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Abstract 
Key words: Business Process Modeling and Simulation, Evaluating IT Investments, 
Dynamic Information Workflow Model, Electric Utilities.   

Information technology (IT) is becoming the primary factor determining the survival of 
most organizations. The different types of systems and the wide range of objectives suggest 
that diverse evaluation methods are needed. There is a critical need for a new approach to 
managing IT investments, and solving the information paradox should be a business 
imperative for all managers today. 

Evaluating IT investments introduces different types of problems that investment in 
traditional assets does not consider. The focal point shifts from measuring hard and 
quantifiable benefits that appear on a firm’s income statement to measuring soft, diffuse, 
and qualitative impact.  

The decision to acquire new information technology poses a number of serious evaluation 
problems for managers because the available methods for IT investment evaluation are 
mostly static and they do not consider dynamism in decision-making processes. 

Common problems with the methods for evaluating IT investments are related to their 
inability to take account of the full range of potential benefits. There is a gap between 
theory and practice in relation to the use of any method for making decisions and for 
continuous evaluation of IT investments.  

This thesis presents a new approach to evaluating benefits of IT investments in a dynamic 
way, an approach consisting of a combination of dynamic information workflow models and 
business process simulation techniques. The proposed approach gives managers and 
organizations the possibility of implementing other models for measuring different metrics 
and aspects of IT investments. 

A dynamic information workflow model of an electric utility and simulation essays are 
presented in order to show how the proposed approach is applied. The performance 
measure selected for running experiments was efficiency, which was characterized by the 
following selected performance indicators: cycle time, resource utilization, and activity 
costs. Empirical data was collected from case studies of different utilities in Central 
American countries. 
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Chapter 1 

Introduction 

1. INTRODUCTION 

1.1 RESEARCH BACKGROUND 

Electrical utilities today are radically changing because of reforms taking place in the 
electricity markets around the world. The newly privatized companies will face real market 
competition and will need to improve management, control, information systems and 
optimize decision-making processes. In a deregulated energy market, electric utilities must 
learn how to adapt to a more open market and greater demands for profitability. More 
efficiency is called for. Time and costs must be cut and available IT resources must be more 
effectively utilized. 

Information technology is becoming the primary factor determining the survival of most 
organizations, and electrical utilities are no exception. As a result, the fields of production, 
manufacturing, business services and their supporting information systems are responding 
to significant contemporary trends. IT investments have changed the way in which electric 
companies are doing business and the way in which they compete. IT is also seen as a 
fundamental way of gaining a strategic and competitive edge. IT is playing an increasingly 
important role in the new deregulated electricity markets. 

It is argued in Chapter 3 of this thesis that IT managers need to concentrate on improving 
efficiency, quality and competitiveness. However, the critical challenge facing the role played 
by IT function is controlling costs. Therefore, the decision to acquire new information 
technology poses a number of serious evaluation and selection problems for managers of 
electric utilities because the new systems must not only meet an organization’s current 
information needs but also the requirements of future expansion.  

The research interest in IT investment evaluation is primarily due to the large investments 
that organizations have made in IT, and the strategic nature that both tangible and 
intangible benefits have on organizational performance. In addition, the fast changing 
business environment faced by many organizations today has led IT professionals to 
complain that the goals set by management are changing (Lubbe, 1999). 

In most of the literature reviewed for this thesis, the evaluation of IT benefits is mainly 
concerned either with the classification of types of benefits, or with the initial assessment 
and justification procedures for identifying and evaluating potential benefits that an IT 
investment may deliver (Farbey et al, 1995). According to Esther & Brooke (1995), the 
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logic of the existing methodologies ranges from intangible faith or gut feelings to concrete 
financial benefits. A multiplicity of work has been carried out in the field of IT investment 
evaluation and many researchers have investigated different perspectives, but a generally 
accepted theory has not been developed to date. 

Evaluating IT investments introduces different types of problems that are not considered 
in investments in traditional assets. The focal point shifts from measuring quantifiable 
benefits to measuring qualitative impact that is difficult to quantify. Common problems 
with the methods for evaluating IT investments are their failure to consider the full range 
of benefits. For instance, one of the main conclusions obtained from the case studies 
performed in electric utilities is that they are not using a structured methodology for 
making decisions or a dynamic approach in evaluating IT investments.  

This thesis presents a new approach to evaluating IT investments, which considers two 
main concepts: business process modeling and simulation (BPM&BPS) and the dynamic 
information workflow model (DIWM). DIWM is understood as a set of processes and 
activities that represents the work and information flowing through an organization. The 
use of this concept is a fundamental shift away from the functional/organizational view of 
business to one that focuses on how work flows through an organization. Business process 
modeling (BPM) techniques can generally be classified in two categories, namely Static and 
Dynamic modeling techniques. Static techniques may only provide business process 
“snapshots” at a specific point in time and do not generally provide capabilities for 
analyzing process behavior over time. As a consequence, they cannot be used to predict the 
impact of proposed changes on process performance, although they allow the nature and 
essence of a process to be understood (Gladwin, 1994).  

Dynamic modeling techniques allow process models to be run over time and therefore 
allow time-related business process phenomena to be studied, such as bottlenecks or 
throughput problems. However, dynamic models are generally much more complicated to 
develop, as they often require modelers to have an advanced level of expertise in the 
particular modeling technique chosen and additional data is needed to calibrate the models. 

Two key conclusions may be reached from others research work, which constitute the 
main motivation for this research: (i) according to many authors (Chapter 3), the current 
approaches to IT investment evaluation methods need to change, and (ii) proposals found 
in the literature have not examined business processes in depth, or have not examined 
dynamic business systems as a whole. 

1.2 RESEARCH QUESTION 

The main purpose of this research is to analyze common problems associated with IT 
investment evaluation methodologies and to find alternatives for solving them. This 
research determined that most of the methodologies in the field of IT evaluation are using 
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a static approach and they fail to consider dynamism in the evaluation process. In order to 
achieve the research goal of this thesis, the following research question was formulated. 

“How can benefits of IT investments be evaluated in a dynamic way?” 

The main challenge of this research study is to propose an alternative approach to evaluating 
the quantitative benefits of IT investment projects. The new approach has to consider 
process oriented dynamic modeling techniques for evaluating performance measures in an 
organization. 

1.3 RELATED WORK 

The areas of knowledge covered by this research are mainly related to the fields of 
information technology investment evaluation methods and business process modeling and 
simulation techniques (Fig. # 3).  

Information technology investment evaluation methods: While there is no generally 
accepted theory of IT investment evaluation that can be used to guide thinking about IT 
development, use and evaluation, there is a large body of existing theory from other areas 
of scholarly research that is often referred to when thinking about IT investments.  

This research addresses a proposal made in the conclusions of Banker, Kaufmann and 
Mahmood (2002) "that the primary goal of further research in this area should be to 
determine the extent to which the variety of newly available methods can be applied in 
different settings. Limiting ourselves to a single framework or a narrow research 
perspective at this time will reduce our ability to understand and discover the multiple 
sources of IT value.” This is especially important in view of the fact that "the shortfall of 
IT productivity is as much due to deficiencies in our measurement and methodological tool 
kit as to mismanagement by developers and users of IT.” (Brynjolfsson, 1993)  

Wehr’s “Road Map" for the evaluation of IT investment, shown in Figure 12, Chapter 3, is 
based on the following three major considerations: (1) the process suggests that the 
evaluation of both tangible and intangible benefits should be carried out for all types of IT 
investments. Although each type of IT investment may require a different evaluation 
emphasis (e.g., quantitative versus qualitative, and tangible versus intangible) most IT 
investments involve both quantitative and qualitative benefits to a certain degree; (2) The 
process also stresses that assessing the risk of IT investments is important and required in 
the IT evaluation process to ensure that the benefits are great enough to offset the risks 
and (3) the evaluation process recommends that the intangible benefits and risks should be 
evaluated prior to tangible benefits. 

Business process modeling and simulation: There are many methods and approaches 
to development work. Many of them share a focus on the vital and critical business 
processes that flow through an organization. This is the case, for example, of total quality 
management (TQM), business process reengineering (BPR) and process management 

3  



EVALUATING IT INVESTMENTS: A BUSINESS PROCESS SIMULATION APPROACH 

(PM). These three approaches are mainly focused on organizational development, 
something that can be seen as the middle level of three general levels of development work: 
corporate development, organizational development and information systems 
development. 

Since the 1980s and early 1990s, a number of studies have concentrated on processes and 
the role that they play within an organization. Business processes (BP) and the enabling 
role of information technology (IT) have become two of the most important application 
areas in contemporary management science. Business process modeling techniques are 
oriented towards developing broad models of the way an organization operates, the 
processes it has and of how they traverse the ‘functional silos’ (Hammer and Champy 
1993), in order to understand possible scenarios for improvement (Ould 1995). 
Flowcharting, IDEF0, IDEF3, Petri Nets, system dynamics, knowledge-based techniques, 
role activity diagrams, activity based costing, and discrete-event business process simulation 
(BPS) are only some examples of BP modeling techniques widely used in the organizational 
domain. 

The main objective of BPM as a field is to bridge the communication gap between business 
people and systems people by using shared models and methods as a means for 
understanding and for change. BPM has proven to be an effective tool for supporting and 
specifying communication between different actors involved in development work in a 
company. 

Some organizations use business process simulation as part of their approach to business 
process innovation, evaluation and performance improvement. Simulation is used to 
understand and analyze the current state of a system (As-Is Model) as well as to envision 
the future state of the transformed system (To-Be Model). Simulation provides a powerful 
means of generating suggestions for improving, evaluating or innovating systems (Chapter 
5). There are important reasons and advantages for proposing the application of BPM & 
BPS in the field of IT investment methodologies (Chapter 6). 

Linking IT investment evaluation methods and business process simulation: 
According to Davenport and Short (Lubbe, 1999), although business process design and 
information technology are natural partners, theirs relationships have never been fully 
exploited in practice. On the one hand, it is natural to expect that the choice of a particular 
dynamic way of conducting business and making decisions in an organization will influence 
the design and structure of the information systems. On the other hand, advances in 
information technology itself can generate completely new opportunities for organizations 
and hence influence the design of specific business process layouts. 

According to Giaglis (2002), the use of simulation to support business change is still limited 
compared to manufacturing applications, but a number of application examples have 
recently emerged. On a more detailed level of the IT infrastructure, organizations can use 
simulation to model and experiment with different low-level functions, such as alternative 
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computer network topologies, routing and switching protocols and so forth. Despite the 
imminent interrelationship between business processes and information technology, there 
are no simulation environments that allow organizations to model both elements and 
identify the impact that changes in one will have on the other. Many companies are using 
discrete event simulation (DEVS), modeling and analysis (Chapter 4) to overcome the 
problem of measurement, and to ensure the alignment between IT applications and 
business operation.  

Business engineering, for instance, takes a broader view of both information systems and 
business processes and of their relationships. IT should be viewed not only as automation, 
but rather as an enabler of fundamental changes in the way business is done. 

Van Meel and Sol (1996) have used the term “Business Engineering” (BE) to refer to this 
dual design effort. To be a beneficial facilitator of BE, business process simulation (BPS) 
should be able to address both the BPM design and IT/IS design problems. In this thesis 
the author is also considering the approach where BPS addresses the IT investment 
evaluation (ITIE) problems. 
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The main contributions of this thesis are summarized as follows: 

1) Proposal of the business process simulation approach in combination with 
the dynamic information workflow model, for evaluating IT investment 
benefits and performance measures in an organization (Chapter 6). 

2) Application of the presented approach for measuring performance in the 
control centers and in a typical electric distribution company (EDC) 
(Chapter 6). 

3) Identification of relevant problems for IT investment evaluation in EDCs 
that could be addressed by using the proposed approach (Chapter 5). 

1.5 RESEARCH DESIGN 

Figure 2 outlines the research process followed by the author over time. The research 
strategy was identifying important problems and opportunities for adding new 
contributions as a result of multidisciplinary studies. Moreover, the case study methodology 
was selected for generating empirical data. Based on the obtained results, a numerical 
example of the theoretical contributions would be built. 

Case Studies in the
Electric Utilities

Research Design of the
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INTRODUCTION 

1.6 OUTLINE 

This thesis presents a literature review, empirical data collected from case studies and main 
contributions in the following nine chapters. Important contributions of this thesis are 
presented through the published reports and papers. 

Chapter 2, Research Methodology, describes the research approaches that anteceded 
this investigation and the writing of this thesis. The qualitative and quantitative angles of 
research methods are presented. The case study methodology is accented and 
complemented with the quantitative results of simulation essays. The process-oriented 
approach is presented in this chapter. 

Chapter 3, Methods for evaluating IT investments, presents the broad literature review 
of the main attempts to measure ITI, and contemporary methods for ITIE and related key 
problems in the field. This chapter constitutes part of the theoretical background to the 
thesis, introducing the reader to the theoretical context of the research. 

Chapter 4, On business process modeling and simulation, introduces the main 
concepts, definitions and relationships of IT and business process simulation. The relevant 
benefits of simulation for addressing problems identified in the field of ITIE are presented. 
This chapter constitutes another important part of the theoretical background of the 
research work.  

Chapter 5, An overview of Central America’s Utilities, introduces the industrial and 
geographical context of case studies performed and presented in this thesis. The chapter 
presents the relevant results and data obtained from case studies in the Electric 
Distribution Companies in Central America. The third contribution of the thesis is 
presented in this chapter. 

Chapter 6, The business process simulation approach, describes the main steps of the 
proposed approach for evaluating ITI. A practical application of the approach is 
formulated and statistical results obtained from simulation essays are presented. The first 
and second contributions of the thesis are described and explained in this chapter. 

Chapter 7, Summary of included papers, presents a brief description of two published 
papers, as an important outcome of this research. 

Chapter 8, Conclusions, presents the thesis’s general conclusions in three sections: 
methods for evaluating IT investments, case studies and business process simulation 
approach for evaluation. 
 

 

 

 

7  



EVALUATING IT INVESTMENTS: A BUSINESS PROCESS SIMULATION APPROACH 

 

  8 



 

 

Chapter 2 

Research Methodolo

2. RESEARCH METHODOLOGY
A scientific methodology should form the bas
original contributions to the body of knowledge
methodology as a systematic observation of natu
of all science, whether natural science or psycho
a logical system.” 

This chapter provides a theoretical overview of
the study presented in this thesis, and describ
collected and evaluated. The most important as
following sections. 

The research approach used in this thesis was 
quantitative methods. The case study methodo
author to approximate an organization, simu
related to IT and its evaluation problems. The
simulation essays for statistically estimating the
The process-oriented approach is introduced
formulated in this research. 

Quantitative and qualitative methods are frequ
answer different research questions. The challen
multi-method approach to research and evaluatio

Section 5.4 presents a brief description of t
Moreover, the main quantitative results of the re

2.1. RESEARCH METHODS  

The methods used in this study rely on both qu
case study methodology was primarily used bec
be analyzed in a holistic way within electric ut
“Science is not an objective, truth-directed 
machine, but a quintessentially human activity, 
affected by passion, hopes, and cultural biases. 
Cultural traditions of thought strongly influence 
scientific theories”. Gould  
gy 

 
is of any research that claims to produce 
. Chadwick et al. (1984) describes scientific 
re. Einstein (1950) argues that: “the object 
logy, is to coordinate our experiences into 

 research methods used for implementing 
es the manner in which information was 
pects of methodology are described in the 

based on a combination of qualitative and 
logy was selected because it enabled the 
ltaneously gaining insight into situations 
 quantitative analysis was used during the 
 chosen performance measure: efficiency. 
 because of the type of process model 

ently used in a complementary fashion to 
ge is combining the strengths of each in a 
n.  

he case studies and their main findings. 
search are presented in Chapter 6. 

alitative and quantitative approaches. The 
ause it allowed IT investment problems to 
ility companies. At the conclusion of this 

9 



EVALUATING IT INVESTMENTS: A BUSINESS PROCESS SIMULATION APPROACH 

research process, the qualitative and quantitative results were presented to a number of 
participants in case studies in order to validate the final empirical results. 

2.1.1. CASE STUDY METHODOLOGY 

This study uses a case study methodology as a qualitative research method. The case study 
methodology is a way of obtaining valid and reliable information or research findings. 
Moreover the business process simulation approach is used to quantitatively evaluate 
specific performance measures in the presented dynamic information workflow model. The 
main objective of the case studies was to document the manner in which EDCs formulate, 
implement and evaluate IT investment decisions and how IT investments are linked to 
organizational performance and business management decisions and strategies. 

The case studies were carried out in four countries: Nicaragua, Panama, Costa Rica and El 
Salvador. The particular reports for each case study and outsiders’ impressions about 
EDCs were prepared in order to use them as part of the condensed case study report. The 
data collected through the case studies of Central American utilities resulted in a large 
quantity of different types of variables, which were analyzed by using the business process 
simulation approach presented in Chapter 6. The simulation essays generated valuable 
statistical information about the processes, activities, entities, resources and costs in a 
computer based dynamic information workflow model. 

According to Yin (1994), “a case study from a research strategy point of view may be 
defined as an empirical inquiry that investigates a contemporary phenomenon within its 
real life context, when the boundaries between phenomenon and the context are not clearly 
evident, and in which the multiple source of evidence are used. It is particularly valuable in 
answering who, why and how questions in management research.” It is important to 
remark that the case study methodology is designed to support or reject theoretical 
propositions as well as to obtain empirical data from the studied utilities. 

Three types of data were considered in these case studies: interviews, observations, and 
documents. The case studies consisted of a series of unstructured interviews, which 
allowed informants the opportunity to supply information on a wide range of issues related 
to information technology, decision-making and implementation activities, organizational 
performance and business strategies. Documentation collected includes technical papers, 
interim reports, published reports, records of the interviews, internal reports such as 
technical, financial, organizational, and strategic plans and other important documents. 

The case study approach to qualitative analysis constitutes a specific way of collecting, 
organizing and analyzing data. In that sense it represents an analysis process. The purpose 
is to gather comprehensive, systematic and in-depth information about each case studied. 
In fact, case study outcomes can be highly quantitative. Wherever possible, purely 
descriptive data should be converted into quantitative data and statistical techniques should 
then be applied. In addition, it is possible to conduct a survey within a case study situation 
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and to use quantitative techniques in the analysis of data so collected. There will, however, 
always be qualitative data that cannot be quantified (Lubbe, 1999). 

The researcher must decide how to frame a case study, how much and what to include, and 
how to tell the story. Still, computers can play a role in qualitative analysis as they do in 
statistical analysis (Quinn, 2002). Quantitative tools like process simulation revolutionized 
qualitative research by making it possible to manipulate numbers, more accurately, more 
quickly, and in more ways. Simulation tools facilitate the work of analysis, but they cannot 
provide the creativity and intelligence that make each qualitative analysis unique. 

According to Quinn (2002), the credibility of case study research depends on three distinct 
but related inquiry elements: rigorous methods, the credibility of the researcher, and 
philosophical belief in the value of qualitative inquiry. A substantial amount of time and 
attention was devoted to the issue of methodology, validity and credibility of the case 
studies. The results of the case studies of EDCs confirm that existing methods, including 
investment analysis, are considered generally unsatisfactory for identifying all available 
benefits or adequately quantifying and qualifying the outcomes of IT investments. 

The findings suggested by the case study research are perceived to be useful for the electric 
utilities. Moreover, the dynamic information workflow model and the proposed simulation 
approach provide a list of principles that will assist EDCs in successfully formulating, 
implementing and evaluating IT investment projects. 

2.1.2. ON PROCESS-ORIENTED STUDIES 

An explanation of the process-oriented approach was considered a relevant methodological 
topic for inclusion in this study. The process is defined as a way of organizing work and 
resources (people, equipment, information and so forth) in a way that allows an 
organization to accomplish its goals. Historically, an enterprise would organize its work and 
resources into specialties or functions. Nowadays organizations try to organize work and 
resources to achieve a specific output – a result – for a specific customer. 

A focus on process involves looking at how something happens rather than examining 
outputs and outcomes. Organizations and their information systems in this study were 
characterized as highly “process oriented.” This research was oriented toward processes 
because 1) depicting process requires detailed descriptions of how people engage with each 
other, 2) the experience of process typically varies for different people so their experiences 
need to be captured in their own words, 3) process is fluid and dynamic so it can not be 
fairly summarized on a single rating scale at one point in time, and 4) participants’ 
perceptions are a key process consideration. Process evaluation is aimed at understanding 
the dynamics of how an information system, organization and their relationships operate 
(Quinn, 2002). 

A process-oriented approach also requires sensitivity to both qualitative and quantitative 
changes in an organization and its information system. A variety of perspectives may be 
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sought from people with dissimilar relationships to the information system or organization 
(Quinn, 2002). By describing and understanding the details and dynamics of processes, it is 
possible to isolate critical elements that have contributed to successes and failures of the IT 
investment decisions. 

For the process-oriented approach in this research, one important tool is scenario 
construction. Qualitative and quantitative scenarios are complementing each other for 
evaluating tangible and intangible benefits of IT investment decisions. A qualitative 
scenario includes interview results, observational findings and detailed descriptions of the 
problem of interest. A quantitative scenario includes a set of statistical input and output 
data for different conditions in a simulation model. The performance measure selected for 
running a numerical example was efficiency, which was characterized by a limited number 
of selected performance indicators: cycle time, resource utilization and activity costs. 
Statistical reports were obtained and are presented in Chapter 6 of this thesis. 

Qualitative and quantitative data were organized to describe important processes in the 
presented dynamic information workflow model (DIWM). For example, an evaluation of 
an IT investment may describe requirement processes, software processes, decision-making 
and communication processes, and so on. The DIWM forces people to recognize that 
workflows exist that they are following, even though they had not previously been written 
down. Once this is recognized, they can work on changing the workflow process from an 
AS-IS state to a TO-BE one. 

Launching the process-oriented approach requires that the work and information flowing 
through the organization are well defined, clearly understood and accurately documented. 
The work and information flows should be clearly related to each of the business activities. 
There should also be a clear and supportable rationale for each activity, which will then 
allow managers to consider changes that might create improvements in performance. 

2.2. RESEARCH OVERVIEW 

This section provides a complete overview of the thesis work by presenting the evolution 
of its three dimensions: theory, practice and time (Fig. # 3). 

The thesis consists of five theoretical tracks: case study methodology, management 
information systems, business process modeling framework, business process simulation 
techniques and information technology investment evaluation methodologies. An extensive 
literature review and critical analysis were carried out for all the fields presented.  

The four practical tracks of the thesis are: case studies of several electric utility 
companies in Central America, dynamic information workflow modeling, business process 
simulation techniques for IT investment evaluation, and application of simulation essays. 
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RESEARCH METHODOLOGY 

In the first part of this research, the case study methodology was used and empirical data 
was obtained from four exploratory case studies about the organizational and technological 
status of 15 electric distribution companies and control centers in Central America.  

In the second part of the thesis, a dynamic information workflow model was built and 
described by using all data that was available from the case study results. The objective was 
to represent the main processes of a typical EDC as a set of information workflows, 
activities, resources and costs. Dynamic models provide a solid yet flexible structure 
through which alternative business solutions can be proposed and evaluated. Once a 
project team understands the existing processes, new ways of doing business can be 
considered. 

In the third part, the business process simulation approach was proposed as an alternative 
for evaluating information technology investment payoff in a dynamic way and for 
measuring performance indicators, based on the developed DIWM. Moreover, the 
presented approach will offer managers the possibility of implementing other types of 
existing models that allow them to measure quantitative, qualitative and process-oriented 
aspects of ITI payoff. 

In the fourth part of this thesis, simulation essays and “what-if” scenarios are presented, 
using a specific simulation tool that indicates how to measure the efficiency of the 
processes developed in the simulation analysis.   
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Chapter 3 

Methods for Evaluating IT 
Investments 

3. METHODS FOR EVALUATING IT INVESTMENTS  

3.1. INTRODUCTION 

The main purpose of this chapter is to present a broad review of diverse approaches to 
evaluating IT investments in an organization. The common problems of these methods are 
indentified in order to propose alternative approaches in this field of knowledge. This 
chapter does not claim to review all available studies that have attempted to evaluate IT 
investments, but rather focuses on a number of the more recent papers and books that 
have made a contribution to the field. A review of several representative IT investment 
evaluation methods and approaches (1985-2000) is presented as an important part of this 
thesis’s theoretical background. 

Evaluation of IT investments has been the subject of much academic debate and literature 
in recent years. Two main themes within the literature are of relevance to this research 
field: strategic information systems planning (SISP) and investment appraisal techniques for 
evaluating IT investments (Brynjolfsson & Hitt, 1993). Mahmood (2002) has formulated 
some of the key research questions.  These include: Why is the measurement of IT 
investment payoff so difficult and controversial? Why do we need to research 
contemporary approaches to measuring IT investment payoff? Or, alternatively, why have 
earlier approaches to measuring IT investment payoff proven unsatisfactory? Can we find 
important improvements to these approaches such that they can be newly applied to 
effectively measure IT investment payoff in ways that are convincing to managers? Many 
research efforts have been undertaken to answer these types of questions.  

Information technology is becoming the primary factor determining the survival of most 
organizations. As a result, the fields of manufacturing, business services and their 
supporting information systems are being forced to respond to contemporary trends. 
These trends include, but are not limited to, the advances in computer hardware and 
software. With these advances, information technology (IT) has grown from being a means 
of automating data processing to being the critical infrastructure for doing business today. 
Clearly, IT is considered one of the most critical factors linked to the success of business 
organizations. 
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Evaluating investments in IT poses a number of problems that investments in traditional 
assets do not present. The focus shifts from measuring hard and quantifiable dollar 
benefits that appear on a firm’s income statement to measuring indirect, diffuse, qualitative 
and contingent impact that is difficult to quantify. At the same time the multidimensional 
nature of IT investment payoff suggests that different categories of measurement be 
created to address the various dimensions. Moreover, a variety of methods should be used 
to measure IT investments. 

The decision to acquire new information technology poses a number of evaluation and 
selection problems to managers of electric utilities, because the new systems must not only 
meet current information needs of the organization but also requirements in terms of 
future expansion. Most of the methods for IT investment evaluation do not consider the 
full range of potential benefits, especially intangible benefits. For instance, there is a gap 
between theory and practice since most managers of electric utilities do not use any formal 
IT evaluation methodology in their companies. Many managers of electric utilities openly 
admitted that their current project justification processes overstate the benefits in order to 
obtain approval; hence, benefits are claimed which are unlikely to be achieved in practice.  

IT evaluation methods for tangible benefits are designed to compare the costs of 
investment alternatives or attempt to provide procedures for quantifying benefits and risks. 
Such methods tend to rely on the help of technical personnel to provide management with 
accounting data for evaluation. Meanwhile, methods for intangible benefits place emphasis 
on the process of obtaining agreement on objectives through a process of exploration and 
mutual learning. Such methods tend to rely on a thorough understanding of the 
opportunities and the threats of failure of the IT investment. 

Ward et al. (1996) came to the following conclusions based on case studies: (i) few 
organizations have a complete or comprehensive management process to ensure that the 
proposed benefits from IT investments are actually realized, (ii) just over half of the 
organizations have formal methodologies for systems development, project management 
and investment appraisal. However, only 20% have implemented all three of these. The 
results confirm the findings of previous researchers that existing methods, including 
investment appraisal, are deemed generally unsatisfactory in identifying all available benefits 
or adequately quantifying the benefits. 

Senior Management Guidelines for Measuring IT Investment Payoff 

 Mahmood (1999) offers a number of guidelines to senior managers in order to help them 
measure IT investment payoff using these contemporary approaches: 

• Adopt a multidimensional view and identify and embrace non-quantitative 
measures of IT investment payoff. 

• Be open to using a number of approaches to measuring IT investment payoff at 
the same time. 
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• Measure IT investment payoff at various levels of the organization. 

• Measure IT investment payoff separately for different types of IT. 

The need for a new approach to the management of IT investment becomes critical. As 
Peter Senge stated in The Fifth Discipline, “Learning disabilities are tragic in children, but 
they are fatal in organizations. Because of them, few corporations live even half as long as a 
person – most die before the age of 40.” The need for organizations to learn how to better 
manage their investment in IT-enabled change has never been greater. Solving the 
Information Paradox should be a business imperative for executives and for all business 
managers. 

IT is revolutionizing methods of management, supply, production, distribution, marketing 
and services. On a practical level, managers are being asked to make decisions every day 
and to live with the consequences in a fast changing area in which many feel extremely 
uneasy. The rapid pace and scope of IT-enabled change is creating dilemmas for 
management. More and more information is being delivered by more and more 
technology. At the heart of the problem is a fundamental change in how organizations are 
using IT and the information provided by the technology. The problem has become more 
serious with the growth of the capabilities of IT, which are used to capture, create, 
manipulate and distribute increasing amounts of information.  

The benefits of IT investment are potentially much richer, but at the same time, less clear 
and harder to predict. Finally, there is the GRAY zone of IT, a large basket of everyday 
problems that fall in between the best and the worst. A perfect example is the mundane but 
expensive problem of technology that is not used or is misused. People do not know and 
are not effectively taught how to use new software and information systems.  

3.1.1. THE NEED FOR THE EVALUATION 

Organizations are continuing to invest large sums of money in IT in anticipation of a 
material return on investment (Willcocks & Lester, 1996) There is, however, doubt as to 
whether IT investment have proven economically successful at all. IT investment costs are 
high and it is essential that managers are certain that investments in IT are economically 
justifiable. This is especially true for Developing Countries where reserves need to be 
carefully directed into areas of high return so as to ensure economic growth and, therefore, 
support a country's Reorganization and Development Programs for Technology 
Innovation. Although IT investment evaluation has only recently become an important 
issue, interest in the area has grown over the last couple of years. Thus, more and more 
organizations will attempt to establish, formulate and implement IT investments that will 
meet their needs for efficiency and effectiveness (Earl, 1992; Farbey 1993). 

It is, of course, not easy to identify IT investments that will support organizational 
strategies.  To establish a method that specifies how organizations can do this is would be 
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of great practical value to managers. Similarly, the selection of IT investments requires 
details and advice as to how they can be helpful to managers. Research about practical 
formulation and selection issues, as well as the eventual effect of IT on organizational 
performance, is an important issue that demands attention. Strategic information systems 
planning seek to align IT investments with business strategies to maximize the opportunity 
for overall competitive advantage through IT. The life cycle emphasis that Ward et al. 
(1996) place on evaluation not only considers the pre-investment appraisal and post-
implementation evaluation processes, but also how organizations do or do not ensure that 
the benefits claimed are actively managed through to realization (Farbey et al, 1995a, 
1995b).  

Another approach to the apparent inadequacy of investment appraisal techniques has been 
to develop appraisal methods such as information economics and return on management 
(Strassman, 1990). Ward et al. (1996) conclude that existing evaluation methods are 
considered to be unsatisfactory and are not applied widely or consistently. More 
sophisticated methods also do not appear to be the answer. They have decided to take an 
alternative approach, redefining what constitutes a benefit and how such benefits may be 
realized. 

3.1.2. A PROCESS MODEL OF IT BENEFITS 

In general, the benefits of IT investments can be classified into four broad categories, the 
purpose of which is to (1) decrease effort and improve operating process performance; (2) 
facilitate management support; (3) gain competitive advantage and (4) provide a good 
framework for business restructuring or transformation. The following sections briefly 
define these four broad categories. 
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Figure 4: A process model of benefits management (Ward et al: 1996)  
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IT implementation is usually brought about by a desire to improve business performance, 
which is believed to directly lead to the realization of business benefits. Equally, Ward 
(1996) notes that it is recognized that IT on its own does not deliver benefits. What IT can 
do is enable benefit opportunities. A process model (Fig. 4) was developed as part of a 
research program conducted at Cranfield Business School in the United Kingdom (Ward, 
1996). The model was derived from an analysis of the context within which benefits 
management is required. It was developed from other models of planned business 
improvement such as total quality management (TQM) and existing work on benefits 
management. The model has been tested and refined in reviews of actual IT projects within 
health organizations and forms the basis for best practice guidelines on benefits 
management. 

The proposed benefits are identified and for each proposed benefit suitable business 
measures are developed. According to the model, the benefits are structured in order to 
understand the linkages between technology effects, business changes and overall business 
effects. Specific responsibility for realizing the benefits is allocated within the business 
according to the model. Ward (1996) was motivated by a belief that the scope of current 
approaches, methodologies and processes usually fails to address the management of 
business change adequately, with a consequent significant loss of potential benefit to the 
organization. Newton (1995) argues that organizations should decide how they will treat IT 
investment benefits and how they want to balance the different perspectives of benefits. 
He notes that IT cannot be isolated from business processes and hence policies on IT 
benefits will impact changes in the roles and responsibilities of business operations. 

The majority of managers believe that it is not possible to anticipate all benefits at the 
project approval stage. The implication is that there are often more benefits to be gained 
after implementation, but that current practices mitigate against exploring these potential 
further benefits (Ward, 1996). 

3.2. THE MAIN ATTEMPTS TO MEASURE ITI 

The top issues that managers currently face are benefits management and alignment of IT 
with business strategy and objectives. Strategy is the single most important issue in the 
majority of cases, thus supporting a need for SISP (Remenyi & Sherwood-Smith, 1996). 
However, SISP will not guarantee the delivery of benefits. The current benefits to be 
provided by IT are heavily biased towards cost savings. Improved management 
information systems are perceived to be a major benefit, with improved business efficiency 
and the ability to support business change and growth (Lubbe, 1994). Few organizations 
have a methodological approach to benefits management and the majority of managers 
agreed that there is room for improvement in their current benefits management practices. 

Hitt & Brynjolfsson (1996) demonstrated that the relevance of an IT investment should be 
related to productivity, improved business profitability and value for customers. They argue 

19  



EVALUATING IT INVESTMENTS: A BUSINESS PROCESS SIMULATION APPROACH 

that IT could have increased productivity but there is no empirical connection between the 
provided substantial benefits and higher profits. Hitt & Brynjolfsson (1996) argue that it is 
important how IT investment affects the organization. It is possible for organizations to 
realize productivity benefits from effective management of IT without having to translate 
these benefits into profits. Also, some organizations are making IT investments necessary 
to maintain competitive parity, but are not able to gain competitive advantage. 

Newton (1995) argued that the treatment of non-economic benefits is becoming more 
sophisticated and objective. The assessment of financial benefits, he claims, is becoming 
more focused and is accountable under the economic processes of all organizations. He 
states that to manage benefits objectively and consistently, organizations need a benefits 
framework that sets out how any IT investment will be assessed. Cost-benefit analysis 
(CBA) and return on investment (ROI) were the most commonly mentioned appraisal 
techniques for deciding upon IT investments (Lubbe 1995, Ward, 1996).  

Lubbe identified 13 general themes in the field of IT Investment: 

(1) Definition of the value of information; (2) The business value of IT; (3) Managing IT 
benefits; (4) Justifying IT investments; (5) IT and business change; (6) A comparison 
between IT and other investments; (7) IT and capital justification; (8) Hidden costs and IT 
investments; (9) Cost-benefit analysis of IT investment; (10) The profit impact of IT 
investment; (11) Economic characteristics of IT investment; (12) Quantifying the business 
value of IT; and (13) Evaluation of IT. 

3.2.1. DEFINITION OF THE VALUE OF 
INFORMATION 

The approach of Ahituv & Neumann (1990) to the value of information is related to the 
user of information, when the information is used and in which situation the information is 
used. They argue that information does not have an absolute universal value and any 
attempt to assess the value of information should be closely tied to the decisions that are 
supported by the use of the information. Glazer (1993) defines the value of information as 
the sum of profits from increased revenues and reduced costs of future transactions as a 
result of information collected during the transaction. Information is a valuable resource 
and is characterized as an ordinary financial resource. These views were found to be fairly 
wide ranging and they can be summarized and combined to provide the following 
definition: 

According to Glazer (1993) “The value of information is the sum of profits from increased 
revenues and reduced costs of present and future transactions as a result of information 
collected and used during transactions while effectively employing IT and the profits from 
the sale of the information.” 
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3.2.2. THE BUSINESS VALUE OF IT 

The Butler-Cox Foundation (1990) stated that obtaining value from IT is probably one of 
the main concerns of business managers. According to them there is unfortunately no 
single measure that can be used to conclusively prove the business value of IT expenditure. 
However, they note that by relating the expenditures to a range of business-performance 
measures, the value of IT investments could be assessed at least as well as that of other 
investments.  

Glazer (1993) notes that firms which successfully integrate an IT strategy with their 
business strategies do so by focusing on the information itself as the real carrier of value 
and source of competitive advantage, rather than on technology. He states that 
organizations that successfully use IT for competitive advantage are unusual. They are 
successful because they approach the application of IT from a different perspective and 
because they recognize information as the organization’s primary asset. IT becomes the 
mechanism through which the organization is able to link IT strategy to business strategy. 
Glazer (1993) states that a primary mechanism through which a firm becomes an 
information-intensive organization is the implementation of a procedure for measuring the 
value of its information assets. 

In a study on the business value of IT, Mukhopadhyay et al. (1995) state that a great deal of 
controversy exists regarding the impact of IT on organizational performance. They note 
that while some authors have reported positive impact, others have found negative or no 
impact. They claims that investment in IT puts increasing pressure on managers to justify 
the outlay by quantifying the business value of IT, and that major investments in IT 
demand an analysis of costs and benefits plus strategic considerations. Integration of IT 
applications with internal systems should be considered. 

3.2.3. MANAGING IT BENEFITS 

The generic benefits of IT are efficiency, effectiveness and strategic advantage. In theory, 
these generic benefits could be assessed in terms of the usual financial measures of 
business performance. In practice, however, it is difficult to measure benefits due to the 
growing importance of IT’s soft benefits and to a changing business environment (Lubbe, 
1999). 

There is widespread and continuing interest in IT benefits and its effects on business 
strategy, particularly when it can confer a sustainable advantage to innovative organizations. 
An important characteristic of IT is its ability to manage interactions among economic 
activities. 

3.2.4. JUSTIFYING IT INVESTMENT 

All IT investments, however, should be treated as future investments, which can greatly 
increase the estimated pre-investment value of a new IT project. 
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Managers have a problem investing in IT and justifying these investments. It is especially 
problematic given the difficulty in determining the value of IT investments using traditional 
capital-budgeting approaches.  

Deitz & Renkema (1995) claim that IT investment decisions remain difficult in terms of 
assessing the associated costs, benefits and risks and effectively managing the underlying 
decision-making process. The number of methods aimed at supporting these decisions is 
large and increasing. The authors argue that the apparent gap between the many methods 
for IT investment planning and justification and decision-making processes can be traced 
back to prevailing methods that almost exclusively take formal-rational arguments into 
account. These methods do not recognize the complexity and diversity of IT investment 
decisions in a wider organizational context, nor the several levels of investment decision-
making and their interdependencies that can be distinguished in practice. 

Deitz & Renkema (1995) conclude that the IT specific methods for supporting decisions 
on IT investments are rarely used and it is even argued that the justified procedures are 
merely rituals, do not meet analytical standards, and are often of an ad-hoc character. 
Despite these deficiencies there is no clear evidence that practitioners are particularly 
dissatisfied with their current approach. Deitz & Renkema (1995) argue that although a 
financial cost benefit analysis is often carried out, it becomes clear that non-quantitative 
and non-rational aspects (e.g. politics) are of major importance in IT investment decisions. 

3.2.5. IT AND BUSINESS CHANGE 

Other changes are also required if substantial business benefit is to be earned. One 
viewpoint, portrayed by Earl (1992), is that an organization should identify business change 
needs first. It should determine what capabilities and actions, including IT, are needed to 
achieve the change and then manage them as a whole if full business benefits are to be 
delivered. Earl (1992) notes that the 80s were characterized by rapid developments in IT, 
rising IT expenditures in organizations and high hopes about the payoff of IT investments. 

This optimistic view has changed in the 1990s, as IT expenditure is no longer rising. Earl 
(1992) states that if an IT investment is an integral part of an organization’s vision of the 
future, the the justification is simplified because organizations should understand why the 
IT investment is proposed and they may already be committed to it. He emphasizes that it 
is important to integrate IT into the organization. IT could be a tool for change in 
organizations in the future and these concepts needs to be kept in mind when an IT 
investment is to be considered. 

3.2.6. A COMPARISON BETWEEN IT AND OTHER 
INVESTMENTS 

Powell (1992) compared IT investment with normal investments to see whether they 
differed. He notes that IT investments are undertaken because organizations want to gain 
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competitive advantage, to improve productivity, to enable new ways of managing and 
organizing and to develop new business. However, each IT investment has some economic 
underpinning. The problem of IT appraisal is that it is difficult to quantify benefits and 
problems. On the other hand, Powell (1992) states that there are probably few investments 
that are as difficult to evaluate. 

Powell (1992) claims that there seems to be almost a blind acceptance that IT investment is 
different, but it does not seem to be a tested hypothesis. He argues that the problems with 
IT investment are the same as normal investments and, therefore, the solutions may also be 
the same. Suggested solutions include accepting that IT investment is not different and that 
standard techniques are as applicable to IT as to any other type of project. The alternative 
could be accepting that IT is different and hence not quantifiable. Lastly, Powell (1992) 
suggests that a new methodology be developed, despite the fact that the field is 
overcrowded and that a new model is likely to add little to present knowledge. However, he 
suggests that a last attempt be made to see how current techniques could be used to 
overcome present problems. 

3.2.7. IT AND CAPITAL JUSTIFICATION 

Clemons & Weber (1990) argue that strategic IT programmes often lack formal economic 
justification. They note that difficulties in justifying an investment that has not proven its 
value are not surprising. User adoption, future benefits and competitive impact are difficult 
to forecast. They claim that as the strategic importance of IT increases, decisions about 
where and when to allocate resources to IT programs have become more risky and 
difficult. 

Tam (1992) has found that capital budgeting techniques are used but have a minor impact 
on the evaluation, termination, and post-audit of IT projects.  He also has found that 
simple budgeting techniques are preferred over complex discounted cash-flow techniques, 
strategic value is reported as an important criterion in evaluating IT projects, and the more 
familiar IS/IT staff are with capital budgeting techniques the less they rely on top managers 
to evaluate IS projects. His research delivered empirical evidence that capital budgeting 
techniques are not used in IT investment.  

3.2.8. HIDDEN COSTS AND IT INVESTMENTS 

In a paper on the hidden costs in IT, Kaye et al (1995) note that the expansion of 
computing has altered the way organizations work. However, they argue that reductions in 
processing costs have been accompanied by increased spending on technology. Another 
problem lies in comparing alternative systems, as it is not possible to find a common 
accounting technique that takes all factors into account. They note that if an organization 
considers an investment in IT as a unique occurrence, it should ensure that it includes costs 
and benefits, whether hidden or not. They argue that all IT investments include hidden 

23  



EVALUATING IT INVESTMENTS: A BUSINESS PROCESS SIMULATION APPROACH 

costs, whether they are a replacement of, or an addition to, existing technology (Lubbe, 
1999). 

3.2.9. COST BENEFIT ANALYSIS FOR IT 
INVESTMENT 

Peters (1990) developed an evaluation methodology for specific IT investments. His 
methodology deals with the development of a cost-benefit hierarchy for project evaluation. 

Cost-benefit components can be divided into two separate streams, similar to a balance 
sheet. Peters (1990) claims that planned initiatives are subjected to a stage in wich the 
investments are mapped. Each investment is scored for its benefits and orientation areas. 
Some of the advantages of using the Peters (1990) methodology are: 

• It covers the complete range of evaluation stages from the initial identification of 
investments to the management of benefits identified; 

• It identifies an early evaluation process; 

• It contains the parameters of benefits and orientation; and 

• It assigns little importance to the internal rate of return as a means of investment 
appraisal. 

3.2.10. ECONOMIC CHARACTERISTICS OF IT 

The findings of Harris & Katz (1991) showed that process integration is associated with 
reduced organizational costs. Higher levels of process integration may nullify some 
negative aspects of environmental uncertainty. They suggested that research into process 
restructuring needs a concentrated effort to identify the most relevant measures and 
develop a theory that will facilitate the selection of the most appropriate measures for 
managerial control and decision-making. 

The following economic theories could be used to investigate IT investment (Bakos & 
Kemerer, 1990): Information Economics; Economics of IT Supply and Demand; 
Economics of IT; IT and Organizational Performance; and Industrial Organization. 

Another aspect is studying the comparative economics of organizations. This includes 
transaction cost theory and agency theory that focus on the nature of the relationship 
between multiple parties. 

Economics could also be used to quantify the impact of IT investments on productivity. IT 
researchers should seek to identify areas of economic theory related to the listed economic 
characteristics of IT, i.e., scale, externalities, uncertainty, switching costs and information 
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costs. It is these characteristics that drive much of the reasoning behind IT investment and 
should guide theory selection (Lubbe, 1999). 

3.2.11. QUANTIFYING BUSINESS VALUE OF IT 

By reviewing the complete portfolio of IT applications, operational managers can better 
evaluate the risks of remaining on an obsolete technical platform as well as decide what to 
do with systems that do not meet users’ needs. Carlson & McNurlin (1992) called attention 
to the demands of top managers for quantitative measurements of the value their 
organizations received from their IT investments. They claim that nearly every large 
organization has some sort of measurement in place, each developed through its own, 
homegrown methodology. Most of the organizations’ measurements were tied solely to the 
managers of the IT operation.  

Carlson & McNurlin (1992) claim that top managers are giving measurement increased 
attention and that IS managers need to respond by understanding how to quantify IS value. 
Some guiding measurement principles include: credibility starts with proven efficiency of 
information systems departments; business and technology factors need to be integrated; 
both business performance and quality need to be measured; no single measure is available; 
executives must be educated; total quality management (TQM) requires a strong IS 
department; models now exist; benchmarking is essential; poor systems quality hurts 
business performance; and asset accounting is essential.  

Keen, cited by Carlson & McNurlin (1992), believes that all expenditure for IS 
infrastructures (hardware, software, or human resources) should be treated as investments. 
Treating them as an expense creates an unrealistic expectation of immediate payoff.  

Cotten & Hogbin (1995) developed a system called business value engineering (BVE), 
describing some processes as part of it. These include: getting the right sponsor and 
benefits evaluation team; establishing a credit Value Linkage Diagram which shows the IT 
and non-lT enablers; integrating business activities into the project plan; and ensuring 
individual accountability for benefits delivery. Some of the strengths of BVE are that it 
provides a robust and comprehensive framework for identifying and managing the 
expected benefits from an investment project, it comprises the total project and not simply 
technological solutions, and it is a fundamental and proven method. Moreover, the BVE 
can be applied to projects, which will generate both hard and soft benefits (Lubbe, 1999). 

3.2.12. EVALUATION OF IT 

Esther & Brooke (1995) have attempted to formulate a more holistic model for the 
evaluation of IT investments than existing methodologies, one that balances qualitative 
with quantitative criteria. Their model focuses on details of structure rather than content, as 
they believe that the latter should be decided according to its context rather than 
prescribed. They believe that the apparent lack of success of previous models in evaluating 
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IT investment is due to a poor understanding of the impact of IT as a resource and the 
consequent absence of appropriate measures for assessing the total effects of IT. The 
problem is the lack of understanding about the concept of evaluation itself.  

Esther & Brooke (1995) note that IT has many stakeholders—business users, government, 
manufacturers, customers/suppliers, competitors, and employees. It also has a high profile 
within the financial services industry (e.g., banks, insurance companies, etc.). These 
stakeholders have suggested various reasons for the lack of visible benefits, including 
outdated and ineffective evaluation methodologies, the time lag between the introduction 
of IT and its impact, the substantial proportion of benefits that are passed on to customers 
in the form of improved service quality and technological determinism, and the tendency to 
surrender important IT investment decisions to IT specialists. 

Esther & Brooke (1995) also conducted interviews, where the results suggested the 
following guidelines for designing an IT evaluation strategy: choose a business strategy; 
identify domains needing performance improvement; identify critical success factors 
(CSFs) for each domain; assess anticipated benefits for any IT project against these CSFs; 
attribute a relative weighting to each domain and corresponding CSFs; conduct a post ante 
review of actual versus expected benefits; keep in mind that existing methodologies rarely 
differentiate between costs and risks; adopt multiple evaluation criteria; form joint user/lT 
specialist teams to explore IT project feasibility; let projects be owned by line managers 
who should be accountable for them; and make value a function of risks, costs and 
benefits. Esther & Brooke (1995) perceive a valuable system as one in which benefits 
outweigh costs and minimized risks. They called their eventual model the Business-Wide 
Value Model (BWVM). 

According to Lubbe (1999) the decision to invest resources in IT is made with the help of 
action plans (a strategy) aimed at achieving IT investment targets like efficiency and 
improved business processes (modeling), with attention to details concerning the ability of 
management to update the action program. Another area of attention is the specification of 
benefit objectives (productivity, profitability, etc.), the realization of IT benefits, and 
communication with staff members at all levels of an organization’s hierarchy. It is 
important to include all benefits, both tangible and intangible. Evaluation is conducted 
regularly for control purposes. When the evaluation dictates a change in the system, benefit 
profiles and programs are updated and fundamentals are rebuilt. 
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3.3. CONTEMPORARY EVALUATION METHODS FOR 
IT INVESTMENTS 

3.3.1. INTRODUCTION 

A review of the current literature offers several representative IT investment evaluation 
methods, which should be of interest both to practitioners and researchers. Most IT 
evaluation methods for tangible benefits are designed to compare the costs of investment 
alternatives or attempt to provide procedures for quantifying benefits and risks. Such 
methods tend to rely on the help of technical personnel to provide management with 
accounting data for evaluation. Meanwhile, methods for intangible benefits place emphasis 
on the process of obtaining agreement on objectives through exploration and mutual 
learning. Such methods tend to rely on a thorough understanding of the opportunities and 
the threats of failure of the IT investment.  

James McKeen, Heather Smith and Michael Parent have combined a number of existing 
models of the firm in an interesting attempt to demonstrate strong linkages between IT 
investment and a wide variety of organizational performance measures. The resulting 
synthesized model includes elements of the Lucas model, the Weill model, the Markus and 
Soh model, the McKeen and Smith model, and the Trice and Treacy model as well as 
contributions from transaction cost economics, agency theory, and organizational 
economics. The synthesized model suggests that IT investment must undergo a chain of 
transformation processes (IT governance, IT investment, IT deployment, IT usage).  The 
authors offer a number of propositions based on the synthesized model. These 
propositions address technology usage, longitudinal research, IT governance, IT 
expenditures, IT deployment and strategic plans, standardized computer system hours, and 
business revenue. In the meantime, the proposed model may serve as a comprehensive, 
conceptual framework for thinking about the value of IT in Organizations. 

William Wehrs complements the above-mentioned model with a useful two dimensional 
framework (“Road Map”) for thinking about reference theories and associated 
methodological approaches to the economic evaluation of IS and IT. One dimension is the 
time frame of evaluation ex ante and ex post. The other dimension is level of aggregation 
(individual, intermediate and economy). In terms of these dimensions, decision theory is 
located at the individual level of aggregation within both the ex ante and ex post time frames.  

Wehrs “Road Map" is intended as a framework, which can be used to address a wide 
variety of research efforts. Some efforts may be quantitative versus qualitative, formal 
versus informal, objective versus subjective, or one-dimensional versus multidimensional. 
The approaches employed are often the result of a decision as to which are considered 
relevant variables and measures of investment quality. 

Amarnath Prakash addresses this issue using an innovation diffusion theory approach. He 
reports the results of empirically testing various perceived innovation attributes that 
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influence adoption (relative advantage, compatibility, complexity, observability, and 
trialability) in organizations. He then presents a client/server management payoff matrix, 
which identifies client/server components (hardware, software networking, and 
procedures) and addresses the key payoff areas of investing in client/server technology in 
the manufacturing sector (capacity utilization, inventory turnover, new products, and 
product quality) and in the service sector (service quality, service variety, speed, 
responsiveness).  

Based on the resource-based view of a firm, Susan Carrod presents a contingency 
framework to evaluate the moderating effect of the competitive environment on the 
information resources of a firm. This is based on the premise that a firm’s performance is 
dependent on its environment and the environment is an important moderator of the value 
of the firm’s strategic resources. The framework, as such, depicts a contingency 
relationship between the firm’s information strategy and its competitive environment by 
combining prior theories from strategy, organizational theory, and information systems. 
Garrod uses the framework to assess the value of organizational capabilities to process and 
exploit information in the context of the competitive environment. She concludes by 
showing how the framework can be used to assess the value of organizational capabilities 
to process and exploit information in the context of competitive environment. 

Unfortunately, aside from a few isolated cases (e.g., Harris and Katz, 1988b; Brynjolfsson, 
1993a Lichtenburg, 1993), research has not been able to demonstrate strong linkages 
between the investment in IT and a wide variety of performance measures. We still do not 
have any answers to these questions beyond our intuitive conviction that information 
technology contributes to the bottom line. Our inability to conclusively demonstrate any 
linkage between the investment in IT and a wide variety of performance measures 
(commonly referred to as the “productivity paradox”) leaves the central question of 
whether IT really does make a difference to an organization’s performance unanswered 
(Baily, 1986 Roach, 1989; Attewell, 1991: Brynjolfsson, 1993b). 

According to Banker, Kauffman, and Mahmood (1993), no consensus exists in information 
systems research on either the optimum approach, measures or level of analysis to be used 
when measuring the business or strategic value of IT investments by organizations. Their 
suggested four-factor classification scheme can serve as the basis for beginning to explore 
the various approaches. Studies assessing the value of IT can be grouped according to their 
Ontology, Value Type, Level of Analysis, and Data.  

The majority of the models assume a direct link between technology and some measure of 
performance.  

 O rganizational 
P erform ance  

IT  
Investm ent

B asic  M odel 

l 
Fig. 5: Basic Mode
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Lucas (Fig. 6) argues for the addition of three elements to the basic model (Fig. 5): 
appropriate usage of IT, design of IT, and other variables which impact organizational 
performance. Other studies have enhanced the basic model by adding other variables 
between IT and organizational performance.  
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Weill (1988) has developed the concept of conversion effectiveness, or the ability to 
convert IT expenditures into assets that provide value to the investing firm. Kauffman and 
Weill (1989), in their review of the value of IT literature, point out that researchers have 
neglected to consider IT effectiveness explicitly in their models. They argue that IT 
effectiveness should be an important mediating variable in the relationship between IT 
investment and organizational performance.  
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factors that affect the firm’s ability to receive benefits from these assets, and firm 
performance. 

Thus, potential mediating factors are for the most part deterministic (Fig. 9 & Fig. 10) and 
not necessarily in conflict. As such, they could all arguably be included in a “synthesized 
model” as shown in Figure 11, which binds OE to the six other models reviewed. This 
synthesized model is more complete, transactional (e.g., project-by-project) and ongoing. 
This leads to a specific investment in IT and can apply to all sorts of projects and 
organizational forms. It suggests that IT investment must undergo a chain of 
transformational processes before it affects organizational performance. 

 O rgan izatio nal 
P erfo rm ance  

In fo rm atio n  
T ech no logy 

M cK een  an d  S m ith  M od el 

IT  
D ep lo ym en t

 Fig. 9: McKeen and Smith Model 

Thus, the organization must decide on the form of governance that will be adopted on the 
basis of which IT must be deployed (that is, applications and technology must be selected 
and implemented) before IT can be used beneficially by the organization to enhance its  
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Fig. 10: Treacy Model 

 Fig. 11: Synthesized Model 

performance. The level of conversion effectiveness (i.e., the mix of internal managerial and 
external environmental factors) dictates the extent to which each of these variables 
ultimately translates into organizational performance (Fig.11). Unfortunately, there has yet 
to be a strong, demonstrable link between IT and any of these measures. 
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3.3.2. EVALUATION METHODS FOR TANGIBLE 
BENEFITS 

The major categories for tangible benefits include return on investment; cost-benefit 
analysis; return on management, and information economics. 

Return On Investment (ROI): ROI methods have been widely discussed as possible 
evaluation procedures for IT investment. Recent coverage in the literature includes works 
by Farbey, Land, and Targett (1993), Homgren and Sundem (I987), and Radcliffe (1982). 
There are three commonly used ROI methods: net present value (NPV), discounted cash 
flow (DCF), and payback period.  

Methods based on ROI are generally regarded as more theoretically correct and practically 
feasible approaches to capital investment appraisal. Such methods are also commonly 
accepted in many organizations as the standard basis for selecting capital investment 
projects.  

Nonetheless, ROI methods are unable to capture many of the intangible benefits that IT 
brings to an organization. Clearly, ROI methods are designed to measure the hard, 
quantitative, monetary impact of capital investment.  In reality, however, IT frequently 
delivers benefits that are predominately soft. 

Cost-benefit Analysis (CBA): Cost-benefit analysis tries to overcome the problem of 
ROI by finding some surrogate measure for intangible costs or benefits, which can be 
expressed in monetary terms (King and Schrems, 1978: Emery, 1973). The approach 
attempts to deal with two problems: (1) the difficulty of quantifying the value of benefits 
that do not directly accrue to the investor in the project, and (2) the difficulty of identifying 
the benefits or costs that do not have an obvious market value or price (i.e., intangible 
factors). Therefore, the CBA method is useful where the costs and benefits are intangible, 
but the method requires the existence of a broad agreement on the measures used to attach 
a value to the intangibles. 

Return on Management (R0M): Strassmann (1985) argues that IT serves primarily to 
help management do its job. Therefore, he introduced a concept of a value-added 
productivity measurement system as an approach to identifying the impact of information 
technology on business unit performance. In his approach, all measures of productivity use 
the simple ratio of output/input. Thus, the main problem is how to define management’s 
output. Strassmann defines management output as management’s value-added, which is 
simply everything left after subtracting all the direct operating costs from the value added 
due to direct labor.  

The advantage of the ROM methods is that they concentrate on IT’s contributions to the 
management process.  The disadvantage is that the residual assigned as the value added by 
management cannot be directly attributed to the management process.  
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The method may well be best used as a complement to some of the most classical 
methods, in particular ex post evaluations. 

Information Economics (IE): Information Economics is a variant of cost-benefit 
analysis, tailored to cope with the particular intangibles and uncertainties found in 
information systems projects (Parker and Benson, 1987). However, the decision making 
process used in IE methodology is based on a ranking and scoring technique of intangibles 
and risk factors associated with the IT investment. It identifies IT performance measures 
and uses them to rank the economic impact of all the changes that introduction of the IT 
generates in an organization’s performance. Here, also, surrogate measures are often used 
for most intangibles and risk factors that are hard to estimate. The strength of the IE 
method is that it links the quantification and comparison approaches with qualification 
approaches. The limitation of IE, however, is that it does not deal with the mechanism but 
only with its outcomes (Ahituv, 1989). Another limitation is the focus on simple, idealized 
settings that can be modeled with applicable mathematical models, often requiring many 
simplifying assumptions (Bakos and Kemerer, 1992). 

3.3.3. EVALUATION METHODS FOR INTANGIBLE 
BENEFITS 

Multi-objective, Multi-criteria (MOMC): This method attempts to develop a general 
measure of utility where utility is defined as the satisfaction of an individual’s preferences. 
The method is based on the belief that people’s behavior is determined to some extent by 
the feeling that their preferences are recognized. Models based on MOMC methods have 
been developed by Kenny and Ralffa (1976), Vaid-Raizda (1983), Chandler (1982), and 
other researchers. 

The MOMC method is probably most applicable to complex projects that attempt to meet 
the needs of many different users and where the benefits are intangible. The method is able 
to explore the value of a set of system proposals in terms of relative preferences for 
different system features. Development of MOMC-based methods is still in its infancy, but 
it has already generated a great deal of interest and discussion among researchers. 

Value Analysis (VA): This method emphasizes value rather than cost. The method is 
based on the following three assumptions: (1) Innovation is value driven and not cost 
driven: (2) intangibles can be identified and subjectively assessed but rarely measured 
accurately, as surrogate measures are often used to satisfy the requirement for most inputs, 
and (3) individuals driven by cost and those driven by effectiveness will inevitably clash. 
This method was developed and used by several researchers such as Keen (1981), Melone 
and Wharton (1984), Money, Tromp, and Wegner (1988), and Rivard and Kaiser (1989). 

The analysis begins with the observation that most successful innovations are based on 
enhancing value added rather than on cost savings. A multi-stage iterative process starts 
with a prototype system. Rather than developing extensive specifications, the analysis 
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provides simple models that can be expanded and modified until all complex aspects of the 
problem are included. Users are asked to provide the analyst with feedback on the values 
and limitations of the solution obtained from the prototype. The main difference between 
other IT evaluation methods and VA is that the former methods directly aim at a final 
solution, while the latter uses an evolutionary process to get to a “satisfiable solution” 
which may be further improved.  

Advantages of VA include: (1) quick identification of user requirements to establish agreed 
values for outputs, which would normally be classed as intangible; (2) improved 
communication between analysts and users, which gives decision makers some assurance 
that the benefits can be realized by means of prototype demonstrations; (3) incremental 
evaluation of benefits and costs, which enables management to continue the evaluation 
process or stop at any time; (4) an evolutionary approach, which results in user-tailored 
systems and (5) providing greater user satisfaction than traditionally developed systems. 
However, the method has several disadvantages: (1) establishing the required surrogate 
values and developing a prototype can be a long and costly process; (2) the method lacks 
an initial estimate of final costs and benefits, which may commit management to 
unexpected future expenditures; (3) without target estimates for “final solution values,” 
existing program revisions can be significant. 

Critical Success Factors (CSF): This method is used to explore the potential value of 
information systems. The approach is based on early works of Rockmart (1979), who 
proposes the concept of success factors. It invites the analyst to explore together with 
executives the factors that are, in their opinion, critical to the success of the business, in 
particular the factors important for the functions or activities for which the executives are 
responsible. The executives can rank issues into levels of importance.  

The implementation of methods based on CSF involves comprehensive interviews of key 
managers to obtain their views about the business mission, objectives and current 
problems. The advantage of the method is that it provides a focus on the issues that are 
regarded as important by the respondents. It also relies heavily on prototyping and pilot 
installations before proceeding. The CSF method may provide the right antidote to some 
of the worst excesses when obtaining accurate (but meaningless) payback numbers from 
accounting-oriented cost-benefit analysis. 

3.3.4. IT EVALUATION METHODS FOR RISKS 

Real Option (RO): The method uses three basic types of data: (1) current and possible 
future business strategies; (2) the desired system capabilities sought by the company and (3) 
the relative risks and costs of other information technology choices that could be made. 
The method can help to assess the risks associated with IT investment decisions, taking 
into account the fact that business strategies and system requirements may change. 
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Portfolio Approach (PA): The Portfolio approach focuses on three important dimensions 
that influence the risk inherent in an IT investment (McFarlan, 1981). These include: (i) the 
sizes of the projects and workload to be handled by the system, (ii) management’s 
experience with the technology, and (iii) capabilities for handling complex highly structured 
projects. The Portfolio approach suggests that a company not only assesses the relative risk 
for a single IT project, but also develops an aggregate risk profile for the IT investment.  

Delphi Approach (DA): The Delphi approach is a technique in which several experts 
provide individual estimates of the likelihood of future events associated with the decision 
being made. The estimates are collected and distributed to all experts. The experts are then 
asked if they wish to modify their initial ratings based on input from other experts. After all 
input is collected, final individual values are evaluated and summarized. This approach is 
particularly useful for the risk analysis of a new IT investment where the risks involved in 
the investment may be primarily unknown or unfamiliar to managers. 

3.3.5. MULTI-DIMENSIONAL & MULTI-CRITERIA IT 
EVALUATION METHODS 

Constructing the Analytical Hierarchy Process (AHP): The Analytical Hierarchy 
Process (Saaty, 1980) is a multi-criteria evaluation methodology that incorporates a 
procedure to mimic human decision-making and to verify consistency in the process. AHP 
consists of four major steps: (1) Model the decision problem by breaking it down into a 
hierarchy of interrelated decision elements and alternatives. Here the main objective of the 
problem is broken down into a hierarchy of interrelated criteria and sub-criteria; (2) 
Develop judgmental preferences (called preference matrices) of decision alternatives for 
each criterion, and judgmental importance of the decision criteria by pair wise 
comparisons; (3) Compute relative priorities for each of the decision elements, through a 
set of numerical calculations, called matrix normalization procedure; and (4) Aggregate the 
relative priorities to arrive at a priority ranking of the decision alternatives, achieved by 
computing eigen vectors of the matrices.  

A Road Map for Evaluating IT Investment (ROAD MAP): A road map for the 
evaluation of IT investment (Mahmood, 2000), as shown in Fig. 12, is based on the 
following three major considerations: (1) The process suggests that the evaluation of both 
tangible and intangible benefits should be carried out for all types of IT investments. 
Although each type of IT investment may require a different evaluation emphasis (e.g., 
quantitative versus qualitative, and tangible versus intangible) most IT investments involve 
both quantitative and qualitative benefits to a certain degree; (2) The process also urges that 
the IT evaluation process requires assessing the risk of IT investments to ensure that the 
benefits are great enough to offset the risks; and (3) The process recommends that the 
intangible benefits and risks be evaluated prior to tangible benefits. To use the map, one 
identifies the benefits and risks to be measured on the left and then selects an appropriate 
evaluation method on the right. 
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Fig. 12: A Road Map for the Evaluation of IT Investmen
 General Model for Mapping IT Processes to Corporate Goals (GMMP): This 
odel proposes a conceptual framework for evaluating costs and benefits associated with 
vestments in IT, based upon four general leadership strategies for implementation 
ahmood, 2000). It presents four strategies for information systems and technology 

vestments, and delineates the various categories of costs and benefits associated with 
ach of the strategies. The goal of this method is to provide guidelines for managers to 
cognize the strategy and technology investments necessary to succeed (Fig. 13). 

here are four different management strategies for IT leaders. From a managerial 
erspective, the crucial question remains which strategy to choose. What are needed are 
ifferent strategies for different processes. There is not one single management strategy 
at fits all processes. Thus, in order to determine which management strategy is 

ppropriate, each process needs to be analyzed independently. This model assumes that the 
 manager knows the corporate goals, and that all processes that involve the business 

perations are known as well (the business processes can, for example, be mapped 
fficiently using information flow and context diagrams). The model also assumes that 
rge and complex processes are broken down into appropriate sub-processes.  

ssuming that all business goals and all processes are known, the method seeks to 
etermine which of the four possible strategic management actions are appropriate for a 
ertain process. Recall the definition of these strategies: 

1. Status Quo Strategies 

2. Total Quality Management Strategies 

3. Re-engineering Strategies 

4. Vision Institutionalization Strategies 
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The information systems aspects of a re-engineering strategy may include a thorough 
analysis of the information flows, both within the organization and between the 
organization and other involved parties. It may also include creation of new workflows 
and/or information flows and the implementation of appropriate technologies that allow 
for proper communications and rapid processing.  

 

Fig. 13: Alternative IS Strategies 
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IT Investment Payoff: The Relationship Between Performance, Information 
Strategy, and the Competitive Environment: The information strategy framework 
(Figures 14 and 15) depicts the relationship between a firm’s information-related 
organizational capabilities and its environmental drivers for information. The framework is 
a vehicle to analyze an organization’s ability to process and exploit information according 
to the demands created by the environmental uncertainty and complexity (Mahmood, 
2000). The theoretical justification for the framework is based on the role the environment 
plays in moderating the value of a firm’s information-based capabilities. In its basic form 
the model identifies four information strategies: 1) In an environment of low uncertainty 
and complexity, the firm’s information-based resources will be of little strategic value and 
thus its strategic advantage would not be enhanced by investing in information technology; 
2) In an environment with high uncertainty and low complexity, the firm’s ability to exploit 
information can be a valuable strategic resource in order to offset the uncertainty of the 
environment and to create potentially greater uncertainty for its rivals; 3) In an 
environment with low uncertainty and high complexity, the organization’s information 
processing ability can be a valuable resource to control complexity by using information 
technology to coordinate interdependent processes, but this technology alone is unlikely to 
create a sustainable competitive advantage, 4) In an environment with high uncertainty and 
complexity, a firm’s ability to process and exploit information is very valuable as a strategic 
resource for competing in this information-intensive environment. Firms in this fourth 
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competitive scenario must carefully balance both the innovative and coordination roles of 
the information technology to gain strategic value from both types of processes.  

This framework can be used to guide the information technology investment decision-
making process by identifying the organizational capabilities to be supported by the 
technology that are most crucial to the firm’s performance in a particular competitive 
environment.  
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Fig. 15: Information Strategy Framework

usiness Process Analysis Methodology (BPAM): Business process analysis is a tool 
at enables current activities and procedures to be viewed. This methodology describes 
e activities and procedures involved and the information flows in and out of them. Once 

usiness processes can be visualized, alternatives can be explored that may improve 
rocess performance (Mahmood, 2000). 

he BPAM is becoming popular in many organizations as a method for changing an 
rganization’s structure and current workflow. In the present research, the business 
rocess analysis method is a good theoretical reference and it is used in combination with 
rocess simulation techniques to determine how an IT investment could increase efficiency 
nd make an organization more successful and profitable (Chapter 6). The methodology 
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provides a disciplined approach to viewing work and information flows. Applying the 1-5 
steps-phases reduces the risk of wasting time and expense, maximizes the potential to 
develop a successful solution, defines completion, and provides clear deliverables with 
near-term payoff by enhancing clarity and understanding of the business activity. 

Phase 1: Analyze the Business Environment and Determine the Processes that Need to be Mapped. 

Phase 2: Determine the Current "As-Is" Situation-Process Mapping 

Phase 3: Analyze the "As-Is" and Develop a Vision of the "Could-be" Solution 

Phase 4: Define the Individual Roles and Responsibilities for the "As-Is" or "Could-be" Process Map. 

Phase 5: Project Delivery Review and Analysis 

Every company strives to improve, but before processes can be improved their current 
status must be clearly defined. This is the primary benefit of business process analysis. It 
forces people to recognize that they are following existing workflows even though they had 
not previously been written down. Once this is recognized, they can work on changing the 
workflow process from an “as-is” state to a “could-be” one.  

For technology to have an effective impact on a business, a methodology for enabling IT 
within the business must be designed and deployed. This methodology cannot be bought; it 
must be developed as a cultural imperative within the business. Methodology begins with a 
vision of what you believe your world will look like in three to five years. 

3.4. SUMMARY OF THE LITERATURE REVIEW 

This section summarizes the most important references (authors, dates, themes, 
publications and key points) related to the literature review in this research. 

Author Date Theme Journal Key Points 

Ahituv & 
Neumann 

1990 IS Management Book Economic criteria should include all 
costs 

Look at different cost elements 

Butler-Cox 
Foundation 

1990 Value from IT Research Report No single measure for IT 

Judgment to be applied 

Carlson & 
McNurlin 

1992 Measuring IT I/S analyzer Quantifying IT benefits 

Relate benefits to organizational 
performance 

Clemons & 
Weber 

1990 SISP Journal of MIS Difficult to justify IT 

Benefits not easily measured 

Cotton & 
Hogbin 

1995 Value of IT 2nd Henley 
Conference 

Problem of IT benefits 
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Hogbin Conference IT benefits identification 

Deitz & 
Renkema 

1993 Justifying IT 
Investments 

2nd Henley 
Conference 

Planning Gap 

CBA completed 

Earl 1992 Justifying IT 
Investments  

Journal of IT IT oversold and under delivered 

IT can change business 

Esther & 
Brooke 

1995 Evaluating IT 2nd Henley 
Conference 

No measurement of total impact of 
IT 

IT costs a problem 

Farbey et al 1995 Evaluating IT 2nd Henley 
Conference 

Use ROI 

 

Glazer 1993 Value of IT IBM Systems 
Journal 

Full potential of IT not realized 

Should concentrate on information 

 

Harris & Katz 1991 IT Intensity Organizational 
Science 

Develop CBA hierarchy 

Should use IT to better organization 

Kaye et al. 1995 Hidden Investment in 
IT 

2nd Henley 
Conference 

IT has changed some organizations 

IT is in a continuum 

Katz 1993 Measuring IT’s 
Business Value 

Journal of ISM Prove benefits 

No relationship between IT and 
performance 

Lubbe 1994 IT Investment M-dissertation Some models for IT investment 
measurements 

Mukhopadhyay 
et al. 

1995 IT Benefits 2nd Henley 
Conference 

Problem-impact of IT 

Analysis of cost & benefits 

Peters 1990 Benefits of IT Journal of IT CBA hierarchy 

Own methodology 

Powel 1992 IT and other 
Investments 

Journal of IT Competitive advantage 

Classification scheme 

Tam 1992 IT and Capital 
Budgeting 

Information & 
Management 

Capital budgeting has little impact 

Problem with costs estimation 

Ward et al. 1995 IT Benefits 2nd Henley 
Conference 

Methodologies not satisfactory 

Benefits not always realized 

Mahmood & 
Edward 

1999 Measuring IT 
Investment Payoff 

Book A multi-dimensional view of IT 
Investment Payoff measurement 
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Identify non-quantitative measures 

Measure IT Investment at various 
levels, using different approaches & 
for different types of IT 

Sam Lubbe 1999 IT Investment Book Specify IT investment targets 

Develop action programs to achieve 
targets 

 

Wen & Sylla 1999 Road Map for the 
Evaluation of IT 
Investments 

Report of IT Tangible and Intangible benefits 
should be evaluated for all types of IT 
investments 

Risk analysis of IT investments 

Perform an analysis of Intangible 
benefits prior to Tangible 

McKeen & 
Smith 

1999 Value of IT Report of IT IT investments must undergo a chain 
of transformational processes before 
impacting organizational performance 

IT Conversion Effectiveness 

Susan Garrod 1999 IT-IS-Performance & 
Competitive 
Environment 

Report of IT A resource-based view of the firm 

Two dimensions of organizational 
capabilities: Information processing & 
Information exploitation 

Two dimensions of the competitive 
environment: Uncertainty & 
Complexity 

Rolland & 
Maghroori 

1999 IS/IT: The Role of 
Leadership Strategies 

Report of IT A general model for mapping IS/T 
processes to corporate goals 

There are four possible strategies: 
TQM, RE, SQ, and VIS 

Silva, Enrique 2001 Evaluating ITI: A 
Business Process 
Simulation Approach 

SCS Conference, 
July 2001, 
Orlando, Florida 

Building a Dynamic Information 
Workflow Model 

Business Process Simulation for 
evaluating benefits of ITI 

Table 1: A summary of authors reviewed in this chapter. This table was adapted from 
Lubbe, 1999, and was modified by the author of this thesis (2003). 
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Chapter 4 

On Business Process Modeling and 
Simulation  

4. ON BUSINESS PROCESS MODELING AND SIMULATION 

4.1. INTRODUCTION  
The main purpose of this chapter is to present the theoretical background on business 
process modeling and simulation. Main concepts, methods, benefits, perspectives and 
performance measures are presented.  

Much development work in organizations involves working with models in order to 
facilitate understanding and change. Common examples of models include drawings of a 
company’s organizational structure, descriptions of the handling of incoming orders, 
stepwise instructions on how to run a project and descriptions of causes and effects in a 
problematic situation (Nilsson, 1999). Some models are specific to a certain company and 
situation, while others are intended for more general applicability, e.g. as the basis of 
methodologies and conceptual frameworks. 

Most companies already know that they need to focus on their business processes and they 
know that these processes transcend specialties and organizational structures. But it is 
surprising that despite the exposure that process orientation has received, many businesses 
still cannot clearly define their major processes, much less describe how they should, or 
even do, operate. How is this possible? The answer, it turns out, is that the concepts of 
organizational structure, specialization, and above all function are so embedded in the 
organizational psyche that it is difficult to break out of a functional orientation (Sharp, 
2000). 

In this research, the author demonstrates how business process modeling and simulation 
techniques can be used for evaluating IT investments in an organization. The Simprocess 
simulation tool is used in order to run a numerical example, measuring efficiency of 
defined key processes. 

Business process modeling techniques are oriented towards developing broad models of 
the way an organization operates, its processes, and how these traverse the ‘functional silos’ 
(Hammer and Champy, 1993), in order to provide an understanding of possible scenarios 
for improvement (Ould, 1995). Flowcharting, IDEF0, IDEF3, Petri Nets, System 
Dynamics, Knowledge-Based Techniques, Role Activity Diagrams, Activity Based Costing, 
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and Discrete-Event Business Process Simulation (BPS) are only some examples of BP 
techniques widely used in the organizational domain. 

The main objective of BPM as a field is to bridge the communication gap between business 
people and systems people by using shared models and methods as a means for 
understanding and change. BPM has been proven an effective tool for supporting and 
specifying communication between different actors involved in development work. Models 
can be instrumental in creating shared images of a business and systems for current as well 
as future situations. Both model and method are important concepts in the analysis 
(Nilsson, 1999). 

There are some common purposes for doing business process modeling: 

• To understand the process, which increases our ability to handle problems ad 
hoc. 

• To evaluate and improve, or even re-engineer, the process to change it for the 
better. 

• To control the process by using the model as the basis for collecting relevant data 
about the process, decision-making and interventions in the process. 

4.2. BUSINESS PROCESS MODELING (BPM) 

4.2.1. BASIC CONCEPTS IN BPM 

A model (description) in this context can be characterized as a representation of an 
organization and its information support. The basic goals of understanding and change 
have a parallel in two variations of BPM: “As-Is” models describing the current situation 
and chiefly aiding understanding, and “To-Be” models describing future situations and 
chiefly aiding change (Nilsson, 1999). 

A method (approach) in this context can be characterized as concrete guidelines for a 
systematic way of working with development tasks and activities in organizations. A 
method prescribes how different actors should behave during a change process. It gives 
recommendations for efficient work and is normative in this sense (Nilsson, 1999). 

Process is a way for an enterprise to organize work and resources (people, equipment, 
information, and so forth) to accomplish its aims. Traditionally, an enterprise would 
organize its work and resources into specialties or functions. Nowadays many organizations 
try to organize work and resources to achieve a specific output – a result – for a specific 
customer. This is a process orientation approach. 

Another definition of a process that is considered important in this thesis is the one 
formulated by Grover (1995), who introduced the dynamic characteristic of processes:  

  42 



ON BUSINESS PROCESS MODELING AND SIMULATION 

A process is a specific ordering of work activities across time and place, with a beginning, 
an end, and clearly identified inputs and outputs. A process is a structure of action. 

A process model can be viewed as an abstract representation of reality whose purpose is to 
reduce the complexity of the real world to allow users to study processes more effectively.  
A process model can be used for various application purposes: to facilitate human 
understanding and communication, support process improvement, support process 
management and evaluation, automate process guidance or automate execution support 
(Curtis, 1992). 

The term “business process” is used in many contexts, with varying meanings. In the 
context of this research it is defined as a collection of interrelated work tasks or activities, 
initiated in response to an event, achieving a specific result for the customer and other 
stakeholders in the process. “Event–Activity–Result” is a framework used in this thesis for 
defining a business process, and the result is the most important component. It is 
important to clarify that the term “customer”does not just refer to a customer purchasing 
goods or services. The customer of a process could also be a government agency, a 
supplier, an employee, a trade association or any internal or external person or organization 
expecting a result from a process (Sharp, 2000). 

The BPM is used to define and discuss different enterprise activities and processes, the way 
they interact, and the way they handle information as well as material. A BP is assumed to 
consume input in terms of information and/or material and produce outputs of 
information and/or material. The BPM also includes a description of external processes, 
which supply information and/or material (source) and external processes, which consume 
information and/or material (sink). Processes as well as their input and output flows can be 
decomposed into processes at a finer level. In general, the BPM is similar to what is used in 
traditional data-flow diagram models (Nilsson, 1999). 

The goal of business process modeling is to create a simplified but useful model of a 
business enterprise. The enterprise can be a small work group or development team, a 
particular division, a related set of departments or even an entire company. The model 
allows an analyst to study the processes of a business in order to (Grover, 1995): 

• Determine any bottlenecks or wasted effort. 

• Devise revisions to the process to correct performance problems. 

• Select process designs that give the best results. 

• Provide cost justification to planned alternatives. 

• Establish performance targets in the new process implementation. 

Business processes have another advantage over a traditional organizational approach 
because processes work over time and produce some type of a product. It is possible to 
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measure the cycle times, costs, outputs, efficiency, quality and customer satisfaction 
associated with processes. Then, methods to improve the business processes can be 
studied (Harrington, 2000). 

In process modeling, a process object allows several sub-processes and activities to be 
represented in multiple levels of detail. The ability to decompose a process into layers is 
called hierarchical process modeling. For example, purchasing or product development can be 
modeled as hierarchical processes, with the actual process behaviors defined at lower levels 
(Harrington, 2000). 

There are two approaches to developing hierarchical process models. Each approach has 
its advantages and drawbacks. In the top-down approach, the major process is 
decomposed into its sub-processes. Then, each sub-process is further decomposed into 
sub-processes or activities. This progressive decomposition approach continues until a 
sufficient level of detail is achieved in describing the behavior of a process, meaning no 
further decomposition is needed (Harrington, 2000).  

 

The advantages of the top-down approach are consistency and simplicity, and it can reduce 
model development time and maximize communication. One drawback of the top-down 
approach is that it omits more general activities, assuming that they will be modeled in 
another process or sub-process. Another drawback is that it can stop digging into the 
process too soon, without incorporating sufficient detail. Generally speaking, executive 
management likes the top-down approach (Harrington, 2000). 

The second approach is the bottom-up approach, in which all of the lowest-level activities 
are defined first. They are then grouped into sub-processes. Once all of the sub-processes 
have been established they are grouped into higher-level sub-processes or major processes. 
This approach has the advantage of being complete. However, the number of iterations 
required for fine-tuning the process model is the price one pays for completeness. This 
approach is more time-consuming than the top-down approach and may result in too 
much detail, too soon. Usually analysts prefer the bottom-up approach (Harrington, 2000). 

4.2.2. STATIC VS DYNAMIC SIMULATION MODELS 

BPM techniques can generally be classified into two categories, namely static and dynamic 
modeling techniques. Static techniques may only provide business process “snapshots” at a 
specific point in time and do not generally provide capabilities for analyzing process 
behavior over time.  As a consequence, although they allow the nature and essence of a 
process to be understood, they cannot be used to predict the impact of proposed changes 
on process performance (Gladwin, 1994). On the other hand, dynamic BPM techniques 
allow process models to be run over time and therefore allow time-related process 
phenomena—such as bottlenecks or throughput problems—to be studied. However, 
dynamic models are generally much more difficult to develop as they often require 
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modelers to have an advanced level of expertise in the particular modeling technique 
chosen and additional data is needed to calibrate the models (Scholz-Reiter, 1999). 

Static models (for example, flowcharts) as well as dynamic ones have been amongst the 
most widely used methods for studying and analyzing business processes. However, the 
transition from time-independent static descriptions of business process to time-dependent 
dynamic models may present modelers and decision-makers with a variety of problems, 
mainly related to data collection and experimentation (Scholz-Reiter, 1999). 

The proposed approach in this thesis is based on dynamic techniques, specifically dynamic 
information workflow modeling and business process simulation (BPS). Both techniques 
offer a theoretically attractive mechanism for modeling and studying complex phenomena 
in quantitative terms. BPS has already been identified as a suitable technique for process 
modeling and has been successfully employed in individual applications (Giaglis, 1998; Lee, 
1996; Ninios, 1995). However, despite the significant advantages that BPS offers in theory, 
the development of valid and credible simulation models may present a number of 
practical difficulties. 

Significant value of BPS and analysis comes from the dynamic analysis of efficiency based 
on the event-driven simulation. Because the simulation model keeps track of resource 
interdependencies and captures the random nature of processes, the process performance 
statistics are far more accurate than results obtained from static analysis (Harrington, 2000). 

4.2.3. BUSINESS PROCESS AND WORKFLOW MODELING 

The fact that business processes can be targeted on different application areas suggests that 
business processes may be studied and analyzed from different viewpoints, associating 
requirements for modeling techniques in each case (Curtis et al. 1992). Many enterprises 
are trying to improve their competitiveness by designing their organizations to be more 
process oriented, flexible, and adaptable. The modeling of organizational aspects is 
insufficiently treated by common methods for business process and workflow modeling. 
Many systems support only parts of the constructs required to model the organization 
(Scholz-Reiter, 1999). 

In this research, the dynamic information workflow model was built considering the main 
concepts and perspectives of business process and workflow modeling techniques. The 
purpose of this section is to present a brief description of business process and workflow 
techniques. 

For the business process approach, a business analyst will initially focus on what activities 
are performed in the process (functional perspective), such as receiving an order, forwarding it 
to the production line and so on. The next step may be to investigate the sequence that 
these activities follow and how they are performed, and then develop a graphical picture of 
the process (behavioral perspective). Finally, the business analyst may study where these 
activities take place and which resources (human, mechanical or electronic) are used.  
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This information will suffice, at least from the analyst’s viewpoint, to develop a BP model 
(for example, a discrete-event simulation). The BP analyst will not necessarily consider the 
detailed data produced and managed by the process (Curtis et al. 1992). 

The workflow modeling methodology works because it uses modeling techniques, 
frameworks, guidelines, phases and steps that make it complete, repeatable and learnable. 
The methodology is conceptually similar to many others, but it differs substantially in four 
important ways (Sharp, 2000): 1) It includes frameworks and guidelines to ensure that real 
business processes are identified with clearly delineated boundaries. Failure to clearly 
delineate boundaries is a common denominator of troubled projects. One of the most 
important frameworks is the one that considers all dimensions of a process; 2) It uses a 
process modeling technique that is simple to read and highlights the role played by 
individual participants. This increases participation, buy-in and accuracy; 3) It includes 
methods for addressing all the factors (enablers) that support a process, and the 
environmental factors that constrain it. Otherwise, projects tend to zero in on the obvious 
enablers, workflow design and information technology; and 4) It integrates process-
oriented and IT-oriented efforts by including techniques that support the transition from 
process improvement to requirements definition activities, such as a case scenario analysis. 

For the workflow technique, a process is not only a set of tasks but also a set of enablers. 
An enabler is a factor that helps a process to achieve its intended results and meet 
performance targets within the applicable constraints. The two that we are most concerned 
with are workflow design and IT support, but the workflow framework includes a total of 
six: 1) Workflow design; 2) Information Technology; 3) Motivation and Measurement; 4) 
Human Resources; 5) Policies and Rules; and 6) Facilities design (Sharp, 2000). For 
instance, IT includes systems, information, computers and other devices, 
telecommunications equipment, and the networks they comprise. The focus is on 
information systems—applications and databases that perform specific functions and that 
are managed and referred to as a whole, such as the personnel system or the purchasing 
system. IS enables a process by automating or supporting steps, capturing or presenting 
information, or managing and expediting the workflow. The human resource enabler 
covers the knowledge, skills, and experience of the workforce, training, organizational 
structure, job definitions, and so on. A process requires the right person in the right job 
with the right skills. 

Combining the concepts of BPM and workflow technique, it is possible to define an AS-IS 
workflow process model that is used to understand why the current process behaves the 
way it does. On the other hand, a TO-BE workflow process model process is used to guide 
implementation and will continue to be maintained through implementation and revision 
and therefore requires much more detail and precision. This particular form of workflow 
processes model has become the de facto standard for depicting business processes 
because of its merits: a) they are self-explanatory, and b) they indicate individual actors and 
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emphasize their tasks and interactions with other actors. Participants can identify with the 
model so it’s easier to produce a complete and accurate representation (Sharp, 2000). 

4.2.4. EVALUATION OF PERFORMANCE MEASUREMENTS 

There is no doubt that the lack of measurements is a major obstacle to improvement and 
evaluation. Understanding measurements, establishing a measurement system, reporting, 
feedback, rewards and recognition are keys to continuous improvement and evaluation. 
Without measurement, a process cannot be improved or evaluated. Measuring the process 
allows an analyst to understand how long it takes for each task, see where the out-of 
control conditions are, and determine how to set priorities (Harrington, 2000). 

An optimal performance measurement considers the enterprise strategy with the derived 
strategic objectives. Therefore, the strategic measures which monitor the success in 
achieving the strategic objectives have to be linked with the key performance measures of 
the enterprise business objects, such as the different organizational units and the core 
business processes (Scholtz-Reiter, 1999). 

Evaluations can be either qualitative or quantitative. However, the best evaluations employ 
a combination of both qualitative and quantitative information that compare and contrast 
converging and possibly conflicting evidence. The most effective evaluations occur when 
goals and objectives are explicitly stated, are measurable and are agreed to by all parties 
involved. Evaluation should be considered an integral part of the project development 
process and be considered in each phase: strategy formulation, detailed planning, system 
design, system implementation, data collection, data analysis and reporting of results 
(Serafeimidis, 1999). 

It is argued in the present research that the evaluation of IT investments has to change in 
order to reflect the new role of IT and to meet the needs of a more holistic approach. 
Evaluation must have a broader scope, to incorporate the richness, the intangible and 
unexpected costs, benefits and risks of modern IT projects. Evaluation should be regarded 
as a process and as a continuous opportunity for learning. In this way, the evaluator will be 
freed from the constraints of rigid financial procedures and will be able to pursue a deeper 
understanding of the content, context and process of evaluation.  

Evaluating processes should also include creating a set of metrics for use during design and 
implementation stages. These metrics will verify that the evaluated processes continue to 
work correctly. Metrics should include factors such as quality, service, cycle time, resources 
and cost. Process metrics focus on the outputs of processes in the organization and on the 
way process performance enhances efficiency, effectiveness, adaptability and 
competitiveness through improvement in quality, time, service, resource utilization, and 
cost (Harrington, 2000). 

The management of any organization needs indicators of performance measures, which 
according to Scholtz-Reiter (1999) are: 
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• To be able to distinguish what is important and relevant from what is 
unimportant and irrelevant and to be able to obtain aggregated information from 
a mass of disordered data. 

• To be able to think in a relational way rather than according to the monetary 
quantities of profit and costs and to pay more attention to productivity than to 
production. 

• To see causal connections, cause and effect, and the interplay of positive and 
negative factors. 

• To know the company’s own position as a competitor in the market as well as the 
strengths and weaknesses of the company in comparison with the competitors, so 
that it is in a position to react to changes and new developments in the market in 
a timely manner. 

• To be equipped with a management instrument for targeted thinking and action. 

• To be equipped with an instrument to monitor and optimize the operationalised 
strategy of the company. 

• To continuously evaluate performance and make decisions on necessary 
investments. 

Like any other process measurement, the performance of process simulation must include 
effectiveness, efficiency and adaptability. For example, typical measurements might be: 
dollars saved versus dollars spent; time saved versus time spent; risk avoided by simulating; 
number of end users for the process model; reusability of templates for other applications; 
number of proposals won using process simulation; and the percentage of simulation 
results that are implemented (Harrington, 2000). 

Everyone involved in the process should be measured. Members of the process simulation 
team, software supplier, consultants, and mangers all play a role in achieving success and 
reaching performance targets (Scholtz-Reiter, 1999). Ask the customers what’s important 
to them. Ask the CEO, CFO, and CIO what’s most important to them. If it’s the cost of 
the modeling and analysis activities, then measure that. If it’s the ability to leverage the 
process simulation team in another business unit, then measure that (Scholtz-Reiter, 1999). 

Whoever is performing the activity is the best person to measure it. For example, the 
person who built the process model is the best person to measure the time it takes to build 
the model. The person who evaluated software products is the best person to measure the 
time it takes to evaluate software (Scholtz-Reiter, 1999). 

One major problem with process measurements is that performance is measured only at 
the end. This is very much like testing a complex electronic product after assembly without 
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testing its components and sub-assemblies along the way. Unfortunately, waiting until the 
end provides no feedback about individual process simulation activities or, when it does, it 
is too late. It also often leads to missed schedules and cost overruns (Harrington, 1991). 

According to Harrington (2000), feedback should always start with the customer. Of 
course, the customer of each activity may not be the same. For example, the customer of 
the data collection activity is the modeler. On the other hand, the customer of the 
simulation model output is the analyst. The customer of each activity should provide 
feedback about the time, cost and quality of the output he or she receives. For example, if 
the time it took to obtain data is too long or the quality of the data is poor, then it should 
be fed back to the analyst.  

Feedback enables continuous improvement and evaluation. Specific feedback provides the 
means for correcting errors, justifying additional training and setting proper objectives and 
realistic schedules. Process animation is the most powerful tool for generating instant 
feedback. Anyone who sees the animated model starts thinking about his or her areas of 
interest. Another important area for feedback is modeling assumptions. In order to make 
realistic abstractions for the cause-effect relationships, modelers always need to make some 
assumptions. These assumptions need to be validated through the feedback process 
(Harrington, 1991). 

It has been proven that applying common process improvement principles results in 
reduced Cycle Time, Reduced Costs and Increased Process Quality. Some of the common 
process improvement principles are: a) combine duplicate activities; b) eliminate multiple 
reviews and approvals; c) automate repetitive tasks; d) simplify complex activities; e) reduce 
batch sizes; f) reduce the amount of handling; g) process in parallel; h) error-proof 
activities; i) implement demand pull (build to orders); and j) outsource inefficient activities 
(Harrington, 2000). 

In order to model and accurately analyze the impact of these process improvement 
principles on process performance, the behavior of activities needs to be modeled and 
simulated. Using the activity objects, it is possible to model the current state of a process 
and validate the model. Then future-state alternatives can be created and simulated for 
process improvement. The first step toward designing simulation experiments is defining 
the objectives for the process simulation activity and determining the performance 
measures of interest.  

4.3. BUSINESS PROCESS SIMULATION (BPS) 

4.3.1. RELATED CONCEPTS AND DEFINITIONS OF BPS 

Advances in technology invariably lead to the construction of systems with additional 
layers of complexity being wrapped around more primitive but equally complex sub-
systems. In the future these systems may then in turn become sub-systems of larger, even 
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more complex, super-systems. Simulation provide a means by which such abstract and real 
world systems may be understood and evaluated by duplicating the behavior of these 
systems through hardware and software. Formally, we can define simulation as:  

“Simulation is the process of designing a model of a real system and conducting 
experiments with this model for the purpose either of understanding the behavior of the 
system or evaluating various strategies (within the limits imposed by a criterion or a set of 
criteria) for the operation of the system.” (Shannon, 1990) 

“Simulation is a means of experimenting with a detailed model of a real system to 
determine how the system will respond to changes in its structure, environment, or 
underlying assumptions.” (Charles Harrell and Kerim Tumay, 1996) 

According to Profozich (1998), simulation is regarded as a strategic tool in the field of 
process development and process control. It is used to present certain aspects of an 
existing system, or a system to be developed as a model, or to reproduce them. It allows 
systems that are too dangerous, too expensive or too difficult to be tested or evaluated to 
be examined. A precondition for simulation is the existence of a model that describes the 
important characteristics of the process.  

Business process simulation, by definition, allows for experimenting with a model of the 
system to better understand processes, with the goal of improving performance. The 
strength of simulation is that it allows the following aspects to be evaluated, redesigned and 
measured: a) customer satisfaction with the new process or system; b) resource utilization 
in the new process or system; c) processes, in order to streamline them; d) time, in order to 
minimize it (Harrington, 2000). Process simulation in re-engineering or process innovation 
involves redesigning processes, finding new and innovative and therefore more effective, 
efficient and productive ways of doing business. 

4.3.2. AN OVERVIEW ON BPS BENEFITS 

“Simulation modeling is the best way to visualize, analyze, and predict process 
performance.” (Harrington, 2000) 

BPS is an essential tool for businesses to make “the best” decisions. The ability to visualize 
how a process might behave, to measure its performance, and to test “what if” scenarios in 
a computer model makes BPS a necessary tool for decision-making. In this research, one of 
the most important benefits of BPS is that simulation may be used to analyze and verify 
theoretical models and can also play a crucial role in both tangible and intangible domains.  

According to J. Harrington (2000), simulation could assist in the following areas: 

a) Feasibility analyses: examining the viability of the new processes in light of various 
constraints, conducting a cost/benefits analysis or process evaluation; b) Visioning: 
exploring the possibilities for the system in the future state; c) Performance characteristics: 
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examining the performance metrics of a system in either the current state or the future 
state, thus providing an understanding of performance; d) Prototyping: applying the future-
state vision in implementation planning; e) Communication: disseminating the workings of 
the new re-engineered process to the organization; and f) Continuous evaluation of 
investments decisions. 

According to J. Harrington (2000), the main benefits of BPS are: 

a) Simulation can assist in creative problem solving; b) Simulation can predict outcomes for 
changes to system inputs; c) Simulation can account for system variances. It looks at 
variance, in a system incorporating interdependence, interaction among components, and 
time. This approach allows variation to be examined in a broader context; d) Simulation 
promotes total solutions. It provides a means for examining total system-wide solutions; e) 
Simulation can be cost-effective: As organizations try to respond quickly to changes in 
their markets, a validated simulation model can be an excellent tool for evaluating rapid 
responses; f) Simulation provides more alternatives, lowers the risks, increases the 
probability of success, and provides information for decision support without the cost of 
experimenting with the real system. Simulation thus provides a cost-effective way to rapidly 
test and evaluate various solutions to respond to market demands; g) Simulation can help 
quantify performance metrics.  It can help measure trade-offs associated with process 
designs and allow for further analysis of parameters such as time to market, service levels, 
market requirements, carrying costs, and so forth. Simulation thus provides a quantitative 
approach to measuring performance; and h) Simulation serves as a means of 
communication. Simulation is an effective communication tool. A simulation model can be 
used to communicate the new or reengineered process in a dynamic and animated fashion. 
This provides a powerful means of communicating the function of various components to 
those who will use the new system, helping them understand how it works. 

Another benefit of simulation is that it permits system designers to study a problem at 
several different levels of abstraction. By approaching a system at a higher level of 
abstraction, the designer is better able to understand the behaviors and interactions of all 
the high level components within the system and is therefore better equipped to counteract 
the complexity of the overall system. This complexity may simply overwhelm the designer 
if the problem had been approached from a lower level. As the designer better understands 
the operation of the higher-level components through the use of the simulation, the lower 
level components may then be designed and subsequently simulated for verification and 
performance evaluation. The entire system may be built based upon this technique 
(Profozich, 1998). 

Examples of processes in which simulation has been used include: a) to help evaluate 
various options so as to select a cost-effective system and layout; b) to improve the quality 
of services; c) to help redesign processes so as to shorten response times and improve 
service; d) claims processing, with a view toward minimizing cycle time through 
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streamlined processes so as to improve customer satisfaction; and e) critical path evolution, 
to help improve the decision-making process. 

BPS serves two types of customers: internal and external 

Internally, almost every function in an organization is a potential customer. A CEO may 
need simulation for evaluating the impact of a merger or acquisition at the customer service 
level. A COO may need simulation for workforce planning. A CIO may need PS to 
evaluate the impact of proposed business process requirements for a client-server 
enterprise management application. Marketing or sales executives can use PS to 
demonstrate the enterprise’s or system’s adaptability to fulfilling new customer demand 
(Profozich, 1998). 

Externally, the customers for simulation technology may be suppliers or customers. 
Suppliers may need simulation models to understand the supply chain process and 
expected service levels. Customers may need simulation to see how capable an organization 
is of meeting promised delivery dates. Banks or financial investors may need simulation to 
help convince them to provide financial backing for expansion projects or new facilities 
(Profozich, 1998). 

4.3.3. RELATING BPS AND IT INVESTMENT EVALUATION  

In this section, the relationship between two important fields of knowledge—Business 
Process Simulation and Information Technology Investment Evaluation Methodologies—
is presented.  

BPS requires a trade-off between the benefits and costs of making process improvement 
changes. Without the trade-off, executives and managers are faced with making large 
investment decisions based on gut feelings. Process simulation provides an analytical tool 
for accurate evaluation of different kinds of capital investments scenarios (Scholtz-Reiter, 
1999). 

IT development is mostly concerned with technical system details, ignoring (or rather 
taking for granted) the organizational and managerial perspectives in which the proposed 
system will operate. Galliers (1990) asserts that current practices in most organizations 
reinforce this isolation: “Managers are often happy in the mistaken belief that information 
technology can be left to technologists, and many of the latter would be happier to have 
information systems planning and development more concerned with technological issues 
than business imperatives, with as little as possible involvement from business executives.” 

The relationship between the BPS and ITIE is complex and has many dimensions. 
According to Davenport and Short, although business process design and information 
technology are natural partners, their relationships have never been fully exploited in 
practice. On the one hand, it is naturally expected that the choice of a particular way of 
conducting business and making decisions in an organization will influence the design and 
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structure of the information systems to support this procedure. On the other hand, 
advances in information technology itself can generate completely new opportunities for 
organizations and hence influence the design of specific business process layouts. Such 
recursive relationships imply that organizations should align the design of information 
systems (IS) with the design of the corresponding business processes if maximum benefits 
from their synergy are to be achieved.  

In today’s business world, BP and IT have become a more integrated part of an 
organization. The IT can create new business opportunities for companies to reinforce 
their competitive edge in the market place. Product quality and delivery times have gained 
importance in the business world, in order to achieve enhanced customer value. This puts 
pressure on the functionality and flexibility of IT in responding to business changes. 
Information support is also becoming more critical to achieving sustainable business results 
in organizations (Scholtz-Reiter, 1999). 

Within an organization, there are different people and groups trying to understand and 
change it. In many cases, the development of business activities and its information 
support are carried out as separate change processes and in independent projects. There is 
very limited or no organizational coordination between business development and IS 
development. This situation leads to long turn-around times and unnecessary duplication 
of work. Sometimes business and systems development are based on contradictory 
prerequisites and assumptions (Scholtz-Reiter, 1999). 

It has already been shown that information systems can have a large impact on business 
processes, and that predicting what effects changes to the information technology 
infrastructure will have on the organization as a whole can be difficult. IT should be viewed 
as a more than automating or mechanizing force, but rather as an enabler of fundamental 
changes in the way business is done (Serrano, 2000). BPS would appear to be the ideal tool 
to assist with this problem. Such a broad perspective has a profound effect on the 
approach presented in this thesis for IT investment evaluation. 

To support the identification of business change opportunities and the evaluation of IT 
investments, organizations need techniques that allow them to experiment with various 
alternative decisions and assess the impact of each alternative on business performance 
(Mahmood, 2000). 

Different studies indicate that company management feels a certain uncertainty when it 
comes to the rapid development of technology, which is expressed in uncertainty about 
which systems should be selected for introduction into the company and how to analyze 
different possible scenarios for making investment decisions. Using BPS, it is possible to 
obtain some important improvements in an organization in order to design, redesign, and 
evaluate decisions about investments.  

The use of BPS to support business change is still limited compared to manufacturing 
applications, but a number of application examples have been recently emerging.  
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An organization can use BPS to model its existing business processes, gain a better 
understanding of its current operation, and identify opportunities for change. At the more 
detailed level of the IT infrastructure, organizations can use simulation to model and 
experiment with different low-level functions, such as alternative computer network 
topologies, routing and switching protocols, and so forth (Giaglis, 1999). But simulation 
environments that allow organizations to model both elements and identify the impact that 
changes on one will have on the other do not exist. 

The multi-dimensional nature of the IT investment payoff suggests that a variety of 
methods should be used to measure it. In this research, it was determined that an integral 
evaluation of IT investments needs to consider tangible and intangible benefits as well as 
the quantitative, qualitative and process-oriented aspects. The approach presented in this 
thesis allows various alternative scenarios to be compared in order to make “the best” 
decision on IT investment. 

Firstly, it allows bottlenecks or problems within systems to be identified along with their 
underlying causes. Allowing the various factors that could produce the bottleneck to be 
varied independently and then analyzing the effect can eliminate underlying problems. 
Secondly, depending on the domain, many models can be run much quicker than real-time, 
allowing long-term effects to be studied. This can be especially useful in systems that have 
long cycle times. Finally and perhaps most importantly, the approach allows implicit 
dependencies between various parts of the system to be identified and to be evaluated from 
different perspective and with different levels of details. 

During the simulation essays presented in this thesis (Chapter 6) valuable information 
about the Processes, Activities, Entities, Resources and Costs of the computer based 
Dynamic Information Workflow Model was generated. Quantitative output data and 
statistical reports for measuring efficiency of key processes in a typical electric distribution 
company were produced. 

4.3.4. AN INTRODUCTION TO DISCRETE-EVENT SIMULATION 

The purpose of this section is to introduce the main concepts and characteristics of the 
Discrete-Event Simulation (DEVS) technique, which is based on queue models. DEVS 
constitutes the mathematical fundament of the simulation tool Simprocess, which is used 
in this thesis for running simulation essays and for obtaining statistical results. A queue in 
the context of this research study and proposed approach (Chapter 6) is defined as the 
status of a transaction (or entity) when it has completed one activity and cannot continue 
because the next activity cannot accept it for some reason. 

Discrete-event simulation (DEVS) 

In this type of simulation, the state of the model changes only at discrete (possibly random 
set of points) event times. Transactions (or entities) in discrete-event simulation flow from 
one point to another point (in time) while competing with each other for the use of scarce 
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resources. Discrete-event simulation allows the definition of random behavior with 
probability distributions and expressions. DEVS models produce output that is random 
and therefore is only an estimate of the true behavior of the model. Multiple replications 
must be made and the composite average results must be obtained to get an estimate of the 
expected performance measures. In this thesis the selected performance measure was 
efficiency of processes. 

In a DEVS, entities representing products or services are induced into the model, they 
compete for resources that perform activities, and they are disposed of. Therefore, DEVS 
is the most natural simulation technique for process modeling and analysis. Animation of 
discrete-event models can be very impressive and useful for validation and presentation 
purposes. One of the drawbacks of discrete-event simulation is that it usually takes longer 
to run than analytical and continuous simulation models. Another challenge with discrete-
event simulation is the skills required to create valid models (Law & Kelton, 2000). 

Discrete event simulation is one way of building up models to observe the time based 
behavior of a system. There are formal methods for building simulation models and 
ensuring that they are credible. During the experimental phase the models are executed 
(run over time) in order to generate quantitative results. The results can then be used to 
provide insight into a system and the basis for making decisions (Law & Kelton, 2000).  

Application Areas of DEVS 

There are a number of potential areas for application of discrete event simulation. These 
application areas are introduced to place the use of this type of simulation into context. 
The range of application areas is extremely large and there are numerous examples of the 
use of simulation in service industries, manufacturing (batch and process), evaluation of 
performance, workflow analysis, and office environments. One area where simulation is 
commonly used is in the area of developing new systems, particularly those that involve a 
high capital investment. For example, simulation can be used to test the performance of 
personal computer (PC) assembly lines to ascertain the throughput possible, the level of 
utilization of operators and any potential problems.  

Many companies are using Discrete Event Simulation (DEVS) modeling and analysis to 
overcome the problem of measurement and to ensure the alignment between IT 
applications and business operation. But they are not using DEVS for evaluating IT 
investments or for making different types of risky decisions. There is a wide potential area 
for using discrete event simulation, like high risk and capital investments as well as for 
evaluation of systems performance.  

Key Principles of Discrete Event  

Entities are the tangible elements found in the real world. In manufacturing, these could be 
machines or trucks. Entities may be either temporary (e.g. parts that pass through the 
model) or permanent (e.g. machines that remain in the model).  
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The concepts of temporary and permanent are useful aids to understanding the overall 
objectives of using simulation, usually to observe the behavior of the temporary entities 
passing through the permanent ones (Peter Ball, 1999). 

The logical relationships are the key part of the simulation model; they define the overall 
behavior of the model. Each logical statement (e.g. “start machine if parts are waiting”) is 
simple but the quantity and variety and the fact that they are widely dispersed throughout 
the model gives rise to the complexity (Peter Ball, 1999).  

Another key part of any simulation system is the simulation executive. The executive is 
responsible for controlling the time advance. A central clock is used to keep track of time. 
The executive will control the logical relationships between the entities and advance the 
clock to the new time. The process is illustrated in Figure 16. The simulation executive is 
central to providing the dynamic, time based behavior of the model. While the clock and 
executive are key parts of a simulation system, they are very easy to implement and are 
extremely simple in behavior (Peter Ball, 1999).  

 
Figure 16. Structure of a simulation system (adapted from Kreutzer, 1986) 

Two other elements that are vital to any simulation system are random number generators 
and results collection and analysis. The random number generators are used to provide 
stochastic behavior typical of the real world. For example, machine scrap rates will rarely 
be fixed but will vary between certain ranges hence the scrap rate of a machine should be 
determined by a random distribution (probably a normal distribution). The results 
collection and display provides the user a means of utilizing the simulation tool to provide 
meaningful analysis of the new or proposed system. Simulation tools will typically display 
tabulated raw results and possess some graphing capabilities.  

The event is defined as an instantaneous change and such events are usually paired, e.g. start 
of machine loading, end of machine loading, etc. Activities describe duration, e.g. machine 
loading, and are therefore very similar to pairs of events. The process approach joins 
collections of events or activities together to describe the life cycle of an entity, in this case 
a machine.  
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Simulation Experimentation and Results 

The area of experimentation and results analysis for simulation models is well developed 
and a range of rules and guiding methods can be found in the literature (Law & Kelton, 
2000). Many of the techniques developed are there to ensure that dangerous mistakes are 
not made when analyzing and interpreting the results. A simulation run typically starts in 
the empty and idle state. The run is therefore characterized by a “run-in” phase followed 
by a “steady state” phase (Fig. 17). The run-in phase is generally ignored and is only used 
for investigating the effects of transient conditions such as starting up a new factory or 
performing radical changes within an existing facility.  

 

 
Figure 17. The two key phases of a simulation run 

Typically the steady state phase is of greater interest. At this stage checks must be made to 
ensure that no long term trends exist (such as continual build up of stock in the factory) 
that suggest the model (hence the real system) will be unstable and unworkable. There may 
also be a change in the way simulation models are built. It is fair to say that the way in 
which discrete event simulation models are built is different from many other approaches 
to building models. Hence there is a change here towards embedding simulation into more 
traditional modeling tools thus requiring less of a conceptual jump for new users (Peter 
Ball, 1999). 

4.3.5. INTRODUCTION TO SIMPROCESS  

Process simulation is closely related to a number of tools and methods, such as process 
mapping, activity-based costing, workflow automation, object-oriented design and analysis, 
and design of experiments. It is essential to understand the interactions among process 
simulation and these related technologies in order to completely appreciate the value of PS. 

A significant development in the past few years is the integration of related tools and 
methods with process simulation products. For example, flowcharting, Activity Based 
Costing, input and output data analysis software, and design of experiments are some of 
the tools that are now integrated with process simulation software. Many types of tools and 
techniques are available for business process modeling. Frequently, a simple diagram or 
flowchart can expose the obvious redundancies, unnecessary work and inefficiencies in a 
given process. Tools, which provide simple diagramming of business process, are called 
static modeling tools.  
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A plethora of specialized simulation software environments have been developed to 
support organizations in modeling their business processes and IT infrastructure. On the 
one hand there is a category of products collectively referred to as Business Process 
Simulators that allow for BPM and analysis. Examples of such software include 
Simprocess (by CACI Products Company), Process Charter (by Scitor Corporation), 
Bonapart (by UBIS GmbH) and Ithink (by High Performance Systems Inc.). On the other 
hand, there is also a distinctly different category of tools, namely Computer Network 
Simulators, Simulation Languages and Object Oriented Modeling and Simulation tools. 

Unfortunately many business process modeling and simulation tools today do not allow a 
quantified analysis of the process under study. And those that do fail to take the following 
into account (Scholtz-Reiter, 1999): a) time varying nature of many processes, b) non-linear 
interactions among elements of a process, c) randomness in the behavior of most real 
processes, and d) unexpected events that can occur in the business environment. 

What is Simprocess? 

Simprocess is a hierarchical and integrated process simulation tool that radically improves 
productivity for process modeling and analysis. SIMPROCESS was designed for BPS and 
IT professionals of industrial and service enterprises who need to reduce the time and risk 
it takes to service customers, fulfill demand, and develop new products (Simprocess User’s 
Manual, 1998). 

Unlike others tools, Simprocess integrates process mapping, hierarchical event-driven 
simulation, and activity-based costing (ABC) into a single tool. The architecture of 
Simprocess provides an integrating framework for ABC. ABC embodies the concept that 
a business is a series of interrelated processes, and that these processes consist of activities 
that convert inputs into outputs (Simprocess User’s Manual, 1998). 

 

Activity-Based 
Costing 

Event-Driven 
Simulation 

Process 
Mapping 

 

 

 

 

s
Figure 18: The main steps for modeling with Simproces 
Activity Based Costing (ABC) 

ABC is a technique for accumulating cost for a given cost object (i.e., product, service, 
customer) that represents the total and true economic resources required or consumed by 
the object. The goal of ABC is to model the causal relationships among resources, 
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activities, and entities in assigning overhead costs. The fundamental belief behind this 
costing approach is that cost is caused and that the causes of cost can be managed.  

Enterprises use resources to conduct activities. Resources perform activities to benefit 
products and services. The key to understanding cost dynamics in any enterprise is 
modeling the relationship between activities and their causes and the relationship between 
activities and costs. If cost dynamics are not modeled (which is usually the case with 
traditional management accounting information systems), the performance information 
provided is incomplete or misleading. The building blocks of process simulation—namely 
processes, resources, and entities (product or services)—provide a nice bridge between 
process mapping, discrete-event simulation and ABC. 

Why Dynamic Modeling? 

In a dynamic model, a computer simulates the flow of materials and information through 
the process. The dynamic model accounts for the random variations in how work is done 
and the way materials (and information) flow through the real world. Simulation offers 
several advantages over a simple pictorial abstraction of a business process. SIMPROCESS 
employs discrete event simulation to capture the time varying nature of the process under 
study (Simprocess User’s Manual, 1998). 

Why use a statistical approach? 

A statistical distribution is used to give the model the randomness that always occurs in the 
real world. Of course, if things in the real world never varied, the simulation would not be 
needed! The simplest way of predicting system performance is by looking only at average 
rates. Unfortunately the real world almost never matches the performance predicted by 
mean-value analysis, because statistical fluctuations almost always need to be taken into 
account.  

Introducing a small amount of randomness through simulation can be all that is needed to 
transform a simplistic mean-value analysis into a realistic model. Simprocess also gives a 
picture of flow through the system. It is very difficult to know how people, machinery, 
deliveries and resources are going to interact in a proposed system without a simulation 
model. Simprocess makes it possible to see how things work, while still in the planning 
stage. Animation gives valuable insight into how things work, and how they could work 
(Simprocess User’s Manual, 1998). 

Managing Resources with Simprocess 

When an entity arrives at an activity, Simprocess checks to see if any resources are 
required to process it. If resources are required, Simprocess attempts to obtain them. 
Once an activity gains control of a resource, that resource is unavailable to any other 
activity that requests it. The activity retains control of the resource until it finishes 
processing the entity. During simulation, many activities may simultaneously contend for 
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the same resource. If a required resource is not available when an entity arrives at an 
activity, the entity waits for that resource in a queue. This state is defined as “Wait for 
Resource” in the Simprocess output reports. If an activity requires two resources and only 
one is available, Simprocess may or may not obtain the resource that is available. It 
depends on the rules you have defined for your model. Any resource an activity holds is 
unavailable to other activities. Simprocess attempts to satisfy resource requirements in the 
order of the priority of Entities queued for the resource. Priority is an entity attribute 
assigned when the entity is defined. All entities with the same priority are treated on a first-
come, first-served basis (Simprocess User’s Manual, 1998). 

Validating a Model 

A validation procedure determines if a model is an accurate representation of an actual 
system or process. The validation procedure compares statistical output from the 
simulation to statistical output gathered from the actual system or process under identical 
circumstances. Identical circumstances means that the model and the actual system should 
be identically configured so that the simulation measure and the measurements obtained 
from an actual system attempt to measure the same thing under the same set of 
circumstances.  

Creating Scenarios 

Experiments are designed to determine the effects of changing the input configuration on 
one or more output statistics. A scenario is a specification of the input configuration, i.e. 
the input values used for a single simulation run. Scenarios can be created one at a time or 
en masse. Sometimes the objective of an experiment is to find the best system 
configuration from a number of configurations. 
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Chapter 5 

An Overview of Central America’s 
Utilities 

5. AN OVERVIEW OF CENTRAL AMERICA’S UTILITIES 

5.1. INTRODUCTION 

The objective of this chapter is to give readers a brief and general description of the main 
characteristics of the Central American electric utilities, electricity reforms, and regional 
electrical interconnection. This context is of great importance to understanding the past, 
the present, and future events and scales related to Central American utilities. 

This chapter’s main source of information is the internal report presented by the author: 
“On Power Distribution Systems: Case Studies in Central America,” Internal Report, 
Department of Industrial Information and Control Systems, Royal Institute of Technology, 
Stockholm, Sweden, November 1999. 

An overview of case studies of Electric Distribution Companies (EDCs) in the countries of 
Central America and their main findings are presented. In this chapter, the third 
contribution of this thesis is presented: identifying relevant problems for IT investment 
evaluation in a typical EDC. 

The Central America Region is made up of Guatemala, Honduras, El Salvador, Nicaragua, 
Costa Rica, and Panama. This region has a surface extension of 500,000 km2 and a 
population of 35 million inhabitants. At the beginning of the 1990s, 47.7% of Central 
America’s population did not have access to electricity. The annual average electricity 
consumption in 1995 was 500 kwh/inhabitant, which is very low compared to the Latin 
America average of 1,300 kwh/inhabitant. The situation is even more dramatic when we 
analyze the annual average for each country: Guatemala 287, Honduras 348, El Salvador 
490, Nicaragua 256, Costa Rica 1,290, and Panama 1,088 kwh/inhabitant. 

Electricity generation in Central America has historically been dominated by hydropower. 
The privatization of energy markets and the entry of foreign investors beginning in the late 
1990s, however, have led to the development of numerous new thermal (mainly oil) 
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generation plants. As a result, the role of thermal generation is growing rapidly at the 
expense of hydropower. Hydropower’s share of regional electricity consumption has fallen 
from 80% in 1980 to approximately 60% in 2000. 

The current electrification index in the region is approximately 60% as a result of different 
electrification programs and private investments in thermal generation plants. However 
almost 14 million inhabitants do not have access to electricity in Central America, and most 
of them live in rural areas. 

 
 
 
 
 
 
 
 
 
 
 

Figure 19: Electricity Generation in Central America 
 
When analyzing these statistics, we may conclude that the trend will be for electricity rates 
to grow throughout Central America in the coming years. The major challenge to electricity 
expansion in Central America is the investment capacity. The estimated cost of satisfying 
increasing generation, transmission and distribution demands during the next 10 years is 
US$7.5 billion.  

Before recent electricity reforms, the Central American Utilities were the following: 

Guatemala - Instituto Nacional de Electrificacion (INDE) 

El Salvador - Comision Ejecutiva Hidroelectrica del Rio Lempa (CEL) 

Honduras - Empresa Nacional de Energia Electrica (ENEE) 

Nicaragua - Empresa Nacional de Electricidad (ENEL) 

Costa Rica - Instituto Costarricence de Electricidad (ICE) 

Panama - Instituto de Recursos Hidraulicos y Electrificacion (IRHE) 

Prior to the reforms, all of these electrical utilities were state monopolies that controlled all 
aspects from generation to distribution and commercialization. Despite the fact that the 
legal framework for the electricity reform was not ready, private investment in generation 
plants began to increase production and to reduce the gap between the supply and demand 
for electricity in the region. Private production rose from 0.3 % of the total generation 
capacity in 1992 to approximately 30 % in 2000.  
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Approximately 22,000 gwh of electricity is sold in the region, with an annual average rate of 
6.5%, but this rate is increasing every year and in some countries reaches 10% (El Salvador 
8.9%, Nicaragua 4.5% and Panama 8.5%). 

The common problems facing utilities can be summarized in the following five: 

• Low productivity and lack of maintenance 

• Deteriorated infrastructure 

• Inefficient management 

• Deteriorated financial capacity, and 

• Confused business and regulatory roles. 

The main effects of these problems are the following: 

• High losses 

• Electricity outages and blackouts. 

• Lack of maintenance 

• Electricity rates are lower than costs and government subsidies. 

• Flight of technical personnel to other institutions or to other managerial 
responsibilities 

• Constant intervention of governments and political parties in the administration 
of utilities. 

In the Central American utilities there is a lack of general or common accepted strategy or 
concept on how to evaluate existing technology and how to make decisions about IT 
investments in order to improve efficiency and effectiveness of the companies. In this 
research are considered some common economical, social and technical conditions to 
develop a strategy for the IT investments. 

5.2. THE ELECTRICITY REFORMS 

At the beginning of 1990, the electricity reform process began in the Central America 
Region. The process in each country has had different levels of maturity, with some 
common elements and some differences among the laws. The reform process has meant a 
series of changes that have affected institutional, structural and regulatory frameworks, and 
the business and legal aspects of the electricity sector or electrical utility. 
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During the first years of the 90s, reforms of the economic, financial and human 
development sectors began in the Central American Region, and all countries initiated 
reforms of the electricity industry. The public sector in Central America is under attack. All 
governments are introducing adjustment programs to reduce costs and to transfer 
resources and assets to the private sector, arguing that it is the key for the revitalization of 
their economies. 

All of the Central American countries are aggressively privatizing. National and state 
entities typically pursue privatization in order to improve the existing electricity 
infrastructure and assure adequate investment in new facilities, pay off debt to commercial 
banks and lending institutions, hold down inflation rates, improve system reliability and 
assure that future capacity levels are met, overcome poor business management practices, 
and improve the quality of service. 

At the present time all of the Central American countries have new general laws for their 
electricity industries. Some of the common objectives of these laws are the following: 

1) To promote the supply of electricity to communities, based on the criteria of 
economic efficiency, financial feasibility, quality and reliability, and within a 
framework of rational and efficient use of the different national energy resources. 

2) To establish a legal framework, promoting economic efficiency in the 
development of generation, transmission, and distribution activities and in the use 
of electric power. 

3) To promote competition and private sector involvement as basic elements in 
increasing service provision efficiency, through the means considered most 
adequate to these effects. 

The common motivations of the reform processes in the region are the following: 

1) Structural motivations: seeking efficiency and modernization of electric 
companies; preparing the legal framework for a competitive market; and 
restructuring the electric industry. 

2) Short term motivations: finding solutions to the energy and financial crises; 
seeking political credibility; developing some social and economical programs; 
eliminating all restrictions to the private investments; and obtaining financial 
resources by means of privatization. 

The common elements in the Central American utility laws are the following: 

1) Opening Generation, Transmission and Distribution to private investment 

2) Allowing Distribution companies to have generation plants, with certain 
limitations 
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3) Marketing contracts and spot marketing electricity 

4) Recognition of large-scale consumers 

5) Deregulation and regulated prices or fee rates 

6) Special state financial support to develop rural electrification 

7) Share-buying opportunities for utility company employees. 

8) A new role for National Control Centers 

9) Rules for concessions 

The main differences among the laws are the following: 

1) The vertical and horizontal disintegration, total or partial, of the utility. 

2) The existence of vertically integrated private companies  

3) The location of national dispatch centers in the Transmission Company. 

4) The separation of distribution and commercial activities. 

5) The maximum capacity that distribution companies can install. 

6) The sale of public assets. 

7) The minimum demand of large-scale consumers. 

8) The subsidies for low income clients 

9) The international trade of electricity. 

5.3. THE INTERCONNECTION PROJECT 

In the Central American region, an ongoing, complete Regional Electrical Interconnection 
project is going to demand a closer exchange of information, more operational coordination, 
reliable communications, interconnected network analysis, and new functionality. This 
Regional Electrical Interconnection provides the basic infrastructure for the coming 
deregulated energy market in the region. In some of the Central American countries the 
deregulated energy market is already in the implementation stage, while in others the laws 
have only recently been published. 

The Regional Electrical Interconnection is going to require common standards in the 
operation and management of Utilities. The operation, management, development and 
policies at the distribution level differ amongst the Central American countries, so that 
standardization at the distribution level is needed as well. So far, energy distribution has 
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prioritized rehabilitation of the installed infrastructure in the countries were the distribution 
level is considered the weakest points for regional deregulated energy market operation. 

The first step of the interconnection project in Central America took place in 1976 
between Honduras and Nicaragua. The voltage of the line was 230 kv, with a length of 136 
kilometers. In 1982, Nicaragua and Costa Rica started the interconnection with the same 
voltage. In 1986 the interconnections between Costa Rica and Panama and between 
Guatemala and El Salvador were achieved. The established voltage was also 230 kv. 

In April 2002, a transmission line between Honduras and El Salvador was opened, marking 
the complete interconnection of all six SIEPAC countries. Prior to the Honduras-El 
Salvador link, Guatemala and El Salvador were not connected to the Honduras-Nicaragua-
Costa Rica-Panama network of bilateral linkages. Endesa (Spain) is currently planning a 
high-voltage, 230-kilovolt (kv), 1,140-mile transmission line that will extend from 
Guatemala to Panama with connections to the grids and substations of all of the member 
countries (see map). This overarching power line is designed to mitigate the poor quality of 
existing interconnections, making regional transactions possible. The project will be 
governed by two new regional institutions, the Regional Electric Interconnection 
Commission (CRIE) which will regulate the wholesale market, and the Regional Operating 
Agency, which acts as administrator of regional power transactions.  

SIEPAC will allow the member countries to trade electricity regionally. It will also allow 
countries with severe electricity deficits to purchase power from their neighbors, as well as 
enable countries dependent on thermal power to have access to Central America’s 
abundant hydropower. Interconnecting the country’s electricity grids might also make 
possible the introduction of natural gas into the regional fuel mix, capitalizing upon the 
proximity of neighboring natural gas producers Mexico, Colombia, and Venezuela. 
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and operation of the interconnection, and to provide technical assistance to member 
institutions. 

In 1996, all of the Central American Presidents signed the MERCA (the Regional Electricy 
Market Treaty). The treaty has two main objectives: 

1) To establish the real conditions for developing the regional electricity market. 

2) To promote development of the infrastructure supporting the regional electrical 
interconnection. 

5.4. AN OVERVIEW OF CASE STUDIES OF CENTRAL 
AMERICAN EDCS 

This section is based on empirical data from four exploratory case studies about the 
organizational and technological status and trends of EDCs in Central America. Case 
Studies were carried out in four countries: Nicaragua, Panama, Costa Rica and El Salvador.  

The electrical utilities today—especially distribution systems—are radically changing 
because of the electricity reform taking place in Central America. All of the Central 
American utilities have already approved special laws for deregulating and privatizing the 
electricity industry, which signifies a vertical and horizontal disintegration of the utilities. In 
this context, the new private EDCs will face real market competition and will need to 
improve management, control centers and develop strategic investments in information 
technology.  

Moreover, it is important to mention that three of the six Central American countries are in 
the very advanced phase of a complete renovation of their technology in order to improve 
the efficiency and effectiveness of companies. The main IT investments were performed in 
the Energy Control Centers (Costa Rica, Honduras, and Panama) and at different levels of 
the distribution dispatch centers. During the time that case studies were developed (1998-
2000), new SCADA systems technology for the distribution companies of different 
vendors had only been installed in Panama and El Salvador. 

The other countries lacked any SCADA system at the distribution level, but were planning 
its acquisition as an urgent IT investment need. Also, most of the EDCs were considering 
new IT investments, which included geographical information systems (GIS) and its 
integration with SCADA systems to allow better control over the network. 

In a deregulated energy market, the EDCs will have to learn how to meet a more open 
market and higher demands for profitability. Greater efficiency is called for. Time and costs 
must be cut and more effective use must be made of available personnel. Cut-down 
periods in electrical distribution must be made as short as possible. Managers of EDCs 
believe that IT investments must change the way in which companies are doing business 
and the way in which they compete. IT is also seen as a fundamental means to gaining 
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strategic and competitive advantage. As a result, IT is playing an increasingly important role 
in improving performance of EDCs in a new deregulated electricity market. 

5.4.1. CASE STUDY DESCRIPTION  

A case study from a research strategy viewpoint may be defined as an empirical inquiry that 
investigates a contemporary phenomenon within its real life context that is not clearly 
evident, and in which multiple sources of evidence are used (Yin R. 1994). A substantial 
amount of time and attention was devoted to the issue of methodology because the author 
views this as the fundament on which a case study’s validity and credibility is based. 

The Main Research Objective 

The main objective of the case studies was to obtain evidence as to how EDCs formulate, 
implement, and evaluate IT investment decisions and how to link IT investment to 
organizational performance and management business decisions and strategies.  

Evidence Collected  

The Case Studies included a series of unstructured interviews, which allowed informants 
the opportunity to supply information about a wide range of issues related to information 
technology, decision-making, implementation activities, organizational performance, and 
business strategies. Information was also obtained from diverse types of documents, 
archives, and interviews with key personnel and managers involved with the processes and 
activities of interest, observations of the researcher, and interaction between technical-
operators and the researcher. The documents collected include technical papers, interim 
reports, published reports, records of the interviews, internal reports such as technical, 
financial, organizational, and strategic plans and other important documentation. 

Some of the EDCs were not prepared to submit any documentation at all. The particular 
reports for each case study and outsiders’ impressions about EDCs were prepared in order 
to use them as part of the condensed case study report. 

Choice of Participants 

Current management practices in formulatiing, implementing, and evaluating IT 
investments in the EDCs was empirically explored. The author studied 15 different electric 
organizations and control centers. The organizations chosen include private and state 
electric generation companies as well as electric distribution companies in the four already 
mentioned Central American countries. All of the personnel, managers, consultants, 
academics, practitioners, etc. with whom the author had discussions throughout the 
research were very enthusiastic and helpful. Many of them were very pleased to be involved 
in this kind of research. In addition to the case study participants, the author interviewed 
some consultants and external practitioners in order to establish their views concerning the 
general practice of IT investment in the electricity industry. 
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The findings of the case study were viewed as useful by the managers and personnel of a 
range of EDCs. Most of the people interviewed from the EDCs and ECCs in the Central 
American electric utilities took part in the validation process (Papers A and B). 

5.4.2. FINDINGS AND CONCLUSIONS 

The main findings and conclusions of the case studies in relation to IT investment 
evaluation are considered in the following sections (Papers A and B). The main problems 
faced by EDCs when they are making decisions about IT investments and how those 
problems are addressed by the proposed simulation approach are presented, and they are 
included as one of the contributions of this research. The results of the case studies 
performed in EDCs confirm that existing IT investment evaluation methods are 
unsatisfactory for identifying all available benefits or adequately quantifying and qualifying 
the outcomes of IT investment in electric utilities. 

5.4.2.1. MAIN FINDINGS FROM CASE STUDIES 

I) How EDCs define IT investment needs? 

The EDCs sometimes identified IT investments as flashes of commercial insight, and at 
other times an IT investment target was identified because of some drivers like a 
management decision, customer demand, quality of service or business modeling. It can be 
concluded that EDCs need to more systematically identify their investment needs. They 
have to identify reasons or drivers for those important decisions.  

Some of the EDCs measure the benefits of IT investments only in financial terms, but 
failing to consider hidden costs. Cost-benefit analysis (CBA), Net Present Value (NPV), 
and return on investment (ROI) were the most commonly used appraisal techniques for 
deciding upon any type of investments. It was determined that an IT strategy for future 
needs and for developing cost-effective investment in information technology was lacking. 
Also absent is an evaluation methodology for the current operational status, experiences or 
migration plans to invest in information technology.  

II) How EDCs measure the impact of IT investments on their performance? 

Most of the EDCs do conduct unstructured analyses of the impact of IT investment, and 
do measure some tangibles and quantitative benefits of the IT investment. Most of them 
are concerned that the impact of IT investment forms part of the benefits gained from the 
IT implementation. 

III) How to link IT and business strategies? 

It is clear from the case study research and business process simulation trials that it is not 
easy to formulate and implement IT investment strategies. Integrating the IT investment 
strategy into an organization’s current business strategy is not always easy.  

69  



EVALUATING IT INVESTMENTS: A BUSINESS PROCESS SIMULATION APPROACH 

It was determined that the top issues currently faced by EDC managers are benefits 
management and aligning IT with the business strategy and objectives.  

One of the main conclusions of this study is that EDC managers should decide how they 
will treat IT investment appraisal, how they want to balance the different perspectives of 
benefits, and what methods they will use. They are convinced that IT investment must not 
be isolated from the business strategy and from the continuous performance evaluation of 
the whole organization. 

IV) Which criteria are used by EDCs for evaluating IT investments? 

Most of the EDCs do not use a specific evaluation method or set of criteria but rather a 
combination of financial and unstructured methods of evaluating IT investment benefits. 
Nevertheless, some of the criteria mentioned by managers of EDCs involve benefits, such 
as new opportunities, competitive advantage, new business opportunities, etc. 

5.4.2.2. PROBLEMS OF IT INVESTMENT EVALUATION ADDRESSED BY 

THE BUSINESS PROCESS SIMULATION APPROACH (BPS) 

In this thesis we chose the following four problems as the relevant ones that can be 
addressed by business process simulation. These four problems were chosen according to 
the empirical findings of the case studies of the Central American Electric Utilities (Paper 
B). This should not imply that there are not other problems that could also be addressed by 
simulation in this field. 

Problem 1: Managers are not using existing models and methods for IT Investment 
Evaluation. 

Most of the managers from EDCs (Paper B) believe that their current project justification 
process fails to identify all tangible and intangible benefits. Most of the EDCs achieve an 
informal analysis of the impact of IT investment and sometimes the process of IT 
investment is based on gut feelings. 

Business process simulation presents managers with a structured and easy to use alternative 
for IT investment evaluation, because it is a means of experimenting with a detailed 
dynamic information workflow model of the whole organization at different levels, to 
determine how it will respond to changes in its structure, environment, information 
technology or underlying assumptions. Simulation trial allows experimentation with a 
model to better understand processes, with the goal of improving performance measures. 
As organizations try to respond quickly to changes in their markets, a validated simulation 
model is a cost-effective tool for evaluating IT investments.  
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Problem 2: Electric utilities do not identify performance measures for ongoing IT 
investment evaluation.  

Most of the EDCs studied identify IT investments as flashes of commercial insight, and 
they often fail to identify IT investment targets such as management decisions, customer 
demand, quality of service or business modeling (Paper B). 

Business process simulation provides a means for developing a cost-benefits analysis of IT 
investments, as well as for quantifying performance measures like efficiency and 
effectiveness of processes and activities. BPS can effectively address not only the 
quantification but also the qualification required for performance measures, and provides 
decision-makers with the data they need to properly evaluate IT investments. 

Problem 3: There are internal and external communication problems affecting 
decision-making about IT investment. 

IT professionals working in EDCs find that there is a gap in communication between 
themselves and the business community (both executives and end users). They do not 
speak the same language. BPS and DIWM can afford both user sets a means of 
communicating important organizational requirements, both technical and business-
oriented. BPS tools provide both an analysis of how processes are executed in the 
organization as well as a blueprint for ensuring that new initiatives are efficiently processed.  

The BPS can be used to communicate the new or re-engineered process in a dynamic and 
animated fashion. This provides a powerful means of communicating the function of 
various components to those who will use the new system or technology, helping them to 
understand how it works and how all components are related, what kind of benefits to 
expect, and how to make better decisions. 

Problem 4: Most of the proposed methods for IT investment evaluation are static  

Most of the EDCs are not using a structured evaluation methodology but sometimes they 
apply static schema to IT investment decisions. Significant value of BPS and DIWM comes 
from the dynamic analysis of processes. Because the simulation model keeps track of 
resource interdependencies and captures the random nature of processes, the process 
performance statistics are far more accurate than results obtained from a static analysis. 
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A dynamic information workflow model of an electric utility and its simulation results is 
presented in order to demonstrate application of the approach proposed in this thesis. The 
performance measure selected for running the example was efficiency, which was 
characterized by a limited number of selected performance indicators: cycle time, resource 
utilization and activity costs. The empirical data was collected from the exploratory case 
studies performed by the author, in different utilities in Central American countries. 

A business process simulation approach based on a dynamic information workflow model 
is a very practical approach. It introduces a new way of thinking, merging business and 
information technology into a single activity. Instead of managers posing problems for 
technologists to solve by creating new applications, the two groups work together to create 
business process descriptions of the organization. Dynamic models provide a solid yet 
flexible structure for which alternative business solutions can be proposed and evaluated. 
Once a project team understands the existing processes, new ways of doing business can be 
considered. 

This approach can be used to guide the information technology investment decision-
making process by identifying the organizational capabilities to be supported by the 
technology that are most crucial to the firm’s performance in a particular competitive 
environment. By utilizing the approach it is possible to view current activities and 
procedures, and describe the activities and procedures involved and the information flows 
in and out. Once the business processes are visualized, it is possible to explore alternatives 
(“what if” scenarios) that may improve performance measures.  

In the context of this research the concept of a dynamic information workflow model is 
understood as a set of activities that represent the work and information flowing through 
an organization. The way of using this concept is a fundamental shift away from the 
functional/organizational view of business to one that focuses on how work flows through 
an organization.  

Launching this approach requires that the work and information flowing through an 
organization are well defined, clearly understood and accurately documented. The work 
and information flows should be clearly related to each of the business activities. There 
should also be a clear and supportable rationale for each activity, which will then allow 
managers to consider changes that might create improvements in performance. But before 
they can be improved, current processes must be clearly and precisely defined. This is the 
primary benefit of the presented approach. It forces people to recognize that there are 
existing workflows being followed, even though they had not been previously specified or 
written down. Once this is recognized, they can work on changing the workflow process 
from an as-is state to a could-be one. 
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6.1.2. CONCEPT OF DYNAMIC INFORMATION WORKFLOW MODEL 

(DIWM) 

The process concept is defined as a collection of activities and sub-processes. An activity is 
the basic step in a model, where an operation is performed and an entity is the flow of any 
type of objects (e.g. data, information, reports, commands, technical measures, etc.) from 
process to process. The resource is defined as an agent that is required to perform an 
activity (e.g. software, computers, engineers, fuel, People, etc.) and cost could be attached 
to any activities. 

DIWM is a type of model based on Business Processes Modeling Theory (Chapters 3 and 
4), which consists of Processes, Sub-Processes and Activities that are used to analyze the 
flow of information (entities and events) over time at different levels and dimensions in an 
organization (Paper B). Therefore, DIWM shows the physical movement of people, 
materials, tools, equipment, or information by tracing their paths at different levels and 
dimensions. For enterprise personnel to perform their tasks efficiently and accurately, they 
need to exchange information with various departments within an organization and also 
with external dependencies (Paper B). DIWM allows processes, resources, products, costs, 
and services to be represented in one dynamic model. The model of an organization, when 
simulated, mimics the dynamic operations of the whole organization, while displaying an 
animated picture of the information workflow (Paper B). 

In a dynamic information workflow model, a computer simulates the flow of different 
types of information through the process. The dynamic model accounts for the random 
variations in how work is performed and the way information flows through the real world. 
Simulation offers several advantages over a simple pictorial abstraction of a business 
process (Harrington, 2000). 

• First, the analyst can correlate the data produced by the model with 
measurements taken from the real processes to gain a good degree of certainty 
that the model has adequately captured the essential features of the real process. 

• Second, the model will generate process measurements such as excess capacity or 
bottlenecks, the time it takes work items to flow through the process, and the 
percentage of time used in value adding processes versus non-value-adding 
processes. 

• Third, the model allows the analyst to estimate, in quantitative terms, the effects 
of different changes in the processes (“what-if” scenarios). 

6.2. FOUR BASIC PHASES OF THE APPROACH 

The major activities in these phases are: flowchart the process, prepare the model, conduct 
a process walk-through, perform process cost and cycle time analysis, implement quick 
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fixes, align process and procedures, collect internally published information, select internal 
comparison sites, collect internal original research information, conduct internal interviews 
and surveys, collect external published information, collect external original research 
information, perform a gap/trend analysis, and set new targets (adapted from J. 
Harrington, 2000). 

The basic phases of the proposed approach are the following: 
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department manager, the manager’s suggestions, process-related problems, and resource 
estimates are stored in the simulation model under the related box. 

Typical information that is recorded during the interview with the department manager and 
stored into the computer includes: activities, entities, resources, costs, and time duration 
for each activity. All input is modeled in a deterministic or probabilistic way and the more 
visible problems are defined (for instance: computers are too slow, too many errors in 
some operations, some jobs get misplaced so their cycle time is very long, etc.). 

Most business processes are not documented and even when they are, the procedures are 
often not followed. During the mapping phase the modeler has to draw an “as-is” picture 
of the present process, analyze compliance with the present procedures, collect cost, cycle 
time and error data, and align the day-to-day activities with the procedures. 

In order to illustrate Phase I by example, some general details of the EDC’s modeling 
process were introduced. EDCs are considered complex enterprises characterized by a 
diversity of processes and sub-processes, where hardware, software and human factors are 
involved. A typical EDC must be viewed as an integrated network of Information 
Workflows (a collection of coherent sequences of interactions) of entities (flow objects or 
transactions), with rich interdependence between the individual units.  

The general structure of the EDC’s model consists of nine Core processes; each of these 
processes consists of sub-process and activities. It has been adapted according to the 
definitions of processes, activities, resources and entities in the selected Simulation tool 
Simprocess II.5. The result is a model with embedded processes, where each process 
contains a set of sub-processes and activities. The EDC’s DIWM consists of different 
embedded levels. The first level indicates the EDC with its nine Core Processes and their 
relationships. The Core Processes in the DIWM are: Distribution Dispatch; Control 
Center; Distribution and Transmission Maintenance; Operation; Sub-stations; Distribution 
Liners; and Primary and Secondary Distribution Systems. Activities, information workflow 
entities, inputs, outputs, time properties, resources and costs, and other attributes and 
details were defined for each of these processes (Figure 22). 

The EDC model was created “AS-IS,” which reflects the current state of the operation and 
functionality of a typical EDC. Through running simulation essays of the AS-IS model, it is 
possible to modify and improve it in order to arrive at a “TO-BE” model (Chapter 4). At 
the end of the mapping process, all of the departments involved in the process under study 
have been identified in the simulation model and all of the process’s major input and 
output have been defined. 

Step 2. Defining Activities and Workflows of Entities 

A process consists of sub-processes and activities. Hierarchical process modeling provides 
top-down and bottom-up approaches for grouping activities into sub-processes and major 
processes. Resource contention is one of the primary sources for queuing. Transactions are 
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used for modeling products or services. They are induced into the model with a 
GENERATE activity and removed with a DISPOSE activity (Chapter 4). 

Activities are linked with connectors to model the flow of information and works. In order 
to create a realistic process simulation model, the dynamic behavior of activities must be 
modeled. Activity modeling objects such as BRANCH, SPLIT, JOIN and ASSEMBLE 
facilitate the modeling of such behaviors. Advanced modeling functions combined with 
programming capabilities provide the power and flexibility to accurately model the dynamic 
behavior of real-world processes (Chapter 4). 

Figure 22: General Design of a DIWM for a typical EDC 

In the model implemented in Simprocess, at the lowest level of each hierarchical process 
object are two or more activities that describe the behavior of that process. The entities 
that will be moving through the model are created with GENERATE activities. All 
definitions of processes, activities, resources and costs are based on the Simprocess tool in 
the rest of this chapter. For Simprocess references see Chapter 4 of this thesis.  

After all activities in a process are defined, the activity’s properties (name, icon, entity, 
interval, time unit, resource, schedule, etc.) also need to be defined. The schedules could be 
periodic, cyclical or defined by calendar; the interval could be deterministic or probabilistic. 
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The following set of activities is used in the current model (Simprocess User’s Manual, 
1998):  

• Generate activities: Generate the arrival of entities into the model or process. Can 
include values for arrivals times, quantities, frequencies and occurrences. 

• Dispose activities: Dispose of the entities when they are finished with processing. 

• Delay activities: Represents the time consumed or an entity’s waiting time to be 
executed or transformed. 

• Transform activity: An activity that converts an incoming entity into another 
entity. 

• Branch activities: For defining alternative routings for flow objects or entities. 
Can be arranged on the basis of a probability or a condition. 

• Merge activity: Provides a mechanism for merging a number of connectors into a 
single connector. 

• Get resource: Provides a mechanism for capturing resources that may be used for 
a number of downstream activities or entities. 

• Free resources: Provides the mechanism for releasing resources that were 
captured by a Get Resource activity. (Chapter 4) 

• Entity generation may be modeled using four types of techniques: 

• Periodic arrivals: Invoices arriving in an accounts payables department; checks 
arriving in a check-processing department. 

• Cyclical arrivals:  Phone calls arriving at a call center; orders arriving in a 
production department. 

• Calendar-based or scheduled arrivals: Scheduled production jobs arriving at a 
machine; scheduled orders arriving for production. 

• State-dependent or conditional arrivals: These conditions might involve inventory 
levels. 

• The final task for completing the information workflow is to define the Dispose 
Activity, which only has an input pad. 

At this point, processes, activities, and the workflow of entities were defined. Now the 
model is ready for defining resources and where they are required to perform work. 
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Step 3. Defining Resources and Costs 

The resources are defined after the workflow definition is completed. The primary reason 
for modeling resources is to study their effect on the queuing time element of the total 
process time. Human resources are typically defined in terms of full-time equivalents 
(FTEs). Other resources may be defined in terms of capacity or number of units. An FTE 
may be an individual resource as well as part of a work group of resources that may be 
required to perform a specific activity, a department, or a group of resources that share the 
same job function. A resource may belong to multiple work groups. Full time equivalent 
(FTE): the number of hours that an individual would work in a given time period (without 
overtime), typically 1,920 hours/year or 40.0 hours/week. For example, activity A 
consumes 200 hours/week, which equates to 5 FTEs (200 hours = 40 hours). 

Another important attribute of a resource is its cost. Activity-based costing (ABC) is an 
ideal source for obtaining cost information. An activity-based process costing study can 
provide a resource-costing rate, which can be used in a process simulation model. If 
headcount in each of the activities is known, then the resource-costing rate is a pretty 
accurate measure of the annual cost for an FTE. This approach works well for long-range 
simulations with a planning horizon of months or years. 

For modeling resources in short-range simulations, it’s more meaningful to define hourly 
rates. For consumable resources such as money, computer facilities, and fuel, the most 
important element of cost is the usage cost per resource unit. Resources generally have 
scheduled off times, such as shifts, breaks or holidays during which they are unavailable to 
perform activities. Resources also experience random interruptions, such as absenteeism or 
equipment failures. Because the unavailability of a resource causes queuing, modeling 
resource schedules and interruptions is essential to developing a realistic process simulation 
model. 

For a practical example, the resources, their capacity (units available), hourly labor costs, 
and fixed costs must be defined. Then they will be assigned to the appropriate activities. 
The resource properties are name, units, and costs (hourly cost per unit, fixed costs, and 
period of time). During the simulation, the model will calculate the activity costs based on 
the actual usage of the resources. When we are done assigning the resources to their 
corresponding activities, we are ready to simulate the model. But before that, we have to 
validate the model. 

Enterprises use resources to conduct activities. Resources perform activities to benefit 
products and services. The key to understanding cost dynamics in any enterprise is 
modeling the relationship between activities and their causes and the relationship between 
activities and costs. If cost dynamics are not modeled (which is usually the case with 
traditional management accounting information systems), the performance information 
provided is incomplete or misleading. ABC process simulation embodies the concept that a 
business is a series of interrelated processes, and that these processes consist of activities 
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that convert inputs into outputs. The building blocks of process simulation—namely 
processes, resources and entities (product or services)—provide a nice bridge between 
process mapping, discrete-event simulation and ABC. 

The goal of Activity Based Costing (ABC) is to model the causal relationships among 
resources, activities, and entities in assigning overhead costs. “The fundamental belief 
behind this costing approach is that cost is caused and that causes of cost can be 
managed.” (Simprocess User’s Manual, 1998)  

6.2.2. PHASE II. VALIDATING THE MODEL  

The validation of the simulation model involves comparing the model’s output with the 
actual process measurements and outputs. Typical measurements that could be compared 
are: input quantities and variation, cycle time, percent of items flowing through each path, 
processing time, supplier lead times, personnel utilization, equipment utilization, critical 
paths, output variation and backlogs as specific activities (Harrington, 2000). 

We confirmed that the use of an integral tool for mapping the operation of the EDCs is 
very welcomed by the people involved with them, especially when the model and the 
simulation are animated and hierarchically presented (Paper B). The main reason for such 
acceptance is that the current model is attending the workflow operation of the EDC “As 
Is” and no theoretical relationship is presented. The model was accepted as valid to the 
same degree that the entities of each interviewed person were seen in action inside of 
his/her process.  

The users can check the topology of the information workflow and then run a discrete 
event simulation to evaluate performance measures such as resource utilization or 
bottlenecks at any level of the processes. 

6.2.3. PHASE III. SIMULATING THE MODEL 

The basic steps for simulating the model are the following: 
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The Simulation approach presented in this section is mainly discrete-event simulation 
(Chapter 4), in which the state of the model changes only at discrete (possibly random set 
of points) event times. Transactions (or entities) in discrete-event simulation flow from one 
point to another point (in time) while competing with each other for the use of scarce 
resources. Discrete-event simulation allows the definition of random behavior with 
probability distributions and expressions. DEVS models produce output that is random 
and therefore is only an estimate of the true behavior of the model. Multiple replications 
must be made and the composite average results must be obtained to obtain an estimate of 
the expected performance measures (Chapter 4). 

Process simulation allows for experimenting with a model to better understand processes 
(operations, functions, use of the resources, costs, etc.) with the goal of improving 
performance, solving bottlenecks and evaluating efficiency performance indicators. 

Step 1. Defining Run Settings 

Before running the simulation, the length of the simulation process needs to be specified. 
Then start and end dates need to be defined, and the model will be simulated for this 
period of time and report statistics over that time (Chapter 4). For example, the start of a 
simulation run is referred to as the Start Experiment event. The Start Trial event marks the 
beginning of a single trial within a simulation. 

 

Some events can occur many times during a simulation. The Start Trial and End Trial 
events occur once during each trial of a multi-trial simulation. If the simulation contains 
only a single trial, these events occur just once. The Start Simulation and End Simulation 
events occur once during each replication of a multi-replication simulation. Otherwise, the 
Start Simulation event occurs just once at the beginning of the first replication. The End 
Simulation event occurs at the end of the last replication. Simprocess provides Design of 
Experiments (DOE) functionality.  
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All that needs to be defined are the factors and levels for the model elements, the 
performance measures of interest, and the number of replications. 

Step 2. Running Simulation  

When the simulation starts running, Simprocess provides an animated picture of the 
workflow of entities. Animation is an extremely powerful tool for verifying the model and 
visualizing processes, sub-processes, activities and entities in motion at different embedded 
levels. Once an experiment has been run and the statistical output obtained for the 
performance measures of interest, the analyst is ready to analyze the data and draw 
conclusions to achieve the simulation objectives. 

As the process is simulated, Simprocess continuously updates the counters above the 
processes and activities. At the top level of the model is the animation of the several 
hierarchical processes. It is possible to display real-time graphs of cycle times, counts, and 
the number of orders waiting in queue. Once the simulation is complete, the analysis of the 
output reports could be performed. 

To conduct an experiment with a process simulation model, it must be run once. That’s 
one replication. The outcome of a replication represents a single sample and is not 
sufficient to draw conclusions about the population. To obtain a sample size N it is 
necessary to run N replications of that experiment. The purpose of running a simulation is 
to obtain a sufficient number of samples (observations) so that the model output of a 
performance measure such as cycle time or waiting time can be correctly interpreted. In 
order to obtain valid and useful inferences about the population, you need to gather a large 
enough sample size while keeping the time and cost of gathering the sample at a minimum.  

Obtaining useful output from the process simulation will depend upon the design of the 
simulation runs. This means deciding how long to run the simulation (one day, one week, 
or one year) and how many times to replicate the simulation. To obtain useful output and 
make meaningful recommendations, it is recommended that a number of independent, 
short replications be run, or that a single replication with a very long run be carried out.  

Random numbers are the nuts and bolts of simulation. One of the most valuable 
characteristics of process simulation is to reproduce and randomize the replication of a 
model. This is accomplished by using a random number generator. Most process 
simulation tools use proven random number generators that generate a sequence of 
random variables that are assumed to be independent of each other. These random 
numbers are then used to simulate random variables from different probability 
distributions (Law&Kelton, 2000). 

Step 3. Analyzing Performance Measures 

After the simulation is run, the performance measures of different processes can be 
analyzed. In this chapter the performance measure of interest is efficiency and the main 
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performance indicators for efficiency evaluation are cycle time and processing time, 
resource utilization, activity costs, wait time and queue length. 

Simprocess will automatically provide statistics on these performance indicators. However, 
some performance measurements need to be customized. For example, service level is a 
customized performance measure because its definition varies by industry or by 
organization. Measurement of service level for a call center is different than measurement 
of service level for a supply chain. As described in the previous chapter, only the powerful 
process simulation tools provide the flexibility to define customized performance 
measurement, collect statistics automatically and provide output analysis with customized 
performance measures. 

One of the most valuable outputs of process simulation is automatic tracking and 
calculation of cycle time. Every time a transaction enters the model through a generate 
activity, the model logs in the entry time. When that transaction exits the model through a 
dispose activity, the mode logs in the exit time. The difference between the exit time and 
the entry time is the calculated cycle time for that instance of that transaction type. Armed 
with these data, a process simulation provides valuable statistics for average, standard 
deviation, and minimum and maximum cycle time measurement. 

Defining Performance Indicators to Measure Efficiency 

Metric, Measure and Performance Indicator: These three terms are often used 
interchangeably in the developing field of performance management. Those who 
distinguish among them say that “metric” is the unit of measure, “measure” means a 
specific observation characterizing performance, and “performance indicator” is a 
specifically defined variable (Frost, 2000). The preferable approach is to start with a few 
performance indicators.  

What is efficiency?  

In the simplest of terms, efficiency is the elimination of waste—waste of money, waste of 
people, and waste of time. It is subordinate to effectiveness. Efficiency is about doing 
things right and effectiveness is about doing the right things. Efficiency is relative and not 
absolute. Efficiency is for the benefit of the process owner whereas effectiveness is for the 
benefit of the customer. Increasing efficiency can be achieved only through process 
improvement. Then it is possible to increase efficiency typically through reduced activity 
costs, reduced resource utilization, and reduced cycle time. Process efficiency is the output 
per unit of input. It is a measure of how many resources the process uses to provide the 
output.  

There are numerous ways of measuring efficiency and only five of its performance 
indicators are considered in this chapter: cycle time, activity costs, resource utilization, wait 
time and queue length. The selected performance indicators for the evaluation of efficiency 
are defined as follows (Harrington, 2000): 
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a) Cycle Time 

Understanding how time affects the efficiency of processes avoids waste and converts time 
into a competitive advantage. Although cycle time is considered an efficiency measurement, 
it has a big impact on customers because it affects delivery and cost. 

Cycle time is the total time a transaction (or entity) spends traversing a process. This means 
cycle time includes the time spent moving documents, waiting, storing, reviewing and 
reworking, value-added process time, waiting time for resources and waiting time for 
conditions. Cycle time is the time that elapses between when input enters a process or 
activity and when it is delivered to the next activity or process. 

Reducing total cycle time is a key issue in almost all critical business processes. Reducing 
total cycle time frees resources, reduces cost and improves the quality of the output; it can 
even increase sales. For example, if you cut product development cycle time, you will 
probably gain market share because you get your product to your potential customer 
earlier. If you reduce production cycle time, you can reduce inventory. If you reduce billing 
time, you will definitely improve cash flow. Cycle time can make the difference between 
success and failure. 

Cycle time is composed of two components: processing time (PT) and non-processing time 
(NPT). PT includes activities that transform inputs into outputs. NPT includes steps such 
as waiting and storing, and these steps are generally classified as non-value-added. 

Furthermore, improvement efforts for reducing cycle times are facilitated when the 
processing component is divided into three categories: real value-added (RVA), business 
value-added (BVA), and non-value-added (NVA). The length of time consumed by a 
process in each category represents cycle time measures.  

RVA: Includes essential processes that transform inputs into outputs that are necessary to 
meet customers’ requirements and have perceived value to the customer. Examples 
include: product development, materials procurement, design, fabrication, assembly, and 
finishing, packaging, delivery and after-sales service. 

BVA: Includes processes that are installed by management and deemed necessary to 
support, control and monitor internal business functions but have little or no perceived 
value to the customer. Examples include: scheduling, invoicing, marketing, career planning, 
filing, selling, recruiting, auditing and record keeping. 

NVA: Includes nonessential processes that contribute to neither customer satisfaction nor 
improved business operations. NVA activities increase cycle time and add costs rather than 
value. In addition to nonessential processes, the component of non-processing time fits within 
this category. Examples of NVA time include: redundant inspections, filling in forms, 
rework, excessive transit, waiting and storage. 
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Once the categories of time have been assigned and measured for each step in a process, 
an overall (Tn) efficiency can be calculated. One method for measuring cycle-time 
efficiency is a ratio: 

Tn  = RVA/T, 

Where Tn = cycle-time efficiency; RVA = real value-added time; T = RVA + BVA + NVA 
or total cycle time. 

Eliminating all activities except for those that add real value increases the cycle-time 
efficiency to unit (1.0, i.e. 100 percent). Further improvements in cycle time are gained 
through streamlining the remaining essential tasks. The following guidelines are useful to 
address each category: Eliminate all non-value-added activities; Minimize business value-
added activities; and Streamline (to improve efficiency) the real value-added activities. 

Stalk and Hout (1990) identify four benefits of compressing time in addition to the 
moneymaking advantage of being first to market: 1) Increased productivity: As time in the 
process decreases, output per unit of time increases, thereby improving productivity; 2) 
Price premiums: Customers perceive products and services provided in less time as more 
valuable; 3) Reduced risk: By producing products and services faster, firms can rely on 
shorter forecasts, which are likely to be more accurate than longer-range forecasts; 4) 
Increased market share: Consumers tend to have more confidence in responsive suppliers 
and tend to reward them with their business. 

Many firms have pursued cycle time reduction because it is relatively easy for employees to 
recognize wasted time and because it offers a beneficial side effect: reduced costs. 
Corporations pursing cycle-time reduction on a large scale include Texas Instruments (has 
a 2X Program to reduce current cycle times) and Xerox (has a Delta T Program). 

b) Wait Time 

This is perhaps one of the most valuable performance measurements provided by process 
simulation. When designing a process or improving a process, reducing wait time should be 
given the utmost priority because it always reduces total cycle time and increases customer 
satisfaction. Wait time can be attributed to understaffing, unreliable equipment or large 
fluctuations in demand. In any case, analysis of the wait time measurements can pinpoint 
the causes and evaluate alternative ways to minimize wait time. 

A process simulation model keeps track of how long each transaction waited in each queue 
in the model. Then, it provides minimum, maximum, average, and standard deviation 
statistics for each activity with a queue. Queue is the status of a transaction when it has 
completed one activity and cannot continue because the next activity cannot start 
processing it for some reason (e.g., all the resources are busy, all the parts are not ready to 
be assembled, or the equipment is being prepared). 
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c) Queue Length 

This measurement is also a very useful performance indicator because it helps to identify 
the location of bottlenecked resources in the process. For production processes, queue 
length represents inventory levels. For a service process, queue length represents customers 
waiting for service. 

Every time a transaction is queued up for processing, its queue length statistic is 
incremented and that time is marked. When that transaction is removed from the queue for 
processing the queue statistic is decreased and that time is also marked. Upon completion 
of the simulation the model produces minimum, maximum, average and standard deviation 
statistics for queue length measurement based on the technique described for time-
weighted statistics. 

d) Activity Costs 

Cost is another important aspect of the process. Most organizations divide their financial 
information by department. Consequently, it is often impossible to determine the cost of 
the whole process. The cost of a process, like cycle time, provides tremendous insights into 
process problems and inefficiencies.  

During the simulation, the model automatically keeps track of the time each transaction 
spends in an activity and the time each resource is assigned to that activity. Activity cost 
calculations provide a realistic way for measuring and analyzing the costs of activities.  

The Process Simulation Approach allows the detailed breakdown of activity costs by 
resource or transaction type in addition to providing aggregated process costs. 

e) Resource Utilization 

Resources are the agents that are required to perform an activity. The performance of a 
process is usually constrained by the limited availability of resources or by resource 
interdependencies, which result in queuing for transactions. Process simulation allows you 
to model capacity, cost, schedule and allocation for resources. During the simulation, the 
model automatically keeps track of the utilization of resources, the queuing delays and the 
costs incurred by activities and transactions using the resources. 

Resource utilization statistics are time-persistent statistics. During a simulation, resources 
change states from busy to idle, from unavailable to reserved. Resource utilization defines 
the percentage of time that a resource spends in each state. The availability and assignment 
of resources dictate the allocation of resources to activities in a model. So, the resource 
utilization results provide useful statistics in measuring and analyzing under utilization or 
over utilization of resources. 

The resource in a process simulation model is defined in terms of the number of available 
units; usage costs, set up costs and fixed costs. Typical examples of resources are: 
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customers, engineers, supervisors, departments, equipments, information systems, money, 
materials, etc.  

Step 4. The “What-If” Scenario Analysis 

A very important aspect of the process simulation approach is Scenario Analysis. This is 
what allows the assessment of What-If scenarios. Simprocess provides functionality for 
comparing metrics from multiple scenarios in a statistically sound way. Scenario analysis is 
a statistical analysis of model output for a given performance measure under different sets 
of input data. A simple dynamic process model contains a very large number of possible 
situations when it is executed. Experiments are designed to determine the effects of 
changing the input configuration on one or more output statistics. A scenario is a 
specification of the input configuration, i.e. the input values used for a single simulation 
run. Scenarios can be created one at a time or en masse. 

Scenario analysis is a technique that has proved consistently effective for dealing with 
strategic uncertainty in numerous companies in diverse industries. Rather than determining 
a single correct view of the future and the implicit strategic response, scenario planning 
embraces uncertainty and devises a range of views of an uncertain future. Preparing for 
each scenario in a timely, cost-effective manner and developing the appropriate strategy, 
procedures and infrastructure provide the necessary link between scenario planning, 
business reengineering, and Information Systems Investment Evaluation. 

The interactions of resources with processes, products and services over time result in a 
large number of scenarios and outcomes that are impossible to comprehend and evaluate 
without the simulation technique. Although flowcharts and spreadsheets are adequate in 
answering “What” questions, they are inadequate for answering “How,” “When,” and 
“What If” questions. The simulation would then be used as a tool in scenario planning 
sessions during which the decision makers in conjunction with an expert on the simulation 
system would experiment with alternative future scenarios and obtain the measurements of 
the impact of proposed changes (Harrington, 2000). 

Based on the analysis, for example, of the cycle-time and resource-utilization reports, it is 
possible to determine the bottleneck activities, the capacity of the resources, costs, etc. So, 
changing parameters in the model to see how it affects performance for measuring 
efficiency can test a what-if scenario. It is very simple to change the number of resources 
or costs. Then the simulation can be run again, the new model saved, reports generated, 
and statistics compared. Then it is possible to compare results and see the potential process 
improvements and the costs associated with the what-if scenario. For example, adding one 
more resource could imply reducing cycle time by 10% and reducing waiting time by 15%. 

After the simulation run has completed, it can be displayed in the Standard Report to view 
output statistics for the model. In the Report Replications list, (if the model ran for 
multiple replications) either individual Replications, the Average of All Replications run or 
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the Sum of All Replications run can be selected as performance measures. Typically, it is 
interesting to look at the Average of All Replications report.  

6.2.4. PHASE IV. ANALYZING STATISTICAL RESULTS 

Some of the statistics generated by process simulation are time-independent while others 
are time-dependent. Time-independent statistics are observation-based statistics that arise 
from independent observations. For a time-independent statistic, the model collects data 
on the sum of each observed piece of data, the sum of each piece of data squared, the 
number of observations and the maximum value observed. Time-dependent statistics are 
sensitive to changes over time. The mean and standard deviation can be calculated for 
these types of statistics. Cycle time or transaction count statistics are examples of time-
dependent statistics. 

For example, if the simulation were collecting time-independent statistics for cycle time, 
the values in the output report would include: total cycle time for all transactions 
processed, total number of all transactions processed and the maximum cycle time 
observed.  

The mean and standard deviation for time-dependent statistics cannot be calculated in the 
same way as time-independent statistics. The mean and standard deviation must be based 
on time-dependent statistics in a waiting line. For example, if a queue (a waiting line) has 10 
customers in it for 20 minutes and one customer for one minute, the average number of 
customers would be 5.5 or (10+1)/2 if we were using time-independent statistical 
calculations. This could be interpreted an average of 5.5 customers in the queue over a 21 
minute period. However, this would not be accurate. The time-dependent statistic would 
be calculated as follows: [(time 10 customers waiting in queue / total simulation time)*10 
customers]+[(time 1 customer spent in queue / total simulation time)* 1 customer]. 

[(20/21)*10]+[(1/21)*1] = 9.57 

This would be the accurate time-dependent mean for the number of customers in the 
waiting line over the 21-minute period. 

Standard reports include basic statistics on entity counts and cycle times. Activity-based 
costing reports include activity, entity, and resource cost statistics.  

Entity-Count and Cycle-Time Reports 

From this type of statistical report it is possible to obtain, for example, the following 
numerical results: 527 entities were generated over the 48-hour simulation period. Of that 
total, 500 were processed and shipped; 27 were still in process at the end of the simulation 
period. The cycle-time statistics are reported in terms of hours. For example, on average, it 
took about 59.22 minutes to process an entity, even though the average cycle-time was 
approximately one hour. 
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Resource-Utilization Reports 

The resource state reports indicate the percentage of the time that staff were busy. To 
illustrate by a numerical example, it is possible to obtain the following statistics: resource 
#1 was busy 92.43% of the time. This means that “entity A” waited in queue for service. 
Resources #2 and #3 were used 75.77% and 80.91% of the time, respectively. This means 
that staffing of these positions was adequate. The utilization of resource #4 was 50%, 
meaning that this resource is available to perform administrative tasks. 

The same analysis could be developed on the basis of Activity, Entity, and Resource Cost 
Reports: capacity-based costing and absorption-based costing calculation, and resource and 
activity cost evaluation. 

During a simulation presented in this chapter, statistical reports were generated about the 
Activities, Entities, Costs, and Resources of a typical EDC. The generated statistics can be 
used to determine where any of the processes need to be improved and what changes are 
necessary for evaluating different management policies or a set of possible alternatives. 

6.3. APPLYING THE SIMULATION APPROACH 

The application of the simulation approach presented in this chapter is based on empirical 
data obtained from four case studies, carried out in four Central American countries: 
Nicaragua, Panama, Costa Rica and El Salvador. A Dynamic Information Workflow Model 
(DIWM) was developed for a typical electric distribution company (EDC). All steps needed 
for building the DIWM as well as for simulating it are posed in practice in this section. This 
application constitutes the practical and empirical contribution of this thesis.  

The process simulation model and the performed essays intend to show readers of this 
thesis and researchers working in the field of IT investment evaluation methods how to 
apply the simulation approach for evaluating efficiency of core processes in an 
organization. Efficiency was selected as a concrete performance measure in this example 
and some relevant performance indicators were defined and estimated statistically: cycle 
time, activity costs, resource usage, wait time, and queue length. 

6.3.1. PHASE I. HOW TO BUILD THE DIWM OF THE EDC 

For building the general DIWM of a typical EDC, nine core processes were identified (Fig. 
22) for describing the information workflow of the whole organization. Simulation essays 
were run for the whole model and general statistics were generated using Simprocess II.5 
software. In order to simplify the explanation of the example, the author will consider only 
part of the general DIWM and partial analysis of some of the sub-processes, activities, flow 
of entities, resources and costs. 

The three core processes considered in this example are: Substations (SE), Regional 
Distribution Dispatch (DRD), and National Control Center (DNC).  
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The following figures show the block-diagrams and information workflows as a set of 
inputs and outputs from process to process. The procedures for disconnecting circuits in 
SEs are considered the key event for simulation purposes. Many other processes were 
identified during the phase of developing the DIWM of the EDCs.  These included 
secondary processes, sub-processes, human and IT resources, and entities, for instance: 
substation (SE), national control center (DNC), regional distribution dispatch (DRD), 
distribution system (DS), transmission system (ST), SE operator (OSE), DD manager 
(JDD), DNC manager (JDNC), operational security (SO/M), national interconnected 
system (SIN), distribution networks operator (ORD), distribution networks (RD), 
transmission lines (LT), substation equipment (ESE), regional distribution dispatch (DRD), 
generators (PG), substation operator (OSE), SE manager (JSE), maintenance manager in 
distribution area (RMAD), maintenance manager in transmission area (RMAT), 
communication system (radio, telephone, e-mail, others) (SC), transport systems (ST), 
information systems (hardware, software, data bases, networks, etc) (SI), electrical 
equipment (EE), scada system (SCADA), electrical network (RE) and geographical 
information system (GIS). 

Important events also were defined for the general DIWM: ES: disconnecting equipment 
in a SE; FE: lack of energy in a SE; DC: disconnection of a specific distribution circuit; PC: 
checking distribution circuits; ST: disconnecting a transmission line; TP: disconnection of a 
distribution transformer; and CO: communicating lack of energy. 

Step 1. Mapping for SE-DRD-DNC processes 

Since the procedure of mapping was already explained in theory in section 6.2.1, the 
practical step 1 will show only the concrete figures or maps for the two selected core 
processes. Each connector in the maps represents a concrete entity flowing from one 
process to another. In the next steps details about this map will be explained. 

 Flow of Entities to DNC

DNC 
DRD

Flow of Entities to DRD 

 

 

 

 

 

 

 

Figure 24: Two core processes of DIWM: SE-DRD-DNC 
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Step 2. Defining Activities and Workflows of Entities for SE-DRD-DNC processes 

First the “generate activity” is defined, which activates the arrival of entities or jobs related 
to the action of the disconnecting circuit in a SE in the top level process model that is 
called “information workflow SE-DRD-DNC” (Figures 24 and 25).  

 

 

 

 

 

Three sub-processes were defined: Disconnecting Circuit (DC), Coordination SE-DRD-
DNC (CSDD), and Operations SE-DRD-DNC (OSDD). 

Then two “dispose activities” are defined, which conclude in two different situations 
(reconnect or don’t connect circuit) for generated flow of entities. The remaining activities 
defined for the processes and sub-processes were the following five: Collecting Data (delay 
activity), Turn Off Breakers (delay activity), Duplicate Data, Transforming Entities, and 
Branch Activity. The units of time were defined in hours.  

C 
 Figure 26: Flow of Entities SE-DRD-DN
 Figure 25: Model of SE-DRD-DNC
For the general DIWM 72 different types of entities were defined and they were grouped 
as follows: Inf: Reports; Acc: Actions; Aut: Authorization; Con: Confirmation; Sol: 
Request; Pla: Plan; Apr: Approval; Ins: Instructions; Ord: Command; Avi: Announce. 

Only 9 entities are used for this example and they flow among the three defined core 
processes (SE, DRD, and DNC): Inf5-SE-DRD; Inf1-DNC-DRD; Inf6-SE-DRD; Inf2-
DRD-DNC; Pla1-DRD-DNC-DRD; Ord1-DNC-DRD; Ord3-DRD-SE; Ins2-DRD-
DNC; Con1-DNC-DRD. (Figures 25 and 26) 
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The entities are defined in the EDC’s DIWM using the following syntaxes: Type of Entity 
– Start – End, Type of Event.  For instance: 

Example of an Entity: Inf1-SE-DRD, FE1 

Inf1 : The first report 

SE : The starting point is Substation 

DRD : The end point is DRD 

FE1 : The event is about lack of energy and the number indicates the chapter 
of the formal document (rules, normative, procedures, etc). 

Inf1-SE-DRD, FE1: The content of this entity consists of: data related to alarms, signals of 
interrupters and breakers in the SE. The associated event is lack of energy in the SE. 
Resources used by the entity were: OSE, JDD, SC, and SCADA. 

s
Figure 27: Process of Disconnecting Circuit
The reader can only find the complete list of all entities defined for an EDC in the general 
model DIWM, where the following is documented for each entity: what kind of 
information it contains, under what conditions it is generated, what resources it uses and its 
associated costs. The special internal report of the simulation model is not included in this 
thesis because the author found it’s contents too detailed. The activities used in the 
example were defined in the following manner: the Generate activities were defined with a 
Trigonometric Distribution and as a periodic activity; the Delays activities were defined 
both as a Beta Distribution and as a Deterministic Value; and the Branch and 
Transformation activities were defined as an Exponential Distribution and periodic. 

Step 3. Defining Resources for SE-DRD-DNC processes 

After the definition of the all processes, sub-processes, activities and workflow of entities, 
resources can be defined. In the theoretical section (6.2.1), Step 3—how to define 
resources—was indicated. For the general model DIWM, 27 resources were defined and 
grouped, including human, IT, and other types of resources. Get Resource activity provides 
a mechanism for capturing resources that may be used for a number of downstream 
activities or entities. Free Resource provides the mechanism for releasing resources that 
were captured by a get resource activity (Chapter 4). Specific attribute costs were attached 
to all defined resources that provide a resource-costing rate in hours to be used in a process 
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simulation model. For consumable resources such as communication systems, Scada 
systems, computer facilities, and fuel, the most important element of cost is the usage cost 
per resource unit. 

For the specific purpose of this example the following resources were defined. Human 
resources were defined in terms of full-time equivalents: SE operator (OSE), DRD 
manager (JDD), DNC manager (JDNC), distribution network operator (ORD), SE 
manager (JSE), maintenance manager in distribution area (RMAD). IT Resources were 
defined in terms of capacity and number of units: communication systems (radio, 
telephone) (SC), and scada system. Other resources were defined in terms of capacity and 
number of units: transport systems (ST). For illustration purposes, Table 2 details the 
activity times and resource requirements and Table 3 outlines staffing and costs. 

Activities Time (hours) Resources 

Delay Collecting Data Exp (0.5) OSE, JSE, 

Delay Turn Off Breakers Exp (24) OSE, JSE, ORD 

Duplication of Data 1.0 JSE, JDD, SC, Scada 

Transforming Entities 3.0 JDNC, JDD, JSE, SC, Scada 

Branch Activity Bet (1.5,5.0,48,12) JDD, JDNC, SC, Scada, ST 

Table 2. Activity Times and Resource Requirements 

Resources Capacity Hourly Rate (day) Fixed Costs (quarterly) 

OSE/ORD 2/1 12 8,000 

JSE 2 12 10,000 

JDD/JDNC 5/4 8 15,000 

SC 1 24 Variable Costs 

SCADA 1 24 Variable Costs 

ST 1 24 Variable Costs 

Table 3. Staffing and Resource Costs 

In this example the resources were defined and assigned to the appropriate activities. The 
resource properties are name, units, and costs (hourly cost per unit, fixed costs, and period 
of time). During the simulation process, the activity costs can be calculated on the basis of 
the actual usage and availability of the resources. The building blocks of process simulation, 
namely processes, resources, and entities, provide a nice bridge between process mapping, 
discrete-event simulation and activity based costing. Now Phase II will validate the DIWM. 
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6.3.2. PHASE II. HOW TO VALIDATE THE MODEL 

This research work confirmed that the use of an integral tool for mapping the operation of 
the EDCs is very welcomed by the people involved with them, especially when the model 
and the simulation are animated and hierarchically presented (Chapters 4 and 5). The main 
reason for such acceptance is that the current model is attending the workflow operation of 
the EDC “As Is” and no theoretical relationship is presented. The model was accepted as 
valid to the same degree that the entities of each interviewed person were seen in action 
inside of his/her process.  

The users can check the topology of the information workflow and then run a discrete 
event simulation to evaluate performance measures such as cycle times, resource utilization 
or bottlenecks at any level of the processes. 

From the case studies it was noticed that when a non-integral view of an organization is 
presented, the technological, organizational and administrative processes often stress the 
performance and accuracy of an individual process. This implies the assumption of 
independence, that these processes contribute separately to throughput and that the 
contributions can be measured separately. This kind of evaluation is possible only in a 
simulation model. 

The acceptance and conclusions coming from the proposed (DIWM) and simulation essays 
are used for defining, in an iterative and dynamic way, a more valid and credible model of 
EDCs. The professionals involved in the EDC operation were the main sources validating 
the theoretical model and the practical results. 

6.3.3. PHASE III. HOW TO SIMULATE THE MODEL 

The main purpose of this section is to present the basic practicalities of setting up and 
running the DIWM for an EDC. The Simprocess II.5 simulation tool was used (Chapter 
4). 

Step 1. Defining the Run Settings  

First the experiment has to be designed and then the total simulation time should be 
defined (one year in this example), and multi-replication simulation (three in this example) 
was run (Simprocess User’s Manual, 1998). 

Step 2. Running Simulation  

Simprocess presents an animated picture of the information workflows for visualizing 
processes, activities, and entities in motion for different embedded levels. The simulation 
program continuously updates the counters above the processes and activities and it is 
possible to visualize the flow of entities through processes or activities. Once the 
simulation is completed it is possible to display different types of reports, for instance real-
time graphs of cycle times, status of resources, number of activities and entities, etc. 

95  



EVALUATING IT INVESTMENTS: A BUSINESS PROCESS SIMULATION APPROACH 

Figure 28: Simprocess professional interface 

Step 3. How to Measure Efficiency using Simprocess 

The performance measure of interest in this case is efficiency of processes and the selected 
metrics for analyzing the “what-if” scenarios and for presenting statistical results in this 
example are cycle time of processes and resource utilization. 

The performance of the simulated processes is usually constrained by the limited 
availability of different types of resources or by resource interdependencies, which result in 
queuing for transactions. During the simulation, the model automatically keeps track of the 
utilization of all types of resources, the queuing delays, and the costs incurred by activities 
and transactions using the resources. During the process, simulation resources change 
states from busy to idle, and from unavailable to reserved. So, the resource utilization 
results provide useful statistics for measuring and analyzing under utilization or over 
utilization of resources. This dynamism of resources can only be analyzed through the 
statistical reports presented in Phase IV of this chapter. 

Once the categories of time have been assigned and measured for each step in a process, it 
is possible to measure the cycle-time efficiency ratio as: Tn = RVA/T, where Tn is a cycle-
time efficiency; RVA is real value-added time, and T = RVA+BVA+NVA or total cycle 
time. The strategy for improving efficiency consists of eliminating all NVA, minimizing 
BVA and streamlining the RVA (Harrington, 2000). 

Step 4. The What-If Scenarios 

Simprocess provides functionality for comparing metrics from multiple scenarios in a 
statistical way. Scenario analysis for efficiency was performed on a set of input data like 
variation of time and resources. A simple dynamic process model contains a very large 
number of possible situations when it is executed. 
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Experiments were designed to determine the effects that changing the number of resources 
had on cycle time for this specific model. Based on these simple changes in the number of 
utilized resources, it is possible to determine other important issues like bottleneck 
activities and costs. On the other hand it is very simple to change the number of resources 
or costs in the model. Based on the analysis of the cycle time and resource utilization 
reports (Phase IV), it is possible to analyze different efficiency metrics. If some of the 
resources are increased, the cycle time of some processes could be decreased but the costs 
of some other processes could be increased or the inverse situation could result. Therefore 
if a bottleneck is found and if some resources are increased, attention should be placed on 
the variation of the cycle time and costs. In this example, the JDNC and JDD resources 
were increased in order to show the possible effects on cycle times and costs. 

After the simulation essays have been completed, different types of statistical (numerically 
or graphically) reports can be displayed in order to view output statistics for the model and 
to compare different scenarios, trying to find the optimal one. 

6.3.4. PHASE IV. HOW TO GENERATE STATISTICAL REPORTS 

Some of the statistics generated by process simulation are time-independent while others 
are time-dependent. Standard reports include basic statistics on entity counts and cycle 
times. Activity-based costing reports include activity, entity, and resource cost statistics. 

For illustration purposes, two of the standard statistical reports are displayed in Tables 4 
and 5. 

Entity Names Average 

Inf6-SE-DRD 2.473 

Pla1-DRD-DNC-DR 720.396 

Con1-DNC-DRD 5390.192 

Sol1-SE-DRD 2455.589 

Avi1-SE-DRD 3760.594 

Apr1-DRD-SE 3638.518 

Inf2-DRD-DNC 0.000 

Ord1-DNC-DRD 1.000 

Inf5-SE-DRD 358.813 

Ins2-DRD-DNC 840.328 

Ord3-DRD-SE 0.000 

Table 4: Entity’s Cycle Time (in Hours). Observation based: Average of all 10 Replications 
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Resource 
Names 

 Capacity Busy Idle 

                                 Average Average  

SC  1.000 0.957 0.043  

SCADA  1.000 0.000 1.000  

JSE  2.000 1.945 0.055  

OSE  2.000 1.981 0.019  

ORD  1.000 0.981 0.019  

JDNC  4.000 3.876 0.124  

JDD  10.000 9.750 0.250 

Table 5: Resource: Number of Units By State. Time weighted: Average of all 10 
Replications. 

6.4. SUMMARY 

The business process simulation approach presented in this thesis promises to alleviate the 
performance measurement and evaluation problems of IT investments identified in the 
literature review (Chapter 3). Depending on the effectiveness of the modeling process, any 
intended benefit from IT investment can be measured using the proposed approach. When 
the process model is built it is possible to simulate multiple what-if scenarios and future-
state alternatives. Comparisons of results from those scenarios provide managers with the 
information to make the best decisions, performing cost benefit analysis of the IT 
investments. 

The proposed approach is one of the ways to ensure that a complete understanding of 
processes may be obtained before making IT investment decisions, and can be used to 
develop cost benefit analysis and post implementation of an IT investment project. All too 
often, managers in an organization assume they understand the information workflows, but 
unfortunately there are different types of understanding at different levels of an 
organization. Thus, it is important to have a dynamic information workflow model of the 
entire organization that allows common understanding of how the information flows 
through the processes and how to evaluate scenarios for making optimal decisions. Sound 
process simulation analysis produces valuable process efficiency measures. However, 
implementation estimates such as cost, time and probability of success should also be taken 
into account when selecting the best-value future-state process solution (Harrington, 2000). 

Building a good process simulation model can be a lot work, but in order to assure good 
results, proper statistical techniques should be used and model performance measures 
should be effectively analyzed. For instance, variable input produces variable output. 
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Statistics generated for model performance measures should be analyzed with proven 
statistical output analysis techniques. In this context it is possible to gain tremendous 
benefits from the experimental power of the proposed simulation approach for evaluating 
not only tangible but also intangible benefits of IT investments in an organization. 

The theory and practice of the proposed business process simulation approach were 
introduced in Chapter 6. The presented numerical example demonstrates how to apply the 
basics steps for building models and for simulating them, how efficiency may be evaluated 
through the basics metrics like cycle time, resource utilization, costs, etc. These steps were 
explained in accordance with the Simprocess simulation tool.  
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Chapter 7 

Summary of Included Papers 

7. SUMMARY OF INCLUDED PAPERS 
In the previous chapters of this thesis, the author presented a wide literature review about 
the two main fields of knowledge: information technology investment evaluation 
methodologies and business process modeling and simulation. An alternative dynamic 
information workflow model and business process simulation approach for evaluating IT 
investments was proposed. The presented approach constitutes the main contribution of 
the thesis, which is supported mainly by the two published papers summarized here. 

The first paper presents the considerations and first simulation trial of a proposed 
conceptual model for the definition of the current role and functionality of the typical 
energy control centers (ECCs) of electric utilities in the Central American region. The 
results of this trial and further ones are aimed at improving the proposed strategic plan for 
functional enhancement and eventual technological migration of the ECCs under study. 

The second paper introduces a business process simulation approach for evaluating IT 
investments in a typical electric distribution company (EDC) in Central America’s utilities. 
The dynamic information workflow model of a typical EDC was built, and simulation 
essays for evaluating the efficiency of processes were run.  

The main conclusions of both papers were based on case studies carried out in Central 
America’s utilities. 
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Paper A 

SIMULATION TRIAL OF A PROPOSED MODEL APPLIED 
TO ENERGY CONTROL CENTER OPERATION AND 
MIGRATION STRATEGY 

The Energy Control Centers (ECCs) are the nerve center of the Power System Network, 
and the main activities of the ECC are summarized in this paper. 

The paper presents the considerations and first simulation trial of a proposed conceptual 
model for the definition of the current role and functionality of the typical energy control 
centers (ECCs) of electric utilities in the Central American region. The results of this trial 
and further ones are aimed at improving the proposed strategic plan for functional 
enhancement and eventual technological migration of the ECCs under study. 

The ECC is a complex system characterized by a diversity of processes and sub-processes, 
where hardware, software and human factors are involved. Habitually, the ECCs are 
described by isolated definitions or by the functions of their processes, rather than by well-
documented relationships amongst them. Usually ECC’s role is understood in merely 
technical terms. 

The conceptual model and simulation approach is meant as a tool to provide closer 
estimates of the current behavior, an integral view and a further traceable migration 
strategy of such centers. The acceptance and conclusions generated by the model and 
simulations are used for defining, in an iterative way, a more credible model of the ECCs. 
The professionals involved in the ECC operations are the main source for validating the 
results. 

The current model and simulation trial is based on the fact that the common attribute 
among the processes at the ECC is information flow, rather than organizational structure. 
In this paper, the professional software Simprocess II.5 is used as a dynamic and object 
oriented modeling and simulation tool to represent a typical ECC, starting with the 
information flow through a more detailed, feasible and integral definition of processes, 
activities, entities and resources. 

As a general conclusion, it was confirmed that the use of the process modeling and 
simulation approach offers advantages to managers in making decisions related to 
evaluating performance measures, defining an IT investment strategy, and selecting the 
optimal scenario for IT Migration. 
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Paper B 

CONCEPTUAL MODELING AND SIMULATION 
APPROACH FOR EVALUATION OF INFORMATION 
TECHNOLOGY INVESTMENTS: A Case Study of Electric 
Distribution Companies in Central America. 

This paper introduces a business process simulation approach for evaluating IT investments 
in a typical electric distribution company (EDC) of Central America’s utilities. A dynamic 
information workflow model of a typical EDC was built and numerical results presented. 
The performance measure evaluated during the simulation essays was efficiency of core 
processes of the dynamic model. The empirical data was obtained from four case studies 
about the organizational and technological status of the EDCs in Central America. Case 
Studies were carried out in four countries: Nicaragua, Panama, Costa Rica and El Salvador.  

The common problem identified in this research was that the methods used for IT 
investment evaluation do not consider the full range of potential benefits, especially 
intangible benefits. The different types of systems and objectives suggest that a wide range 
of evaluation methods with dynamic approaches are needed. It was concluded that existing 
evaluation methods are considered to be unsatisfactory and are not applied widely or 
consistently in Central American electric utilities. 

The paper proposes the conceptual modeling and simulation technique in order to evaluate 
the benefits of IT investments in a typical EDC in a multi-dimensional way. A dynamic 
information workflow model and preliminary theoretical conclusions from simulation 
essays are presented. 

During the simulation essays valuable information was generated about the activities, 
entities, resources and costs involved in EDC operation and decision processes for IT 
investments.  
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Chapter 8 

Conclusions 

8. CONCLUSIONS  
This chapter presents the general conclusions related to the main contributions and 
findings of the thesis, which are presented in Chapter 5, Chapter 6 and the included Papers 
A and B. Moreover, future research directions are suggested. 

The objective of this thesis is to identify problems in the field of IT investment evaluation 
methods (ITIE) in order to propose an alternative approach to IT investment evaluation 
through combining dynamic information workflow models and business process 
simulation techniques. The approach was proposed and applied to evaluating performance 
measures in electric utilities, using empirical data collected during the case studies described 
in Chapter 5. 

From the literature review presented in Chapter 3, it is clear that there is a considerable 
amount of activity in the field of information systems evaluation research. However, it also 
reveals that thinking in this area of study is very fragmented, and that there are many 
different approaches. To date, no theorist has managed to present a holistic view of the 
identified problems in ITIE. There is little or no sequence in this research field’s models 
and theories. According to Lubbe (1999), even the best-known authors in the field of 
information systems cannot be considered to have developed any grand theory. 

Conclusions of case studies of the electric utilities 

The main questions explored in the case studies were: How do electric utilities define IT 
investment needs, how do electric utilities measure the impact of IT investments on their 
performance, and which criteria should be used by electric utilities to evaluate IT 
investments? The answers to these questions are presented in Chapter 5 and Paper B of 
this thesis. 

The main problems related to IT investment evaluation were identified from the case 
studies of Central American electric utilities (Chapter 5). This is one of the contributions of 
the thesis. 

1: Most of the managers of the electric utilities are not using existing models and methods for IT investment 
evaluation.  

2: Most of the electric utilities do not identify performance measures for continuous IT investment 
evaluation.  
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3: Internal and external communication problems related to making decisions about IT investments were 
identified. 

The findings of the case study are perceived as useful by the managers and personnel of 
electric utilities. They also participated in validating the dynamic information workflow 
model and simulation approach proposed as an alternative method for evaluating IT 
investments (Chapter 5). 

Conclusions related to the business process simulation approach  

The central contribution of this thesis is the proposal of a new approach in the area of IT 
investment evaluation, which consists of combining the dynamic information workflow 
model and business process simulation techniques for measuring quantitative benefits of 
IT investments.  

The presented approach gives managers an easy to use alternative for improving their 
decisions related to IT investment, allowing them to build and experiment with a detailed 
dynamic information workflow model of the whole organization at different levels and 
dimensions. Simulation techniques allow experimentation with a model, to better 
understand processes (operations, functions, use of resources, costs, cycle time, etc.) with a 
goal of improving performance, solving bottlenecks, minimizing risk and evaluating the 
efficiency of processes. The simulation model keeps track of resource interdependencies 
and captures the random nature of processes; the process performance statistics are far 
more accurate than results obtained from static analysis. 

A practical contribution is presented through application of the proposed modeling and 
simulation approach. The example consists of building a dynamic information workflow 
model for an electric distribution company (EDC), running simulation essays and 
presenting statistical results for different scenarios. The selected performance measure for 
the numerical example was efficiency of core processes in a typical EDC (Chapter 6). 

In relation to the presented approach it is important to emphasize that the business process 
simulation technique allows not only quantitative measures but also the qualitative analysis 
for scoring tangible and intangible benefits of IT investments. 

Conclusions and contributions about the Guidelines for Measuring IT Investment 
Payoff according to Mahmood (1999) 

Mahmood (1999) presented one of the most holistic approaches to IT investment 
evaluation (Chapter 3). He proposes the following guidelines for measuring IT investment 
payoff: 1) Adopt a multi-dimensional view of the IT investment payoff measurement; 2) 
identify and embrace non-quantitative measures of IT investment payoff; 3) be open to 
using a number of approaches to measuring IT investment payoff at the same time; 4) 
measure IT investment payoff at various levels of the organization and 5) measure IT 
investment payoff separately for different types of IT.  
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Two additional steps for complementing Mahmood’s guidelines are proposed by the 
author of this thesis. The relevance of this contribution consists of including the approach 
presented in this thesis into the more general framework of IT investment evaluation: 

1) To build a dynamic information workflow model at different levels and dimensions of the studied 
organization (Papers A and B). 

2) To apply a business process simulation approach for evaluating pre and post-investment scenarios, and 
for measuring tangible and intangible benefits of IT investments in an organization (Papers A and B). 

The presented research focuses only on the electricity industry case studies, but future 
research could develop case studies of different types of industries using the approach 
presented in this thesis. 

Finally, the author of this thesis considers the presented approach an important starting 
point for future research about IT investment evaluation methodologies. 
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Abstract 

This paper presents the considerations and first 
simulation trial of a proposed conceptual model for 
the definition of the current role and functionality 
of the Energy Control Centers (ECCs) of the 
Electrical Systems at the Central America region. 
The results of this trial and further ones are aimed 
to improve the proposed strategic plan for 
functional enhancement and eventual technological 
migration of the ECCs under study. [1] 

The simulation is applied to the National ECC at 
the Empresa Nicaragüense de Electricidad 
(ENEL) in Nicaragua.  

The ECCs is complex systems characterized by a 
diversity of process and sub process, where 
hardware, software and human factors are involved. 
In addition, habitually the way of describing the 
ECCs is by isolated definitions or functions of its 
processes, not well documented relationships 
amongst them and it is usually understood its role 
in merely technical definitions. 

The model and simulation approach is meant as a 
tool to provide closer estimates for the current 
behavior, integral view and further traceable 
migration strategy of such centers. The acceptance 

and conclusions coming from the model and 
simulations are used for defining, in an iterative 
way, a more credible model of the ECCs. The 
professionals involved in the ECC operation are 
the main source to validate the results. 

The current model and simulation trial is based on 
the fact that the common attribute amongst the 
processes at the ECC is: information flow over the 
organizational structure.  

Here, SIMPROCESS [2] software is experimented 
as a dynamic and object oriented modeling and 
simulation tool to represent the ECC, starting at 
the information flow to a more detailed, feasible 
and integral definition of processes, activities, 
entities and resources.  

1. Introduction 

1.1 General background about 
Energy Control Centers (ECCs) 

The ECCs are the nerve center of the Power 
System Network, the main activities of the ECC 
shall be summarized as follows: Generation–
Demand Balance, International energy interchange, 
Power production control and supervision, 
Switching procedures, Power network maintenance 
coordination, Supervision and control of the 
power network stability, information source of the 
power system behavior.[3] 

Despite of the widely accepted missions and tasks, 
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the ECCs in Central America have very 
heterogeneous levels of maturity in the 
exploitation, resource capabilities, diverse national 
and organizational structure, data processing, 
software applications, hardware standards, 
operational procedures, etc. 

 

 

 

 

 

 

 

Fig. 1: Main activities of the Energy Control 
Centers (ECCs). 

In this way, the ECCs becomes a complex systems 
characterized by a diversity of process habitually 
described by isolated definitions or functions, not 
standards documented relationships and its role 
usually understood merely in technical definitions 
[4]. 

In the Central America region, there is a plan of a 
complete Regional Electrical Interconnection and 
National Deregulated Power Market evolution. 
Such dynamic conditions are going to demand to 
the ECCs a closer interchange of information, 
standards coordination, and new functionality in 
general. As a first step facing such regional 
coordination there is Council of Electrification of 
Central America (CEAC). Which main 
responsibility is to promote multilateral agreements 
for energy interconnection and optimize the 
regional energy sources. 

It is usual that a new functionality definition at the 
ECC is defined from a merely technical 
perspective. This procedure is underestimating the 
organizational impact and the potential 
considerations as a system of collaborative and 
interrelated “parts” already doing technical tasks 
and sub-tasks at the Center [5]. 

1.2 Methodology  

Following the proposed strategic plan, presented in 
section two, for functional enhancement and 

eventual technological migration of the ECCs, we 
need to set up a current model of an ECC. In this 
case the National ECC at the Empresa 
Nicaragüense de Electricidad (ENEL) in 
Nicaragua. Such model was based in the current 
organizational structure and the information flow 
amongst the organization. We received a valuable 
and open help from the professionals working at 
the ECC. International 

Energy 
Interchange 

Generation 
Demand 
Balance 

Power 
Production 
Control and 
Supervision The work was focus in understanding the 

information details, interchanged internally at the 
different processes at the ECC. We defined the 
external boundaries of the model as the processes 
directly receiving or transmitting data or 
information to/from the ECC.  

Switching 
Procedures 

Power 
Network 
Maintenance 
Coordina-
tion

ECC 

Main 

Supervision and Control of 
the Power Network Stability 

Information Source of 
the Power Systems 

Behavior The current trial, model and simulation, was 
conformed by the organizational structure as 
processes and the information exchange detailed as: 
origin, periodicity, feedback, processing 
procedures, resources used for processing, time of 
processing and destiny. 

It was decided to experiment with SIMPROCESS 
software as a dynamic and object oriented 
modeling and simulation tool to represent the 
ECC. The animation facilities and dynamic 
modeling flexibility were the most inducing 
arguments in such decision. Nevertheless, we are 
studying other software and methods that can 
better fit in the purpose of the functional model of 
the ECCs and its complexity. 

Presenting the results to the professionals at the 
Nicaraguan ECC did the validation of the model 
and the simulation in each stage. From them, it was 
taken suggestions and clarification of the 
functionality of the declared processes. 

1.3 Outline of the paper 

The section two, presents the concept of the 
proposed strategic plan for functional 
enhancement and eventual technological migration 
of the ECCs. The section three presents the 
considerations about the model and first 
simulation trial of the ECC in Nicaragua. Finally 
the section four gives some conclusions and 
lessons learned in this first trial. 

2. A strategic planning approach for 
functional enhancement of the ECCs. 
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The planning approach is interpreted as a 
evolutionary path where the existing ECC is 
transiting with long-term goals (i.e. a better 
operational behavior and under needs 
technological migration of the ECC). Such plan is 
transformed to short terms iterative phases and 
objectives in the frame of its main constraints, 
economical limitations and functional 
specifications.  

Economic limitations 

 

 

 

 

 Functional specification 

Fig 2:. Evolution path for ECC enhancements 

The strategic plan approach is defined in the 
following phases: 

2.1. Understanding and definition of 
the current role of the Control Center 

The first phase of the strategy proposed, and the 
very core of the whole approach and this paper, is 
to define the current ECC role and operation as a 
interrelated system of processes1. These processes must 
have clear and simple definitions and knowledge of 
the output, task and sub-tasks, inputs and 
interrelation to other processes and the technical 
needs2 for doing the tasks. 

This phase will clarify and systematize the typical 
informal, pragmatic and intuitive knowledge at the 
Control Center. Facilitating future references and 
traceable evolution. 

2.2. Formal Description of the 
emerging need 

                                                           

1 Process: office/module/functionality/application 
software. 
 

2  i.e.: computing speed, information age availability, 
accuracy, more information requested from RTUs, 
resources to be used in general. 

 

This step must deal with the clear way of defining 
emerging needs or new functionality to the ECC, 
in the context of the Utility expansion and 
evolution. This will be the assessment platform for 
the reasons inducing some changes (new 
functionality, performance changes, new 
application software, etc.) at the ECC. 

The emerging functionality or need has to be 
defined in such way that is comprehensive and 
coherent with the process definitions in 2.1. 
Understanding and definition of the current role of 
the Control Center. 

In this point we have seen that the new needs 
reported to the ECCs are increasingly influenced 
by demanding management access to information 
or reports. 

Existing 
ECC 

Enhanced 
ECC 

2.3. Definition of the effects and the 
demanded changes of the emerging 
need 

In this phase must be done a trace of the impact, 
extent of the technical and organizational changes 
demanded by these emerging needs or new 
functionality in the current model of the ECC. The 
new need emerging, is understood in coherency of 
the process definition, will be addressing the changes 
or necessary improving in functionality and 
performance standards. (i.e., reliability and 
capability of the hardware, communication speed, 
software, interfaces of data, etc.) At the currents 
processes or new process of the model of the ECC. 

Some restructuring in relations, interchange of 
operation can be foreseeable as solution. In short, 
covering the emerging need trying to optimize the 
resource available, using as key information the 
comprehensive models in 2.1 Understanding and 
definition of the current role of the Control Center 
confronting it with the definition on 2.2. Formal 
Description of the emerging need 

After the result in this step, it must be a 
reevaluation to the step 2.2. Formal Description of 
the emerging need, in order to reconsider the 
extent of the emerged need or functionality and if 
this worth all the impact and changes to be faced. 
It is a common trend to over size the extent of the 
needs, especially when the cost, time and efforts 
are not well known. 
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2.4. Recommendation of the source, 
requirements and specifications of 
the solution to the demanded 
changes from the emerging need 

This step is the evaluation stage for taking the 
decisions about if the solution can be found inside 
the Control Center it self or in the commercial 
vendors offers and the decision of the need for 
consultants.  

The most important objective here is define the 
requirements and specification for integral and 
open solutions, tunes with standardization trends 
of the technology available, and avoiding some 
short vision solutions with proven or foreseeable 
rapid obsolescence. 

Here a reevaluation of the step 2.2. Formal 
Description of the emerging need, could be done 
because some added requirements on the 
solution’s demands, as maintainability, efficiency 
on the solution, portability, reliability, etc., could 
need some reconsideration on the extent of the 
defined emerging need. In this phase it shall be 
decided how to proceed in the implementation of 
the work for the fulfillment of the emerged need 
or process, both in the organizational and technical 
areas. 

2.5. Validation and Verification of the 
solution to the described emerging 
needs 

A validation and verification procedure of the 
solution to the emerged need must have the final 
assessment about the solution. This is also a tool 
for the acceptance and final test on the solution 
achieved. Once the ECC and the Utilities have the 
comprehensive declaration of the need, this 
declaration must have the property of validation 
and verification. 

2.6. Addition of the solution of the 
emerged need and new functionality 
to the role of the Control Center 

As the model is evolved permanently, whatever 
instrument chooses, has to be defined with flexible 
properties, in order to update the new process 
structure of the Control Center, once the emerged 
need or new functionality is implemented. The 

model, the statements used for the processes 
definition, has to be easily updated and remaining 
simple and comprehensive. It is clear that, in the 
way proposed, the maturity in the exploitation and 
the understanding of the Control Centers will 
grow up with better roots on the people and on 
the real needs, because the changes or additions 
are taking place step by step and systematically 
seen.  

3. Model of the ECC implemented on 
SIMPROCESS and consideration of 
the first simulation essay 

As it was said above, the dynamic model of the 
current operation of the ECC is the core of the 
strategy proposed. The model here presented has 
been constructed following the definitions of 
processes, activities, resources and entities.  

2.2. Formal description of the emerging need

Emerging  need or new funcionality idea for optimal or better
operation at the Control Center or the Utility

2.3. Definition of the effects and the changes demanded of the
emerging  need.

2.4. Recommendation of the source, requierements and
specificacations of the solution to the demanded changes from the

emerging  need.

2.5. Validation and Verificacion of the solution to the emerging  need

2.6. Updating of the Definition of
the model of the ECC

Reconsideration on the extent and
description of the emerging  need

Reevaluation on the extent and description
of the emerging  need

Validation
(results, performance, desired
ouput, usability, M-M interf.,

dialog, etc. directed  related to the
2.2 phase)

Verification
(Consistency,maintainability,

efficiency, reliability, etc., directly
related to the 2.3 phase)

Fig. 3: Summarized procedure of the Strategic 
Planning Approach proposed. It shall be 
notice the iterative development characteristic 

A process is a collection of activities and 
sub processes, organizing the model 
network of the system under study. An 
activity is the basic step in a model, 
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where an operation is performed on an 
entity with the possible use of resources. 
An entity or flow objects is the flow of 
any type of objects (e.g. data, information, 
reports, commands, SCADA measurements. etc.) 
from activity to activity. A resource is an agent that 
is required to perform an activity (e.g. software, 
computers, engineers, fuel, etc.).  

The model of the ECC is created "AS-IS", which 
reflects the current state of the operation and 
functionality. Based on the outcomes of various 
refinements (validations) at the model (more credible 
one after each validation) and simulated scenarios, 
the "AS-IS" model could be modified to arrive at 
"TO-BE" model. 

For this ECC model we define a set of 
assumptions: 

• The entities are considered deterministic, 
except for power network failures and alarms 
coming to the SCADA systems. 

• The boundaries of the modeled ECC are the 
direct connection to the external processes, 
which send or receive entities from any 
process of the ECC. (i.e: INE, RedEP, 
GENCA, GTran, GGen, GMantSP). 

• The internal processes of the ECC where 
chosen from the organizational structure of 
it, following the “As Is” approach. 

• All the entities are considered with the time 
of execution and delays from activity to 
activity. 

• In this first trial, we don’t consider financial 
cost as resource of the activities and entities. 

• The understanding process of the ECC was 
made trough the interview to the 
professional at the different levels of the 
organization of the ECC. 

The result is a model with processes expressed in 
layers, where each processes contains a deeper 
layer of sub processes and activities. The first layer 
is showing the ECC external boundaries and 
relationships. 

Fig. 4: General structure layer of the model of the 
ECC and its relantionships with the boundaries 
processes. 

In this general structure layer we can see the 
various processes, which interplay with the ECC 
trough various paths, interchanging different kinds 
of entities. Such entities where defined based on 
the real operational performance from/to the 
ECC. 

The boundaries processes defined here are: INE 
(National Energy Regulatory Board), RedEP 
(Power Electrical Network), GENCA (Energy 
Generation Plants in the Central America tie-lines), 
Gtran (Transmission Network Management 
Authority), GGen (National Generation 
Management Authority) and GmantSP (Power 
Network Management Direction). 

The ECC itself is, in general, modeled by the next 
figure 4. 

Fig 4. A general model presentation of the ECC. 

The structure of the ECC consist in five main 
processes, GENERAL MANAGMENT, 
SECURITY OPERATION DEPARTMENT, 
PLANNING DEPARTMENT, HARDWARE 
MAINTENANCE DEPARTMENT AND 
OPERATIONAL DEPARTMENT. Each of these 
processes consists in sub process and activities.  

In the screen shot presented it can be seen the 
entities: GENERATION PLAN BY YEAR, 
MONTHS, WEEKS AND DAY; ADJUSTMENT 
TO THE MAINTENANCE PLAN; 
MAINTENANCE OF THE SOFTWARE OF 
THE SCADA SYSTEM; MAINTENANCE 
EXECUTION; INTERNATIONAL ENERGY 
INTERCHANGE AVAILABILITY; ENERGY 
INTERCHANGE REGISTRATION and 
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MEASUREMENTS OF THE ELECTRICAL 
PARAMETERS OF THE POWER 
TRANSMISSION NETWORK, flowing from 
process/activity to process/activity. 

During the simulation we observed and measure 
the performance parameters of each activity and 
entity, so the whole process. Since it have been 
defined the resources it can be seen the use of 
common resources or overload in some of them.  

As basic blocks to model the processes we used: 

- Generate activities: Generate the arrival of 
entities into the model or process. It can have 
values for arrivals times, quantities, frequencies and 
occurrences. 

Fig 5. Inner model screen presentation of the ECC  

- Dispose activities: Disposes of the entities when 
they are finished with processing. 

Delay activities: Represents the time consumed or 
waiting time of an entity to be executed or 
transformed. 

Transform activities: Is an activity that converts an 
incoming entity into another entity. 

Branch activities: Allow us for defining alternatives 
routings for flow objects or entities. It can be 
arranged based on a probability or a condition. 

Merge activities: Provides a mechanism for 
merging a number of connectors into a single 
connector. 

Get resources: Provides a mechanism for capturing 
resources that may be used for a number of 
downstream activities or entities. 

Free resources: Provides the mechanism for 
releasing resources that were captured by a Get 
resource activity. 

The current model has thirty-five processes, 
seventy activities, fifty entities and forty resources. 

4. Conclusions and lessons learned in 
this trial 

In the validations of the current model, we confirm 
that the use of an integral tool to view the 
operation of the ECC is very welcome from the 
people involved on it. Specially when the model 
and the simulation are animated and hierarchical 
presented. The main reason for such credibility is 
that the current model is attending the ECC “AS 
IS” and no theoretical neither sophisticated 
relationship is assumed or presented. The model is 
accepted as valid in the same magnitude as the 
entities of each interviewed were seen in action 
inside of his/her process and the immediate limits. 
The user can check the topology of the processes 
and then run a discrete event simulation to 
evaluate performance measures such as resource 
utilization. 

From this trial, we can notice that when a not 
integral view is present, the technical systems often 
stress upon performance and accuracy of 
individual units. This implies the assumption of 
independence, that these units contribute 
separately to throughput and that the contributions 
can be measured separately.  

The concept of information or entities flow was 
crucial to the smooth understanding of the 
dynamic nature of the ECC. 

We defined an information or entity flow as a 
collection of coherent sequences of interactions, 
which complete the various responses that a 
process can make to an input or specified function. 
The information or entity flow has two main 
features: interaction and sequence. 

In this first trial, the interactions were easy to track, 
the sequence and synchronization of entities or 
activities was a tremendous obstacle. The current 
model specification lacks of a reliable entity 
synchronization at the activities.  

The current model also lacks of a deep definition 
of resources, due mainly that the resources for the 
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activity completions are sometimes used but not 
fully recognized or documented. 

The simulation shows a saturation and overload of 
the alarm processing and presentation of the 
current state of the Power Network in the 
SCADA’s man machine interface in the 
disturbance situations (hundreds of alarms signal 
from the power system). This obvious result can 
be seen without a model or simulation, it is a reality 
already experienced by the personnel at the ECC. 
Nevertheless, this result validated our first 
simulation trial. The integral view from some of 
the personnel of the ECC lead to the conclusion 
that enough information can be get directly from 
the modems carrying the alarms signals to the main 
SCADA system, in order to have in a faster way a 
representation of the status of the power network. 
The crew of the ECC designed and installed a 
listener (SCADITA) for such disturbance 
situations with a full success.  

A more refined model shall be achieved for deeper 
results and statistical reports, especially about of  
the use of  the resources and synchronization of  
events. The refined model will take in account the 
lacks here expressed. 
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At the present time the majority of Electricity 
Utilities are market oriented and deregulated in 
Central America. In this new frame, the Electric 
Distribution Companies (EDCs) will face an 
organizational and technological challenge.  

The decision to acquire a new Information 
technology (IT) poses a number of serious 
evaluation problems to EDCs.  

Common problems with the methods for 
evaluation were that they were unable to take 
account of the full range of potential benefits, 
especially Intangible benefits. [4] 

There is a lack of an IT strategy for coming needs 
and for developing cost-effective IT investment in 
the EDCs. Currently the EDCs do not have a 
formal methodology for IT investment evaluation. 

What is need is a range of measures, which deal 
with the quantitative, qualitative, and process-
oriented aspects of measuring IT investment 
payoff. [4]. The different types of systems and the 
wide range of objectives suggest that a wide range 
of evaluation methods is needed. 

This Paper presents a simulation approach for 
evaluating IT investment in a typical EDC, based 
on the conceptual Information Workflow Model.  

The main conclusions of this paper are based on 
exploratory case studies, carried out in Nicaragua, 
Panama, Costa Rica and El Salvador. 

During the process simulation it is generated 
valuable information about the Activities, Entities, 
Resources, and Costs aspects involved in the EDC 
operation and Decision Process for IT investment.  

I. Introduction 

This paper is based on empirical data from four 
exploratory case studies about the Organizational 
and Technological status of the Electric 
Distribution Companies in Central America. Case 
Studies were carried out in four countries: 
Nicaragua, Panama, Costa Rica and El Salvador.  

In a deregulated energy market, the EDCs will 
have to learn how to meet a more open market and 
higher demands for profitability. Greater efficiency 
is called for. Costs must be cut and more effective 
use of the available personnel must be made. Cut-
down periods in electrical distribution must be 
made short as possible.  

IT has changed the way in which Electric 
Distribution Companies are doing business and the 
way in which they compete. IT is also seen as a 
fundamental method of gaining strategic and 
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competitive advantage.  

As a result, IT is playing an increasingly important 
role in a new Deregulated Electricity Market. 

A review of the current literature offers several 
representative IT investment evaluation methods.  

The evaluation methods for tangible benefits are 
designed to compare costs of investment 
alternatives or attempt to provide procedures for 
the quantification of benefits and risks. Such 
methods tend to rely on the help of technical 
personnel to provide management with accounting 
data for evaluation. [5]  

While methods for intangible benefits put 
emphasis on the process of obtaining agreement 
on objectives through a process of exploration and 
mutual learning.[5] 

Such methods tend to rely on a thorough 
understanding of the opportunities and the threats 
of failure of the IT investment. 

The past approaches may be classified as 
mathematical/formal, meta-model, rational-
economic, activity versus function-based, strategic, 
value-based, and hybrid (multi-objective multi-
criteria decision model). 

The different types of organizations and systems 
and the wide range of objectives suggest that is 
needed a wide range of evaluation methods, some 
suitable for evaluating one type of organizations or 
systems and some suitable for other types. [5] 

We can conclude that existing evaluation methods 
are considered to be unsatisfactory and are not 
applied widely or consistently. In this paper it is 
proposed an alternative approach for evaluating IT 
investment, using conceptual modeling and 
simulation methodology. 

This paper proposes the conceptual modeling and 
simulation technique in order to evaluate in a 
multidimensional way the IT investment payoff in 
a typical EDC. An Information Workflow model 
and preliminary theoretical conclusions from 
simulation essays are presented. 

II. Case Studies’ Description  

A case study from a research strategy point of view 
may be defined as an empirical inquiry that 

investigates a contemporary phenomenon within 
its real life context that is not clearly evident, and 
in which the multiple source of evidence are used. 
[Yin]   

A substantial amount of time and attention was 
devoted to the issue of methodology because the 
author sees this as the fundament on which the 
validity and credibility of the case studies’ research 
stands. 

II.1 The Main Research Objective 

The main objective of the case studies was to 
obtain evidence as to how EDCs formulate, 
implement, and evaluate IT investment decisions 
and how to link IT investment to organizational 
performance and Management business decisions 
and strategies.  

II.2 Evidence Collected  

Case Studies were achieved by using a series of 
unstructured interviews, which allowed informants 
the opportunity of supplying information on a 
wide range of issues related to Information 
Technology, decision-making, and implementation 
activities, organizational performance, and business 
strategies. 

The information was obtained from diverse types 
of documents, archives, interviews with key 
personals and managers related to the processes 
and activities of interests, observations of the 
researcher, and interaction between technical-
operators and researcher. 

Evidence collected includes issues such as 
technical papers, interim reports, published 
reports, records of the interviews, internal reports 
such as technical, financial, organizational, strategic 
plans and other important documentation. 

Some of the EDCs were not prepared to submit 
any evidence at all. The particular reports for each 
case study and outsider's impressions about EDCs, 
were prepared in order to use them as part of the 
condensed case study report. 

II.3 Choice of Participants 

It was decided to empirically explore 
actual management practice in the 
formulation, implementation, and 
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evaluation of IT investment in the 
EDCs. The author studied 20 Electric 
Organizations. The organizations chosen include 
private and state Electric Generation Companies as 
well as Electric Distribution Companies in Four 
Central American Countries. 

All the personals and managers, consultants, 
academics, practitioners, etc. with whom the 
author had discussions throughout the focus of the 
research, were very enthusiastic and helpful about 
the subject. Many of them were very pleased to be 
involved in this kind of research. 

In addition to the case study participants, the 
author interviewed some consultants and external 
practitioners, in order to establish their views 
concerning the general practice of IT investment in 
the Electricity Industry. 

II.4 Findings from Case Studies  

The results of the case studies performed in EDCs, 
confirm that existing methods, including 
investment analysis, are considered generally 
unsatisfactory in identifying all available benefits or 
adequately quantifying and qualifying the outcomes 
of IT investment. 

Most of the studies were fragmented in their 
approach, i.e. they look at a single issue from a 
single point of view. There is little or no effort to 
acquire a holistic view of information technology 
evaluation in the Electricity Industry. 

Most of the Managers of the EDCs believe that 
their current project justification process fails to 
identify all tangible and intangible benefits. They 
openly admitted that their current project 
justification processes overstate the benefits in 
order to get approval. 

The top issues which the Managers of the EDCs, 
currently face, are benefits management, and 
alignment of IT with business strategy and 
objectives.  

At the present time most of the IT investments in 
the EDCs are gut-feeling investments and in some 
cases, the General Manager has the total authority 
to approve all IT investments.  

Some of the EDCs measure benefits only in 
financial terms but not considering hidden costs. 

Cost-benefit analysis (CBA), Net Present 
Value (NPV), and return on investment (ROI) 
were the most commonly mentioned appraisal 
techniques for deciding upon IT investments in 
EDCs. 

There is a lack of an IT Strategy for coming needs 
and for developing cost-effective investment in 
Information Technology. 

There is a lack of an evaluation methodology on the 
current operational status; experiences or migration 
plans to invest in Information Technology.  

EDCs should decide how they will treat IT 
investment appraisal and how they want to balance 
the different perspectives of benefits. They noted 
that IT investment couldn’t be isolated from the 
business strategy. 

III. Conceptual Modeling 

III.1 Conceptual Modeling of a 
Typical EDC 

Conceptual models can be used for many different 
purposes, in information systems development, in 
requirements determination, as well as in enterprise 
development.[6] 

In this paper the Conceptual Modeling is used to 
formulate a model of a typical EDC as seen from 
the object and process perspectives, including 
static structural aspects as well as dynamics and 
rules.  

The EDCs are considered as a complex enterprise 
characterized by a diversity of processes and sub-
processes, where hardware, software and human 
factors are involved. 

The acceptance and conclusions coming from the 
proposed model and simulations are used for 
defining, in an iterative and dynamic way, a more 
valid and credible conceptual model of the EDCs. The 
professionals involved in the EDC operation are 
the main source to validate the results. 

Investigating an EDC from the process perspective 
involves asking questions like: What processes are 
performed in the enterprise?, Do all processes 
contribute to the goals of the enterprise?, Does this 
process create value for the customer?, are the 
processes performed efficiently?, etc.[6]  
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Investigating an EDC from the object perspective 
involves asking questions like: what phenomena, 
objects, and concepts exist in the organization and 
in its environment? What properties do objects 
have? How are objects related to each other? How 
do they come into existence, how do they change, 
and how do they cease to exist? Which events 
influence objects?.[6] 

We look for objects in the enterprise, their 
properties and inter-relationships, as well as for 
their behavior over time. 

The proposed conceptual model provides a 
common language and terminology that can be 
used to reason about EDCs and its operational and 
Information Systems. 

The general structure of the EDC’s model consists 
of nine main processes; each of these processes 
consists of sub-process and activities.  

The formulated model and simulation approach 
proposed in this paper for EDCs, will allow the 
examination of each solution in the context of 
entire utility organization. 

In this way, the decision to implement an IT 
Investment solution will be based not only on 
technical merits but also economics and 
management of data issues associated with it.  

III.2 Information Workflow Model  

The dynamic Map of the current operation of a 
typical EDC is the core of the proposed 
conceptual model for ITI. The model here 
presented has been adapted following the 
definitions of processes, activities, resources and 
entities in the simulation tool Simprocess II.5. [1] 

The result is a model with embedded processes, 
where each process contains a set of sub-processes 
and activities. In The first layer is showing the 
EDC with its nine main processes and theirs 
relationships. 

A typical EDC must be viewed as integrated 
networks of Information Workflows (a collection 
of coherent sequences of interactions) of entities 
(flow objects), with rich interdependence between 
the individual units.  

Information workflow model allows representation 
of processes, resources, products, costs, and 

services in a dynamic model. The model of an 
EDC, when simulated, mimics the dynamic 
operations of the all organization, while displaying 
an animated picture of the information workflow. 

In order for enterprise personnel to perform their 
task efficiently and accurately, they need to 
exchange information with various departments 
within the organization and also with external 
dependencies. 

The process is defined as a collection of activities 
and sub-processes. An activity is the basic step in a 
model, where an operation is performed and an 
entity is the flow of any type of objects (e.g. data, 
information, reports, commands, SCADA 
measures, etc.) from process to process. The 
resource is defined as an agent that is required to 
perform an activity (e.g. software, computers, 
engineers, fuel, People, etc.) and the cost could be 
attached to any activities. [2] 

The business process is defined as a series of 
activities that add value to a product or service, i.e. 
make it more valuable to a customer. 

As basic activities of the process were used: 
Generate, Dispose, Delay, Transform, Branch, 
Merge, Get and Free Resource, Assemble, Assign, 
Batch an Unbatch, Copy, Gate, Join, Split, 
Synchronize and Replenish Resource. [1]  

The major processes in the workflow model are: 
Substation; Distribution Dispatch; Control Center; 
Distribution and Transmission maintenance; 
Operation; Distribution Liners; Primary and 
Secondary Distribution Systems. Each process 
consists of many activities, resources and costs. 

The model of the EDC was created "AS-IS", 
which reflects the current state of the operation 
and functionality. The essays strategy is to modify 
the "AS-IS" model in order to arrive at "TO-BE" 
model, using simulation techniques and tools.[2]  

III.3 Validity and Credibility of the 
Conceptual Model 

We confirmed that the use of an integral tool for 
mapping the operation of the EDCs is very 
welcome from the people involved on it, especially 
when the model and the simulation are animated 
and hierarchical presented.  
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The main reason for such acceptance is that the 
current model is attending the workflow operation 
of the EDC “As Is” and no theoretical relationship 
is presented. The model is accepted as valid in the 
same magnitude as the entities of each interviewed 
persons were seen in action inside of his/her 
process. [2]  

The users can check the topology of the 
information workflow and then run a discrete 
event simulation to evaluate performance measures 
such as resource utilization or bottleneck in any 
level of the processes.[2] 

 

Figure1. Conceptual Model of a Typical EDC 

From the case studies, we can notice that when a 
not integral view of an organization is presented, 
the technological, organizational and administrative 
processes, often stress upon performance and 
accuracy of individual process. This implies the 
assumption of independence, that these processes 
contribute separately to throughput and that the 
contributions can be measured separately. [2]  

The concept of information workflow model was 
crucial to the smooth and colloquial like 

understanding of the dynamic nature of the EDCs 
as a complex organization. We defined the 
workflow model as a collection of coherent 
sequences of interactions, which complete the 
various responses that a process can make to an 
input or specified function.  

IV. Simulation Approach 

A Simulation tool Simprocess II.5 was used to run 
Simulation essays of the Information Workflow 
model of a typical Distribution Company. The 
Simprocess II.5 is experimented as a dynamic and 
object oriented simulation tool to represent the 
typical EDC. 

During a simulation it was generated statistical 
reports about the Activities, Entities, Costs, and 
Resources of a typical EDC. The generated 
statistics can be used to determine where any of 
the processes need to be improved and what 
changes are necessary for evaluating different 
management policies and each set of alternatives. 

The interactions of resources with processes, 
products, and services over time result in a large 
number of scenarios and outcomes that are 
impossible to comprehend and evaluate without a 
the simulation technique. 

Powerful resource and hierarchical process 
modeling functions of process simulation allow 
visualization and evaluation of alternatives before 
making strategic decisions like IT investment. 

Simulation is a means of experimenting with a 
detailed model of a typical EDC, to determine how 
the organization will respond to changes in its 
structure, environment, technology, or any 
strategic decision.  

Process Simulation allows for experimenting with a 
model of the EDC, to better understand processes 
(operations, functions, use of the resources, costs, 
etc) with a goal of improving performance, solve 
bottleneck, minimize risk, evaluate performance, 
productivity, quality of services, and IT investment 
payoff. 

In order to improve any of the processes in the 
proposed model, it is necessary to develop critical 
effectiveness, efficiency, and adaptability 
measurements and targets. 
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Process effectiveness is how well the process meets 
the requirements of its end customers. Process 
efficiency is the output per unit of input. It is a 
measure of how many resources the process uses 
to provide the output. Process adaptability is the 
flexibility of the process to handle future, changing 
customer expectations and today’s special 
customer requests [3]. 

Although process simulation focuses on analysis 
and improvement of efficiency measurements, it also 
provides indirect benefits for process effectiveness 
and adaptability measurements [3].  

Thus, the simulation essays show that it is possible 
to use a combination of both qualitative and 
quantitative evaluation methods, taking into 
consideration Tangible and Intangible benefits for 
evaluating the IT investments.  

V. Conclusions 

The aim of this research was to develop 
exploratory cases studies of EDCs in Central 
America, and to create a simulation methodology 
for evaluating IT investment payoff for Electric 
Utilities.  

The findings suggested by the case study research 
is perceived to be useful and the conceptual model 
and simulation approach imply a list of principles 
that will assist EDCs in achieving success with 
their formulation, implementation and evaluation 
of IT investment projects. 

The main conclusions of the research are 
considered under the following headings: 

Guidelines for Measuring IT Investment Payoff in 
a Typical EDC 

1.-Adopt a multidimensional view of the IT 
Investment payoff measurement issue[4] 

2.-Identify and embrace non-quantitative measures 
of IT investment payoff. [4] 

3.-Be open to using a number of approaches to 
measuring IT investment payoff at the same time. 
[4] 

4.-Measure IT investment payoff at various levels 
of the organization. [4] 

5.-Measure IT investment payoff separately for 
different types of IT. [4] 

6.-Develop an Information workflow model of the 
whole organization. 

7.-Apply a simulation methodology and tools for 
evaluating pre- and post-investment alternatives 
(scenarios) and for multidimensional measure of 
the IT investment payoff. 

How EDCs Define IT investment 
needs? 

The EDCs sometimes identified IT investments as 
flashes of commercial insight and sometimes they 
identified an IT investment target, because of some 
drivers like a management decision, customer 
demand, quality of service or business modeling.  

It can be concluded that EDCs have to be more 
systematic about the identification of their 
investment needs. They have to identify reasons or 
drivers for those important decisions. 

How EDCs Measure the Impact of 
IT Investments on their 
Performance? 

Most of the EDCs achieved an informal analysis of 
the impact of IT investment.  

They concerned the impact as part of the benefits 
that EDC gained from the IT implementation. 

In this paper is proposed a systematic and dynamic 
approach for measuring quantitative and qualitative 
benefits of IT investment. 

How to Fit IT and Business 
Strategies? 

It is clear from the case study research and 
simulation trials, which setting IT investment 
strategy are not an easy matter to formulate and to 
implement. How to adapt the IT investment 
strategy into the organization's current business 
strategy is not always easy. Just Conceptual 
Modeling and Simulation techniques will allow to 
EDCs, an exhaustive analysis for a variety of 
scenarios.  

Which Criteria have to be used by 
EDCs for Evaluating IT investment? 

Most of the EDCs do not use a specific evaluation 
method but a combination of visual processes to 
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evaluate the IT investment. Some of these criteria 
involve benefits that EDCs identifies like new 
opportunities, competitive advantage, new business 
opportunities, etc. 

The final validation procedure is regarded as useful 
in that it confirmed the usefulness of the 
conceptual model and simulation approach to 
practitioners. It was not possible to present in this 
paper the explicit numerical and statistical results 
and quantitative analysis because of limitations in 
the number of pages.  

This paper proposes a multidimensional simulation 
approach for a complete evaluation of IT pre and 
post-investment.   

The conceptual modeling and simulation approach 
is considered by the author as a new starting point 
for the future research on IT investment 
evaluation. 

The research was focused just on the Electric 
Distribution Companies, but in a future research 
work, it will be possible to look at different types 
of industries. 
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