sheet grade, the reel grade became strong product quality-wise (e.g. 
printability and surface properties). The product experience from Oulu PM6 was a great 
benefit, as the new PM7 concentrated on low basis weight papers (80/90-118 g/m2) and 
PM6 on heavy basis weight papers (130-216 g/m2) instead of a wide product range as 
formerly for PM6. The well-established market analysis made it possible to set targets 
according to customers’ needs. The markets were ready for the new production and 
products. R&D was strong and focused especially on coating and calendering. 
Opacity/whiteness ratio and bulk were chosen as the main marketing factors. 
Opportunities for improvement: As paper quality properties were major factors for the 
technological choices, several trials on pilot machines were performed. However, despite 
the number of tests the correlation between the gap former type of formation and print 
evenness i.e. mottling (graphic papers) could not be determined sufficiently. A hybrid 
former was used in PM6, and its formation type gave relatively better print evenness. The 
high opacity requirement (usage of PCC as filler) turned out to be less critical, and 
therefore it was possible to optimize recipes accordingly. 

Regarding item 6.5 Maintenance & suppliers, the performance level was 65%-70%. 
Strengths: The main criteria for selection of suppliers were that they were 1) big enough, 
2) economically reliable, and 3) well-known. Proven suppliers were known and used 
(existing network) by the project management. The main machinery supplier (Valmet) 
was used in the PM6 project, and the supplier was a state-owned company, which was 
also the owner base of the company as well. These were strong arguments for the 
selection. Another potential main machinery supplier (Voith) did not submit a tender. The 
formerly established maintenance company (Fortek) was well incorporated into the 
project, and the maintenance personnel were taking part in the training program. Civil 
construction work was well-planned end erected. Opportunities for improvement: The 
planning time with suppliers was considered too short. The spare part purchasing and 
registering was partially unsatisfactory. The quality of documents was not at a good level 
in some areas. Alternative supplier options could have been utilised more actively even 
though the total number of suppliers was high. Some supplier choices were 
unsatisfactory. There were some changes in project management (especially in 
maintenance), which had a negative impact during the implementation and start-up phase.  



 152

Regarding item 7.6 Assets & product performance, the performance level was 55% in 
both cases. Strengths: Project costs were well controlled, and they were below budget. 
Also the time period was favourable for cost-efficient investments. The actual time 
schedule was below the planned. Production capacity was achieved according to the 
budget, and the capacity was well utilised. Technological choices utilised fully the 
potential of technical age, because they represented modern technology in most cases. 
There were no major problems with technical guarantees and follow-up work. The cost 
structure of the products was efficient and below budget. Opportunities for improvement: 
The paper quality did not meet targets during the start-up and test phases (1999 situation). 
The major defect was the base paper formation, which did not meet the numerical target, 
and due to this even more critical was the insufficient print evenness. This part of the 
operational guarantees was not fulfilled either. There were quality concerns about the 
sheet grades, whereas the quality of the reel grades met the targets. The following 
production scale trials finally gave good results and the quality targets were reached, but 
production line efficiency was temporarily damaged partly due to this reason. Another 
quality defect was the “scar” on the web edges for about three months after start-up until 
the press section modification in August 1997. This crushing type of defect was also 
critical for coater runnability. The defect was caused by the geometry of the 1st press 
which included a provision for a shoe press modification, see Appendix 3. A significant 
technical defect was the frequent disruptions caused by the electric drives. This was later 
solved by extensive replacement of the faulty components.  

The Risk (R) profile is presented in Fig. 50. Generally the scoring of the items showed 
a deviation of a maximum of +15%/-10%. The lowest difference (+5%) was in Items 6.4 
Product, 6.5 Maintenance & suppliers and 7.6 Assets & product performance. The 
biggest difference was in Item 6.3 Production technology. These results indicated 
correspondence between the two cases. However, the different combination of group 
members also raised different views and knowledge into the evaluation. This can be seen 
as some deviation in the percentage scoring. 
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Fig. 50. Risk (R) profile of cases 1 & 2. 

Risk (R) - evaluation groups’ comments. Regarding item 6.1 Raw materials, the 
performance level was 55%-65%. Strengths: Technically there were alternative options 
for using different raw materials. This lowered the risk of the raw material supply and 
dependence on a limited number of suppliers. In addition to the integrated slush pulp 
lines from the site’s own pulp mill, the three pulp lines “Pine”, “Birch”, and “Euca” with 
increased pulping capacity made it possible to use various fibre sources. Increased 
pigment storage and connection possibilities in the pumping lines enabled the storage 
capacity to be utilised well for normal production purposes as well as for trial runs, e.g. 
PCC was used as a filler but it was also an option for one of the coating pigments. The 
possibility of mixing pigments during the pumping sequences was considered a technical 
risk, and effort was put into solving these risks. A systematic risk analysis was made for 
the calcium carbonate supply. In general no major raw material risks were identified. 
Knowledge of the availability of raw materials enabled the verification of alternatives and 
the build-up of technical readiness for potential use in the future. Opportunities for 
improvements: Fibre availability and selection lacked intensive risk management, e,g. the 
risk in birch supply was identified but the corrective actions were not sufficient. 
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Experience from PM6 lowered the risk in raw materials, and the main choices were made 
accordingly. However, this gave a somewhat narrow viewpoint which also increased the 
risk of not utilising potential alternative raw materials e.g. eucalyptus and dried pulp. 
Furthermore this led to an increased risk in achieving target level production line 
efficiency i.e. runnability and paper quality i.e. base paper formation. 

Regarding item 6.2 Energy, the performance level was 60%-70%. Strengths: A risk 
assessment of energy was done. Fuel alternatives were verified, and low-risk fuel 
alternatives were selected. Agreements promoted stability in the energy supply and long-
term planning. The energy supply was secured well in advance before the PM7 start-up. 
Opportunities for improvement: Risk assessment of electricity was not intensive, and it 
was remarked that the issue was handled independently of the project. Electric supply 
solutions were not disruption-free, and alternative connection possibilities could have 
been considered. The analysis of alternative biofuels could have been more extensive. 

Regarding item 6.3 Production technology, the performance level was 55%-70%. 
Strengths: Risk analyses were done in co-operation with the main machinery supplier. 
Generally risks were not seen as limiting technological choices. In many cases the most 
expensive technology was purchased to achieve good performance although a more cost-
efficient alternative was available. The principle was that unproven technology was to be 
avoided. The biggest technological risk was the Optiload calenders, and therefore a 
separate risk analysis was made with a consultant. As commented, “zero” risk tolerance 
was applied to the new calendering technology. A frame was constructed to enable 
conversion into conventional supercalenders, if that were needed. In order to carry out 
production scale tests with paper from the PM6 line, one of the calenders was assembled 
about four months before the line start-up. The tests supported continuation with the new 
Optiload technology. In a similar manner, the coating machine and finishing was started 
with base paper from PM6 three weeks earlier than the PM7 start-up. This promoted 
well-planned resource allocation for the PM7 start-up, as well as readiness for efficient 
production. Other risks were assessed by using experiences with other machine e.g. in the 
selection of coating stations. Opportunities for improvement: Risk assessment was not 
comprehensive. Some areas under suppliers’ responsibilities were not taken intensively 
into the scope of project management risk assessment even though the consequences and 
production experience would have indicated it. A major defect was the insufficient risk 
assessment of the new press geometry due to shoe press provision. Another was the 
selection of new technology in electric drives and the related knowledge transfer. Partly 
this was also related to unexpected changes in human resources.  

Regarding item 6.4 Product, the performance level was 50%-55%. Strengths: The 
product requirements were known due to experience from PM6, and the product portfolio 
was ready. Information from the comprehensive market survey was available (e.g. 
requirements of opacity and print evenness). The product portfolio fitted the mill’s 
capabilities well, and thus no additional risks were included. Opportunities for 
improvement: The risk management of the product and its opportunities was not 
sufficient. The connection between formation type and print evenness was not known at 
the beginning, and this would have needed more specific tests. The high quality targets 
created increased risk exposure. 
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Regarding item 6.5 Maintenance & suppliers, the performance level was 55%-60%. 
Strengths: Maintenance was outsourced to a company (Fortek) which was founded by the 
previous company-owned maintenance department. These personnel were well-
experienced in PM6. The maintenance service they provided was top-class. Spare part 
risks were lowered partly by networking with other companies. Risks in maintenance 
were considered to be low. Operation with one main machinery supplier with common 
experience from PM6 lowered the risk exposure. There were guidelines for selecting 
suppliers which helped to make preferred choices, e.g. suppliers’ taxation information 
was checked. Opportunities for improvement: Risk management was not adequate. Even 
though the suppliers were chosen according to the guidelines, there were still some small 
suppliers whose performance level was not sufficient. Therefore the guidelines were not 
enough to perform real risk management. 

Regarding item 7.6 Assets & product performance, the performance level was 55%-
60%. Strengths: In general there were no major technical drawbacks which would have 
been obstacles for achieving the main targets i.e. the project managed risk exposure well. 
Risk management was used in those areas where the major risks were identified. The 
implementation of the new Optiload calendaring technology promoted excellent risk 
management. Operation of the power plant was reliable. Opportunities for improvement: 
The technological choices carried risks which were in some cases linked, e.g. the lowered 
risk due to experienced and integrated raw material base for products with high quality 
targets placed more demands on process performance and thus increased risk exposure. 
As a result, the main supplier and mill personnel put a lot of effort into achieving these 
quality targets instead of the main focus on productivity issues. Another issue was the 
provision for a shoe press in the 1st press, which was a part of risk management and 
utilised the project phase for future technological choices. The press frame and 
foundations were constructed so as to be suitable for a shoe press modification. However, 
the combined pick-up and 1st press felt geometry caused wrinkles i.e. “scars” usually to 
the paper web edges and sometimes to the middle section. After detecting the reason for 
the problem, the felt geometry was modified to be open. As a result, a new type of press 
geometry was entered in the original provision, the dynamics of which were unknown. 
Thus the risk exposure was increased, but this was not sufficiently taken into account 
during the press design. 

The Strategy (S) profile is presented in Fig. 51. Generally the deviation was a 
maximum of +/-10%. This indicates a correlation between the two cases. There was no 
deviation in Items 6.3 Production technology and 6.4 Product. The biggest difference was 
in Items 6.1 Raw materials, 6.5 Maintenance & suppliers, and 7.6 Assets & product 
performance.  
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Fig. 51. Strategy (S) profile of cases 1 & 2. 

Strategy (S) - evaluation groups’ comments. Regarding item 6.1 Raw materials, the 
performance level was 60%-70%. Strengths: Utilisation of synergy benefits in raw 
materials was one of the strategic choices. The full capacity utilisation of the site’s pulp 
mill was a driver. There were also raw material synergies with Veitsiluoto mill. The 
strong original viewpoint was to base fibre supply on domestic forests i.e. pine and birch 
although the adequacy of birch was seen as a risk. High opacity requirements were the 
main drivers for strategic choices in the usage of special pigment solutions. At that time 
the company-owned latex production was preferred, mainly for logistics reasons. The raw 
material strategy was locally strong. Opportunities for improvement: A strategic approach 
was not used intensively for fibre availability and selection. In general, it was commented 
that the newly established ENSO Oyj did not yet have a fibre strategy that could have 
been used for LUMI 7 project purposes. The somewhat narrow and local fibre strategy 
did not provide the opportunity to utilise completely the full raw material potential. The 
eucalyptus pulp tests back in summer 1998 showed the potential, but the strategic choice 
was to prefer the conventional fibre base. 
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Regarding item 6.2 Energy, the performance level was 65%-70%. Strengths: 
Dependence on an external power supply was lowered by building a power plant on site. 
Usage of electricity was maximized because it was possible to utilise company’s own 
power company, and this was used as an argument when selecting production technology. 
Energy efficiency was improved by using inverter drive technology. The power plant was 
over-dimensioned but this was considered a benefit in relation to future requirements. 
Opportunities for improvement: There was no real energy strategy available which was 
partly due to the newly established company structure. More intensive fuel dissection 
could have been included in strategic planning. 

Regarding item 6.3 Production technology, the performance level was 65% in both 
cases. Strengths: Strategic guidelines were to select experienced technology which would 
fulfil the product requirements. Due to technological choices (film coating unit), it was 
also possible to use PM7 temporarily for uncoated wood-free production (UWF). 
Selection of new unproven technology (e.g. calenders, film coating) proved to be the 
right decisions because these choices have been working well ever since, and there has 
been no need for major changes. Opportunities for improvement: A company technology 
strategy could not be identified due to the new company structure. Common spare parts 
and utilisation of finishing assets with PM6 were used as a dimensioning factor. This 
strategy had its identified benefits, but the total productivity of the PM7 would have been 
higher by maximizing the machine width, despite increased investment costs. 

Regarding item 6.4 Product, the performance level was 60% in both cases. Strengths: 
The product portfolio correlated well with company strategy. The company’s strategic 
position became stronger with extended capacity and quality upgrade. Product design 
used customer satisfaction as a strategic approach. Production of company’s WFC 
products was concentrated in Oulu, and therefore the strategy was strongly local, and 
there was no dependence on other units. Opportunities for improvement: Product strategy 
was sheet grade oriented which increased reel grade quality to a high level which was 
reflected as strong demand in the markets but not directly as better profitability. 
Combining sheet and reel grades requirements also posed a challenge. 

Regarding item 6.5 Maintenance & suppliers, the performance level was 55%-65%. 
Strengths: One of the company’s strategic choices was to outsource maintenance, which 
was also the case in the LUMI 7 project. New working methods were applied in the 
maintenance work. The utilisation of the existing supplier network and previous PM6 
experience proved successful. The main machinery supplier had dominance in the 
domestic market, but there was also ongoing good co-operation between the supplier and 
the customer. Opportunities for improvement: The utilisation of potential suppliers could 
have been better when making strategic choices. This would have benefited technology 
knowledge transfer.  

Regarding item 7.6 Assets & product performance, the performance level was 60%-
70%. Strengths: The technological choices followed the strategic decisions, e.g. raw 
material choices, film coating, and calender technology. Low cost structure in products 
promoted success especially in raw material choices according to the selected strategy. 
The company’s strategic position became stronger thanks to the product portfolio. The 
assets lowered the technical age average in the company. Opportunities for improvement: 
The number of trials during the start-up phase manifested a lack of strategic fit within the 
technology. 
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Summary of cases 1 & 2 – technology. The summary profiles of cases 1 and 2 were 
calculated by taking the average of the TRS perspectives, see Fig. 52. The deviation of 
scoring inside the item and between the two cases was a maximum of +7% in Item 6.3 
Production technology, which was mainly explained by the differences in evaluating risk 
management. There was no deviation in Item 6.4 Product. This indicates good 
correspondence between the cases. 

Fig. 52. The summary i.e. average profiles of cases 1 & 2. 

The average profiles indicate the general performance level of an item. By comparison it 
was possible to indicate general correspondence between the cases. There were 
deviations in both directions, which indicates that none of the groups evaluated 
continuously better or worse percentage scores than any other.  
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5.3.2  Comprehensive results 

A comprehensive evaluation was performed on case 2. This included the technological 
part, which was presented in the previous chapter. The objective of the comprehensive 
evaluation was to serve practical implementation purposes. These comprehensive results 
were used only as information on the general operational environment of the LUMI 7 
project, and it was not the focus of this study. Therefore the comprehensive evaluation 
results are presented here in a condensed form. 

The total scoring of LUMI 7 project was 628/1000, which is a good performance level 
according to the scoring guidelines, see Fig. 53. The corresponding project profile is 
presented in Fig. 54. Equal 500/500 weighting was used for Operations and Results.  

Fig. 53. The summary of the comprehensive evaluation of case 2. 
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Fig. 54. Comprehensive project profile of case 2. 

As the project profile consisted of the performance of each item in respect of the TRS 
evaluation perspectives, it was possible to detect differences in the comprehensive project 
scope. The most evident difference was found in the under-performing item 7.3 
Profitability, which was evaluated about 30% lower than the other items on average. This 
item was originally evaluated higher, but during the consensus discussion with the project 
group the results were re-evaluated. One reason for the need for re-evaluation was the 
difference between the GAP analysis results and the sub-group’s initial results. Area 3 
Markets showed the biggest internal variation between the evaluation perspectives. In this 
area especially risk management was evaluated to be insufficient. In contrast, operations 
in the Target (T) perspective were excellent. 

The summary results are presented in the Operations vs. Results graph, see Fig. 55. All 
three TRS perspectives performed above the 50% limit i.e. this indicates good 
performance. The ratio between Operations and Results is also well in balance. 

Item profiles - Lumi 7 - Project - case 2

0
10
20
30
40
50
60
70
80
90

100

1.
1 

O
rg

an
is

at
io

n 
& 

co
-o

pe
ra

tio
n

1.
2 

Le
ga

l a
ffa

irs
, p

la
nn

in
g 

& 
im

pl
em

en
2.

1 
En

vi
ro

nm
en

t
2.

2 
So

ci
al

 re
sp

on
se

3.
1 

Vo
lu

m
e 

& 
co

m
pe

tit
io

n
3.

2 
G

ro
w

th
 &

 s
tra

te
gi

c 
op

tio
ns

3.
3 

Su
pp

ly
 c

ha
in

3.
4 

Pr
ic

e,
 s

er
vi

ce
 &

 c
us

to
m

er
 re

te
nt

io
n

4.
1 

In
te

rn
al

4.
2 

Ex
te

rn
al

5.
1 

O
cc

up
at

io
na

l s
af

et
y

5.
2 

C
om

pe
te

nc
e

5.
3 

Ad
eq

ua
cy

6.
1 

R
aw

 m
at

er
ia

ls
6.

2 
En

er
gy

6.
3 

Pr
od

uc
tio

n 
te

ch
no

lo
gy

6.
4 

Pr
od

uc
t

6.
5 

M
ai

nt
en

an
ce

 &
 s

up
pl

ie
rs

7.
1 

Ti
m

e 
sc

he
du

le
 &

 b
ud

ge
t

7.
2 

Su
st

ai
na

bi
lit

y
7.

3 
Pr

of
ita

bi
lit

y
7.

4 
Si

te
7.

5 
St

ar
t-u

p

7.
6 

As
se

ts
 &

 p
ro

du
ct

 p
er

fo
rm

an
ce

Items

Sc
or

e 
po

in
ts

, [
%

]

T R S



 161

Fig. 55. Operations vs. Results graph of case 2, the comprehensive project scope. 

Comprehensive evaluation - evaluation groups’ comments (excluding technology). 
Strengths: The co-operation between the mill and the project was good. The project 
organization was very experienced, and it was possible to utilise experts from the two 
recently merged companies in ENSO Oyj. Experience of the OPA project was available. 
Project planning tools were good. There were many of the same suppliers as in the OPA 
project. Co-operation with authorities was systematic. Local industrial peace for the start-
up was secured by separate agreement with local trade union representatives. The 
placement of the mill had a positive effect on the local economy, and the placement also 
created synergy benefits. The market knowledge was good by area and by country. Fast 
growing markets were known. Benchmarking was comprehensive. There was a defined 
competition strategy and targets. There was an existing customer base. The sales 
organization was well trained for the new project. The concept of two giant machines was 
efficient, and it shortened lead-times to the markets. The product portfolio was wide. The 
product quality fit was excellent to market requirements. The product quality was 
harmonised. The site’s own port and integrated mill operations were part of the efficient 
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supply chain. The Lumipaper concept i.e. external sheeting plants were strengths for 
service. Good competitiveness made it possible to be a strategic supplier for customers. 
Commercial quality level was reached soon after start-up, which limited c “first run” 
sales to a minimum, and this made it possible to reach market prices quickly. The new 
PM7 filled the fibre balance gap in the mill site, and it was also possible to utilise many 
integrate benefits. Occupational safety targets were clear and challenging, and 
occupational safety authorities were involved all the time. The mill’s own safety 
organization was very committed, and made intensive checks during the implementation 
phase. The project personnel were very experienced. The personnel training level was 
increased compared with traditional requirements. The training project was wide-ranging. 
The “YTA” procedure was used i.e. common targets with the main supplier for 
minimising risks. The schedule and budget target were challenging, but even so, excellent 
results were achieved. Project timing was successful. The start-up of the production line 
was excellent, and world record level results were made.  

Opportunities for improvement: Clear instructions were missing how to end the 
projects. Project documentation was not satisfactory. There were changes between pre-
planning and implementation. The implementation schedule was too tight. Enlargement 
of the office building and the printing laboratory were not in the original project scope. 
The export base was too wide which weakened the European focus. Customer 
profitability was not enough on site. Changes in the sales organization management 
caused disturbances. There were needs for fine-tuning in product quality within the 
product portfolio. Positioning targets with large Pan-European merchants and in North 
America were not fully reached. The general market price estimates failed, which led to 
significant under-performance in the profitability of the project. The role of the external 
consultant in human resource development was not clear or efficient. The scope of the 
project should have been better defined to avoid the number of changes. Some long-term 
planning was missing in the scheduling.  



 163

5.3.3  Feedback results 

After the evaluation sessions for cases 1 and 2, feedback was collected from the 
evaluators and facilitators in written form. The objective of the feedback was to evaluate 
the applicability of the investment evaluation method by applying the principles of the 
constructive approach in business studies (Kasanen E et al. 1991). The target was to pass 
a “weak market test” i.e. to achieve acceptance for the method among managers 
responsible for investment. For the weak market test purposes only it would have been 
enough to communicate the principles of the method to experienced project personnel in 
the case company (ref. Kontio J & Haapasalo H 2005). In addition to this, the method 
was tested with case studies twice in practice. The second case was done on full scale. 
Therefore “strong market test” principles were also included in the evaluation of the 
method. 

In both cases 1) general and 2) method-specific issues were evaluated. In addition to 
this, in case 2 feedback was requested of 3) evaluation tool i.e. GAP-analysis and 
question lists which were used for the percentage scoring of the results. This was because 
the evaluation tools were used only for the Results area, and only case 2 included all the 
items in that area. The summary of results is presented in Fig. 56. First, the results of case 
1 and 2 are presented separately. Secondly, the total results of both cases were calculated 
in the form of averages, medians, and percentages. Because of statistic principles, 
medians were used for multi-value questions (values: 1/weak, 2, 3, 4, and 5/excellent. 
Mean value is not determined), and percentages for Boolean TRUE/FALSE questions. 

Fig. 56. The feedback results summary for cases 1 & 2. 

FEEDBACK
Total Case 1 & 2

1. General evaluation N Med. Avg.
1. Criteria cover the whole investment project scope 18 4,0 3,9
2. Weights of areas are in balance 18 3,0 3,3
3. The three perspectives TRS are useful in evaluation 18 4,0 3,7
4. The method is ready for use without further development 18 3,0 3,1
5. The method promotes new developmet ideas 18 4,0 3,4
6. There was enough time for the evaluation 18 3,0 3,1
7. Available post completion data was enough accurate 18 3,5 3,2
8. The evaluation expert group was well established 18 4,0 3,8
9. Facilitator's role is useful for the evaluation process 18 4,0 3,7
10. The evaluation arrangements were working well 18 4,0 3,9

2. Method N T tot. F tot. T tot, [%] F tot, [%]
1. The method benefits decision making 19 15 4 79 21
2. The three evaluation perspectives TRS benefit decision making 18 15 3 83 17
3. The criteria measure technological facts 19 14 5 74 26
4. The criteria measure subjective opinions 18 15 3 83 17
5. The method can be used for post completion audits in practise 18 18 0 100 0
6. The method can be used also for other projects than "Lumi 7" 18 18 0 100 0
7. The method can be used for collecting developments ideas 18 15 3 83 17
8. The method can improve the investment process in general 18 18 0 100 0
9. The method is better than any one already used in paper industry 18 12 6 67 33
10. The method gives competitive advantage for the company 17 13 4 76 24

Total
3. Evaluation tools N Med. Avg.

1. Evaluation tools were easy to use in general 10 4,0 3,7
2. GAP analysis provided enough accurate measures 10 4,0 3,8
3. Supportive question lists provided enough accurate measures 10 3,0 3,3

N T tot. F tot. T tot, [%] F tot, [%]
1. Evauation tools are useful for percent scoring in general 10 10 0 100 0
2. GAP analysis support percent scoring 10 10 0 100 0
3. Supportive question lists support percent scoring 10 8 2 80 20
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General evaluation. The “General evaluation” measured the overall applicability of the 
method. Multi-value questions were used for determining the performance level of the 
following aspects: coverage of project scope (Q1), balance in area weighting (Q2), TRS 
perspectives in evaluation (Q3), method readiness (Q4), idea generation (Q5), adequacy 
of time (Q6), data accuracy (Q7), representativeness of the group (Q8), facilitator’s role 
(Q9), and arrangements (Q10). According to the feedback results, all aspects were 
evaluated between the satisfactory/neutral (median 3) and the good (median 4) levels, see 
Fig. 57.  

Fig. 57. General evaluation feedback of cases 1 & 2. 

In most questions the correspondence between the two cases was good. There was one 
unit difference in the aspect of idea generation, as it was seen as satisfactory/neutral in 
case 1 and good in case 2. 

Practical implementation of the method requires sufficient coverage of the criteria and 
smooth arrangements, and the fulfilment of these requirements was clearly promoted by 
the results. In addition to this, the other new elements of the method, the TRS perspective 
and usage of facilitators, were clearly appreciated, which speaks for the structure of the 
method. The method readiness, balance in area weighting, and adequacy of time were 
ranked satisfactory (median 3), which indicates that the method can be developed further, 
but is not a necessity for implementation.  

Data accuracy and the representativeness of the group were also valued. This indicates 
that the case study was sufficient for testing the method in practice. 
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Method. The “Method” measured the experts’ direct opinions of the method. Boolean 
questions were used to determine the status of the following aspects: benefit of the 
method for decision-making (Q1), benefit of the TRS perspectives for decision-making 
(Q2), ability to measure facts (Q3), ability to measure subjective opinions (Q4), practical 
applicability (Q5), suitability for other projects (Q6), ability to collect development ideas 
(Q7), ability for investment process improvements (Q8), superiority of the method (Q9), 
and competitive advantage (Q10). According to the feedback results, all aspects were 
scored from 67% to 100%, see Fig. 58.  

Fig. 58. Method evaluation feedback of cases 1 & 2. 

All experts gave their full support (100%) to the practical implementation of the method. 
In addition to this, the suitability for other projects and the ability to improve the 
investment process were fully (100%) supported. Tools for collecting development ideas 
are elements of improving the investment process. The result (83%) supported the ability 
to collect development ideas. Also the method was seen to give the company competitive 
advantage (76%). All these results are very strong indications for the applicability of the 
method. 

2. Method
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The superiority was asked to determine the novelty of the method. The result (67%) 
indicated slight novelty. However, FALSE category answers included “don’t know” type 
of comments or there were crosses in both TRUE and FALSE alternatives. If these 
uncertain answers are excluded, the results (100%) fully support the novelty of the 
method. 

Company management can use information from a post-completion audit for decision-
making. Decisions can be about e.g. the project in question, related projects or planned 
projects. One objective of the method is to benefit decision-making. The result (79%) 
clearly supports this capability. According to the comments, some group members did not 
connect post-completion audit results directly with decision-making, but more with 
investment process development. Partly for this reason the result was poorer. 

As a separate issue from the method, it was asked whether the TRS perspectives 
benefit decision-making. This is related to the linked strategy in chapter 6.1, which 
defines a value added project as the sum of achievements in project Targets (T), extensive 
Risk management (R), and Strategic fit (S). These perspectives are included in all areas 
of a comprehensive investment project evaluation, they sort out information in a form 
which is congruent with success factors, and furthermore in corresponding decision-
making. Therefore their contribution is essential for a project, the ultimate target of which 
is to be a value added project. The result (83%) clearly supports the benefit of using TRS 
perspectives in decision-making.  

From the scientific viewpoint it is important for the method to be able to measure 
facts, especially technological facts. The result of the feedback (74%) supported this 
capability. Facts are especially related to Results, and subjective opinions are more 
related to Operations, as was described in the construction of the method. Therefore the 
experts were asked about these issues, and the result (83%) clearly supported these 
capabilities. 
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Evaluation tools. The “Evaluation tools” measured the experts’ experience of using 
the evaluation tools, which were the question lists and GAP analysis. Multi value 
questions were used for determining the performance level of the following aspects: easy 
to use (Q1), accuracy of GAP analysis (Q2), and accuracy of question lists (Q3). 
According to the feedback results, all aspects were between the satisfactory/neutral 
(median 3) and the good (median 4) levels, see Fig. 59.  

Fig. 59. Evaluation tools feedback in cases 1 & 2. 

The purpose of using evaluation tools is to make the evaluation of Results more 
consistent with the available data e.g. targets in investment proposal vs. actual results. 
The result (median 4.0) indicated that the evaluation tools were easy to use in general. 
The GAP analysis (median 4.0) was considered accurate enough for evaluation purposes. 
This is apparent since data for Results of Targets (T) was based on measurable facts like 
production in tons [t/a], annual costs [€/a], machine efficiency [%], and machine speed 
[m/min]. Meanwhile, the accuracy of the question lists was seen as only 
satisfactory/neutral (median 3.0). Evaluating Results of Risk (R) and Strategy (S) is far 
less tangible, which makes accurate measurement more challenging. Concurrently this 
supports the importance of using these tools for risk management and strategic fit. 

Boolean questions were used for determining the status of the following aspects: 
usefulness of evaluation tools in general (Q1), support of GAP analysis in percentage 
scoring (Q2), and support of question lists in percentage scoring (Q3). According to the 
feedback results, all aspects were ranked from 80% to 100%, see Fig. 60.  
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Fig. 60. Evaluation tools feedback in cases 1 & 2. 

The full (100%) support regarding the usefulness of evaluation tools in general and GAP 
analysis strongly promoted the benefits of using these tools, especially GAP analysis. 
Also the support (80%) of question lists was in line with the benefits. These results 
clearly showed that it is valuable to develop evaluation tools which can in practice be 
used with the method to improve the accuracy of an investment project evaluation. 

Feedback summary. According to the feedback, the investment evaluation method 
produces information which can be used in decision-making. The TRS perspectives as a 
part of the method are useful for an investment evaluation, and furthermore they support 
decision-making as well.  

The method is ready for practical implementation. The coverage is comprehensive, the 
structure of the method is feasible, and practical arrangements can be made to work well. 
However, there is also potential for development mainly in the expenditure of time and 
weighting between areas. The method measures both technical facts and subjective 
opinions. Furthermore the evaluation tools are useful for percentage scoring. GAP 
analysis in particular can provide enough accurate information for evaluation purposes.  

The case studies proved suitable for testing the method, and the corresponding data 
accurate enough. The evaluation group was also suitable for the purposes of this study. 
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6 Examination of the evaluation method 

The starting point for this study was to develop a practical evaluation method for post-
completion audit evaluations in paper production line investment projects. Very 
sophisticated evaluation methods have already been developed and are widely used for 
specific areas e.g. profitability, risk management, strategic planning, business 
development, and project management in general. However, the complexity, scale, and 
special requirements of paper production line investment projects require a 
comprehensive framework and technology to be catered for in the evaluation method. 
The method developed in this study responds to these requirements. Accordingly the 
usability of the evaluation method focuses on how technology is linked with the 
comprehensive framework by using the TRS perspectives and self-assessment 
methodology. 

6.1  Main results of the study 

A value added investment project is a sum of successes in the operational environment. 
Therefore success factors and modelling of the operational environment have been part of 
this study when constructing an evaluation model for post-completion audits in paper 
production line investment projects. According to the literature survey, project success 
promotes the importance of fulfilling project-specific targets, adequate risk management, 
and the strategic fit of all project operations. This can be presented in the form of three 
evaluation perspectives: 1) project Targets (T), 2) Risk management (R), and 3) company 
Strategy (S) i.e. the TRS perspectives. These perspectives should be parallel to support 
focused operations. Eventually the perspectives can benefit decision-making by sorting 
out information in a form which is congruent with the success factors. 

The framework for a comprehensive investment project evaluation can be based on 
self-assessment methodology. The Malcolm Baldrige framework and its criteria are one 
of the most widely-used TQM tools, and many other national criteria are derived or 
inspired by the principles of MBQA (NIST 2005a). The principles of the Baldrige 
framework have also been partly used in this study due to its verification by scientific 
methods (e.g. Flynn BB & Saladin B 2001, Meyer SM & Collier DA 2001, and 
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Pannirselvam GP et al. 1998), its comprehensive approach, and practical usability. 
However, the Baldrige framework with six defined categories generating business results 
was not implemented as such, because its structure does not include all the processes 
which have been identified as critical for a successful investment project. Therefore the 
framework in this study consists of the following seven areas: 1) Management, 2) 
Sustainability, 3) Markets, 4) Infrastructure, 5) Human resources, 6) Technology, and 7) 
Results. Also the criteria have been fully re-written to be suitable for paper production 
line investment project evaluations and to be in line with the TRS perspectives. 
Furthermore usage of TRS perspectives and evaluation tools has been developed in this 
study. In addition, the scoring guidelines have been fitted with the method. The structure 
and the system perspective of the model are presented in detail in Chapter 6. 

The criteria of the method have been adapted for paper production line investments. 
The objectives for the criteria were measurements of both technological facts and 
subjective opinions. Technology is one of the defined evaluation areas. Accordingly the 
criteria measure issues which have general importance in papermaking technology. The 
technological approach in this study also resulted in good correspondence between two 
case studies. In particular the percentage scoring of Targets (T) of Results area is based 
on measurable facts. Percentage scoring of operations includes measurement of 
subjective opinions. Particularly issues related to Risk (R) and Strategy (S) include 
subjective opinions, which makes it challenging to perform accurate measurements. Thus 
the result reflects the opinions of experts based on the scoring guidelines. 

Post-completion audits verify success in investment projects. As a project has been 
completed many results are known or it is possible to estimate the outcomes. Therefore 
the evaluation approach is explanatory instead of predictive (e.g. during pre-feasibility 
study). Hence the data is based on facts or subjective opinions according to the project 
experience. This limited scope increases the scientific validity of the study. 

The fulfilment of the practicality requirement of the method is essential from the 
implementation viewpoint. During the construction phase, the supervising comments of 
the experts promoted a comprehensive approach and an evaluation session of about one 
working day. Furthermore the methodology should be quickly absorbable and the 
evaluations tools easy to use. The fulfilment of practicality requirements were tested with 
a case study, and the experts’ feedback fully supported (100%) the practical 
implementation of the method. 

The evaluation method constitutes a relatively dense and similarly comprehensive 
approach on the selected level of information. The preferred level of information is 
typical for a project steering group due to make a post-completion audit report for 
company management purposes. At the moment the evaluation method developed 
provides the most usable tool for comprehensive post-completion audits in paper 
production line investment projects. 
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6.2  Discussion 

The post-completion audit of an investment project can be performed in many ways. The 
requirements of reporting are one of the driving forces behind the methodology selected. 
The research problem is that there has been a lack of comprehensive evaluation methods 
for these purposes in the paper industry. This is considered to be a deficiency, as capital 
intensive projects are extremely important for companies when formulating strategic 
goals and setting profitability targets. Furthermore, the learning from completed projects 
and the investment process in general is essential for the success of future projects. In this 
study a method has been developed, which is suitable for post-completion audits in paper 
production line investments. Despite the comprehensive framework, this study is 
technologically oriented. 

The research questions explore the practicability of self-assessments with TRS 
perspectives for post-completion audits, as well as the ability of the criteria to measure 
technological facts and the subjective opinions of the evaluators. Research theory 
supports the constructive research approach selected in this study.  

The underlying elements of the TRS perspectives were presented in the literature 
review. Project Targets (T) are mainly covered in project management and in the sections 
on previous approaches. The self-assessment methodology was presented in more detail. 
In target setting the key issue from the technology viewpoint is particularly the systematic 
evaluation of investment alternatives. Several techniques and methods for this purpose 
were presented. Risk Management (R) was presented in a separate chapter. 
Comprehensive risk assessment was followed by risk management in well-established 
projects. Company Strategy (S) was presented in the context of investment strategy. The 
comprehensive strategic approach is a prerequisite for value added projects. This was 
presented in the context of profitability and Strategy maps. Furthermore, the TRS 
perspectives have been embedded in the construct of the self-assessment method, which 
is based on the principle of the MB framework. Finally, the method was tested with the 
case study. 

The results of this study clearly show that the method developed here fulfils the 
requirements for post-completion audit reporting. In particular the ability of TRS 
evaluation perspectives, measurement of technological facts and subjective opinions, as 
well as strong backing received by experts for its practical applicability support the 
advantages of the method. Therefore the answers to the research questions have been 
determined, and the objectives for this study have been reached. 

Companies have their own internal requirements for the form the final reporting of an 
investment project should take. The developed method is not exclusionary. In fact it is 
complementary to current procedures, as it provides information which can complete the 
content of previous reporting forms. 

Self-assessment methodology is used as a TQM tool in many companies. Therefore it 
is an additional benefit if the investment evaluation principles are congruent with the 
TQM tools already used. Uniform methodologies contribute to organizational learning 
and wide use. This also increases the applicability of the developed method. 
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The focus in this study has been on the development of the method. A constructive 
approach has been used to achieve practical applicability. The target was to pass a weak 
market test, where the method was evaluated by experts. This target was achieved. In 
addition to this the method was tested twice with a case project in practice, adding 
principles of a strong market test to the evaluation. These results also strongly supported 
the applicability of the method. In this respect the method has been sufficiently verified in 
practice by experts. 

The criteria used in this study have been written according to present, 2005, project 
knowledge. The LUMI 7 post-completion audit was done in 1999. During these six years 
project knowledge has presumably increased. In addition, the ever-increasing competition 
in the paper industry places more pressure on project success than before. Therefore the 
criteria have probably given somewhat different results compared to present projects. 

One case project was examined in detail instead of analysing several case projects and 
thus using a more general approach. This is justified according to the constructive 
research approach and the requirements for single case study principles (Yin RK 2003), 
as presented in the research theory and the case study sections of this study. Moreover, 
the arrangement of the two single case studies using the intersecting database offers an 
advantageous set-up for exploring single project cases with multiple evaluator groups, 
because it enables concurrent comparison on the same source. 

When the second opinion, i.e. objective and independent expert analysis, is included in 
the investment evaluation, the TRS framework provides a common platform to both the 
project group and the expert analysis for making justifications. Measurable results 
promote common interpretation of criteria. 

The accuracy of the assessment scoring in the model is somewhat indicative, and thus 
a limiting factor for generalizing scoring results. It is assumed that the accuracy is 
generally in line with the MB framework. Even though the accuracy of the results was 
encouraging in this case project, it is worth remembering that case sensitivity is presumed 
to occur at a level usual in self-assessments based on the MB framework, when adopting 
the model for other investment projects. 

In connection with the post-completion audit, TRS evaluation produces “lessons 
learned” material. This can be related to improvement areas in the MB criteria type of 
evaluation. This material promotes the continuous improvement of the investment 
process, as it is one of the driving forces in this study. If TRS evaluation is executed 
during the feasibility phase it would in all probability produce ideas for enhancing the 
quality of a project. For example, expensive changes during the implementation phase 
could be avoided by using an effective evaluation method for compiling improvement 
proposals. The usability of such material is intensified even further if a database, 
reporting procedures etc. are available to collect this cumulative information. As an 
outcome, self-assessment based project evaluation encourages knowledge transfer in a 
company. 

Even if a company has instructions on how to present investment proposals followed 
by a possible post-completion audit report in a formal way, a great amount of information 
and interpretation of instructions can vary the descriptive content. Summing up the 
descriptions using TRS evaluation can focus the information content on measurements. 



7 Conclusions 

The conclusions are drawn according to the three research questions presented in chapter 
2.3 and the outcomes in this study.  

The self-assessment framework based investment project evaluation method 
developed for post-completion audits in paper production lines has three evaluation 
perspectives: 1) project Targets (T), 2) Risk management (R), 3) and company Strategy 
(S), which are fundamental for a value added investment project. These evaluation 
perspectives produce information which can benefit decision-making. The information is 
primarily in the form of lessons learned, which can be used to improve the investment 
process in general. The criteria of the method are technology oriented according to the 
focus of this study. Thus the information content is also technology oriented. 

A comprehensive evaluation covers the operational environment of an investment 
project. General technological requirements can be included in the criteria of the 
evaluation method. This guides the evaluation towards technological facts based on the 
criteria. In addition to this, intangible issues in particular require subjective evaluations. 
This can be done with applied self-assessment methodology by utilising the construction 
of criteria, percentage scoring guidelines, and the aid of evaluation tools. This guides the 
evaluation towards the evaluator’s subjective opinions based on the criteria. Accordingly 
the criteria of the evaluation method have measurements for both technological facts and 
subjective opinions. 

The applicability of the method was tested twice in practice with a case project. 
During these tests the method was verified by experts. The general evaluation based on 
multi-valued items resulted in values between neutral and good, with no negative items at 
all. Similarly, the method evaluation based on Boolean items had very positive results. 
The experts’ feedback fully (100%) supported implementation of the method for post-
completion audits in practice. Furthermore, the feedback fully (100%) supported the 
applicability of the method for evaluations of other projects as well. These are clear 
testimonies to the practical applicability of the method for post-completion audits. 
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7.1  Further actions 

The investment evaluation method is ready for implementation. This requires decisions at 
company level, which is beyond the scope of this study. The training of project managers 
and facilitators is one of the first steps in implementation. The required material can be 
based on this study. The method can support previous reporting forms in the company, 
and the results can be included in the verification of targets and consideration of 
development ideas. Furthermore the method can be used as a TQM tool for continuous 
improvement of the investment process in a company. 

The method includes a tool for weight profiling which enables various simulations 
according to the needs of company management. In this study a straight weight profile 
was used for the three evaluation perspectives i.e. (T,R,S) weights were (1,1,1). In this 
sense, these perspectives were explored equally. However, changing the weight profile of 
the TRS perspectives could give a new insight into the evaluation. For example the 
following weight profiling could be used while having the same relative weight for risks: 
development-oriented evaluation (3,2,1) and strategic-oriented evaluation (1,2,3). 

The Malcolm Baldrige criteria framework provides a comprehensive and widely 
adopted platform for investment project purposes. However, there is the potential to focus 
further on project-specific evaluation items, and thus it may be possible to extract and 
merge some of the presented evaluation perspectives. Before accomplishing this 
compressing process some comprehensive evaluation data is required from several 
projects which shows the relative importance and links between evaluation areas and 
their items. 

If project evaluation is done on a continuous basis during project phases it would give 
updated information of the project status for the management steering process. In that 
case, the first evaluation could be made as early as during the conceptual phase, and at 
the latest at the end of the feasibility phase when applying for approval for the 
investment. This continuous evaluation approach is appropriate for projects with a long 
time span. Evaluation can be aided by dividing it into periods and concentrating on 
selected items. For managing technology development efforts the technology Stage-
Gate™ (TechSG) process is used (Belliveau P et al. 2002), and its methodology can be 
partly applied to continuous investment project evaluation. Continuous evaluation also 
prepares the information for a post-completion audit. 

The TRS perspectives embedded in the comprehensive self-assessment framework 
offer an interesting subject for further research in the form of a potential platform for 
project evaluation outside the paper industry as well. Even though the criteria would need 
to be rewritten, these fundamental principles of the method enable a novel approach to 
project evaluation cases. 



8 Summary 

In this technology-oriented study, an evaluation method was developed for post-
completion audits in paper production line investment projects. The method is based on 
self-assessment methodology, and it utilises three evaluation perspectives, which are 1) 
project Targets (T), Risk management (R), and company Strategy (S). It was proven that 
these TRS perspectives contribute to information generation which can benefit decision-
making. In addition, the criteria of the method are able to measure technological facts and 
subjective opinions. The method is also applicable in practice. 

Investments in the paper industry have become ever more capital intensive, along with 
e.g. increased embedded technology, improved materials and manufacturing accuracy. 
Furthermore the life cycle of technology has become shorter. The rapid developments in 
the global raw material and paper business have also created new challenges for the 
decision-making and strategic planning of company investments. The fierce competition 
in the paper business with low profit margins and technological complexity in investment 
projects means that comprehensive risk management is required. 

The objectives for the method were practical applicability, a comprehensive 
framework, and measurement of project quality. The Malcolm Baldrige framework has 
proven applicable in practice. This self-assessment methodology has a comprehensive 
approach for measuring the quality of organizational performance, and it is a widely-used 
tool for continuous business development. However, an occasional project evaluation 
requires a different type of approach. Furthermore the criteria need to be rewritten to 
achieve the required applicability in paper production line projects. 

A constructive approach has been used in this study. Firstly, the identified and 
examined problem of a practical evaluation method has been solved by using self-
assessment methodology as a comprehensive framework, where the characteristics of a 
value added investment are described by the TRS evaluation perspectives, and the criteria 
of the method are adapted for investment projects in paper production lines. Secondly, the 
method has been tested using case studies. Finally, conclusions have been drawn based 
on the outcomes. 
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The developed method has seven evaluation areas: 1) Management, 2) Sustainability, 
3) Markets, 4) Infrastructure, 5) Human resources, 6) Technology, and 7) Results. 
Moreover, each area has evaluation items. In total, 24 items are included in the evaluation 
model. Each item is evaluated using the three TRS perspectives. Therefore altogether 72 
single evaluations are required in a comprehensive implementation of the model. 
Accordingly, the Technology area and the corresponding item in the Results area require 
a total of 18 single evaluations. Therefore the model consists of a relatively dense 
evaluation grid compared with e.g. the Malcolm Baldrige framework. Percentage scoring 
is done according to scoring guidelines. It is possible to use developed supportive 
evaluation tools to improve the accuracy and comparability of evaluation results. The 
model uses weight values for the areas and the corresponding items. This enables 
calculation of scoring points, and thus comparison between different projects or cases.  

A project is evaluated by a group which consists of qualified tutors, experts from the 
project, and external facilitators. The latter are also experts on projects, and they are used 
especially for increasing objectivity in evaluations. 

Case studies were applied for the post-completion audit of a greenfield paper 
production line. The first case study consisted of the technological scope. The second 
case study covered the full project scope. Both cases were evaluated by project experts. 
The average results supported correspondence between the cases. Item-level evaluation 
produced detailed analyses according to the TRS perspectives.  

The experts also evaluated the usability of the method. The feedback results fully 
supported the practical implementation of the method. The impact of method 
implementation was judged to benefit decision-making and the investment process in 
general. 

The applicability of the method has been proven in the study. The method can be 
applied to post-completion audits of investment projects in paper production lines. The 
technological quality of an investment project can be evaluated using the method in the 
first phase of implementation. In addition, the method provides a comprehensive 
framework for full-scale project evaluation to be used in practice. The evaluation results 
benefit decision-making by providing information based on TRS perspectives. 
Furthermore, it is possible to measure technological facts and the subjective opinions of 
the evaluation group. Finally, the method is ready to be implemented in practice. 
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 Appendix 1. The Baldrige National Quality Program 
(BNQP) criteria 

The Baldrige National Quality Program (BNQP) criteria (NIST 2005a). 

Categories & Items Description Point values 
1 Leadership The Leadership category examines how your organization’s SENIOR 

LEADERS guide and sustain your organization. Also examined are your 
organization’s GOVERNANCE and how your organization addresses its 
ethical, legal, and community responsibilities. 

120 

1.1 Senior leadership 70 

1.2 Governance and social responsibilities 70 

2 Strategic planning The Strategic planning category examines how your organization develops 
STRATEGIC OBJECTIVES and ACTION PLANS. Also examined are 
how your chosen STRATEGIC OBJECTIVES and ACTION PLANS are 
deployed and changed if circumstances require, and how progress is 
measured. 

 85 

2.1 Strategy development 40 

2.2 Strategy deployment 45 

3 Customer and 
market focus 

The Customer and market focus category examines how your organization 
determines the requirements, expectations, and preferences of CUSTOMER 
and markets. Also examined is how your organization builds relationships 
with CUSTOMERS and determines the KEY factors that lead to 
CUSTOMER acquisition, satisfaction, loyalty, and retention, and to 
business expansion and SUSTAINABLITY. 

85 

3.1 Customer and market knowledge 40 

3.2 Customer relationship and satisfaction 45 

4 Measurement, 
analysis, and 
knowledge 
management 

The Measurement, analysis, and knowledge management category 
examines how your organization selects, gathers, analyses, manages, and 
improves its data, information, and KNOWLEDGE ASSETS. Also 
examined is HOW YOUR organization reviews its performance. 

90 

4.1 Measurement, Analysis, and review of organizational performance 45 

4.2 Information and knowledge management 45 

5 Human resource 
focus 

The Human resource focus category examines HOW YOUR organization’s 
WORK SYSTEMS and your employee LEARNING and motivation enable 
employees to develop and utilize their full potential and AUGMENT with 
your organization’s overall objectives, strategy, and ACTION PLANS. 
Also examined are your organization’s efforts to build and maintain a work 
environment and employee support climate conductive to 
PERFORMANCE EXCELLENCE and to personal and organizational 
growth. 

85 

5.1 Work systems 35 

5.2 Employee learning and motivation 25 

5.3 Employee well-being and satisfaction 25 



 188

Categories & Items Description Point values 
6 Process management The Process management category examines the KEY aspects of 

your organization’s PROCESS management, including KEY product, 
service, and business PROCESSES for creating CUSTOMER and 
organizational VALUE and KEY support PROCESSES. This 
category encompasses all KEY PROCESSES and all work units. 

85 

6.1 Value creation process 45 

6.2 Support process and operational planning 40 

7 Business results The Business results category examines your organizational 
PERFORMANCE and improvement in KEY business areas – 
product and service outcomes, CUSTOMER satisfaction, financial 
and marketplace PERFORMANCE, human resource RESULTS, 
operational PERFORMANCE, and leadership and social 
responsibility. PERFORMANCE LEVELS are examined relative to 
those of competitors. 

450 

7.1 Product and service outcomes 100 

7.2 Customer-focused results 70 

7.3 Financial and market results 70 

7.4 Human resource results 70 

7.5 Organizational effectiveness results 70 

7.6 Leadership and social responsibility results 70 
Total points 1000 
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 Appendix 2 REC 7.6 LUMI7 – GAP analysis 

REC 7.6 LUMI7 – GAP analysis 
Overview: 

GAP analysis has been made for Stora Enso Oulu PM7, LUMI7 project, and the 
results have been calculated according to the final report (December 1999) and common 
target setting (YTA) reporting. Calculations for percentage scoring are based on GAP 
analysis principles i.e. “%-linear” is the linear correlation between GAP analysis results, 
and “%-arsinh” is the logarithmic correlation. 

These calculations are valid in the area Results for Item 7.6 Assets & product 
performance.  

 

 
Remarks: 

The target value for PM7 speed was lower in the investment card (1150 m/min for 105 
g/m2 products) and higher in the YTA targets (1300 m/min monthly average); the value 
1220 m/min has been used according to experts’ recommendation.  

YTA targets for material efficiency have been low. 
Base paper formation values are measured without eucalyptus pulp. 

BASIC GAP ANALYSIS 1. year 2.year total %-arsinh %-linear
7.6 Assets & product performance
Production, target, [t/a] 256 288 544
Production, actual, [t/a] 243 299 542
GAP-capacity, [%] -0,4 46 50

Cost, target, [M€/a] 153 156 309
Cost, actual, [M€/a] 129 142 271
GAP-cost, [%] 12,3 85 62

PM7 speed, target, [m/min] PM7 Nov-Dec '99 1220
PM7, actual [m/min] average 1321
GAP-PM7 speed, [%] 8,3 81 58

CM7 speed, target, [m/min] CM7 Nov-Dec '99 1450
CM7, actual [m/min] average 1490
GAP-CM7 speed, [%] 2,8 69 53

PM7 time-efficiency, target, [m/min] PM7 year '99 92
PM7 time-efficiency, actual [m/min] average 82
GAP-PM7 time-efficiency, [%] -10,9 17 39

L7 material efficiency, target, [m/min] Line no 7 year '99 80
L7 material efficiency, actual [m/min] average 80,8
GAP-L7  material efficiency, [%] 1,0 60 51

Base paper formation, target, [%] PM7 year '99 avg. 5,90
Base paper formation, actual, [%] 65 gsm, grade C 5,99
GAP-Base paper formation, [%] -1,5 37 48
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