
 I

 

 
 
 
 
 

The Network Performance Assessment Model 
Considering implications on IT-investments 

 

 

 

Magnus Gammelgård 
 

 

May 2004 

 

Submitted in partial fulfillment of the requirements for the  
degree of Licentiate of Engineering 

 

 

Industrial Information and Control Systems 

Department of Electrical Engineering 

KTH, Royal Institute of Technology 

Stockholm, SWEDEN 
 



 

  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Ex.R. 04-01 
TRITA-ICS-0401 
ISSN 1104-3504 

ISRN KTH/ICS/R--04/01--SE 
 
 

Stockholm 2004, Universitetsservice US AB 
 



 III

Abstract 
The electricity distribution in Sweden is experiencing a considerable change in conditions 
by the radical change in regulation policy. The Swedish Energy Agency 
(Energimyndigheten) is introducing a new regulatory model, the Network Performance 
Assessment Model, as the main tool for supervising the natural monopolies of local 
electricity distribution. The new model has interesting and far-reaching consequences for 
the involved parties. 

This thesis investigates the implications of the new regulation and the regulatory tool, in 
particularly related to IT-investments evaluations in the distribution utilities. In today’s 
utilities, IT-systems are often a vital part of operations, ranging from e.g. real-time 
monitoring and controlling of the network to various administrative tasks. Considerable 
amounts of money are spent on investments to enhance and maintain these IT-systems. 
The changed regulation and the new regulatory model put a focus, more than ever, on 
efficient use of utilities’ resources, implying a need for suitable methods to evaluate IT-
investments.  

In the thesis, the new regulation is described, in particular the new regulatory model. The 
model is presented and central implications are identified, e.g. in terms of new 
requirements put on the utilities and general business consequences. As stated, the focus is 
on implications related to IT-systems and investments in these systems.  

Furthermore, a wide range of IT-investment evaluation methods are presented and 
categorized in the thesis, focusing on IT-investment appraisal techniques. The categories 
ranges from methods only considering cash flows of investments to more elaborate 
methods, e.g. for considering behavioral sciences aspects. The thesis outlines and presents 
categories of methods as well as examples of individual methods.  

In the final part of the thesis, suitable IT-investment evaluation methods, given the 
implications of the new regulation, are discussed. The implications include both direct 
business related aspects as well as more technical issues related to the IT-investments. It is 
also concluded that a suitable method need to incorporate both monetary consequences of 
the investment as well as a limited number of non-monetary, related to the regulatory 
model.  

Key words: Regulation of electricity distribution, IT-investment evaluation methods, 
Implications of monopoly regulation 
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Chapter 1 

Introduction 

1 INTRODUCTION 
The Swedish electricity industry has undergone major transformations since the 
deregulation process was initiated in the 1990’s. The structure of century-old monopolies 
and vertically integrated utilities has been broken up. Production, sales, and retailing are 
now carried out on competitive markets. Networks operations, on the other hand, remain a 
monopolistic activity. In the process, it became apparent that there was a need for efficient 
ways of supervising these monopolies [Elnätsutredningen 2000]. Regarding the local 
distribution utilities, a new regulation process is being implemented and a new tool, the 
Network Performance Assessment Model (NPAM), is introduced. Such process and tool 
are likely to have consequences and implications that need to be explored.  

Many of the utilities are relying on information technology (IT) and various forms of 
computerized tools for their daily operations. This includes functions from network 
operations to administrative tasks. According to [Andersson 2002] can a mid-sized utility 
operate more than 100 interconnected information systems1. For larger utilities there can 
be several hundreds. Given this dependency on IT, it is reasonable to assume that methods 
for assessing the costs and benefits of investments in IT-systems are important. However, 
finding a suitable method from the long range of available methods is not simple. For 
distribution utilities in particular, the new regulation process will have particular 
implications. Hence, considerations need to be taken these implications when selecting an 
IT-investment evaluation method.  

Issues related to the development and management of IT-systems at utilities have long 
been in focus of the research at the Department of Industrial Information and Control 
systems at the Royal Institute of Technology. Various aspects on management of IT-
systems under changing conditions can be found in the previous work at the department 
[Cheong 1999], [Andersson 2002], [Haglind 2002], [Silva 2003].  

 

                                                            

1 While some make a distinction between information systems (IS) and information technology (IT), this is not 
done in this thesis and the notions are used interchangeably. 
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1.1 RESEARCH BACKGROUND 

One of the most important aspects of the stepwise deregulation process in Sweden was the 
breakup of the traditionally vertically integrated process of producing, selling, and 
transporting electricity. Even though the power is transmitted the same way as before the 
deregulation, the transmission and distribution have become organizationally separated 
from the production and sales. The actors and their relationships on the market are 
illustrated in Figure 1.  

Production Customer

Transmission

Regional
distribution

Local distribtution

Seller/retailer

Nordpool market

Procurement Sales/Retialing

Procurement and Sales/Retailing

 

Figure 1. Actors and their relations on the deregulated electricity market. Gray arrows represents energy 
flow. Adapted from [Swedish grid 2001] 

Early in the deregulation process, much attention was centered on establishing well 
functioning markets for production, sales, and retailing of electricity. The unbundling of 
production, sales, and transportations energy markets were just one of several steps taken 
in the process. For example, a Nordic power exchange (NordPool) was created and 
developed to better enable trading.  

Concerning the transportation of electricity, it was reorganized into three different levels: 
transmission, regional distribution, and local distribution. The transmission is carried out 
by a single government agency, Swedish Grid (Svenska Kraftnät). It was formed when the 
government owned utility Vattenfall was split in the dis-integration process. The regional 
distribution constitutes the level between the nation-wide transmission and the local 
distribution of electricity and is performed by a small number of utilities. The local 
distribution is the final level, distributing electricity to individual customers, mostly 
domestic customers. At this level, there is both a great number, roughly 200, and a large 
variety in types of utilities, ranging from small cooperative networks via municipally owned 
utilities to networks owned by large multinational utilities.  

As a contrast to the competitive markets of production and sales, all the three levels of 
transportation are considered to be natural monopolies. This is primarily related to the 
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large investment in infrastructure needed for the activity. It is traditionally not considered 
possible to create a competitive market by e.g. building parallel networks [Künneke 1999].  

In Sweden, the supervision and regulation of the monopolies of transporting electricity are 
carried out in several ways. While the Swedish Grid (Svenska Kraftnät) is set to both 
operate the transmission level it is also the primary institution supervising this [Swedish 
Grid 2001]. For regional and local distribution the Swedish Energy Agency, in Swedish 
Statens Energimyndighet, or Energimyndigheten for short, is the primarily agency carrying 
out the supervision. In recent years Energimyndigheten has started to implement a new 
regulation, based on a revised regulation policy. As the main regulatory tool the Network 
Performance Assessment Model, or NPAM in short, has been introduced. Currently, the 
focus is on local electricity distribution. The new regulation was introduced in the revised 
energy act of 2002 [Ellagen 1997] [Regeringen 2001] and the first application of the NPAM 
in the regulation process is in 2004, concerning the 2003’s tariffs of the local distribution 
utilities [Energimyndigheten 2003a] [Energimyndigheten 2004]. 

The change in the regulation process and the introduction of the NPAM will have 
interesting and far-reaching consequences for the distribution utilities. One of the 
fundaments in the new regulation is that utilities are assessed on basis of the service 
delivered to customer [Elnätsutredningen 2000] [Energimyndigheten 2003a]. The perhaps 
foremost result is that utilities are no longer allowed to fully cover their costs through the 
tariffs, which puts a focus more than ever on efficient use of the distribution utilities 
resources [Energimyndigheten 2003a]. Although this concerns all areas of the utilities, it is 
interesting to consider this in relation the importance of IT-systems in the utilities indicated 
in the introduction. 

As stated, the electric utilities operate a broad spectrum of IT-systems [Andersson 2002]. 
The systems can further be classified into operating systems and business support systems 
[Haglind 2002]. The first category refers to systems related to the operations of the utilities, 
e.g. real-time SCADA systems and the latter refers to system primarily related to the 
business operations of the utilities, e.g. payroll management. [Andersson 2002], [Haglind 
2002], and [Johnson 2002] provides an overview of the information systems used in 
utilities.  

[Andersson 2002] classifies the information systems used in distribution utilities into eight 
different groups: Administrative systems include functions for e.g. accounting, financial 
reporting, asset management (the financial side), and payroll management. An emerging 
type is also Enterprise Resource Management (ERP) systems, which are intended to replace 
a number of existing stove-pipe administrative systems and to more closely support the 
business processes. Real-time systems are intended for controlling the electricity network 
remotely. This includes real-time information and the infrastructure needed. In the core of 
distribution automation is commonly a real-time SCADA system. Geographical Information 
Systems (GIS) are used for managing the spatial data in the utilities and to support other 
systems with current models of the network. Work management systems (WMS) is used to 
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manage the flow of work orders from job initiation to job design, from resource 
management to processing of the job’s closing information. Hence, managing the whole 
life cycle of work orders. In planning, engineering, and documentation information systems are 
used to ensure and document that the network is engineered and built adequately. In this 
category technical asset management and maintenance systems are included. Meter data 
management and settlement includes automation of the process of reading meters and handling 
the read data, including integration with settlement systems and systems with contractual 
information. Customer information systems (CIS) gather information related to the customers, 
e.g. contact and contractual information. Billing is also commonly an integrated part of 
this. Distribution management systems (DMS) commonly consist of integrated information 
systems from real-time systems, GIS, WMS, planning, engineering, and documentation 
categories above. However, it is not fully clear on exactly what should be included into this 
category [Cheong 1997]. 

Concerning the implications and consequences of the NPAM on IT-systems in utilities, at 
least two areas are interesting from a research perspective. As is indicated in the thesis, the 
NPAM puts new requirements on the IT-systems, primarily related to the models input 
data. What these requirements means for utilities, and how the can be met in an efficient 
way would be one research area. However, this thesis focuses on another important area, 
the implications on investments in IT-systems. As is demonstrated, the NPAM has 
implications on issues important to consider when assessing IT-investments. By its 
construction, the model accentuates certain aspects of the investments while others are left 
out. Hence, it is important for utilities to find suitable methods for assessing IT-
investments when the NPAM is the main regulatory model. 

1.2 RESEARCH OBJECTIVES 

The research in this thesis has been carried out with three particular objectives:  

Exploring and describing the introduction of the Network Performance Assessment 
Model as the primarily tool for supervising and regulating Swedish distribution 
utilities. This includes the model itself and its construction, including related changes 
in the regulation process. Special attention has been directed to the implications of 
the model, particularly related to the IT-systems and investments in IT-systems in the 
utilities. 

Exploring methods for IT-investment analysis presented in literature, focusing on IT-
investment appraisal techniques. The objective has been to find major types of 
methods, to identify suitable classification systems for groups of methods and 
describe the characteristics of the groups. Finally, to identify and describe the major 
characteristics of representative methods from each group.  

Identify and discuss potential IT-investment evaluation methods for distribution 
utilities when the Network Performance Assessment Model is introduced as a 
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regulatory tool. This is done based on the methods found in the literature and 
implications of the NPAM on IT-investments.  

1.3 RESEARCH RATIONALE 

There are several reasons for writing this licentiate thesis. First, a new regulation policy and 
a new regulation tool are being introduced. It is then important to describe and analyze this 
event and implications. Doing this contributes to the transparency of the regulation 
process. Second, the new regulatory tool will have implications on several areas for utilities 
and along with the role of IT in utilities makes it important to research this area. However, 
in order to limit the work to a reasonable level, the restriction has been made to focus on 
ways to evaluate IT-investments. This also relates to a third reason, namely that there exist 
a great number of methods for IT-investment evaluation but it has been difficult to find an 
overview of the various types. Hence, when organizations are to select a type of evaluation 
method, such compilation may provide guidance. The use of IT-investment evaluation 
methods relates to the fourth and next reason. Investments in IT are today a big 
expenditure for organizations in general and IT-systems are often a vital part of 
organizations business and operations. Hence, it is important to have efficient tools for 
evaluating and assessing such investments.  

1.4 CONCEPTS UNDER INVESTIGATION 

In order to prepare the reader for the rest of the thesis, this subchapter will in short 
elaborate on the main concepts of the research. The purpose is to present an overview of 
the primarily areas the research has been performed in. Concerning the research objectives 
above, the first concept under investigation the Network Performance Assessment Model 
(NPAM) is related to the first research objective while the second concept IT-investment 
evaluation methods is related to the second objective. In the third objective, both the 
concepts are studied.  

1.4.1 THE NETWORK PERFORMANCE ASSESSMENT MODEL 

As stated in the introduction, the Network Performance Assessment model is being 
introduced by the regulatory agency Energimyndigheten as the main tool for supervising 
and regulating the local electricity distribution in Sweden [Energimyndigheten 2003a]. 
However, while the model is only a regulatory tool, the legal foundation of the regulation 
has also been updated to reflect the change in regulation policy. [Elnätsutredningen 2002] 
Immediately after the deregulation in the 1990’s, the regulation of distribution utilities was 
based on the concept of reasonable tariffs. This included considerations of the customers’ 
interests, foremost in terms of low and stable tariffs, and also allowing the distribution 
utilities to make reasonable returns. This was changed in the new electricity act of 2002, 
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where the utilities’ tariffs are to be assessed compared to the accumulated achievements of 
the utility, not in particular considering the actual costs of the utility [Regeringen 2001]. 
The assessments are based on the so-called “objective prerequisites” and considerations are 
taken how the utility performs its services. [Elnätsutredningen 2000] [Regeringen 2001] 

As a regulatory tool the NPAM will be used for the first time in 2004 for the utilities’ 2003 
tariffs. The model has been gradually developed since 1998 and by the end of 2003 
different pilot tests have been conducted. In the development process, representatives of 
distribution utilities and customer organizations have been involved along with the 
regulatory authority. The construction of the model will be discussed later, but at this point 
it is worth to mention two fundamental parts. First, for each utility a reference network is 
constructed based on a limited set of input data. Second, this reference network is valued 
using standard costs and a cost of operating and maintaining the network is calculated, 
which is then compared to the actual revenues of the utility. [Energimyndigheten 2003a] 
[Energimyndigheten 2004] 

It is interesting to relate the new regulation and the NPAM to other known types of 
regulatory models. Some authors [Heden 2003], [Larsson 2003] have characterized the 
model as a regulatory model based on standard costs. This means that the regulatory model 
assesses the reasonableness of the monopolist’s, i.e. the distribution utility in this case, price 
based standard assumptions. In this case the standard assumptions are derived through the 
construction of the NPAM and the input data to the model. However, [Lantz 2003] 
characterizes the regulation based on NPAM as a mix between price cap regulation and 
yardstick regulation.  

Price cap regulation means that a cap is put on the monopolist’s price implying that it is 
possible profit are determined by how far below the cap it can lower its costs, creating 
incentives for cost efficiency since the actual cost of the monopolist is not explicitly 
included in the regulation model [Lantz 2003]. The cap is normally updated according to a 
price index minus a constant X representing increases in productivity for the monopolist, 
determined by the regulator. In yardstick regulation the regulator reviews the costs of the 
monopolist by using some kind of metric for comparison [Lantz 2003]. The introducer of 
yardstick regulation [Shleifer 1985] suggested that the metric should be based on something 
that is independent of the monopolists actual performance and that comparable 
monopolists should be evaluate against each other. In this case, the regulator can conclude 
the appropriate cost level for an individual monopolist based on the comparison. 

Furthermore, the new regulation and the NPAM can be viewed in an international 
perspective and regulations in other countries. In Europe most countries with deregulated 
electricity market use ex-ante regulation, i.e. the regulatory authority determines or 
approves the tariff levels on before hand [Energimyndigheten 2003a]. Sweden has made 
the choice of using ex-post regulation where the regulatory authority instead reviews the 
tariffs after they have been applied [Heden 2003]. Regarding specific regulatory models, 
some countries e.g. Norway has chosen to use a form of revenue cap regulation, which is 
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similar to price cap but the cap is put on the revenues instead [Grönli 2001], [Lantz 2003]. 
In the UK price cap regulation is used, where the cap is updated in the manner described 
above [Rudnick & Donso 2000], [Gómez & Rivier 2000]. Spain on the other hand uses 
revenue cap regulation, but employs reference networks in the regulation [Gómez & Rivier 
2000], [Dolander et. al. 2003]. However, the construction of these networks differs from 
the reference network used in the NPAM. Outside Europe e.g. Chile has implemented a 
form of yardstick regulation including a model company that utilities are compared to 
[Rudnick & Donso 2000].  

1.4.2 IT-INVESTMENT EVALUATION METHODS 

Investments in IT, as other types of investments in organizations, are expected to generate 
value in terms of benefits to the organization undertaking them. The purpose of 
investment evaluation in general is to assess benefits and to compare them to the costs. 
Classic corporate financial theory states that if the benefits, in monetary terms, exceed the 
costs, the investment should be undertaken. In the case of several investments competing 
for limited resources, the investment with the highest net benefit (benefits minus costs) 
should be selected. [Grinblatt and Titman 1998] [Brealey and Meyers 1996] For conducting 
these assessments, investment evaluation methods have been developed.  

Regarding investments in IT, organizations have invested large sums and expect returns on 
these investments [Wilcocks and Lester 1997]. To give an example: [Pisello 2003] states 
that IT-investments in 2000 equaled almost US$ 2 trillions worldwide. With that large sums 
involved there should be a need for methods to evaluate these investments. This is also 
something that has been recognized in the literature. [Bannister & Remenyi 2000] claim 
that more than 1000 journal articles, conference papers, books, and technical notes have 
been written in some relation to the value of IT. [Renkema & Berghout 1997] found more 
than 60 different methods for IT-investment evaluation in literature. However, before 
mentioning something more about the methods it would perhaps be interesting to consider 
in what ways, if any, IT-investments are different from other investments. 

Turning to the special characteristics of investments in IT, they often include benefits that 
are not always easy to quantify in monetary terms. While authors like [Mahmood & 
Szewczak 1999] and [Weill & Broadbent 1998], agree with the statement from corporate 
finance above, they point to other areas distinguishing IT-investments. This relates to the 
nature of the rapid development in IT, e.g. missed opportunities might not only directly 
result in lost revenues, but may also reduce the organizations possibilities to survive in a 
longer perspective. Also, the strategic nature of IT-investments complicates issues. 
Furthermore, decision on IT-investments can become political issues. [Weill & Broadbent 
1998] Related to this are the ways IT can provide value to the organization, which includes 
many ways not directly leading to increased revenues. A number of benefits are presented 
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in part III, ranging from cost reductions in terms of automations to transformations of the 
whole business [Wen and Sylla 1999]. 

Returning to the literature, two main tracks, or fields, related to this subject can be found: 
Information systems planning, and IT-investment appraisal techniques. In short, 
information systems planning, or strategic information systems planning as some authors 
have added the word strategic to the term in order to demonstrate the strategic nature of 
the track, are concerned with methods for identifying appropriate IT-investments to 
undertake. These methods are focused on ways to find particular IT-investments that 
contribute to the business plans and achieving the business goals of the organization. 
[Lederer & Samela 1996] IT-investment appraisal techniques on the other hand, consist of 
methods for assessing suggested investments, i.e. to identify benefits and costs and their 
impact on the business, both in monetary terms and in other ways. Included in this field are 
also ways of selecting between competing investments. Part III of the thesis will elaborated 
more on the IT-investment appraisal techniques. 

Finally, it is interesting to observe, as is done in section III, that in the existing body of IT-
investment literature, there are relatively little considerations to the IT-systems, their 
construction and their relations when evaluating the investments. Although in many 
organizations there exists a very complex structure of interconnected IT-systems [Johnson 
2002].  

1.5 RELATED WORKS 

While the main concepts of the research were discussed in the previous section, this 
subchapter relates the work to that of other researchers. In the section, some related work 
to the concepts of investigation is presented. Here the purpose is to put the research in the 
thesis into a broader perspective both in relation to major research areas and to particular 
work of others in these areas. There are a number of related research areas: Regulation of 
natural monopolies, Information Systems, and Enterprise Software Systems. 

1.5.1 REGULATION OF NATURAL MONOPOLIES  

Regarding monopoly regulation models in general, a few have already been mentioned in 
section 1.4.1. However, a few more models are interesting to present. Revenue cap 
regulation uses the same principles as price cap regulation, but the cap is set on the 
revenues of the monopolist and not the price [Lantz 2003]. Rate of return regulation is 
based on the idea to set a limit on the monopolists allowed return on capital, usually the 
return on total capital [Averch & Johnson 1962]. In this case the regulator does not review 
the actions of the monopolist, only its return on capital.  
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In relation to implementing a regulatory model [Berg 2000] discusses the best practices of 
such implementations. [Jamasab et. al. 2003] discusses different ways that regulated parties 
in regulations based on benchmark can appear to become more efficient without actually 
becoming that, i.e. how benchmark regulation incentives can be distorted. They also 
present a survey related to this. 

In relation to regulation of electricity distribution there are several related works. The work 
of [Rudnick and Donoso 2000] regarding the yardstick regulation in Chile is related to the 
implementation of the Swedish regulation. [Yatchew 2001] discuss in what way incentives 
related to yardstick regulation in distribution utilities can be used, not only in relations to 
cost-efficiency. [Strbac and Allan 2001] discuss the use of reference networks in regulation 
of distribution utilities, which is directly related to the approach of the NPAM. They 
discuss, among other things, the selection parameters to include in a reference network.  

Finally, are there some works directly related to the NPAM. [Heden 2003] discussed the 
changed regulation principles in Sweden, including the NPAM, while [Larsson 2003] 
discussed the fundaments of the NPAM model. [Lindqvist 2003] discusses the model 
related to investments for robust transmission and distribution networks. [Lantz 2003] 
discusses the principle of regulation applied in the NPAM. 

1.5.2 INFORMATION SYSTEMS 

The discipline of information systems is a broad field attempting to put IT in its context. 
Descending from studies of computing as a mean for solving organizational problems, the 
field has expanded. It now covers a broad range of non-technical issues such as 
management, organization, legal aspects, and human factors. [Andersson 2002] 

There are a number of related works in this field. The area of information systems planning 
is directly related to the work in this thesis. [Earl 1993] classification of types of 
information systems planning approaches is a good starting point. [Haglind 2002] 
information systems planning approach where considerations are taken to the complexity 
of the information systems strategy is also a related work. [Clarke 2001] and 
[Pearlson 2001] discusses approaches to information systems planning and investments. 
Furthermore, [Silva 2003] and his suggested method for IT-investment evaluation based on 
business process simulation and applied to electric utilities are related to this work. Another 
field is the debate on the productivity paradox, i.e. if IT really provides value to the 
economy. Here e.g [Loveman 1994] and [Brynjolfsson 1993] holds opposing opinions. The 
former argues that the paradox holds while the latter disagrees.  
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1.5.3 ENTERPRISE SOFTWARE SYSTEMS 

As mentioned in the section 1.4.2, IT-investment evaluation methods relatively sparsely 
consider the influence of the IT-systems characteristics on the investment, particularly 
related to the overall structure of the IT-systems. On the other hand is there a relatively 
large body of theory in the field of software engineering addressing these characteristics. 
What is interesting related to the research here are specifically methods available for 
describing the complex structure of IT-systems in organizations. This complex structure is 
present on what [Andersson 2002] [Haglind 2002] call the enterprise level of the 
information systems in the company, i.e. the portfolios and groups of interconnected and 
integrated information systems existing in organizations, not only the individual systems 
considered in solitude. [Johnson 2002] refer to this as enterprise software systems.  

In particular, there exist a number of languages or approaches to describe these enterprise 
software systems structures, or software systems architectures [Andersson 2002] [Johnson 
2002]. Others e.g. [Zachman 1987] terms them enterprise architecture for short. Some of 
the available frameworks are: The Zachman framework [Zachman 1987] which is 
represented by a 6-by-6 matrix, with six interrogatives (who, what, when, where, why, and 
how) on one axis and six perspectives on the other (planner, owner, designer, builder, 
subcontractor, and functioning enterprise). Another framework is The Open Group 
Architecture Framework (TOGAF) [The Open Group 2002], where the overall 
architecture is divided into four subsets, the business architecture, the application 
architecture, the data architecture, and the technology architecture. TOGAF also has three 
main parts, where the architecture development method (ADM) describes how the 
organizational-specific architecture should be derived, the enterprise continuum where all 
models, etc. are gathered, and the TOGAF resource base which is a set of guidelines, 
templates etc. to help in the ADM. A third framework is the US Federal Enterprise 
Architecture Framework (FEAF) [FEAPMO 2003], which consists of eight components: 
the architecture drivers, the strategic direction, the current architecture, the target 
architecture, the transitional processes, the architectural segments, the architectural models, 
and standards. For more information refer to e.g. [FEAPMO 2003]. As a fourth 
framework, the US Department of Defence Architecture Framework (DoDAF) can be 
mentioned [Perks and Beveridge 2003] [DoD 2002]. This framework has three perspectives 
that are combined to describe the architecture. These are: the operational architecture view, 
the systems architecture view, and the technical architecture view.  
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1.6 MAIN RESEARCH CONTRIBUTIONS 

The main contributions of the presented work can be summarized as follows: 

Description of the new Swedish regulation and in particular its main tool, the Network Performance 
Assessment Model, including identification of its general implications. This includes identification of 
the objectives and goals of the regulation and the NPAM. The construction of the model 
has been presented as well as central implications identified. These implications concerns 
the requirements put on utilities in order to be able to use the regulation model, which is 
mostly related to the availability and quality of the input data to the model. Furthermore, 
there are several implications related to the changed fundamental principle of the 
regulations, e.g. no guaranteed return on capital. Finally, there are implications related to 
the utilities’ business. While the NPAM is the main tool used to determine the allowed 
income levels of the utilities, the new regulation puts a focus on cost management. Also, 
the NPAM provides the utilities with a way to assess implications of investments on the 
allowed income. The results have been presented both for a Nordic audience and for an 
international audience and thereby contributing to the process of creating transparency to 
the model. 

Identification and description of IT-investment evaluation methods in literature, focusing on IT-investment 
appraisal techniques. The contributions here has been to first of all find ways to classify 
methods, then to describe the general characteristics of these groups and finally to identify 
individual methods and classify them according to the groups. The methods ranges from 
relative simple methods only considering direct monetary effects of investments to more 
complex methods that includes e.g. behavioral science aspects. It should be noted that 
most of this information already exists in the literature. However, it was dispersed over a 
great number of sources. Hence an important contribution is the gathering of all this 
information into a single source. 

Discussing the applicability of various types of IT-investment evaluation methods in relation to the 
implications of the NPAM. This begins with identification of four basic implications of the 
NPAM related to IT-systems, and investments in IT-systems in particular. First, the 
introduction of the NPAM gives an opportunity for utilities to calculate the effects of 
investments on the allowed incomes. Second, the effect on the allowed income can be 
calculated, given that the impact of the investment on the NPAM’s input data is assessed. 
Third, the NPAM puts a focus on cost savings related to the investment. Fourth, 
implications of the investment concerning how input data is gathered and processed in the 
utility need to be assessed. Based on these implications and the basic characteristics of the 
groups of IT-investment evaluation methods, the suitableness of these groups is discussed. 
It is concluded that a suitable methods must both consider monetary implications of the 
investment as well as a limited number of non-monetary aspect. The latter is related to the 
impact of the investment on input data and its handling in the utility. 
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2 RESEARCH  METHODOLOGY 

The purpose of this chapter is to provide a background for the research methods and the 
research approach used in this study. It both aims at providing a shorter theoretical 
discussion related to the methods used as well as describing the actual research approach 
used to implement the study.  

2.1 RESEARCH METHODS 

In literature, numerous types of research methods have been suggested. These methods 
can in turn be classified in various ways, but one common distinction is to separate 
qualitative from quantitative research methods [Meyers 1997]. The difference between the 
two groups lies in the way they describe the phenomena studied. Quantitative methods 
assign measures to the studied phenomena, e.g. the length of people in meters. Qualitative 
methods, on the other hand, do not assign these distinct measures but instead includes 
characteristics of the phenomena that are not as easily measured. For example, while the 
length of a person is fairly easy to put a number on, i.e. to quantify, the overall wellbeing of 
the same person is not as easy to measure. In this case, qualitative methods provide a way 
to describe the phenomena.  

Both groups have different backgrounds and have been developed within different 
disciplines. Quantitative methods were developed in natural sciences in order to study 
natural phenomena while qualitative methods were developed in the social sciences in 
order to be able to study social and cultural phenomena. Various quantitative methods 
have also been recognized in the social sciences, this includes e.g. econometrics, surveys, 
laboratory experiments, and numerical methods. As examples of qualitative methods, case 
studies, action research, and ethnography can be mentioned. [Cheong 1999] 

Related to the research effort in this study, it can be noted that neither the way a new 
regulation works nor its implications are areas where the there are well established and 
generally accepted fundamental theories to relate to. Also there are no natural laws 
governing the phenomenon. Instead, it is more of a complex social and organizational 
phenomenon. These observations imply that qualitative methods seem to be more 
favorable. However, saying this related to the research areas in general, it should be noted 
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that the construction of the particular regulatory tool, the NPAM, could in this case be 
studied from a more quantitative way. They way it is constructed makes it possible to 
perform experiments in order to analyze its construction. The implications of the new 
regulation and the model, on the other hand, would be much more difficult to study in this 
way.  

In this study, the research is mainly based on qualitative methods and in particular the case 
study method. This method is then complemented with theoretical studies in form of 
literature studies and experiments related to the regulatory tool. 

2.1.1 CASE STUDIES 

According to [Yin 2002] a case study is: 

“..an empirical inquiry that investigates a contemporary phenomenon within its real-life context, especially 
when the boundaries between phenomenon and context are not clearly evident.” 

It emphasizes that case studies are preferable when one wants to study phenomena where 
their contextual conditions are believed to be relevant to address in the study. This can be 
compared to experiments, where the phenomenon is deliberately separated from its 
context in order to be able to focus on limited variables. Case studies are a way to 
investigate real-life phenomenon, also when it is perhaps not possible to separate the 
phenomenon from its context. Following the reasoning above, case studies are well suited 
to the study in this thesis. In both these areas described above is the context of interest, but 
as well inseparable from the phenomenon. 

However, as stated above as a part of investigating the construction of a particular 
regulatory model, the NPAM, it was found useful to employ a more experimental 
approach. In that case it was possible to separate the model from its context, but only 
related to some specific parts of its construction. This is described in the next section. 

For implementing case studies, [Yin 2002] suggests a framework for case study research. 
The preparatory stage, designing the case study, includes decisions on the study’s goal, unit 
of analyses, how data should be treated, and analyzed.  

The data collection in the study is based on interviews, surveys, and documentation. In 
interviews and surveys, open-ended questions are a common way, where the researcher 
asks questions directly or via a survey to the respondent. Three guiding principles for data 
collection are useful to apply. First, the use of multiple sources of evidence, particularly in 
terms of triangulation, is important. By triangulation is meant that various sources are used 
to support the finding, hence increasing the validity. Second, the creation of a case study 
database to document and organize the evidence. Third, maintaining a chain of evidence, in 
order to strengthen the validity of the study. Theoretically, it should be possible for an 
observer to follow the chain of evidence from the study’s questions to the conclusions.  
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Regarding the analyses of the findings it is important to as much as possible keep it free 
from subjectivity and bias. It is further emphasized that the analysis should rely on all 
relevant evidence and that the analysis should address the most significant aspects of the 
case study.  

Concerning the quality of a study, two concepts are important: validity and reliability. 
Validity deals with the issue of avoiding bias and subjectivity in the reasoning. [Yin 2002] 
distinguishes between three types of validity: construct validity addresses the issues of using 
correct operational “measures” in the study, internal validity the establishing of casual 
relations when applicable, and external validity dealing with the extent that the study’s 
results can be generalized. Reliability on the other hand is the degree to what the study is 
possible to replicate. Here documentation is important, e.g. through the case study 
database.  

Finally, it should be noted that criticisms have been put forward against the case study 
approach. One main criticism is that case studies have lacked rigor [Yin 2002] and that 
results not always have been regarded credible since the research procedure has not been 
made explicit. The framework discussed above is an answer to this and a way to make the 
process more explicit. Another weakness pointed to is that case studies are often restricted 
to a single event or organization, making statistical generalizations difficult [Haglind 2002]. 
However, [Yin 2002] points out that generalizations from case studies are not to be seen as 
statistical generalizations, but as analytic generalizations. By this is understood that cases in 
case studies should be selected on similar grounds that a laboratory investigator selects 
experiments, not as sampling units are selected in a statistical study.  

2.1.2 EXPERIMENTS 

Since a part of the investigation related to the NPAM’s construction is conducted in 
experiments, this research method will be discussed in brief. As stated above, experiments 
were developed in natural sciences as a way to study phenomena in a controlled 
environment. Usually, the researcher manipulates one parameter and the effect on the 
particular phenomena is studied. By controlled environment is meant that all variables in 
the context of the phenomena is known in the sense that their influence on the result can 
be ruled out when doing the experiment. The strength of this method also lays in this. 
Having control over the variables makes it possible to establish very credible links between 
independent and dependent variables. Also any possible influences from other variables 
can be minimized. However, one of the primary disadvantages is the credibility of results 
obtained in a controlled laboratory environment when compared to real world situations. 
This is particularly true when applying experiments to phenomena not governed by natural 
laws, e.g. organizations. [Cooper and Schindler 2001] 
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2.2 RESEARCH APPROACH 

As stated above, the research in this study is primarily done in the form of case studies, 
complemented with experiments and literature studies. The work has been divided into 
three parts, starting in early 2002. The first part was an exploratory case study in 2002 of 
the current situation regarding the new regulation of electric distribution utilities and in 
particular the NPAM. This study also includes an audit of the current version of the 
NPAM at that time. The second part was an exploratory literature study of IT-investment 
evaluation methods. In the third part the implications of the new regulatory tool were 
studied, focusing on IT-systems. This study was conducted in 2002-2003.  

2.2.1 EXPLORING THE REGULATORY PROCESS AND AUDIT 
THE NPAM 

The first study explored the current situation regarding the new regulatory process for 
distribution utilities in Sweden, focusing on the main tool the NPAM. It also included an 
audit of the model. At the time of start of the study, the new regulatory process was in an 
intensive development phase. The government investigation [Elnätsutredningen 2000] had 
lead to a suggested change in the electricity act [Ellagen 1997:857], which has been decided 
on by the parliament. The investigation mentioned the NPAM as the tool in the regulation 
process. At the time, utilities as well as the authority were well aware of this. 

In the study, key organizations and persons were interviewed on their experience of the 
regulation and their opinions on the new regulatory process and the NPAM. From the 
regulatory authority persons responsible for the developments of the regulation were 
interviewed, including project leaders and senior staff. Also, the developer of the NPAM 
was interviewed. Besides the interviews, preparatory work for the new electricity act was 
studied. Combining these sources gave a picture of the events leading up to the new 
regulation as well as its intentions and primary goals. The developer of the model provided 
valuable information on the model itself. 

As a second element of this study, representatives of the distribution utilities were 
interviewed. This included representatives from the utilities collaborative organization, 
Swedeenergy (Svensk Energi in Swedish), as well as representatives of individual utilities. 
Representatives were selected from different types of utilities and from different parts of 
the country. Together, this provided an overview of the utilities experience and view on the 
new regulation and the NPAM. This was also complemented with studies of the results 
from the first pilot test of the NPAM in 2001. 

The NPAM itself was studied in more detail. Since the then existing version of the model 
was available in its software implementation, it was possible to study its construction in 
experiments. A sensitivity analysis was conducted were one input parameter at the time 
were manipulated and the results on the output parameters studied. By applying this 
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procedure, it was possible to determine the key influential parameters of the NPAM as well 
as conclusions on its design. 

2.2.2 EXPLORING IT-INVESTMENT EVALUTION METHODS 

This part of the study was purely based on a theoretical method in the form of literature 
studies. The purpose was to explore the literature and document IT-investment evaluation 
methods found. It was early concluded that there existed quite a number of evaluation 
methods and that some sort of classification systems was needed. Two systems, [Renkema 
and Berghout 1997] and [Serafeimidis 2001], were selected. They represent two ways of 
separating between types of evaluation methods and together the cover a broad spectrum 
of methods. Individual methods that were found were categorized into these systems and 
presented.  

2.2.3 IMPLICATIONS OF THE NPAM 

After having established the current situation and audited the NPAM, the studies on the 
new regulatory process focused on the implications of the new regulation, and particularly 
the NPAM. Contacts were maintained with the regulatory authority regarding the updates 
of developments. Interviews with the developer of the model became an important part 
since the latest version of the NPAM software no longer was available. Furthermore, 
representatives from utilities were also interviewed on their reactions to the development 
of the regulatory process and the NPAM. Finally, a supervised case study at a distribution 
utility, penetrating the implications of the NPAM in general, provided interesting input to 
the study. 
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3 SUMMARY OF INCLUDED PARTS 

In the previous chapters, the background for the study as well as the research objectives 
and methodology is presented. With this in mind it is now fruitful to move on to the 
specific papers and the report included in the thesis. The purpose of this chapter is to 
briefly present the content of the parts included and to point to the central areas addressed. 
For further details, please refer to the actual papers or the report. 

The first paper describes an audit of the regulatory tool the NPAM, with focus on the 
models construction at the time. In the second paper, the focus is on the implications of 
the NPAM and the new regulation. These implications are discussed both from the 
regulatory authority’s point of view and the utilities’. The third part is a report describing 
IT-investment evaluation methods found in literature. The basic characteristics of groups 
of methods as well as examples of individual methods are presented. In the final part, 
suitable types of IT-investment evaluation methods are discussed, based on the 
implications of the NPAM on IT-investments and the characteristics of the IT-investment 
evaluation methods. This is done in the context of IT-systems for asset management at 
distribution utilities. 
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PART I –THE NETWORK PERFORMANCE ASSESSMENT 
MODEL – A REVIEW OF THE SWEDISH TOOL FOR 
REGULATION 

This paper essentially presents an audit of the NPAM, focusing on its construction. The 
change in the regulation policy is also discussed, including objectives it is set up to achieve. 
However, the central part of the discussion related to three specific areas of the model’s 
construction. 

First, the background for the change in regulation policy is presented along with the 
fundamental changes in the policy compared to the previous regulatory regime. One 
observation was that there was very limited previous research published related to the 
model. Therefore, one purpose of the paper is to present the model for a Nordic audience. 

Second, the model itself is described. Included parameters are clarified along with the 
objectives and goals of the model. The description of the model’s construction and 
included parameters is fairly comprehensive. Also, the intended use of the model in the 
regulatory execution is also discussed. The descriptions represent the status of the model 
and its use at the time when the paper is written. However, the fundamental ideas still 
remain the same in the current version. Updates on details of the models construction can 
be found in part II and IV of this thesis. 

Third, the discussion of the paper relates to three important parts of the model, which 
were identified from interviews, experiments on the model, and studies of documents 
regarding the results of the first non-compulsory pilot test. The first part is related to the 
assessment of delivery quality in the model. It was concluded that the so-called delivery 
quality supplement of the model created unclear incentives. Later this was supplement 
redesigned, as mentioned in part IV of the thesis. The second part of the discussion is on 
the importance of the yearly cost of capital in the model on the results. The model proved 
very sensitive to these parameters. Later there have been lengthy discussions on e.g. the 
discounting rate and the depreciation time. See e.g. [Energimyndigheten 2004]. The third 
part was on a model parameter called utility from boundary points, which made the model 
sensitive to where connections to other electric networks were placed. This part of the 
model’s construction was later redesigned and a description of this can be found in part IV. 
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PART II – The challenge of regulating natural monopolies in 
electrical distribution – experiences from Sweden 

In this paper the implications of the NPAM are both discussed in relation to the regulatory 
authority and the distribution utilities. An important purpose of the paper is also to present 
the new Swedish approach to regulation in an international perspective. As an introduction, 
the background for the change in regulation along with its main goals and objectives are 
presented. The fundamental change in the approach is illustrated. The rest of the paper 
consists of three sections. 

In the first section the regulatory tool is described. Compared to the description in part I of 
the thesis, it is less detailed regarding the parameters of the model. The main principles of 
(i) constructing a fictitious reference network and (ii) valuing the network are presented. 
Also changes in the model compared to part I are presented, which are mostly related to 
the construction of the reference network. 

Implications of the NPAM and its introduction related to the regulatory authority are 
discussed in the second part of the paper.  The discussion focuses on two important areas. 
First the intended use of the model and its results are addressed. Even though it was not 
fully determined at the time some general principles presented by the authority is discussed. 
Second, the communication efforts related to the introduction of the model is discussed.   

In the final part, implications for the distribution utilities are presented according to the 
three types identified. The first type is the requirements put on utilities in order to be able 
to implement the model at all, mostly related to the input data of the model. Implications 
related to changed fundamental principles of the regulation are the second area covered. 
The final type concerns the implications on business from the model, i.e. allowed incomes 
and costs. It is also concluded that the NPAM brings a new way to assess the effects of 
investment from a regulatory perspective. This is an interesting implication that is 
elaborated on in part IV. 
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PART III – On IT-investment evaluation methods 

The report is on the contemporary literature of IT-investment evaluation methods, with 
focus on IT-investment appraisal techniques. The aim is to give a broad overview of 
existing evaluation methods, focusing on methods used for assessing IT-investments’ 
impacts on organizations. In the report, groups of methods are presented as well as 
examples of specific methods within the groups.  

Two types of classification systems are used to classify methods in this report. The first is 
based on [Renkema & Berghout 1997] and classifies methods into four approaches: 
financial, multi-criteria, ratios, and portfolio. In the second classification system, based on 
[Serafeimidis 2001], the methods are divided into three streams: technical/functional, 
economic/financial, and interpretive alternatives. Although these two classification systems 
are somewhat overlapping they provide useful means for identifying appropriate methods. 
Together, they also cover a large group of method with varying characteristics. Each 
approach or stream have certain characteristics and emphasize different aspects of the 
investment. Summaries of the approaches’ and streams’ characteristics, as well as individual 
methods’, are presented in the report.  

Within the approaches and streams individual IT-investment evaluation methods are 
presented. The intention is not to be complete, but both show examples from each 
approach or stream and to present methods frequently found in the literature. Also the 
description for each method is fairly brief but references for further reading are presented 
as well. 

Finally, two further comments are made. The first is the actual use of IT-investment 
evaluation methods in organizations, particularly in relation the number and diversity of 
methods in literature. The second relates the observation in the introduction of the thesis 
regarding considerations of the complex structure of IT-systems in the organizations.  
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PART IV – Effect of new regulatory frameworks on utilities’ 
investment in Asset Management  

This paper consists of two major parts. First there is a discussion on the implications of the 
NPAM on IT-investments. Also general types of IT-investment evaluation methods are 
presented and their applicability for utilities when NPAM is the major regulatory tool are 
discussed based on the implications identified. The second part of the paper concerns IT-
based tools for asset management in Swedish distribution utilities. From the point of view 
of the thesis, this area is an applications area of the discussions related to IT-investment 
evaluation methods. Therefore, it is not discussed any further in the thesis. However, as a 
background, it can be mentioned that in the paper, several areas related to IT-systems for 
asset management that utilities currently invest in are identified. In order to assess these 
investments, as investment in any type of IT-systems in the utilities, proper tools needs to 
be identified, given the implications of the NPAM. 

The paper starts with a short summary of the changed regulation and NPAM to provide a 
background for the discussions. Included is also an overview of the regulation process as 
whole.  

Following this background is a discussion on implications on IT-systems, focusing on 
investments in IT-systems, that the NPAM brings. Four areas of implications are found. 
First, as was already concluded in part II, the NPAM brings new possibilities to assess the 
implications of investments. Second, effects on the allowed incomes are discussed. The 
third implication is related to costs of the investment. Finally, the introduction of NPAM 
in relation to the more technical requirements on IT-investments is discussed. 

Based on the findings in part III, main groups of IT-investment evaluation methods are 
presented. Their basic characteristics are discussed along with giving examples of individual 
methods. The applicability of the groups of methods is discussed in relation to the 
implications of the NPAM. It is concluded that a suitable method must include both 
monetary considerations as well as a limited number of non-monetary aspects, mostly 
related to the input data of the NPAM. 
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4 SUMMARY OF RESULTS 

This chapter summarizes the findings of the thesis and is based on the four parts (I-IV). As 
stated in the introduction, this research effort has three main objectives. First, to explore 
and describe the introduction of the NPAM as the primarily regulatory tool for distribution 
utilities, focusing on its implications with special attention to implications related to IT-
systems and IT-systems investments in utilities. Second, to explore major types methods 
for IT-investment evaluation with special focus on IT-investment appraisal techniques. 
Finally, to discuss suitable IT-investment analysis methods for distribution utilities when 
the NPAM is the main regulatory tool. This is done based on the groups of methods 
identified under the second objective. The findings presented here constitute the main 
findings related to theses objectives. For more details, please refer to the individual parts 
(I-IV).  

The summary below is quite extensive, but the intention is to provide guidance for the 
reader regarding the four parts. References are made in the text to individual parts where 
more information can be found.  

4.1 THE NETWORK PERFORMANCE ASSESSMENT 
MODEL 

The background for the change of regulation policy is described in both part I and II. 
Basically, the previous regulation did not work as intended and this is expressed e.g. in the 
immense workload for the regulatory authority. Following the governmental investigation 
in 2000 [Elnätsutredningen 2000] a change in the electricity act [Ellagen 1997:857] was 
made. The reasonableness of the distribution utilities network tariffs was to be determined 
based on so-called objective prerequisites of electricity distribution and the way the 
network owner distributes electricity, while leaving no guaranteed returns 
[Elnätsutredningen 2000] [Regeringen 2001]. The fundament of the assessment shifted 
from a focus on cost coverage to the service delivered to the customers. The following 
figure (Figure 2) illustrates this change in policy.  
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Figure 2. Illustration of the changed fundamental principles for the regulation of distribution utilities. 

Before moving on to the main regulatory tool, the NPAM, the main objectives and goals 
that were identified regarding the new regulation and the NPAM in particular are 
presented. It should be noted that the research effort has not been to assess to the extent 
the NPAM and the new regulation in general fulfill these goals. Neither have the 
appropriateness of these goals from a socio-economic, political, or any similar perspective 
been analyzed or assessed. Rather, these goals have served as a background for 
understanding the model, its introduction, implementations, and the new regulation 
process in general.  
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Figure 3. Goals and objectives of the new regulation and the NPAM.  

As stated, the primarily regulatory tool to be used in the regulation process is the NPAM. 
Its construction is described in part I and II, and therefore only the main elements will be 
mentioned here. In part IV is there an overview of the whole regulation process, as the 
authority describes it in late 2003. Returning to the NPAM, it has two basic steps: 

Construction of a fictitious reference network. Based on the input data to the model a fictitious 
electricity network is constructed in the model. The network is not an optimal, but one way 
to construct such a network although simplified. Please refer to part II for more detailed 
descriptions of how the network is constructed. The input data to the model consists of 
four basic groups of data related to: customers, connection to other networks, local 
production, and outage statistics. A list of specific input data is found in part II or in 
[Energimyndigheten 2003b]. 

Valuation of the reference network This is based on common assumptions for all utilities. The 
components in the reference network are valued based on standard cost functions and the 
density of customers. From this, a yearly cost of operating and maintaining the network is 
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calculated, representing the models assessment of the revenue level in the utility. It is based 
on assumptions on capital costs, maintenance costs etc. Added to this revenue assessment 
is an appraisal of the delivery quality in terms of outages in the utility’s actual network 
compared to the level determined in the model. In principle, if the outages are longer and 
more frequent than the models level, a subtraction from the previous assessed revenue is 
made. If the outages are shorter and fewer, no addition is made. The resulting assessed 
revenue, determined by the model and called the Network Performance, is compared to 
the actual revenues of the utility.  

Regarding the use of the NPAM in the regulatory process, part IV describes this in short. 
However, the exact use of the model was not yet been determined when the parts of the 
thesis were written. It is worth noting that the NPAM is intended to be used annually and 
compared to the network tariffs ex-post, i.e. the tariffs of the previous year. 

In the research, a number of implications of the NPAM and its introduction have been 
identified. The most important regarding distribution utilities are: 

Requirements in order to use the model. This relates to the input data of the model. Without 
available input data the NPAM would not be possible to implement. This puts 
requirements on the utilities since it among other things requires geographical coordinates, 
revenues generated, and energy consumed for each of the customers, including domestic 
customers. That counts for more than 5 million customers in Sweden. Furthermore, it 
requires integration of these types of data for each customer and the quality of data needs 
to be sufficient.  

Changed fundamental principle of the regulation. The most fundamental change is illustrated in 
Figure 2 but also the fact that the new regulation does not consider the history of the utility 
will have implications. Rather, the model provides a snapshot of the situation by the end of 
each year.  

Implications on business. These implications relates both to the allowed incomes, the costs, 
and assessments of investments under the NPAM. When the NPAM is the main regulatory 
tool, the way to increase the allowed incomes are through influencing the input data. 
Although the possibilities are limited, the outage statistics provides the most obvious way. 
Costs, on the other hand, are external to the NPAM. However, by its construction the 
model emphasizes managing costs since the limited ways to influence the allowed incomes 
implies that a profit maximizing utility need to manage cost efficiently. Furthermore, the 
introduction of the NPAM brings a possibility to assess the effects of investments in direct 
relation to the allowed incomes, through their influence on the input data. This is further 
discussed in relation to IT-investments. 
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4.2 IT-INVESTMENT EVALUATION METHODS 

As previously stated, a great number of IT-investment evaluation methods were found in 
the literature. Some authors [Renkema & Berghout 1997] list more than 60 methods and 
part III of this thesis covers more than 25 different methods. The number of methods 
indicates that the discipline is not a matured one and for example [Mahmood & Szewczak 
1999] concludes that there is not one generally accepted theory of IT-investment evaluation 
in the literature. Rather, there is a large body of theories from other disciplines referred to 
when addressing IT-investment evaluation [Mahmood & Szewczak 1999]. This would, at 
least to some extent, explain the great number of methods and the diversity in theoretical 
foundations of the methods. 

In the literature, two main tracks relevant for this research were found. Information systems 
planning and Investment appraisal techniques. In this research the focus has been on investment 
appraisal techniques, i.e. the topic of how to assess suggested investments, in terms of 
identifying benefits and costs and their impact on the business, either in monetary terms or 
in other ways. Also the selection between competing investments is something that 
investments appraisal techniques address. 

In part III the two classification systems used for grouping are presented, based on 
[Renkema & Berghout 1997] and [Serafeimidis 2001]. These will not be presented in detail 
here. Instead the basic characteristics of the groups of methods in the systems are 
presented in Table 1, corresponding to Figure 9 and 10 in part III. More details can be 
found in part III.  

Besides the characteristics of the groups of methods, Figure 11 in Part III presents basic 
characteristics of the individual methods presented in the report. Descriptions of the 
methods are also included in part III. 

The methods are further analyzed according to Whers’ framework [Wehrs 1999] which 
groups the methods according to the unit of analysis that the methods are intended to be 
applied to and the time horizon. The results are found in Figure 12 in Part III. 
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Groups of 
methods 

Purpose Evaluation 
object 

Evaluation 
criteria 

Time horizon Example of 
methods 

Financial 
approaches 

Monetary value 
of investment 

Investment 
project 

Only financials, 
cash flows 

Ex-ante Payback, ARR, 
IRR, NPV 

Multi 
criteria 
approaches 

Monetary value 
and a number of 
non-monetary 
issues 

Organizational 
level or 
investment 
project 

Both financials 
and limited 
number of non-
financials  

Ex-post and ex-
ante 

Information 
Economics, 
Balance 
Scorecard 

Ratio 
approaches 

Assess outputs 
relative to inputs 

Organizational 
level or 
investment 
project 

Both financial 
and non-financial, 
usually one per 
ratio 

Ex-post and ex-
ante 

Return On 
Management, IT-
costs/turnover, 
etc. 

Portfolio 
approaches 

Decision support Organizational 
level or 
investment 
project 

Both financial 
and non-financial, 
often only two 
dimensions 

Ex-post and ex-
ante 

Investment 
Mapping, 
Classification of 
IS/IT projects 

Technical/ 
Functional 
stream 

Technical 
performance, 
control of 
resources, 
automation 

Individual IT-
system 

Cost reduction, 
efficiency, 
quality/performa
nce of system 

Ex-post and ex-
ante 

Software Metrics, 
COCOMO 

Economical
/ Financial 
stream 

Quality and 
utilization of the 
systems output 

Investment or 
group of 
investments 

Impact on 
organization, 
productivity, 
business value, 
user satisfaction, 
risks, etc. 

Ex-post and ex-
ante 

Economic 
oriented, Finance 
oriented (NPV, 
etc.), Behavioral 
sciences driven 
(ROM) 

Interpretive 
alternatives 

Understanding of 
social actions, 
organizational 
learning, 
contextual 
dependencies 

Broader 
portfolios of 
processes and 
systems 

Intermediate 
relevant measures 
(e.g. more reliable 
systems) 

Continuous 
benefit 
management 

Meta-methods, 
contemporary 
methods (Farbey 
et. al., Benefits 
mangement, ) 

 
Table 1. Summary of characteristics for groups of IT-investment evaluation methods. 

Furthermore, given the number and diversity of methods presented in the literature, studies 
of the use of IT-investment evaluation methods in reality shows a somewhat different 
picture. The studies seem to show that organizations use a quite limited number of 
evaluation methods if specific evaluation methods are used at all. 

One final conclusion related to the IT-investment evaluation methods concerns the 
evaluation methods in relation the complexity IT-systems in organizations. Among others, 
[Andersson 2002], [Johnson 2002] concluded that IT-systems in organizations today often 
are interconnected and interdependent in complex ways. It is then reasonable to assume 
that this would have impacts on IT-investments. However, considerations to this in 
literature are very limited. 
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4.3 IT-INVESTMENT EVALUATION METHODS IN THE 
CONTEXT OF NPAM 

As stated above, the NPAM have implications for distribution utilities on multiple levels. 
Concerning IT-systems, and investments in IT-systems in particular, several implications 
have been identified. The first implication relates to the new possibility of being able to 
assess investments in relations to the regulation. The second and third implications deal 
with influences on revenues and costs of the investment respectively, while the last 
indicates the major technical implication of the NPAM for IT-systems investments. 

Possible to calculate effects of investments. This is already concluded above in section 4.1. Given 
that the effects on the NPAM’s input data can be determined, it is possible to calculate the 
consequences on the allowed incomes determined by the NPAM. 

Effects on the input data – allowed incomes. Compared to investment evaluation in general, 
where often the returns from the investment are difficult to assess, the NPAM is 
interesting. Here the returns, at least in terms of increased allowed incomes in the 
regulation, are determined by how the limited dimensions of the input data are affected. In 
principle, need a utility only to assess the implications on the input data of an investment to 
calculate how the allowed revenues are affected. 

Cost savings. As concluded earlier, cost management becomes a central issue, given that the 
utility maximizes its allowed revenues determined by the model. Concerning IT-
investments this means that the investments need to focus on efficient utilization of 
resources e.g. manpower, monetary resources etc.  

Handling of input data. This implication relates more to the technical side of the investments. 
As observed in section 4.1, the NPAM required availability and quality of input data in 
order to be able to be used. Also, most of these requirements relate to the IT-systems in 
the utilities. For example, data from different IT-systems have to be integrated into a single 
database and the quality verified. All this work takes up resources. Any IT-investment that 
besides generating other benefits for the utility also makes this process simpler adds value 
to the company by making the process more efficient. Hence, when evaluating IT-
investments the evaluation process needs to consider the way the investment impacts the 
gathering and integration of input data to the NPAM. 

When comparing the implications to the IT-investment evaluation methods presented, 
several conclusions are drawn. Although the effects of investments related to the NPAM 
are mostly expressed in monetary terms, the evaluation method need to incorporate more. 
A number of non-financial parameter, mostly related to input data and its handling, need to 
be considered. It is then concluded that multi criteria methods seem to be most promising 
types of methods when considering the implications of the NPAM. However, please refer 
to part IV for a more thorough discussion on the types of methods in relations to the 
implications. 
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4.4 FURTHER WORKS 

The basic characteristic of this study has been of an exploratory type related to the NPAM 
and IT-investments. Often in the research work new questions appear in the processes, and 
the writing of this thesis is no exception. One interesting area to take the work further into 
would be to try to develop an IT-investment method, or rather adapt an existing method, 
and to test it on real IT-investments in distribution utilities. Since multi criteria methods are 
a promising group of methods, such a method seams to be a starting point. Also, in 
relation to the observation of the existing methods relatively sparse considerations to the 
complexity of IT-systems integration, it would be interesting to develop this further. 
Perhaps this would be to study the available architectural description frameworks for 
enterprise systems and try to integrate such considerations into the IT-investment 
evaluation method.  
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