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Abstract 
The Electricity Industry Reforms (EIR) is a worldwide phenomenon that is inducing an 
intensive business oriented context in the organization, processes and functions of the 
Electricity Industry (EI). The electric power grid is now treated as the electricity market, 
the consumer as the customer, the power system activities are related to market actors (i.e. 
generators, distributors and retailers) and the Electricity Industry Control Centers (EICC) 
provide the essential coordination and economic trade functions and transactions. 

The EICC are looking for solutions to introduce, amongst others, emerging information 
processes in the business oriented context with all the Electricity Industry actors without 
losing the technical reliability of the EI. The EIR is delineated as a major change on the 
traditional EI relying heavily on information exchange amongst the market actors. 

In the Central American countries, these EIR started around 1996. The EICC in this region 
are facing the demanded changes with information legacy systems, in operation long time 
before the EIR and considered already obsolete.  

This thesis explores and summarizes, as a research contribution, the main problems at the 
EICCs in Central America, in managing the incorporation of emerging information proc-
esses.  

An Information System Migration Framework (ISMF) for the EICC is proposed as a re-
search contribution and solution to the problems identified. The ISMF here presented 
provides a set of steps and guidelines to follow for managing any emerging information 
processes in a systematic, feasible and reliable way. The ISMF is a continuous description 
of emerging information processes, risk assessments, requirement elicitation and specifica-
tions with traceable and incremental implementations without completely replacing the 
system. The ISMF has as fundamental characteristic that provides a feasible view of the 
current operation of the EICC, a continuous and iterative process of controlled 
changes and a systematic process to update the EICC operation model with a set of 
steps that are implementation independent, technology independent, process ori-
ented and user centered. 

The ISMF’s feasibility, replicability and user acceptance has partially tested at the EICC 
in El Salvador and Nicaragua. 

Key words: Electricity Industry, Electricity Industry Reforms, Electricity Industry Control 
Centers, Information System Migration, Information Systems Modeling and Requirements, 
Case Studies in the Electricity Industry in Central America. 
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1 This list is not aiming to show all the acronyms used in this thesis. It is a list to help the reader to notice the most 
used acronyms on it. 
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Introduction 
1 INTRODUCTION

1.1 RESEARCH BAC

Throughout the world, the Electricity
with the goal of improving the comp
services. The traditional five vertically 
sion, distribution, retailing and electric
have autonomous actors performing su
objectives (Heller et al, 1996; Arnott et

Such Electricity Industry Reforms (E
The electric power grid is now treated
tomer, the power system activities are
and retailer) and the Electricity Indu
coordination and economy trading fun
becoming a new and evolving paradigm

The reformed EI is changing from a 
reliability in the service of electricity t
actors. These flexible arrangements b
very demanding information exchange
tion greatly influences the capability of
increasing the competitive edge (Maus

In summary, the EIR are delineated a
ducing radical changes in the organizat
a more horizontal participation and re
market actors. 

The transformation of organizations, 
horizontal and process-oriented way 
created a need for effective integration

                                                           

2The degree to which a single firm or organizatio
referred to as vertical integration. 
3 Done by the Electricity Industry Control Cente
Operator or Electricity Dispatch Center. 
Humanity is acquiring all the right technology for
all the wrong reasons.  

R. Buckminster Fuller (1895 - 1983) 
 

KGROUND 

 Industry (EI) is undergoing fundamental reforms 
etitiveness and effectiveness in the electricity supply 
integrated2 processes involving generation, transmis-
ity industry control3 are being unbundled in order to 
ch processes with their own commercial and service 
 al, 1998). 

IR) are inducing structural and conceptual changes. 
 as the electricity market, the consumer as the cus-

 related to market actors (i.e. generators, distributors 
stry Control Centers (EICC) provide the essential 
ctions. The role and definition of each novel actor is 
 (Yajima, 1997). 

fixed set of standard operating procedures based on 
o a set of flexible arrangements amongst the market 
ased on market competition must be managed with 
 procedures. Access to accurate and timely informa-
 an EI’s actor to maintain its service excellence while 
er et al, 2000). 

s a major change on the traditional EI, which is in-
ion, processes and functions with broad effects, with 
lying heavily on information exchange amongst the 

EI and particularly the EICC in this case, towards a 
of operating has demanded new requirements and 
 of information systems (IS) to facilitate an increased 

1 

n owns its upstream suppliers and its downstream buyers is 

r (EICC) often named Control Center, Independent System 
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cross-functional information exchange in support of the new business processes (Haglind, 
2002). 

In the reformed EI the EICC is still in charge of the reliability of the EI as well as acting as 
a neutral administrator of the processes of balancing energy demand with energy supply, 
subject to information processes and protocols established for the business amongst the 
market actors. The EICCs usually run a spot market and establish energy market prices, a 
task generally developed by a Power Exchange (PX) division or special office at the EICC. 

It is clear that the EICCs are facing the changes with information legacy systems and look-
ing for solutions for introducing, amongst others, emerging needs on information proc-
esses, handling energy market prices, energy demand and supply, information confidential-
ity, auditing of information, cost balancing on operation and maintenance, better commu-
nication channels amongst the market actors, implementations of new market norms, regu-
lations, etc. This is also inducing needs for training on new economic issues and changes in 
cultural attitudes and responsibilities (Arnott et al, 1998)4. 

In the Central American5 countries, these reforms started around 1996 and are facing the 
same challenges and impact as the EICCs experiences in other regions of the world. The 
EIR is developing at a rapid pace, most of the time as an act of macro restructuring of the 
state-owned assets more than as a result of planned and structured transitions at the EI. 

This research started with case studies at the EICCs of Nicaragua, El Salvador, Costa Rica 
and Panama to know the current situation of the innovated role, information procedures, 
demands and problems faced. This will be presented in Chapter 6. Summary of the findings 
of the Case Studies conducted in Central America. 

1.2 RESEARCH RATIONALE 

While there is already a good amount of literature addressing the concepts and main im-
pacts of the EIR in the context of business operation amongst the market actors, there are 
few sources of information that focus on or document the impact on the EICCs. The 
EICC’s reorganization of functions, changes in the information systems (IS), etc. have led 
to ad-hoc rationalization of EICC structures, including closing EICCs and building new 
ones (Arnott et al, 1998). 

In the Central America context, this situation is quite attractive from the research perspec-
tive. The EIR is being developed in a short time span, and the challenges at the EICCs are 
clearly seen as urgent needs with legacy IS that date from the 70’s and were considered 
obsolete even before starting the EIR. 

                                                           

4 Such EIR impacts and changes on the EICCs are based in experienced reported from the National Grid Company 
(NGC) in England and Gales, Victoria Power Exchange (VPX) Victoria, Australia, STATTNET Power Exchange, 
Norway, IVS in Finlandia., CAISO, California, USA. 
5 Guatemala, Honduras, El Salvador, Nicaragua, Costa Rica and Panama. 
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INTRODUCTION 

This research is oriented to study the management of the migration6 of the legacy IS at the 
EICCs to meet the new business requirements induced by the EIR.  

This research aims: 

i. To increase the knowledge on IS migration problems faced by the EICCs in Central 
America.  

ii. To propose an IS migration framework for the IS at the EICCs that deal with the 
main problems, found in the previous issue. 

1.3 RESEARCH QUESTIONS 

This thesis is designed to contribute to the following research questions: 

What are the main problems that the EICCs in Central America encounter in han-
dling the incorporation of emerging information processes? 

What can we propose in order to cope with those problems in a systematic, reliable 
and feasible way? 

The first question is treated by gathering information about the problems on IS migration 
in Central America, i.e. management of the emerging information processes at the EICCs. 
The emerging information processes are the demands to support the new business proc-
esses imposed by the EIR. The author conducted pilot, exploratory and descriptive case 
studies in Nicaragua, El Salvador, Costa Rica and Panama in order to characterize the 
problems on this issue. 

The second question is treated based on the findings in the previous one. It proposes an 
Information System Migration Framework (ISMF), Chapter 7, for the EICCs. The ISMFs 
have been partially applied in the EICCs in El Salvador and Nicaragua. The application of 
the ISMF in El Salvador is presented in this thesis, Chapter 8. 

1.4 DELIMITATION AND MAIN ASSUMPTIONS 

The research has been conducted in Central America in the context of the EIR. The re-
search unit of analysis is the EICC, which is compelled to introduce emerging information 
processes on its information legacy systems to deal with the more intensive information 
role as a market actor at the reformed EI. 

The IS here are treated from an user-organization process perspective. The information 
system referred to here is the set of information that is supporting the business operations 
of the organization and its users. The IS will be modeled by a structured description of the 

                                                           

6 In this thesis we mean migration as defined by Mayer (1993): a continuous process of controlled changes where 
additions are implemented without the complete replacement of the system. 
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collection of components supporting the operation of an enterprise. It is a set of compo-
nents and connectors with assigned properties, not an information system dealing at the 
level of lines of codes, database specification, etc. (Andersson, 2002). 

The ISMF proposed is a set of guidelines essentially addressing a modeling and decision-
making procedure to manage emerging information processes demanded by the reorganiza-
tion induced by the EIR. It is assumed that the information system is supporting the EICC 
goals and such a system should be changed as the activities that it supports change. 

A fundamental delimitation of this research is that the proposed ISMF aims to cover the 
whole process until incorporating a solution to any emerging information process to the 
model of changed migrations to the final information system. The final steps, dealing with 
acceptance, validation and verification of the solution have not been documented in the 
application case. Those final steps were beyond the author’s decision and control. 

1.5 RELATED WORK 

The migration or incremental evolution of IS is essentially a multidisciplinary research area 
where technological and organizational issues are closely related. The IS definition used 
here is the information system that the user-organization utilizes for supporting the busi-
ness operations of the organization, in our case the EICC in the reformed EI. 

With this in mind during this research, the author considered the intersection and theoreti-
cal basis of several previous works in well established areas of knowledge. The areas here 
considered as the basis of this research are: Electricity Industry Reforms, Electricity Indus-
try Control Center’s operation and management, Process Modeling, Requirement Engi-
neering, Information System Planning and Enterprise Software Systems Integration and 
Management. 

In the area of Electricity Industry Reforms, the author have been influenced by the work 
compiled by Yajima (1997), where 16 EIR experiences are described and generic concepts 
and effects are presented. In Gilbert and Kahn (1998) and Rudnick (1996) there are con-
siderations of the fundamental and sometimes historical reasons behind this world-wide 
organizational and operational change of the Electricity Industry. In the research and pub-
lications by Barkovich and Hawk (1996) and Albuyeh and Ziad (1999) the author found 
helpful insight into the California, USA, experience on EICC in the of experiences the EIR 
context. 

In the area of Electricity Industry Control Centers, previous works and publications by 
Cegrell (1986) and Handschin and Petroianu (1991) gave the author a base for understand-
ing the technological demands and main responsibilities of the EICCs. They have been a 
helpful reference on the tendencies of the EICC from the technological perspective.  

In the area of Process Modeling many useful concepts, references and tools have been 
found in the compilation of publications by Sholtz-Reiter et al (Eds) (1999). From this 

4  
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reference, 36 contributions have been studied to show the concepts and applicability of the 
Process Oriented Model approach as alternative modeling to the information process at the 
EICCs. The concepts of simulation as a tool for considering the dynamic behavior of the 
processes have been covered in this area together with several approaches for modeling 
development, improvement and management of complex systems. The reader will recog-
nize some of these concepts and tools in the body of this thesis, especially in the proposed 
ISMF. 

In the area of Requirement Engineering, the focus at the Industrial Information and Con-
trol Systems Department, ICS at KTH, and its several publications on “methods and mod-
els to write efficient specifications in all phases of a control system’s life cycle” have been a 
reference and guide on this issue (www.ics.kth.se). The compilation of requirements proc-
ess experiences by Robertson and Robertson (1999) deserves special mention. As noted by 
Gause and Weinberg (1989), a key issue is that the comprehensive requirements process 
“reasonableness” translate the needs into easier acceptance by people who are not very 
experienced with the requirements area. This is an essential attribute when so many com-
plicated requirements processes are tried and rejected, leading in the worst case to costly 
failures. This is a core concept when the author is proposing simple steps, activitities and 
techniques in the proposed ISMF 

In the area of Information System Planning and Enterprise Software Systems Integration 
and Management in Haglind (2002), the author has found solid references about the user-
organizational view of the information systems that typically influence information systems 
management. The discussions of requirements for efficient information planning in electric 
utilities have been inspiring ideas in this thesis. In Andersson (2002), the approach to how 
software architecture description and analysis may be extended to provide decision support 
for Enterprise Information Systems was taken as a conceptual reference, as Johnson (2002) 
for software architecture and software integration issues. 

1.5.1 SECONDARY WORKS 

In the research project presented here, a number of undergraduate theses have been con-
ducted at the National University of Engineering (UNI) in Nicaragua with the author as 
supervisor. They have given valuable feedback in reporting on the applicability, testability 
and feasibility of the research contributions applied to real cases. The undergraduate theses 
closest to this research work are presented below. 

Electricity Industry Control Center, experiences in El Salvador and Nicaragua in the framework of Elec-
tricity Deregulation. Fidel Sánchez. UNI, Nicaragua, 2001. This work shows the experiences at 
the EICCs in El Salvador and Nicaragua in the framework of the Electricity Industry Re-
forms. A proposed modeling technique has been applied and validated by the EICCs in 
consideration. The modeling technique is part of the Migration Framework proposed in the 
Licentiate Thesis. Besides, it validates some specific concepts about the impact of the Elec-
tricity Industry Reforms at the EICCs in those countries. 

5  
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Modeling of the information process in the energy market transactions in the deregulated electricity market 
in Nicaragua – CNDC7 perspective. Norman Vargas. UNI, Nicaragua, 2002. In this bachelors 
thesis, further and more detailed application has been conducted of the modeling and re-
quirements process contributed by the author. This work identifies the information process 
regarding purchase and sale of electrical energy in the electricity market in the frame of the 
technical and operational norms induced by the EIR in Nicaragua. To show the informa-
tion processes, Unified Modeling Language (UML) Diagram representations were used in 
the framework of the process modeling approach presented as a contribution of this re-
search. This work also served as feedback from the EICC in Nicaragua for a test of the 
acceptance of some of the steps of the Migration Framework presented as a contribution 
of this research project, especially those concerning the description of the emerging infor-
mation processes and primary assessment. 

A Comparative Analysis of the Reformed Electricity Market in Nicaragua. Marika Jons. Minor Field 
Study co-supervised by ICS at KTH, Sweden and FEC at UNI, Nicaragua. Presented at 
ICS, KTH, Sweden, 2001. This report describes how the electricity market in Nicaragua, 
with its actors and authorities, will be organized after the reform. It also states what roles 
and functions the different actors and authorities will have in the reformed EI. The re-
formed electricity market in Sweden has been used as a framework in order to draw con-
clusions about the design of the reformed electricity market in Nicaragua. The report also 
gives some examples of UML diagrams to ascertain whether it is possible to apply object-
oriented modeling with UML as notation on an electricity market undergoing reforms. 

1.6 MAIN RESEARCH CONTRIBUTIONS 

The author has studied the EICC in Nicaragua, El Salvador, Costa Rica and Panama. The 
studies were aimed at increasing knowledge of the context and main problems for coping 
with emerging information processes and information systems migration by the EICCs in 
the EIR context. 

This thesis explores and summarizes the main problems the EICCs in Central America face 
in handling the incorporation of emerging information processes. Two main lines of prob-
lems have been identified: (1) There is no integral view of the operational process of 
the EICCs, either internally or externally viewed and (2) There is a lack of system-
atic analysis and tools to assess the emerging information processes to be fulfilled 
by the EICC in the reformed Electricity Industry context. These contributions and 
some other details are further explained in Chapter 6. Summary of findings of the Case 
Studies. 

 

 
                                                           

7 EICC organization in Nicaragua. 
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The issue (1) There is no integral view of the operational process of the EICCs, either 
internally or externally viewed, leads the author to pose the questions: How can we 
represent the information processes the EICC already perform? and What informa-
tion processes does the EICC perform, once we introduce any new information 
process? and the issue (2) There is a lack of systematic analysis and tools to assess 
the emerging information processes to be fulfilled by the EICC, lead the author to 
pose the questions: How can we propose and support an emerging information proc-
ess to the current processes at the EICC? and What can we add as emerging infor-
mation process to the current IS at the EICC?  

An Information System Migration Framework (ISMF) for the EICC is proposed as a solu-
tion to the problems above identified. The ISMF here presented provides a set of steps and 
guidelines to follow for managing any emerging information processes in a systematic, 
feasible and reliable way. The ISMF is a continuous description of emerging information 
processes, risk assessments, requirement elicitation and specifications with traceable and 
incremental implementations without completely replacing the system. The ISMF has as 
fundamental characteristic that provides a feasible view of the current operation of the 
EICC, a continuous and iterative process of controlled changes and a systematic 
process to update the EICC operation model with a set of steps that are implementa-
tion independent, technology independent, process oriented and user centered. 

The ISMF consists of: (1) Modeling of the current information processes at the Elec-
tricity Industry Control Center, (2) Presentation of the emerging information proc-
ess, (3) Primary GO or NO-GO decisions, (4) Description of the emerging informa-
tion process, (5) Assessment of the description of the emerging information process, 
(6) Requirements and specifications for the solution to the emerging information 
process, (7) Assessment of the solution(s) proposed (Validation and Verification) 
and (8) Addition of the solution for the emerged information process to the Model 
of the Electricity Control Center Operator. 

The details of the ISMF are explained in the Chapter 7. An Information System Migration 
Framework. 

1.7 OUTLINE 

This thesis is presented in twelve chapters.  

Chapter two describes in general the research methodology followed by this research effort 
and provides the research characteristic embedded in the work here presented. 

Chapter three presents the Electricity Industry Reforms’ main driving concepts and Elec-
tricity re-organization. It also gives an overview of the EIR link, the EI competitive models 
and the impact or demands on the electricity industry functions. Special attention is given 
to the EICC role in this context. The Central America context for this Electricity Industry 
Reforms is also given. 

7  
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Chapter four and five constitute the main theoretical framework for the research. Chapter 
four gives an overview of the Process Modeling area, concepts, techniques and terminology 
that will be used in the second contribution, the Information System Migration Frame-
work. In Chapter five it has been review the requirements process concepts and techniques 
that support the second contribution, the Information System Migration Framework. 

Chapter six presents the summary of findings from the case studies conducted in Central 
America about the main problems in handling the emerging information processes in the 
EIR context. These findings are presented as research contributions from this thesis. These 
case studies are the source of one contribution of this thesis, the identification of the con-
text and main problems in handling emerging information processes or migration of in-
formation systems. 

Chapter seven describes the second contribution of this research effort, a methodological 
framework intended to be used as a tool for the migration procedure of the legacy informa-
tion systems at the Electricity Industry (EI), focusing on the Electricity Industry Control 
Centers8 (EICC). This Information System Migration Framework (ISMF) provides a set of 
steps and guidelines to follow for managing in a structured way any emerging information 
process induced by the natural evolution of the information legacy systems or the funda-
mental business context innovations induced by the Electricity Industry Reforms (EIR). 

Chapter eight presents an application of the ISMF proposed at the EICC in El Salvador. 

Chapter nine presents a summary of the three included papers published during this re-
search. Paper A proposes the basis of the Migration Framework postulated here. Paper B is 
a simulation trial of the model approach proposed in the Migration Framework in the case 
of the EICC in Nicaragua, so testability and viability of the modeling proposed is argued. 
Paper C presents the application of the modeling proposed in the Migration Framework 
applied at the EICC in Nicaragua and El Salvador, so testability, feasibility and replicability 
are argued from that. 

Chapter ten presents the summary and conclusions of the research effort here presented 
and some further works on related issues. 

Chapter eleven provides a list of selected references from conventional sources such as 
books, reports, research paper, articles and also websites consulted and collected during the 
research effort presented here. 

Chapter twelve presents the published papers related to the research here presented. 

 

                                                           

8 Often referred to as Control Centers, Dispatch Centers, Independent System Operators, National Dispatch 
Centers, or National Energy Dispatch Centers. 
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Chapter 2 

Research Methodology 
2 RESEARCH METHODOLOGY 

This chapter is intended to provide background about the research methodology and re-
search design followed in this thesis.  

The purpose of research is to transform things believed into things known: doxa (what is 
believed to be true) to episteme (what is known to be true). Research methods used in such 
transformation can be classified in various ways; one of the most common distinctions 
being between qualitative and quantitative research methods. (Haglind, 1998) 

Quantitative research methods were originally developed in the natural sciences to study 
natural phenomena. Quantitative methods are oriented to assign measures to the studied 
phenomena by means of laboratory experiments or numerical methods such as mathemati-
cal modeling. 

Qualitative research methods were developed in the social sciences to enable researchers to 
study social and cultural phenomena. Examples of qualitative methods are action research, 
case study research. Qualitative data sources include observation and participant observa-
tion (fieldwork), interviews and questionnaires, documents and texts, and the researcher’s 
own impressions and reactions. 

As mention in the previous chapter, this research is oriented to contribute to the manage-
ment of the migration of the Information Systems at the EICCs in order to meet the new 
business requirements induced by the EIR. 

In research topics like the one covered by this thesis, in which technological as well organ-
izational, managerial, cultural and human behavior are involved, qualitative research meth-
ods have been gaining ground and proving their efficacy (Galliers (Ed.), 1992). There is 
clearly increased interest and acknowledgement, as well as encouraging results of qualitative 
methods in information systems research (Haglind, 2002). 

Some limitations in laboratory and field experiments are inherent to information systems in 
the real world. According to Galliers and Land (1987): “There are only a limited number of 
factors that can be studied under laboratory conditions, and it is difficult to reproduce a 
real-world environment in these circumstances, therefore the need to apply values to vari-
ables often leads to the elimination of factors that, although they may have relevance, are 
difficult to value; thus applying to them zero value-which is probably the value they do not 
have!”  
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The case study research method is a particularly well-suited qualitative method for informa-
tion systems research. Its strength is that it enables reality to be captured in considerable 
detail, and a considerably greater number of variables to be analyzed than qualitative meth-
ods (Galliers (Ed.), 1992). The case study research is the most commonly used qualitative 
approach in information systems research (Myers, 1997). 

It has often been observed (Benbasat, 1984), no single research method is intrinsically 
better than any other, so many authors call for a combination of research methods in order 
to improve the quality of research (Kaplan and Duchon, 1988). 

2.1 RESEARCH DESIGN 

The research work can be divided into two main phases. The first phase included one pilot 
case study conducted in Nicaragua, exploratory case studies conducted at the EICCs in 
Nicaragua, El Salvador, Costa Rica and Panama and descriptive case studies conducted in 
Nicaragua and El Salvador. These case studies led the author to identify, understand and 
gain knowledge of the main problems in handling the emerging information processes and 
their causes. 

The pilot cases helped the author develop a relevant line of questions. The main objectives 
of the pilot cases are, as said before, to set the agenda of research interest, to set the related 
theoretical areas to the issue to be studied, to set the field questions, and to help define the 
plan and protocol of the exploratory case studies. 

The goal of the pilot case was to have an overview of the operation and management of 
the information systems at the EICCs. The Nicaraguan case was the reference for getting 
acquainted with the main problems faced in the operation and management, and it was 
conducted during the discussion about the procurement processes of new control centers 
(Plazaola, 1992). 

With the pilot case the first research question was formulated, taking the Nicaragua Case 
Study as guide and context delimitation source: What are the main problems at the 
EICCs in Central America in handling the incorporation of emerging information 
processes? 

The exploratory cases helped the author focus on finding new information on the main 
problems at the EICCs in Central America in handling the incorporation of emerg-
ing information processes. Because, amongst other reasons, the existing knowledge base 
is poor and the available literature provides no conceptual framework or hypothesis on 
such issues.  

The exploratory case study was set with the unit of analysis to be the Electricity Industry 
Control Centers of the entire Electricity market. The focus was set to gain knowledge of 
the management procedures for the main problems of emerging information processes. 
The theoretical framework around this issue was defined as Electricity Industry Reforms, 
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Process Modeling and Requirement Engineering, with a very close feedback of the findings 
from the top managers of the Control Centers for validating the findings. 

The descriptive case studies were oriented to work with previously collected information of 
the exploratory case studies in order to describe the main problems at the EICCs in 
Central America in handling the incorporation of emerging information processes. 
The descriptive case study was aimed at finding the causes of the finding or information 
collected in the exploratory cases. These findings in this first phase are presented as a con-
tribution in this thesis in Chapter 6. Summary of findings from the Case Studies. 

These contributions also set the framework for further links to interdisciplinary knowledge 
areas in order to propose a framework to cope with the main challenges found. This de-
fined the second research question: What can we propose in order to cope with those 
problems in a systematic, reliable and feasible way? 

The second phase was devoted to finding related literature and previous research to build a 
feasible framework to address the second research question. In particular, the EIR was 
studied in order to understand the concepts, experiences and context of the induced 
changes at the EI, focused on the EICC. The Process Modeling area was studied in order 
to grasp the concepts and tools to be applied to represent process-oriented information 
systems. The Requirements Process, which uses elicitation techniques to describe a “prod-
uct” in a “complete” way, was reviewed for using the concepts and tools for describing the 
emerging information processes. Finally, a fruitful insight into the concepts of Information 
System Planning, Enterprise Software Systems Integration and Management was reviewed 
in order to have a set of concepts, references and research on information systems from 
the user-organizations perspective. 

In the two phases described above, three papers were published that sketch out and de-
velop the Information System Migration Framework.  The reader can find the papers in the 
Chapter 12. Published Papers. They argue the basis, the viability, testability, feasibility and 
replicability of the Information Systems Migration Framework proposed as contribution. 
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Figure 1 - Research Design 
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Figure 2 - Research sequence 

2.2 CASE STUDIES 

A case study is a suitable and well established methodology when a holistic and in-depth 
investigation is needed (Feagin et al (Eds.), 1991). It is an empirical inquiry that investigates 
a contemporary phenomenon within its real-life context, especially when the boundaries 
between the phenomenon and context are not clearly evident (Yin, 1994). There is an un-
clear boundary between the cause-effect of the EIR, the EI competitive models and the 
induced changes  in the IS at the EICCs. Details can be read in Chapter 3. Electricity In-
dustry Reforms.  

In Yin (1994), Stake  (1995) and others have developed robust procedures for Case Studies 
research. Whether the study is experimental or quasi-experimental, the data collection and 
analytical methods are known to hide some details (Stake, 1995). Case studies, on the other 
hand, are designed to bring out the details from the viewpoint of the participants (users, 
user-organization) by using multiple sources of data. 

Yin (1994) has identified some specific types of case studies: Pilot, Exploratory, Explana-
tory and Descriptive.  
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The pilot cases help the researcher to develop relevant lines of questions, possibly provid-
ing some conceptual clarification for the research design as well. The main objectives of the 
pilot cases are, in general, to set the agenda of research interest, to set the theoretical areas 
related to the issue to be studied, to set the field questions, and to help to define the plan 
and  protocol of the exploratory case studies (Yin, 1994). 

In the exploratory cases, the research activities are focused on finding new information 
on the research topic. Because the existing knowledge base is poor, amongst other reasons, 
the available literature will provide no conceptual framework or hypothesis of note. Such 
knowledge base does not lend itself to the development of good theoretical statements. 
The important references here are: what is to be explored; the purpose of the exploration 
and the criteria by which the exploration will be judged successful (Yin, 1994). 

The descriptive case studies are oriented to work with previously collected or new data 
in order to describe and study a phenomenon within a particular field. The goal is to de-
scribe which parameters affect certain phenomena within the studied subject with possible 
development of models or test models describing the phenomenon (Yin, 1994). 

The explanatory case studies are aiming at explaining why previous hypothesis or models 
of a real world are correct. The aim of the explanatory stage is therefore to explain causality 
of events in an attempt to gain knowledge of a phenomenon (Yin, 1994). 

All case studies have common characteristics and basic structures. In defining the unit of 
analysis, the case studies tend to be selective, focusing on one or two issues that are fun-
damental to understanding the system being examined. The case study protocol contains 
the procedures and general rules that should be followed during the studies. The protocol 
has an overview of the case study project, issues, relevant readings about the topic being 
investigated, field procedures, sources of information, questions and procedures for report-
ing the activities conducted. 

In this thesis, pilot case, exploratory and descriptive case studies have been conducted. The 
pilot case was conducted in Nicaragua; the exploratory case studies were conducted in 
Nicaragua, El Salvador, Costa Rica and Panama. The descriptive case studies were con-
ducted in Nicaragua and El Salvador. The summary of these case studies is presented in 
Chapter 6. Summary of findings of the Case Studies conducted in Central America. 
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2.3 RESEARCH QUALITY 

The research quality is usually focused on the issues of reliability and validity of the results 
of the research. (Yin, 1994). 

2.3.1 VALIDITY 

 

Validity deals with the issue of avoiding bias and subjective reasoning eluding systematic 
errors in the research. This, of course, is of the highest importance when the research has 
qualitative content such as for case studies. The division of validity into three separate 
measures suggested by Yin (1994) is a good division of concerns in order to address validity 
issues. Construct validity deals with establishing correct measures for the concepts being 
studied. There is a need for a common definition of the issues under study. When striving 
for high construct validity the researcher should clearly define what aspects of a specific 
phenomenon are to be studied, and establish measures that clearly reflect the studied as-
pects. Internal validity is of key importance in explanatory studies where causality is 
sought. The last measure of validity is External Validity, which deals with the generalizing 
of the study results to a greater environment than the one immediately studied. Critics of 
the case study approach often fail to appreciate the “replication logic” as opposed to “sam-
pling logic” when implying that case studies are inappropriate for generalization. Replica-
tion logic is based on predicting a turn of events in a previously unstudied case based on 
knowledge gained in previous studies. To verify the predictions further, studies have to be 
performed. Successful prediction increases generalizability. In our case, the findings of the 
case studies are compatible with the results succinctly presented in the paper published by 
Arnott et al, (1998). The contributions in this thesis are sustained by following the case 
study research techniques with a more detailed description in the context of Central Amer-
ica. 

2.3.2 RELIABILITY

Issues of reliability deal with the replicability of the results. The objective of high reliability 
is consequently to ensure that another researcher, using the same set of collected data, 
comes to the same conclusions. Studies that have high reliability run less risk of containing 
bias and errors than others. Achieving high reliability is done through careful documenta-
tion of collected data and performed analysis. When performing case studies the use of a 
Case Study Protocol ensures structured and complete documentation of the case (Yin, 
1994). 

During the course of data collection, multiple sources of evidence were used. This means 
that several sources, e.g. documentation, interviews and observations were used to get a 
clear picture of one particular information quantum. Triangulation is then used to verify 
that the data is actually valid. Triangulation is the process of corroborating that all pieces of 
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information point to the same facts from different sources, validate interview protocols 
with respondents, etc. Data Analysis can start as soon as relevant parts of data collection 
are finished.  Analysis is then done supported by operational measures defined at the outset 
of the study. Care must be taken to avoid that premature results of analysis taint the collec-
tion of data. At the same time, it may become apparent during analysis that important data 
is lacking and must be collected. Collected and analyzed data can lead to the creation of 
new findings, refute, or verify old ones. New findings can be further investigated and pos-
sibly refuted/verified in new case studies leading to the implementation of a multiple case 
study approach to address one single research question (Yin, 1994). 
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Chapter 3 

Electricity Industry Reforms 

3 ELECTRICITY INDUSTRY REFORMS 
This chapter reviews the Electricity Industry Reforms9 (EIR), giving a perspective about 
the main driving concepts on the reorganization of the Electricity Industry (EI). The ge-
neric competitive models of the EI are explained with emphasis on the role and functions 
of the EI market actors. Especial attention is given to the role and functions of the re-
search unit of study in this thesis, the EICC. The EIR is the business process reform that 
demands that new requirements be met by the IS at the EICC, which is the main reason for 
defining the emerging information process to be performed at the EICC. Although this 
chapter is intended to give a general background for understanding the driving reasons for 
changes in the information processes at the EICC according to its role in the competitive 
models described, it also brings to the reader a general background of the EIR as a reor-
ganization phenomenon of the EI around the EICC. It shall be considered that the EICC 
is interacting with the EI’s market actors at each competitive model shown here, so under-
standing what the market actors have as their functions and role is part of the general un-
derstanding of the new role of the EICC. 

The EI has long been regarded as a natural monopoly10. It traditionally had attributes such 
as monopoly status, extensive regulation and a high degree of public ownership. In the last 
decades the EI has undergone a rapid EIR that has changed the traditional EI panorama  in 
developed as well as developing countries. 

The emphasis on the reasons and goals for the EIR are diverse. Some of the key concepts 
behind the EIR processes are easily related as opposition to the traditional attributes of the 
EI. The following concepts are the most widely used (Yajima, 1997; Hunt and Shuttle-
worth, 1996; Rudnick, 1996): 

i. Liberalization, allowing third parties, to be involved in the EI as well allowing the free-
dom of choice for the customer. In Latin America (L.A.) this goal is emphatically ori-

                                                           

9 Also called Deregulation or Re-regulation in the Electricity Industry. 
10 Monopoly:  exclusive ownership through legal privilege, command of supply or concerted action; exclusive 
possession or control by one party. (Collegiate Merriam Dictionary, 2000). A natural monopoly exists when 
average costs continuously fall as the firm gets larger. An electric company is a classic example of a natural mo-
nopoly. Once the gargantuan fixed costs involved with power generation and power lines is paid, each additional 
unit of electricity costs very little; the more units sold, the more the fixed costs can be spread, creating a reason-
able price for the consumer. Having two electric companies split electricity production, each with its own power 
source and power lines would lead to a near doubling of price. (Conigliaro and Elman, 1998). 
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ented to promote third party investing in order to cover the acute electricity supply due 
to the state’s financial deficit for any type of expansion of the EI. 

ii. Deregulation, abolishing pure governmental price controls and abolishing restriction for 
the market entry. This goal also covers the trend to change the current situation of some 
traditional EI that have an electricity tariff below real cost due to governmental subsidies. 

iii. Privatization, bound up with a redefinition of the role of the state. In such redefinition, 
the state should cease performing entrepreneurial activities when such activities can or 
will be carried out by the private sector, in which its main job becomes oriented to regu-
lating monopolistic activities. This creates the need for a national independent regulator 
of the EI. In some developing countries, funds and assets sales expected from the priva-
tization goal already have a role or destination in the macroeconomic balances. 

iv. Competition, as the best way to achieve effectiveness in management, maintenance, 
sustainable growth, better prices and customer services. The choice of the customer to 
be supplied from different alternatives is the real driving force of this concept. 

v. Equalization of regional price differences, through liberalization to third parties from 
neighboring countries can play a role in the local EI market price, thus making local 
market behavior more global. 

vi. Fulfillment of international economic agencies’ requisites to support national macro 
loans. This goal is especially present in developing countries pursuing credibility with in-
ternational funding agencies. This reason cannot be neglected when attempting to under-
stand the EIR in developing countries; a special discussion is devoted to this issue in sec-
tion 3.5 World Bank influence on EIR in developing countries. 

Although competitiveness and effectiveness in the electricity supply services, free of the 
state’s monopolistic responsibility, seems to be the generic common goals  in most cases. 

These six goals of the EIR are inducing the EI design, operation and plan to be understood 
in the framework of economic and business issues. Therefore, the electric power grid is now 
treated as the electricity market, the consumer as the customer and all related electricity supply 
activities as the market actors (i.e. generators, distributors, traders, retailers and consumers). 
Economic and business matters are taking priority over technical ones in the EI due to the 
current EIR process. 

3.1 THE ELECTRICITY INDUSTRY FUNCTIONS IN THE ELEC-

TRICITY INDUSTRY REFORMS CONTEXT 

The EI has basically five distinct functions: generation, transmission, distribution, supply 
and electricity industry control (dispatch/balancing/pool functions). In a traditional EI, 
some or all of these functions are integrated, owned by and sometimes not clearly divided 
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into a single or few state-owned Electric Utilities. The traditional EI has bundled naturally 
monopolistic functions that could be opened to competition. 

Generation had been thought of as a natural monopoly because of the economies of scale 
that could be obtained by purchasing large and more efficient generation plants. These 
plants were large with respect to the size of the market. Even as markets got larger, and the 
use of electricity increased, so did the optimal size of the plant. In the 80s, the impact of 
new technologies imported from materials science, aviation and the space program made 
turbines and generation units much more efficient than they had ever been. The way was 
then cleared for smaller and/or cheaper generating units to be built economically. They 
were the cheapest forms of new construction, but more important, in many cases the all-in 
cost of a new plant was less than the customers were paying for the sunk costs of old 
plants. In countries with a generation deficit, the market size is big enough to welcome a 
number of competitors (Hunt and Shuttleworth, 1996). 

Transmission and distribution provide the physical interconnections between the actors of 
the EI. These networks are regarded as natural monopolies due to the economies of scale 
Yajima, 1997). The way to introduce competition in the transmission and distribution , 
natural monopolies, is by a regulation scheme of legal, technical and economic arrange-
ments for the users. Arrangements focusing on rights and responsibilities for the use of the 
systems, the charges and establishing power quality control mechanism and clear role of the 
EICC. So in this deregulation process, EIR, we are talking of a re-regulation of the systems 
aiming for fewer and more open rules. In the EIR context these functions are sometimes 
open to investors by selling stocks or by concession biddings with medium time span;  10 
to 30 years of concession is especially common in the distribution. 

The electricity supply function means wholesale or retail electricity supply. Wholesale sup-
ply means sales for resale, that is, sales to distributing agents and/or traders. Retail supply 
means sales to final consumers. In many traditional Utility systems, this function is not 
divided from the distribution and is regarded just as a commercial task to the customers. In 
some EI models, this function remains part of the distribution function. 

The Electricity Industry Control11 (EICC) provides the essential coordination and 
economy trading functions; this is performed by the Electricity Industry Control Center. 
Since electricity cannot be stored economically, generation must instantaneously follow the 
fluctuations in load. Such a balancing task is done by operating (dispatch) different types of 
generators (pool of power plants) in order to maintain base and peak demand. To minimize 
system generation costs – including transmission losses – and secure system reliability, 
centralized control of the grid system by the EICC is required. Therefore, by nature, this 
function is considered a monopoly.  

                                                           

11 Dispatch, balancing or pool function 
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The transmission, distribution and Electricity Industry Control functions of the EI are 
considered natural monopolies. On the other hand, generation and electricity supply can be 
considered naturally open to competition in the economic and business framework. This 
business framework is central to understanding the EIR processes in recent years. The EIR 
processes are based on defining and separating the interconnection or transport service so 
that it can be provided separately from the electricity itself, becoming a product that can be 
bought, sold and transported from any generator or alternative producers to any customer 
or alternative purchaser or customer. 

The economic analysis required for this type of situation is the analysis of transactions. In 
such transaction analysis and management, the main issues to be addressed and handled 
are: what is the product and how much of it is being bought and sold? At what time? In 
what place? Who is the buyer? Who is the seller? What is the price? How is the price de-
termined? and What are the conditions of the sale? These issues are directly attached to the 
new role and function of the EICC. 

Two main technical problems have to be solved at the EICC: How to handle the more 
numerous transactions and hence avoid the higher transaction costs that would be associated 
with a more competitive reformed EI. In addition, the overall reliability and security of the 
reformed EI should be assured without unnecessary limitations of the competitiveness. 
With the development and evolution of computers and the rapid development of the IS, it 
is envisioned that those risks can be contained. 

The first challenge of the EICC in the context of the EIR process can be stated as securing 
the competitive edge without compromising the power system security. This implies major 
responsibility by the Electricity Industry Control Centers that are the focus of this the-
sis. 

3.2 THE ELECTRICITY INDUSTRY MODELS IN THE CONTEXT 

OF THE ELECTRICITY INDUSTRY REFORMS 

The selection of a competitive model (EI Model) depends on specific and emphatic goals 
to be achieved, legal conditions, existing organizational structure and current ownership 
structure (Yajima, 1997). 

The first task in restructuring is to decide which model or which evolution paths from 
model to model are more suitable to implement. Most of the time this decision is treated as 
the finding of the ultimate and golden solution; however experience has shown that any 
solution itself creates new problems to solve. 

Five models are described here, which are defined on the basis of the extent of monopoly 
permitted or required in the EI and the means of access by competitors to the naturally 
monopolistic functions. The five models correspond to varying degrees of monopoly, 
competition and choice in the EI. They are abstractions and do not describe particular 
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systems. Although they correspond broadly to real EI, particular EI may vary in their actual 
arrangements and could be best described with a combination of the models presented 
here (Yajima, 1997). 

3.2.1 MODEL 1: MONOPOLY AT ALL LEVELS  

A single company has the monopoly of producing electricity and delivering it over the 
transmission network to distribution companies and/or final consumers or, if a separate 
distribution company exists, it is tied to only one generator supply. 

The incumbent utility supplies to the final consumer. This model has been the paradigm 
for a long time. This form of vertically integrated organization has enabled the develop-
ment of large-scale transmission systems and the introduction of larger plants. These econ-
omy-of-scale arguments, which were persuasive for many years, justified monopoly ar-
rangements. The total monopoly has also allowed governments to pursue public objectives 
such as subsidies for poor areas, rural electrification and development of indigenous fuels. 

Although it is arguable that this is not a competitive model, the reason to describe it here is 
due to the fact that in some countries using this model, the EI functions were formerly 
bound up with the state regulatory functions. This was the case of several Latin American 
countries. Nowadays there is a movement for the basic reform of separating such functions 
as well separating the accounting and managerial functions to achieve a basic introduction 
to the concept of separation of concerns between the Regulatory Body and the EI actor. 

Electricity
Industry

Regulatory
Body

Transmission

Distribution

Electricity
Supply

G Generation

Electricity
Industry

Control Center

C Customer
 

Figure 3 - Monopoly at all levels, with separation of the Electricity Regulatory Body 
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3.2.2 MODEL 2: FRANCHISE BIDDING 

                                                          

This is the first approach to open the natural monopolies to competition, when it has been 
decided that competition in the field cannot be adapted to naturally monopolistic func-
tions. The exclusive right to serve the monopolistic market is granted for only a limited 
period and is frequently put up for auction. In this way, competition for the field is organ-
ized. This model has been used mainly in the distribution function. It can be considered if 
neither a complete separation of the distribution and generation or a partial separation 
through third party access is achievable or desired. The argument is that it is not the num-
ber of firms that actively produce in the industry that determines whether the industry can 
be regarded as competitive, but rather that competitive results depend upon the strength of 
the potential and next competition for the franchise. 

Access to the network in the form of wholesale wheeling12 is required in order to allow 
winning utilities to have power wheeled to their franchise areas. The supply and the distri-
bution function remain bundled together, and the exclusive right to distribute and supply is 
auctioned off. 

The following main problems arise in this model: monitoring the behavior of the winner, 
and the transfer of assets and their valuation. There is a need for a regulatory body to 
monitor prices relative to costs, quality of services and performance standards during the 
licensed period. Also, the inherent problem for franchise bidding, with every change in 
choice of supplier and ownership of supply facilities, will have to be transferred as well. 
This poses difficult problems of asset valuation. Related to this, there may be negative 
incentives; for example, the owner may be refrain from investment and let assets deterio-
rate (Yajima, 1997; Rudnick, 1996). 

In order to avoid some of the problems in this model; there is a variant where the distribu-
tion system is converted into a company. The state keeps the major part of the stocks and 
the system it is put up on auction or an amount of stocks are put on the stock market to 
attract private investment and competitive behavior. 

 

12 "Wheeling" is the transmission of electricity by an entity that does not own or directly use the power it is trans-
mitting 
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Figure 4 - Franchise bidding granted at the distribution. 

3.2.3 MODEL 3: COMPETITIVE BIDDING IN THE GENERATION OR 

CHASING AGENCY  
PUR-

                                                          

This model is sometimes called the single-buyer model, and is considered a monopsonis-
tic13 system. Here, only a designated purchases agency, usually the state-owned local utility 
or entity, is allowed to buy from independent power producers. Access to the transmission 
wires is not permitted for sales to final consumers. The purchasing agency has a monopoly 
on transmission networks and on sales to final consumers. 

The single-buyer model introduces competition in power generation—in spite of the argu-
able issue about where competitive pressures can do the most good in reducing costs, it is 
stated that roughly half of the cost incurred in electricity supply can be attributed to genera-
tion (Yajima, 1997). The model may also make it easier for governments to continue policy 
objectives, including diversity of generating plants, demand-side management and envi-
ronmental amelioration together with those mentioned already. At the same time, this type 
of system avoids some of the costs of a more thoroughly deregulated system—namely, the 
transaction costs of spot markets and transmission access and the increased cost of capital 
that arises when generators bear technology risk. 

A single-buyer system usually requires long-term contracts between the buyer and the in-
dependent power producers. The independent generators are thus insured against market 

 

13 A market situation in which only one buyer seeks the product or service of several sellers. 
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risk, which makes it easier to raise capital. These contracts are based on cost. The inde-
pendents compete to the extent of committing a plant, but their revenues are guaranteed so 
long as the plant runs, even if later entrants are cheaper. With these guarantees, they can 
finance with a very high proportion of debt, which reduces the prices they have to charge. 
The market and technology risk is passed through the purchasing agency to the captive 
customers. By insulating the plant owners from the effects of technical change and market 
forces, this model doesn’t take full advantage of the dynamic benefits of competition, leav-
ing many aspects of the choice of when and what to build in the hands of central planners 
rather than of entrepreneurs.  

In this model we can find mandatory or voluntary buying of privately owned generation 
capacity14, done in case-by-case contracts. 

The usual application of this model is restricted to competitive generation for new genera-
tion or replacement capacity needs, in that way protecting the already installed generation 
capacity from competition. Even if the costs of the already generation production is are 
higher than the new generators. 

One main issue to face is the assurance of supply security; it is in the interest of the EI as a 
whole that the winning bidder contains provisions assuring fulfillment of the commit-
ments, or remits damages and procedures that will allow purchasing power where available. 
Self-dealing is a risk when either the host utility or national utilities are allowed to compete. 
These, amongst other issues like frequency of bidding, eligibility of bidding, rules for 
evaluation of bids, prevention of self-dealing15 and assurance of supply security should be 
defined in the request for proposal (RFP). 

                                                           

14 In the USA the Public Utilities Regulatory Policies Act (PURPA) of 1978, obliged existing electric utilities to 
purchase surplus power from cogeneration facilities and small-scale generators that use renewable energy. In many 
Latin-American countries, the sugar cane industry is producing energy for its own consumption and has a period 
of power surplus.  
15 Self-dealing is the situation where the host utility or its subsidiaries are allowed to participate in their own 
competitive bid and keep control of decision, so they can given themselves preferential treatment (Yajima, 1997). 
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Figure 5 - Conceptual model of the Competitive Bidding in the Generation or Pur-
chasing Agency  

3.2.4 MODEL 4: POWER WHEELING 

The core concept of competitive and welfare optimal markets is the situation where the 
consumers have the option of choosing between competing suppliers. Under the competi-
tive EI models mentioned above, customers and distributors do not have any choice. 

Most industry observers agree that competition may have lower prices in some cases, but 
they do not agree on whether increased competition will occur in a situation of great num-
ber of  competitor (Hazan, 1998). 

A wheeling competitive model is one possible way to give customers (distributors, retailers 
or final consumers) the option of choosing between suppliers. In addition, it opens up the 
competition at the customer level. This leads to a system of direct bilateral contracts be-
tween individual suppliers and customers and to access by “individuals” to the incumbent 
utility’s grid in the form of a wheeling transaction. A wheeling creates competition in sup-
ply and by doing so induces competition in generation. The distinguished feature of a 
wheeling model is individual access for third parties to the monopolistic network and bal-
ancing functions. 

The identity and nature of the supplier or source of power to be wheeled is immaterial to 
identifying a transaction as a wheeling. So long as the buyer and so-called recipient of 
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wheeled power is a final electricity consumer or distributor, the transaction is a wheeling, 
and implies competition in supply and thereby also in generation. 

The barriers to entry into the electricity surplus market and consequently to the generation 
market results from the interplay of two factors, that is, the natural monopoly network and 
the bundling of network and supply functions. The traditional Utility is a merchant and at 
the same time a transporter. Disintegration of these functions is the key factor in all re-
forms aiming at opening the supply market to competition. Complete disintegration is only 
achieved with separate ownership. The company that owns and operates the grid is en-
gaged in neither generation nor supply.  

Main issues that the utilization of generation facilities face and the EICC facilities: wheel-
ing implies linking power extraction at a certain point in the grid to power entry at one or 
several other points in the system. The ideal situation is that the amount of electricity input 
is exactly offset by the quantity extracted, and input and extraction are fully synchronized. 
This physical coupling of the amount of electricity fed by the seller into the incumbent 
utility grid and taken out by the buyer means that competition in electricity generation is 
coupled with competition in sales.  

As a strict synchronization of power input and extraction is not possible, differences be-
tween supply and demand quantities generally have to be cleared with the transmission grid 
operator, most of the time the Electricity Industry Control Center. This call for a system 
contracts beyond the transmission agreement, such as top-up and back up electricity for 
generation and distribution. This Electricity Industry Control Center, with the decision 
making power over all generation, should be as independent of the other EI actors as pos-
sible in order to assure fair behavior. Wheeling poses difficult problems of distributing 
scarce transmission capacity, especially if third party access is introduced stepwise. 

3.2.4.1 WHOLESALE COMPETITION OR WHOLESALE WHEELING 
The first variant of this power wheeling competitive model concept is the so-called whole-
sale competition or wholesale wheeling.  

Wholesale wheeling gives generators, distributors and vertically integrated utilities access to 
other utilities’ grids. Distribution or retail companies buy electricity directly from a pro-
ducer and deliver it over a transmission network. In this variant, distribution or retail com-
panies are authorized to buy directly from competing generators, but they retain a local 
franchise over retail customers. The generators must have ensured access to the transmis-
sion network, and their need to have trading arrangements for the network. However, the 
distribution/retail companies still have a monopoly over final costumers. More buyers 
make the market more competitive and more dynamic. In addition, pushing the market risk 
and technology risk back to the generators enhances the benefits of competition in genera-
tion. 
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Arguably, generators are in a better position to judge the benefits of new technology than a 
regulator. When their own cash is at risk, they are likely to give new investments more 
careful thought. In the same line, however, making generators responsible for risk also 
increases their cost of capital. Wholesale competition also increases transaction costs by 
requiring markets and network agreements. Moreover, it eliminates the ability of govern-
ments to direct the choice of new generation technology, other than by direct subsidies or 
directives (Hunt and Shuttleworth, 1996). 

Despite its many virtues, there are many reasons to think that wholesale wheeling will be 
merely a station and testing ground for the retail wheeling. This is a key problem in moving 
from a cost-of-service regime to competitive arrangements. If the regulators are not careful, 
they may bankrupt the companies in their charge and encourage wasteful excess capacity, 
compounding rather than solving problems (Yajima, 1997; Hunt and Shuttleworth, 1996). 

The situation may be best grasped by means of a simple example. Suppose the sunk costs 
of generation are 6 cents per kilowatt-hour--what customers on average are now paying. 
Suppose that, because there is excess capacity, marginal costs (the cost of adding a cus-
tomer or the savings from losing one) are 2 ¢/KWH. Suppose also that the cost of self-
generating comes to 3.5 ¢/KWH. The customer who chooses to self-generate is making an 
economic choice from his own perspective: the customer saves 2.5 cents. However, from 
the perspective of society at large, the public has spent 3.5 cents and only saved 2 cents for 
a net loss of 1.5 cents and it is saddled with even more excess capacity than before. (In 
trade jargon, this is called “uneconomic bypass” and “uneconomic self-generation.”).  
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Figure 6 - Conceptual model of Wholesale Wheeling 

3.2.4.2 RETAIL COMPETITION OR RETAIL WHEELING 
The retail-wheeling variant is called retail competition or direct access, and gives the final 
customers access to the transmission and distribution networks in order to buy electricity. 

The distribution is separate from the retail activity, and the latter is competitive.  

This model-variant has quite different types of trading arrangements. They require distinct 
sorts of contracting arrangements and have dissimilar regulatory requirements. They may 
require different ownership arrangements for the companies operating in the sector. 

This model seems to be a common or desired trend. In it, the transmission system and the 
EICC are separate from the other EI market actors.  

In principle, retail competition makes the most of competitive forces by bringing all final 
consumers into the market. However, it also greatly increases transaction costs by requiring 
more complex trade arrangements and metering. For small users, the costs may easily out-
weigh the benefits. Not only are metering costs comparatively higher for small customers, 
but also the benefit of one-stop shopping is lost. Precise responsibility for poor service may 
be difficult to pinpoint when the local Distribution Company is not also the retailer. 
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Figure 7 - Conceptual model of Power Wheeling  

3.2.5 MODEL 5: POOL 

A pool16 is organized as a short-term electricity market with access for generators, distribu-
tors and final consumers. A distinction can be made between a mandatory and a voluntary 
pool. One of the fundamental problems of a competitive reorganization of the EI is to 
reconcile the freedom of a large number of market actors to trade individually with the 
optimal operation of the interconnected system. This is the characteristic that explains why 
the EI requires the continued existence of the Electricity Industry Control Center. It is 
to secure uninterrupted operation of the EI, preserve reliability and maintain the EI bal-
ance (e.g. load following and back-up to match the physical deliveries of competing genera-
tors to their customer’s load profiles). To fulfill this balancing function, the EICC must 
have operational control over a certain minimum number of flexible generation plants and 
possibly flexible loads. 

In a wheeling system, this function is fulfilled by the incumbent utility, and the balancing 
services along with the network services are offered on a case-by-case basis to third parties. 
Whereas the integrated utility operates its system in an integrated manner, a transaction 
                                                           

16 The grouping of resources for the common advantage of the participants. An available supply, the use of which 
is shared by a group. 
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between a generator and an individual customer is based on a bilateral physical delivery 
contract. 

In a mandatory pool system this dichotomy is abolished. The generation/transmission 
system is centrally operated at the physical level. Power plants are centrally dispatched 
based on their offered prices into the pool. All generators are obliged to sell into the pool 
and all buyers to purchase from the pool. No bilateral physical delivery contracts are al-
lowed. Sellers and buyers of electricity can, however, conclude bilateral financial contracts 
to hedge the pool price risk (contracts for differences: CFD). 

3.2.5.1 VOLUNTARY POOL 
A voluntary pool lies in between the mandatory pool and a wheeling system. On the one 
hand, the balancing functions are centralized as in a mandatory pool system. On the other,  
not all generators are centrally dispatched. Those that are not centrally dispatched either sell 
directly to customers using their own grid or have their power wheeled. To fulfill the bal-
ancing function, a limited number of flexible power plants under EICC control are suffi-
cient. The other generators can choose between having their plants dispatched by the 
EICC based on bid prices or selling directly to individual customers. If they choose to sell 
their electricity under direct bilateral contacts, they rely on the pool only for balancing 
services. Reliance on the voluntary pool would make these bilateral transactions easier than 
with individual wheeling transactions without the support of a pool. 

3.2.5.2 MANDATORY POOL 
The mandatory pool with separation of generation, electricity industry control, transmis-
sion, distribution and supply functions creates a wholesale market. For this it is necessary 
to break up the vertical integration of the above-mentioned functions. Electricity genera-
tors are no longer assigned to certain supply regions, but compete for shares in the cover-
age of market demand for electricity. Distributors and large customers can buy electricity 
directly form the wholesale market. Through distributors or other electricity traders, small 
customers can also gain direct access to the electricity market. Direct access to the electric-
ity market requires access to the transmission grid and distribution network. Distributors 
and large industrial consumers extract electricity at high voltage level, and small industrial 
customers amongst others at low voltage level, at a point of interconnection. Besides the 
pool market price, a grid charge is paid according to the grid levels actually used. Electricity 
generation and electricity sales then take place in a competitive market, whereas other func-
tions of transmission, distribution and electricity industry control remain as regulated 
monopolies. Even in this far-reaching reform model, the coexistence of competitive and 
monopolistic functions is preserved, so the need for regulation remains. This includes 
influence over the Electricity Industry Control Center in his function of grid operator; it 
also extends to the protection of small customers as long as they do not have factual access 
to competing offers and remain captive customers. The precondition for effective regula-
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tion is improved through vertical disintegration and by continual assessment of market 
prices for electricity. 

The pool concept is in accord with the specific characteristic of an electricity system. The 
necessary stability of the system requires a permanent matching of total supply and total 
demand. Furthermore, in an interconnected grid with numerous points of entry and extrac-
tion, no physical connection between specific generation and specific extraction can be 
traced. All generators feed into the pool, all customers extract from the pool. Because all 
power plants that feed into the high voltage grid have access to the pool, electricity genera-
tion is disassociated from electricity sales to customers. Access to the grid no longer takes 
the form of specific transmission rights between a point of entry and a point of extraction, 
but rather is access to pooled generation or demand. Some traders supplying a customer or 
customers buying electricity directly form the grid pays access and grid utilization charges 
and extracts power from the grid at his connection point. 
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Figure 8 - Conceptual model of the Mandatory and Voluntary Pool 
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3.3 ISSUES IN THE REFORMED ELECTRICITY INDUSTRY 

LINKED TO THE EICC 

The EIR should be seen as a process reshaping the Electric Industry (EI), thus deriving a 
new electricity market’s organization. This organization is a mix of the EI goals and context of 
the EI to be reformed. In this chapter are presented some common issues found in the EI 
models affected by the EIR process under reference17. The intention is to give enough 
conceptualization to these issues that they can be presented with less bias from their spe-
cific reality. 

According to Yajima (1997) the EI reforms reviewed indicated that the trend is clearly 
heading to retail wheeling. Several differences in the treatment of the transmission and 
distribution can be seen, but the trend is heading to transmission and distribution separa-
tion. This is called the vertical disintegration of the EI organization. It is important to de-
fine the strategy to achieve the target reform under needs and contextual reality. Opening 
the supply market in the Power Wheeling model induces the introduction of competition in 
generation; however introducing competition in generation is not necessary leading to 
supply competition. 

The aim of the re-regulation in the reformed EI is to ensure that the natural monopolies 
have economically efficient charges to the open competition to achieve an efficient alloca-
tion of scarce resources and prevent economic rent.18. The present trend is the existence of 
and independent regulator entity with such generic objectives. 

For the achievement of these objectives, the need for reliable and real-time information is 
more intensive for the regulatory and industry control entity as well as to the market ac-
tors of the reformed EI. The regulatory entity in particular should try to solve the asym-
metric information19 present in the real world as extensively as possible. In this framework,  
a very comprehensive approach is ongoing in the U.S.A.20, where the Open Access Same 
Time Information System (OASIS) is aiming to use INTERNET as a mean for solving the 
information asymmetry already mentioned. 

                                                           

17 Countries or cases analyzed in Yajima (1997) are: England, Scotland, Northern Ireland, Norway, Sweden, 
Finland, New Zealand, Australia, Chile, Argentina, United States, Netherlands, Portugal, Spain, Japan and in 
Plazaola (1993) are: Nicaragua, El Salvador and Panama. 
18 According to Yajima (1997) the economic rent here is an undeserved profit beyond compensation for the cost 
of capital. This can be attempted by maximizing the profit within a regulatory framework and manipulating infor-
mation on which regulatory decisions are based in their own interest. 
19 In economists’ jargon there is an asymmetry of information when entity A (e.g. power market actor) has more 
decision-making power at the expense of the lack of information of entity B (e.g. the regulatory entity) 
20 In the U.S.A. the transmission owners could be affiliated with some generator plants or have economic interest 
in some supplier companies, so at least a functional unbundling is mandatory in the wholesale power marketing 
and transmission operation. 
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In practice, an electricity industry that is opened to competition will be partially regulated, 
in which the proper balance between regulated and deregulated functions are the key issue 
still in discussion. 

3.3.1 MERGERS AND MARKET POWER  

 

In the EI Model 4. Power Wheeling, the wholesale and retail wheeling, electric-power func-
tions that traditionally were performed by a single monopolistic entity will be separated or 
“unbundled,” and some of them may have to be provided by different entities to avoid 
conflict of interest and self-dealing (vertical and horizontal disintegration). The main issues 
here have to do with questions of market power and cross-ownership of the regulated and 
competitive parts of the business.  

Generally, the competitive parts of the newly restructured systems are generation and retail-
ing, while the regulated parts are distribution and transmission. In an ideal situation, there 
should be no need to regulate power prices, unless there are too few competing actors to 
eliminate or at least minimize monopolistic pricing. However, if a single utility controls too 
much of the market, divestiture may be ordered or encouraged.  

Clearly, the control of transmission has to be separated from generation as well as from the 
retailing function. This is necessary to avoid conflicts of interest in the dispatching process, 
and to avoid the appearance of self-dealing. It can be done with an Electricity Industry 
Control Center, which can neutrally administer the scheduling process and dispatching 
plants, subject to protocols established for system security and the tariffs for use of the 
system. The EICC, sometimes a separate power exchange (PX), would run a spot market 
and establish a market price. If all customers can choose among generators, as in Model 4, 
the self-dealing problem does not arise—the problem of having a company with a retail 
monopoly being one of the competing suppliers of generation to itself. However, in the 
typical transition from wholesale to retail wheeling, not all customers will be able to choose 
their suppliers, and those who have no choice will want to ensure that their supplier is 
getting the best deal for them. If the retailer is also the generator, it will be tempted to buy 
from itself, even at above-market prices. 

3.3.2 TRADING ARRANGEMENTS, TRANSACTION COSTS 

The industry structures under Model 4. Power Wheeling, require trading across a transmis-
sion grid that neither knows nor cares who owns the power, but requires split-second tim-
ing to control the flows. It is essential that the EICC retains control of the transmission 
system, and is responsible for the grid's reliable operation. The reformed EI should allow 
for, and indeed support, bilateral sales arranged between buyers and sellers. It is also use-
ful—some would say essential—to have a spot market where traders can buy and sell what 
they need to make up their contracts in real time.  

33  



AN INFORMATION SYSTEM MIGRATION FRAMEWORK FOR THE ELECTRICITY INDUSTRY CONTROL CENTERS 

3.3.3 SETTLEMENT ON THE SPOT  

   

Suppose Generator 1 has a contract with Customer 1, while Generator 2 has a contract 
with Customer 2. If this were not electricity, the situation would be relatively simple. If 
Customer 1 wants delivery, he asks his supplier to provide it, and the delivery is made and 
paid for. However, with electricity, when Customer 1 switches on the power, he gets elec-
tricity, even if at that particular time Generator 2 is the only one generating. Yet, Customer 
1 has a contract with and pays Generator 1 for the power received. Hence, some means has 
to be found for Generator 1 to pay Generator 2 for the power actually generated and con-
sumed.  

Since there are thousands of such transactions, the settlement of cross-claims cannot be 
done by telephone calls and separate deals. The answer is to establish a spot market. All 
imbalances from contracted amounts are then settled at the spot price. Both spot markets 
and scheduled bilateral trades can be accommodated within the existing inter-utility pooling 
arrangements. These pooling arrangements can be modified to accept more participants, 
although some of the rules, which envisaged voluntary sharing and reciprocal services, will 
have to be changed.  

Most of the changes will involve defining contractual arrangements among various parties, 
and putting prices on services previously provided on a "fair share" basis. The pooling 
arrangement needs to become independent of the existing utilities. In other words, there is 
a need for an EICC to operate the electricity market or pool. All traders of electricity will 
pay for transmission and for ancillary services such as reserves, which the EICC needs in 
order to maintain a stable system. 

3.4 WORLD BANK INFLUENCE ON ELECTRIC INDUSTRY RE-

FORMS IN DEVELOPING COUNTRIES 

3.4.1 WORLD BANK POLICY TOWARD THE ELECTRIC INDUSTRY SECTOR

The involvement of the World Bank (WB) in the electric power sector’s development is 
consistent with the Articles of Agreement of the Bank that its loans should be given for 
clearly specified purposes and also with the policy adopted early in its history that funds 
should be disbursed rapidly to large borrowers (John Hopkins University Press Report, 
1984). Power projects involving large-scale expenditures, relatively high technology content 
and considerable publicity for the Bank’s work satisfied many of its objectives at the time 
(Zeccour, 1998). 

Until the mid-1990s, power industries in developing countries were typically publicly 
owned monopolies. This was perceived to be the best way of securing a number of objec-
tives such as low prices to promote development, rapid expansion of electricity provision, 
maximal use of economies of scale, and effective utilization of scarce manpower skills 
(World Bank Report, 1993). Electricity was viewed as an essential element of the infrastruc-
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ture of an industrializing economy, although the need to improve both management and 
financial performance was recognized. Recipients of loans were urged to adopt marginal 
cost pricing, sustainable rates of return and international competitive bidding policies. The 
effect of the ready availability of up to US$40 billion of loans was that many countries 
expanded their power systems, but without a great deal of regard for technical, institutional 
and financial performance. A generally poor record of financial performance forced the 
WB to a far-reaching review of policy in the 1990s and to a commitment to try to deal with 
“the sector’s fundamental structural problems.” 

Some of the problems identified were decreasing quality of service, high rates of produc-
tion and distribution losses, and poor maintenance provision. These were attributed to lack 
of commercial organization leading to inadequate metering and billing, interference by 
government in managerial decision-making and lack of financial responsibility. As an ex-
ample of the problems of developing countries, the WB calculated that within the group of 
countries it monitored, days receivable (time between issuing bills and receiving payment) 
increased from 77 days in the period 1966 to 1973, to 112 days in the 1980s. Worsening 
financial performance brought about by falling tariffs over the 1979-1988 period contrib-
uted to some of the macroeconomic difficulties experienced by developing countries. All 
this led the WB in 1993 to emphasize the need for efficient utilization of power sector 
resources. 

The fact that developing countries tended to consider the electricity sector development as 
an instrument of social policy added to the sector’s potential managerial problems. Often 
there was no clear dividing line between firm level accounting and national accounting, so 
the managers were able to avoid effective constraints on spending. There was no effective 
control over growth in indebtedness. Under pressure from donor governments, the Bank 
came to feel that exposure to market discipline was becoming essential in order to alter the 
corporate culture of borrowers. 

The WB saw its role as that of an international lender with the twin objectives of expanding 
electricity supply and facilitating institutional development. It did this through a wide vari-
ety of loans–specific project loans, time-slice or program loans, technical assistance loans 
and sector or sub-sector policy loans, as parts of multisectoral lending instruments such as 
SAL (Structural Adjustment Loans) and PERL (Public Enterprise Restructuring Loans). 
Difficulties were encountered in the effective control of performance, however, because of 
failure to incorporate proper penalties into the loan agreements. In practice, the WB’s only 
sanction was to stop further lending to a sector. Discipline of this sort was applied at best 
spasmodically and for limited periods when countries failed to comply with the Bank’s 
pricing and financial requirements. 

As a result, the 1993 WB report acknowledged that some of its projects yielded low returns 
on investment, and ascribed these to poor management of transmission and distribution 
systems and faulty maintenance programs. The WB itself estimated the cost of such ineffi-
ciency to around $ 30 billion a year in 1993, in terms of additional borrowing requirements. 
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3.4.2 WORLD BANK EXPLANATIONS FOR ITS POLICY FAILURES 

The Bank identified excessive government interference in the day-to-day conduct of power 
sector operations as the principal cause of these failures. The undermining of accountability 
led to poor monitoring, poor performance, excessive use of labor and loss of experienced 
staff because of weak incentive systems, while failure to set tariffs to cover revenue needs 
created greater dependence on state and international subsidies. In response to this analysis 
the WB policy gradually changed in the 1990s. At first, greater selectivity was practiced in 
the issuance of loans. Support was directed towards “build own operate” (BOO) and 
“build own operate transfer” (BOOT) systems, where countries supplied sites and some-
times fuel to private contractors who set up and operated the power stations, usually over a 
fixed period, before relinquishing ownership at the end of the period. After 1993, the WB 
virtually ceased its involvement in large-scale hydroelectric projects because they were also 
perceived as environmentally damaging, switching support to smaller scale systems. In-
cluded in the new policy was considerable enthusiasm for privatization in light of the suc-
cess of such programs in the industrialized countries. However, its initial enthusiasm was 
dampened by revelations that privatization programs were slow in completion, and that the 
anticipated efficiency, fiscal and social benefits were not being quickly realized (OED Pre-
cis Report, 1995a). One cause was identified as the failure of the WB to make adequate 
assessment of borrower commitment to privatization, particularly in low-income countries 
with weak private sectors and poor administrative capability.  

The fact that winners in any privatization program are identifiable and well organized 
whereas “beneficiaries” are often disbursed and lack political power was acknowledged to 
hinder the adoption of such programs. The failures to introduce effective competition and 
the lack of developed financial institutions to handle the sale of public companies were 
seen as contributing factors. Even though the WB has again shifted its policy stance, it has 
continued to emphasis the superiority of privatization over the alternative policy of public 
sector restructuring (OED Precis Report, 1995b). The principal developments in World 
Bank policies are laid out in table 1. 
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1978 – 1992 1993- 

To provide power based 
on least cost 

To operate sectors on a commercial basis 

Programs. To encourage energy conservation 

To strengthen institutions 
and improve efficiency. 

To promote environmental sustainability 

To encourage local re-
source and co financing. 

5 principles for support: 

Transparent regulation 

Commercialization and Corporatisation 

Import of services 

Commitments to reform 

Private investment 

To improve access for 
disadvantaged 

 

Table 1 - World Bank Policy Objectives 

3.4.3 WORLD BANK MODEL REFERENCES 

One of the characteristic features of the World Bank analysis is the way case studies are set 
out as examples of "good" practice worthy of emulation by all developing countries. This 
parable form with its implication of "go and do," both serves to fix ideas and suggests that 
the efficient frontier of power production is bounded by the countries concerned. 

i. The Ivorean Parable. Separate the ownership of the infrastructure from genera-
tion and transmission. Place generation and transmission in the hands of a foreign 
owned company – in this case Electricite de France (EdF) – for a period of 15 
years. The foreign-owned company runs the system, collects all accounts and is 
rewarded according to the number of sold units. This will reduce power cuts, im-
prove account collection and encourage the discovery of new fuel sources whilst 
retaining state ownership in the long run. It retains support for state monopoly. 
The Ivory Coast followed this path starting in March 1990. 

ii. The Guinea-Bissau Parable. Install a management team under an expatriate man-
agement contract to operate a small electricity system. The objective is to reduce 
service interruptions and also foreign aid requirements. The experiment was suc-
cessful at first but inability to collect payments on time led to financing difficulties 
later on (WB Report 1994).  
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iii. The Thai Parable. Adopt demand side management assessment in order to iden-
tify efficiencies to be gained from end user improvements. Replace less efficient 
with more efficient electric appliances and build more energy efficient houses. 

iv. The Korean Parable. Create an external and independent regulatory board for the 
power utility. This board is enabled to offer incentives for superior performance. 
The utility’s management is to be fully accountable to this regulatory body. 

v. The Chilean Parable. Privatize the entire system by allowing private companies to 
buy up existing capacity. Separate distribution from generation and sell both sec-
tors over a period of time using public auctions, followed by stock exchange list-
ing. 

vi. The Philippines Parable. Build new plant on a BOOT basis. The plant is owned 
and operated for a substantial period (in the case of the Philippines, 12 years) by a 
private foreign company. The state owned national power company supplies both 
the site and the fuel and also buys the electricity generated so as to minimize risks 
to the private generator. The private generator processes fuel for a fee, and pro-
vides the capital to build the plant, so there is no foreign exchange requirement 
for the government (WB Report, 1994). 

vii. The Malaysian Parable. Privatize existing utilities gradually and allow new entry 
into electric power. Retain direct regulatory power through governmental golden 
shares. Tariff policy requires ministerial as well as regulatory body approval and 
hence is open to political manipulation. Regulatory capture by incumbent firms is 
a further threat (WB Report, 1994). 

The lack of control of transparent and fair decision in the reforms in the EI is one of the 
major drawbacks of the WB models, parables and policy, in many of the developing coun-
tries. The “go and do” approach has not proven the positive results that the WB foresaw in 
theory. The intention of this section is to state that: the electricity industry reforms and the 
model to be followed are heavily driven by macroeconomic reasons. This imposes major 
constraints from the EIR to the Electricity Industry actors. The EIR in this context is a 
top-down decision without a plan for assessment of the success neither transition phases 
from the EI monopolies to the less regulated EI. In many of the developing countries the 
EIR is a major business reorganization without planning, posing to the EICC unexpected 
and immediate IS changes to attend new requirements. 

3.5 ELECTRICITY INDUSTRY REFORMS IN CENTRAL AMERICA 

In the Central America region the Electricity Industry of each country has been mastered 
by a semiautonomous state organization with high vertical integration in the generation, 
transmission and distribution activities, most of them with regulatory functions as part of 
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the EI organization. The Electricity Industry Reforms are underway in these countries; the 
first step has been to decouple the regulatory functions to national entities.  

The first international electrical interconnection line was in service in 1976 between Hon-
duras and Nicaragua at 138 KV. In 1982 the interconnection between Nicaragua and Costa 
Rica took place at 230 KV, allowing export to Honduras of surplus hydroelectric energy 
from the recently built Arenal-Coribici complex in Costa Rica. In 1986, the interconnection 
between Costa Rica and Panama took place at 230 KV. In northern Central America, the 
interconnection between El Salvador and Guatemala took place in 1990 at 230 KV.  

The vertically integrated and national Utilities in Central America are Compañía Nacional de 
Energía Eléctrica (National Electrical Energy Company, ENEE) in Honduras; the Compañía 
Nacional de Electricidad (National Electricity Company, ENEL) in Nicaragua; and the Instituto 
de Recursos Hidraulicos y Electrificación (Institute of Hydro Resources and Electrification, 
IRHE) in Panama, although, three independent generators also operate in Honduras and 
one is just beginning operations in Nicaragua. In Guatemala there is the Insitituto Nacional 
de Electrificación (National Electrification Institute INDE), in El Salvador the Comisión 
Ejecutiva del Río Lempa (Río Lempa Hydroelectric Executive Commission, CEL), and in 
Costa Rica the Insituto Costarricence de Electricidad (Costa Rican Electricity Institute, 
ICE).  Companies with generation and distribution activities operate simultaneously in 
these systems, however: in Guatemala, the Electrical Company of Guatemala (EEGSA) 
and some municipal companies; in El Salvador, seven companies in charge of Distribution, 
in which the most important is the Compañía de Luz Eléctrica de San Salvador (San Salva-
dor Electrical Light Company , CAESS), and in Costa Rica, the Compañía de Fuerza y Luz 
(National Power and Light Company, CNFL), which serves the metropolitan area of San 
Jos plus four private cooperatives that share the service in rural areas with the ICE. 

The six countries are currently interconnected as follows; Guatemala and El Salvador are 
interconnected in the Northern System and Honduras, Nicaragua, Costa Rica and Panamá 
are interconnected in the Southern System. So far the experiences of energy trading and 
coordination come from bilateral and other agreements, strategies and procedures amongst 
the interconnected countries. 

This situation of the need for a close regional coordination in the electricity exchange was 
taken up by the Consejo de Electrificación de América Central (Central American Electrification 
Council , CEAC), founded in 1989 as an entity for regional electricity cooperation, coordi-
nation and integration with the aim of optimizing the regional energy resources of the six 
countries in Central America. 

Around 1995 the Central American countries agreed to interconnect their transmission 
grids to allow power to flow among all of them, in which the main aim was to alleviate 
periodic power shortages. The regional interconnection project is known as the Sistema de 
Interconexión Eléctrica para America Central (Electrical Interconnection System for Central 
America, SIEPAC). Since Panama is already linked to Colombia's grid, the two links effec-
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tively would connect the North American and South American power grids. The SIEPAC 
project is expected to cost between $350 and $400 million. The Inter-American Develop-
ment Bank has approved a $185 million loan for improvements in the grid, owned by Em-
presa Propiedad de la Red SA (Network Ownership Company , EPR), which in turn is owned 
by the six Central American countries. In the future, the private sector could also own a 
stake. The SIEPAC plan calls for 1,125 miles of 300-MW capacity transmission lines be-
tween Guatemala and Panama, as well as improvements to existing systems. Spain has 
agreed to provide an additional $70 million of financing and the Spanish Consortium 
ENDESA will head up a consortium of national power companies in building the project. 
In February 1998, representatives of public power utilities from all Central American coun-
tries except Belize met in Guatemala City to set a timetable for developing the regional 
power grid. Construction on SIEPAC is most likely expected to begin in 2004, and to be 
completed in 2005.  

3.5.1 THE ELECTRICITY INDUSTRY REFORMS IN CENTRAL AMERICA   

In the last five years, the Central America countries have taken steps to have Electricity 
Industry Reforms. In the 80s, the entry into service of the international interconnections 
and the increase in installed hydroelectric capacity, whose participation in generation in-
creased from 50.9% in 1980 to 65.5% in 1990, permitted the Central American systems 
relative roominess in meeting their demand.  

At the beginning of the 90s, the adverse economic situation in the region contributed to 
the electrical systems’ non-fulfillment of maintenance and expansion plans. This situation, 
together with the high dependence on hydrological conditions, become critical in the se-
quence of droughts in the region, and to the high growth rates of electricity demand, which 
caused the region to experience the worse lack of electricity crisis in their history. This 
situation prepared the way for the entry into this scenario of private generation, which has 
been responsible for most of the new capacity installed in the region, especially in thermal 
plants. 

As a consequence, the private generators in the region have installed gas turbines and die-
sel/bunker plants that could be developed in the course of a year. The exception to this is 
in Costa Rica, where the participation of private initiatives has been limited to the devel-
opment of renewable sources. Also, in Honduras, the trend is now to favor projects with 
greater renewable resource utilization (hydro- and eolic-based generation).  

3.6 GENERAL COMMENTS 

The Electricity Industry (EI) is undergoing a reform. This Electricity Industry Reform 
(EIR) is leading to understanding, designing, operating and planning the EI in an economi-
cal, business-oriented framework. The traditional five-stage vertically interdependent proc-
ess involving generation, transmission, distribution, retailing and electricity industry con-
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trol centers21 (EICC) is being reformed as the network operation has been organization-
ally separated from production and sale of electricity (Heller et al, 1999; Yajima, 1997). 

In table 2 the reader can see a summary of the characteristic of the competitive EI models. 
The EICC position has been presented in each model. 

Access to EI Functions by third 
parties 

Functions opened to Competi-
tion 

Supply EI Models 
Trans-
mission 

Electric-
ity Indus-
try Con-

trol 

Distri-
bution 

Generation Whole
-sale 

Re-
tail 

Monopoly at all levels 
with separation of the 
Electricity Regulatory 

Body 

In some 
cases, 

indirectly 
open to 
individ-

ual 
access 

via 
surplus 
genera-
tion. If 

not, 
closed. 

Closed Closed 

Indirect, via 
buying 
surplus 

generation 

No No 

Franchise Bidding 
Individ-

ual 
access 

Individual 
access 

Exclu-
sive 

access 
(for bid 
winner) 

Indirect, via 
winner 
bidders 

Yes No 

Competitive Bidding 
in Generation 

General-
ized 

access 

General-
ized access

No 
access 

Yes, partially 
in the case of 
new capacity 

frame 

No No 

Wholesale 
Individ-

ual 
access 

Individual 
access 

No 
access 

Indirect via 
competition 

in supply 
Yes No 

Wheeling 

Retail 
Individ-

ual 
access 

Individual 
access 

Individ-
ual 

access 

Indirect via 
competition 

in supply 
Yes Yes 

Mandatory
General-

ized 
access 

General-
ized access

General-
ized 

access 

Direct for all 
capacity Yes Yes 

Pool 

Voluntary 

Individ-
ual/ 

general-
ized 

access 

Individ-
ual/ 

general-
ized access

Individ-
ual/ 

general-
ized 

access 

Indirect via 
competition 
in supply/ 

direct 

Yes Yes 

Table 2. Overview of the generic EI Models  

                                                           

21 Often named Control Center, Independent System Operator, Electricity Dispatch Center is generally in charge 
of the dispatch, balancing, and pool functions of the electricity supply and demand for the entire electricity mar-
ket. 
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The EIR in Central America, as in many developing countries, are heavily driven by macro-
economic reasons. This imposes added constraints on the EIR, and is a top-down decision 
taken without the maturity to make the proper decision about the steps or competitive 
model to follow or the transition plans and assessment of the collateral consequences. 

In this thesis the EICC challenge is considered in the line of a business process reform that 
should be conducted in the context of this EIR. The EIR’s main reasons and competitive 
models help us understand the framework where this EICC challenge has to be faced. The 
EIR context, especially the Central America EIR, and its driving reasons help us under-
stand the context where the major problems for handling emerging information process 
were found and the Information System Migration Framework was proposed. 

At the end, the fundamental problems of a competitive reorganization of the EI is to rec-
oncile the freedom of a large number of actors to trade individually with the optimal opera-
tion of the interconnected systems. The characteristics of the electricity system requiring 
the continued existence of reliable EICC are indisputable and a major issue in any EI 
competitive model. The IS supporting the EICC is becoming a major key asset to keep 
reliability and competitiveness in more transaction-based EIs.  
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Chapter 4 

Process Modeling 
4 PROCESS MODELING 

This chapter introduces the general concepts and bases of process modeling (PM) in gen-
eral, business process modeling (BPM) and business process reengineering  (BPR) disci-
plines. Some examples of process modeling techniques are presented to show some of the 
different perspectives, goals and terminology available in the process modeling or business 
process modeling implementation. At the end, the reader will find some general comments 
that give a brief overview of the main concepts or assumptions that these disciplines bring 
to the contributions of this thesis. 

In the context of IS, the term “process modeling” has come to be associated with a num-
ber of ideas, all concerned with the behavior of systems, businesses or organizations22. The 
basic concept is that any organization can be thought of as operating or behaving as a 
number of interrelated processes. 

A process is a set of inter-related work activities. These activities require specific inputs 
from one or several “originators,” perform some specific value-adding tasks on those in-
puts (some kind of transformation, integration, customization, etc), and deliver specific 
outputs to one or several receivers (OEW, 1992). The terms “originator” and “receiver,” 
also called “supplier” and “customer,” should be understood in a broad sense. They can 
literally refer to data or information sources internal or external to the system analyzed. A 
process may be fully contained within one organization or span several organizations. 

The purpose of constructing a process model is to study and understand an organization as 
abstractions and simplifications of the “reality” according to particular viewpoints and 
goals and using particular modeling techniques. Process models are not unique and there is 
no one model to cover all possible viewpoints in an organization or all possible goals of the 
specialist’s analysis and study interest. Further, models constructed from some viewpoints 
can form the basis for the analysis, design, development and operation of the IS that sup-
ports the organization to achieve its goals. The IS can support the whole organization or 
part of it. Such IS can themselves be considered models of the organization, albeit in a 
medium that is not purely descriptive but rather more active in nature (Snowdon, 1998).  

Historically, the process modeling techniques and tools available today have their origins in 
concerns for the software life cycle and software development, including maintenance and 
                                                           

22 Something made up of elements with varied functions that contribute to the whole and to collective functions 
and goals. 
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update. Various models of the software development process have been suggested and a 
number of modeling techniques developed, frequently associated with some form of com-
puter support to provide assistance for software developers in following the demands of 
new products.  

Whilst work in process modeling as support for software development is clearly noticed, a 
major development is seen in applying the modeling approach to other processes in or-
ganizations. The modeling approach is linked to the organization’s business goals. Here a 
link has been made with techniques used in such business contexts, in particular techniques 
and tools used for understanding and analyzing the business operation itself and with com-
puter tools such as Workflow, Computer Supported Cooperative Work (CSCW) and more 
general groupware. These links draw in concepts such as Soft Systems, Systems Dynamics, 
role-based modeling, procedure mapping and more familiar techniques such as data flow 
models and activity decompositions. In this line the IS techniques are becoming closer to 
the organization and business development, following its specific operational requirements 
(Snowdon, 1998; Curtis et al, 1992). 

The process models may be formed in a variety of ways, using a plethora of different tech-
niques. Generally, such techniques will be supported by software tools that enable the 
modeler to create a model to understand, analyze and even improve the organization’s 
processes in order to implement a closer supporting IS. A number of specific techniques 
(and tools) are commercially available to support the production of models. Those particu-
larly concerned with providing a representation of processes are usually called “process 
mappers.” Other tools allow properties of descriptive models to be analyzed using tech-
niques such as finite element simulation, difference equations or execution of rules. Exam-
ples of these include Systems Dynamics models (supported by a tool such as ISee) and 
ProcessWise Workbench (which uses a rule-based analysis technique) (Finkelstein et al, 
1994). Some examples are given in Section 4.1.2. Process Modeling Techniques. 

The process model only has to be as precise as necessary within the parameters of the 
individual field of application and goals, whereas the external precision is less important. 
This has considerable consequences for process modeling, because this makes it easier and 
more open to structuring. Simulation can then be applied to consider the dynamic behavior 
of the processes. 

Despite the fact that process models are very often used in diverse disciplines, it can be 
observed that the development and construction of the process model itself varies ex-
tremely between the different disciplines. Generally stated, there is no existing common 
methodology that can be applied for process modeling. An interesting compilation of con-
tributions from an ample variety of disciplines and perspectives in process modeling can be 
found in Sholtz-Reiter et al (Eds.) (1999). 

The process model quality has been a main and common concern of the varied disciplines 
and applications. The Guidelines of Modeling (GoM) by Uthmann and Becker, (1999) 
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proposed the adoption of common principles to ameliorate the quality of process modeling 
for IS. These principles are correctness, relevance, economic efficiency, clarity, comparabil-
ity and systematic design. 

4.1 BUSINESS PROCESS MODELING 

As described above, the subject of process modeling has developed primarily from a tech-
nical background. However, its development has coincided and overlaps with developing 
ideas in the business discipline under the general heading of Business Process Engineering 
(or Re-engineering).  

These ideas have emerged from thinking in business23. The goal in business process model-
ing is to understand organizations in terms of business process and to offer principles for 
business organization that maximize the effectiveness of these key processes, the business 
support systems and thereby the business itself (Snowdon, 1998; Curtis et al, 1992). 

The general definition of process explained above from OEW (1992) is applied here within 
the business context. A business process is a certain set of activities performed to serve a 
customer. The purpose of a business process is to offer each customer the right product or 
service with a high degree of performance measured against cost, longevity, service and 
quality. The term “customer” is used in a broad sense. It can be simply a customer, but it 
can also be another individual process external to the organization. The process structure 
of an organization may have a very different nature compared to its hierarchical structure. 
While an organization’s hierarchical structure is typically a static view of responsibilities and 
reporting relationships, its process structure is a dynamic view of how organizations deliver 
value. Sometimes business processes are divided among organizations, and leads to a great 
effort when the parts of these processes are joined. Furthermore, clear interfaces among all 
the processes must be agreed in order to get the organization working properly (Jacobson 
et al, 1995). 

In many publications such as Sundgren, (1999), Andersson, (1999) or Nellborn and Tolis, 
(1999) a clear link has been made between business process modeling and the beneficial 
opportunities offered by linking them to the development of information systems, as one 
of the important business support systems. 

An organization can be viewed as a collection of business processes that change or evolve 
with time in response to signals form the business environment. To allow organizations to 
study their processes and identify business changes or opportunities more effectively, Busi-
ness Process Modeling (BPM) has emerged as a discipline with a set of techniques and 
tools for understanding and redesigning processes with greater ease and increased effi-
ciency. 
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A business process model can be viewed as an abstract representation of reality whose 
purpose is to reduce the complexity of the real world to allow decision-makers, employees, 
etc. to understand the business process more effectively. A business process model can be 
used for various application purposes, for example to facilitate human understanding and 
communication, support process improvement or process management or automate proc-
ess guidance or execution support (Curtis et al, 1992). Of course different application ob-
jectives or goals will focus on different process elements and therefore impose different 
requirements on the capabilities of the chosen BPM methods. To facilitate such diverse 
requirements, various BPM techniques have been developed to provide the modelers ac-
cess to a wide range of options to suit particular modeling needs. 

The BPM techniques are generally classified into two categories, namely static and dynamic 
modeling techniques. Static techniques can provide only business process “snapshots” at a 
specific point in time and do not generally provide capabilities for analyzing the process 
behavior over a period of time. Consequently, although they allow for understanding the 
nature and essence of a process, they cannot be used to predict the impact of proposed 
changes of process performance. On the other hand, dynamic BPM techniques allow for 
“running” process models over a time period and therefore allow for studying time-related 
process phenomena such as bottlenecks or throughput problems. However, dynamic mod-
els are generally much more difficult to develop, as they often require modelers to have a 
high level of expertise in the particular modeling technique chosen and additional data are 
needed to calibrate the models (Giaglis, 1999). 

In Giaglis (1999) it is presented an overview of some widely used static and dynamic BPM 
techniques. It is not intended to provide a comprehensive account of such techniques, but 
rather to illustrate the wide range of alternatives provided to the prospective modeler. See 
Table 3. 

BPM Techniques Functions Typical Models 

STATIC BPM 
TECHNIQUES 

Show processes as sets of 
interconnected activities 

Show the flow of entities 
(control, information, mate-
rials, etc.) throughout a set 
of activities 

Process Flowcharting 

Data Flow Diagram 

IDEFO (Functional Modeling) 

IDEF1x (Data/Information Model-
ing) 

Basic Petri Nets 

RAD (Role Activity Diagramming) 

                                                                                                                                              

23 Business should be understood in general as the purpose of the organization or the particular processes under 
study. 
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DYNAMIC BPM 
TECHNIQUES 

Support analysis of and 
experimentation with alter-
native process structures 

Support communication 
through visualization and 
animation 

Support user interaction 
with the process model 

Discrete-event Business Process 
Simulation (BPS) 

System Dynamics 

Timed Petri Nets 

Workflow modeling 

Table 3 - Overview of static and dynamic modeling techniques 

Amongst the dynamic BPM techniques, discrete-event Business Process Simulation (BPS) 
offers a theoretically attractive mechanism for modeling and studying complex phenomena 
in quantitative terms. BPS techniques have already been identified as suitable for process 
modeling and have been successfully employed in individual applications (Giaglis, 1998; 
Lee and Elcan, 1996; Giaglis, 1996; Mylonopoulos et al, 1995; Ninios et al, 1995). How-
ever, despite the significant advantages that BPS offers in theory, the development of valid 
and credible simulation models may present a number of practical difficulties at the valida-
tion and verification stage (Giaglis, 1999). 

A plethora of specialized model and simulation software environments have been devel-
oped to support organizations in modeling their business processes and IS. There are sev-
eral examples of products, collectively referred to as Business Process Modeler or Simula-
tors, that allow for business process modeling and analysis with clear links to IS. Examples 
of such software include Simprocess (by CACI Product Company), Process Charter (by 
Scitor Corporation), Bonapart (by UBIS GmbH), and iThink (by High Performance Sys-
tems Inc.). 

4.2 BUSINESS PROCESS MODELING TECHNIQUES 

A wide variety of BPM techniques and approaches have been proposed in the literature. 
Almost all of these techniques are targeted to a limited subset of organizational modeling 
projects and provide constructs suitable for satisfying the requirements associated with 
only particular modeling goals (see Table 3 in section 4.1 Business Process Modeling). In 
this section the author will provide a brief overview of some of these techniques. The 
overview presented herein is not intended to be complete, merely illustrative of the variety 
of modeling techniques being used with reference to their perspectives, goals and limita-
tions. 

Curtis et al (1992) provide a review of various process modeling paradigms, languages and 
representations, focusing on modeling software processes. The approaches discussed there 
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include programming models, functional models, plan-based models, petri-net models and 
quantitative models based on system dynamics.  

Most of the modeling techniques effectively represent only a limited subset of the possible 
perspectives from which organizations may be analyzed. Curtis et al (1992) have identified 
four different perspectives of BPM: 

i. Functional perspective (what process elements are being performed and what 
flows of information entities are relevant to these process elements). 

ii. Behavioral perspective (when process elements are performed, as well as aspects 
of how they are performed, mainly in terms of policies and constraints). 

iii. Organizational perspective (where and by whom in the organization are process 
elements performed, where are the physical locations relevant to the process ele-
ments). 

iv. Informational perspective (which informational entities are produced or manipu-
lated by a process). 

Curtis et al (1992) argues that a comprehensive enterprise model cannot be developed 
unless all perspectives are included. At the same time they argue that, since every model is 
initiated for some specific purpose and goals, a model that includes only one or a few views 
might be sufficient for its intended use. 

4.2.1 OEW - OPERATIONS ENGINEERING WORKBOOK 

The Operations Engineering Workbook is a simple, structured approach to the planning, 
management, and implementation of process improvements. This approach, developed by 
AT&T Bell Laboratories, has proven effective in numerous major projects (ODP, 1999). 

The OEW is addressed to everyone who participates in the improvement of processes that 
involve many functions and organizations, as well as computerized support systems. Such 
large, complex processes exist in areas such as service development, network management, 
maintenance and provisioning, capacity planning and delivery, product design, materials 
management, staff management, production, etc. 

The OEW is also aimed at anyone involved in integrating separate process improvement 
projects that address different areas within a large process. These projects may involve 
people from different locations. The techniques presented in the OEW enable those in-
volved in process improvement to: 

i. Organize process improvement projects. 

ii. Characterize processes with an end-to-end perspective. 

iii. Perform value-adding analyses. 
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iv. Identify the root causes of problems. 

v. Stimulate collective problem solving across organizations. 

vi. Plan, trial, and implement improvement activities. 

vii. Achieve significant improvements in process quality and productivity.  

The collection of techniques presented in the OEW is a flexible framework that can be 
customized by users to fit different process improvement situations. The form of the ac-
tions and templates contained in OEW is less important than the substance they contain. 

In short, the main objective of OEW is to plan, manage and implement process improve-
ments. This is performed by means of a four-stage procedure described in the PQMI (Pro-
cess Quality Management and Improvement) Guidelines, also developed by AT&T.  

4.2.1.1 OEW NOTATION 
The OEW Flow Diagramming technique is designed to display activities in time sequence 
and to show information and material inputs and outputs. The table below gives an illustra-
tive overview of the most common elements of the OEW notation.  

 

Table 4 - Illustrative overview of the most common elements of the OEW notation.  
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4.2.2 IDEF - INTEGRATED COMPUTER AIDED MANUFACTURING DEFI-

NITION

 
 

The United States Air Force developed IDEF in the mid 1970s. IDEF offers support at 
several levels by means of the so-called “model of the business,” “model of the informa-
tion system” and “technology model.” Business modeling is supported by entity-
relationship diagrams insofar as data are concerned, and a special type of data-flow dia-
grams that hierarchically describe the functions of a given business. A high-level business 
model can be broken down iteratively into lower models for describing inner working at 
the desired granularity.  

4.2.2.1 IDEF NOTATION 
The Model is expressed by means of boxes and flows. Boxes represent activities or system 
functions, whereas flows represent inputs, outputs and resources needed during the trans-
formation or controlling orders.  

 

Figure 9 - Notation symbols for the IDEF diagrams. 

4.2.3 DFD- DATA FLOW DIAGRAMS   

Data Flow Diagramming is a means of representing a system at any level of detail with a 
graphic network of symbols showing data flows, data stores, data processes and data 
sources/destinations. 

The purpose of data flow diagrams is to provide a semantic bridge between users and sys-
tems developers. The diagrams are:  
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i. Graphical, eliminating thousands of words;  

ii. Logical representations modeling WHAT a system does, rather than physical 
models showing HOW it does it;  

iii. Hierarchical, showing systems at any level of detail; and  

iv. Jargonless, allowing user understanding and reviewing.  

The goal of data flow diagramming is to have a commonly understood model of a system. 
The diagrams are the basis of structured systems analysis. Data flow diagrams are sup-
ported by other techniques of structured systems analysis such as data structure diagrams, 
data dictionaries and procedure-representing techniques such as decision tables, decision 
trees and structured English. 

Data flow diagrams have the objective of avoiding the cost of:  

i. User/developer misunderstanding of a system, resulting in a need to redo systems 
or in not using the system.  

ii. Systems inefficiencies because a system is “computerized” before it is “systema-
tized.”  

iii. Being unable to evaluate system project boundaries or degree of automation, re-
sulting in a project of inappropriate scope.  
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4.2.3.1 DFD NOTATION 
Data Flow Diagrams are composed of the four basic symbols shown in Figure 10.  

Process

Data Flow

External
Entity

DFD Basic Notation

Data store

The Process symbol represents an
activity that transforms or manipulates
t h e  d a t a  ( c o m b i n e s ,  r e o r d e r s ,
c o n v e r t s ,  e t c . ) .  S h o w s  d a t a
t r a n s f o r m a t i o n  o r  c h a n g e .  D a t a
c o m i n g  i n t o  a  p r o c e s s  m u s t  b e
"worked on" or transformed in some
way. Thus, all processes must have
inputs and outputs .  In some (rare)
cases, data inputs or outputs will only
be shown at more detailed levels of
the diagrams. Each process in always
"running" and ready to accept data.

The Data Store symbol represents
data that is not moving (delayed data
at rest).are generic for physical files
(index cards, desk drawers, magnetic
d isk ,  magnet ic  tape,  sh i r t  pocket ,
human memory, etc.). The symbol are
named with an appropriate name and
c a n  b e  d u p l i - c a t e d ,  o n e  o r  m o r e
t imes, to avoid l ine crossing. They
usually are detailed in the data dic-
t i o n a r y  o r  w i t h  d a t a  d e s c r i p t i o n
diagrams.

The Data F low symbol  represents
m o v e m e n t  o f  d a t a .  T h e y  a r e
representat ion wi th  a  l ine wi th  an
arrowhead on one end.  A fork  in a
data flow means that the same data
goes to two separate dest inat ions.
The same data coming from several
locations can also be joined. Should
only represent data, not control, the
data flow are always named.

The External Entity symbol represents
s o u r c e s  o f  d a t a  t o  t h e  s ys t e m  o r
destinations of data from the system.
Determine the system boundary. They
a r e  e x t e r n a l  t o  t h e  s ys t e m  b e i n g
studied. They are often beyond the
area of influence of the developer.  

Figure 10 - Data Flow Diagrams Notation 

4.2.4 WF- WORK FLOW   

The Work Flow Model has different views of the processes within an enterprise. While 
BPM is assigned at the conceptual level, WFM deals in the first place with the automation 
and management of a business process or instances of them. “Workflow can be defined as 
the flow of information and control in a business process.” Some authors describe a WFM 
as depicting the three R’s: roles, rules and routes, sometimes related to roles, responsibili-
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ties and routes: Roles are the actors of process performers who participate in the process; 
responsibilities are the individual tasks that each actor is responsible for, and routes are the 
workflows and decisions that connect the tasks together, and therefore define the path that 
an individual work item will take through the process (Harp and Mc Dermott, 2000). 

Several tools and methods are commercially available to model, analyze and optimize busi-
ness processes and building workflows some of which have achieved broad acceptance. 
Nevertheless, some problem areas still exist that restrict the potential benefits of using 
BPM/WFM, e.g.: 

i. Heterogeneous modeling tools with different methodology and functionality: 
Commercially available products are commonly based on different modeling ap-
proaches and support different methods. The set of constructs provided by the 
modeling methods determines the power of the modeling methods and therefore 
the power of the tool supporting this method. It is difficult for the user to find 
the most appropriate method for his needs (Warl, 1994). 

ii. The absence of proven directions and guidelines supporting the whole process of 
developing and modeling business processes and their implementation as work-
flows in an automated environment: Most of the commercially available tools are 
not associated to such guidelines supporting the developing process. Thus, it is up 
to the user to apply the method and the tools more or less systematically (Warl, 
1994).  

As mentioned in the section above, one of the important prerequisites for workflow man-
agement is the process-centered view. Workflow management learns from the business 
process modeling to take all aspects of an application system into account and not just 
concentrate on certain partial aspects. Thus, modeling business processes is a conceptual 
task while modeling workflows focuses primarily on the implementation aspects of a proc-
ess and therefore provides a much more detailed view.  

4.2.4.1 WF NOTATION 
Several notations are available, and the Work Flow Modeling Coalition has committees to 
standardize the notation according to the application to be used. Some authors use the 
swim lanes diagrams as basic notation with the information of “who does what and when.” 
An example according to Harp and Mc Dermott (2000) of such an approach is presented 
below in figure 11. 
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Figure 11- An example of one model notation used in Work Flow modeling tech-
nique. 

4.2.5 OBJECT ORIENTED TECHNIQUES 

The application of object-oriented (O-O) techniques has come a long way in developing all 
kinds of computer-based systems. As the software development process for IS uses object 
representations, it makes sense to use O-O when modeling business processes, so the link 
to each other can be easily found. This shift to O-O is a double-edged sword as the posi-
tive side is that the approach facilitates the implementation of parts of the process in soft-
ware, whereas the negative side is that O-O business process models are not a fully mature 
technology.  

Nevertheless, although O-O thinking is very helpful when describing the innermost core of 
a business or system, it is also important to describe what the business or information 
system does or must do. Use Case Analysis is one of the activities that come at the begin-
ning of the O-O based development activity (Jacobson, 1992). 

A Use Case is a sequence of operations or transitions (some of which may be transactions 
in a technical sense) in a system, initiated by some actor outside the system. A use case has 
a complete flow of events; that is, it has a well-defined beginning and an equally well-
defined termination. Each use case, typically defined in plain text, describes a part of the 
total system functionality. 

Basically, Use Cases have the following purposes in process modeling: 

“To describe the business or the information system in terms of what people, whether 
customers or users, can do with it, and how they can use it. This description will give a very 
clear picture of the requirements that the business or the information system must meet 
(Jacobson, 1992).” 
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Use Cases act as focal points for different models of a business or an information system, 
for example, the analysis model can be linked to the design model by referring to the use 
case model. This leads to significant improvements in traceability. They enable a smooth 
transition from a business model to the counterpart usage model of the supporting infor-
mation system. The use case representation or models can be the starting point for other 
models or views in the area of the O-O techniques that are more focused on structure, 
behavior and functionality in the BP, i.e.: Activity Models or Diagrams, Class Models or 
Diagrams and others (Eriksson and Penker, 2000). 

4.2.5.1 O-O NOTATION (USE CASE) 
The Use Case model will capture the part of the business under study. It will describe the 
business and its environment. The business is represented with all the relevant business 
processes, modeled with Use Cases. The external environment (modeled with actors) is 
made up of customers, partners and suppliers that take part in the processes in different 
ways. Therefore, the Use Case model also shows how the external environment interacts 
with the business; that is, how individual actors communicate with Use Cases within the 
business. An actor represents a role that someone or something in the environment can 
play in relation to the business. 

The Use Case model does not give a clear picture of how the business is structured inter-
nally in order to realize its requirements. Nor does it explain how the business processes 
are realized as various forms of activity, how these activities are linked together into proc-
ess chains, what things are produced or used in the business, what types of resources are to 
be used to implement various activities, and so on. If the business is to be understood fully, 
a far more detailed picture of it must be available than that provided by the Use Case 
model. 

 

Figure 12 - Example of a typical use case model notation24 

                                                           

24 Extracted from Eriksson and Penker (2000) 
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4.3 BUSINESS PROCESS REENGINEERING 

Many books and articles addressing Business Process Modeling refer to Business Process 
Reengineering (BPR) as the activities pursuing company performance improvements. It is 
worth mentioning that the notations described in Section 4.2 Business Process Modeling 
Techniques, can also be used for tackling BPR efforts.  

The BPR is a set of techniques a company uses to design its business according to specific 
goals. This set of techniques includes step-by-step procedures to design (characterize) the 
business, notations that describe the design, and heuristics or pragmatic solutions to find 
the right design. BPR seeks to organize a commercial undertaking in a competitive way, 
viewing the construction of an enterprise as an engineering activity. Companies or busi-
nesses are viewed as entities that can be formed, designed or redesigned according to engi-
neering principles. 

A process view has a clear advantage over the traditional organizational approach: a hierar-
chical structure cannot be measured or improved in any absolute sense, but you can meas-
ure the cost, time, output, quality and customer satisfaction associated with a process. 

BPR implies that the entire existing business is viewed in a comprehensive way, questioning 
the entire existing business, or at least its most important processes, and tries to find com-
pletely new ways of reconstructing them. By new ways it means those that seek to use 
technical advances (for example, modern Information Technology) to better serve its cus-
tomers. The most important objective of the work as a whole is to achieve dramatically 
improved performance of critical, measurable process parameters. 

A formal reengineering process includes: 

i. A process description that specifies every activity and deliverable (product or ser-
vice) involved 

ii. Deliverables, such as reformulated goals and missions, new work flows, business 
models (a process model and an organizational plan), and a data model 

iii. A process for developing a truly integrated information system 

iv. A tight, seamless relation between the process to develop the business model and 
the process to develop the information system.  

These processes put up concepts, models, tools and documentation. Establishing this rela-
tionship enables business people to communicate with IT people and IT people to reach a 
good understanding with end users. It also brings business models and information sys-
tem's requirements models closer together. 
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4.4 GENERAL COMMENTS 

The transformation of the EI by the EIR is forcing the EICC towards a horizontal and 
process oriented way of operating. It is demanding new requirements and creating a need 
for an effective integration of information systems in order to facilitate an increase the 
cross-functional information exchange in support of the new business processes (Haglind, 
2002). 

The EICC, as a unit to study in this thesis, can be described as operating or behaving as a 
number of interrelated processes with the other market actors of the EI. It can be con-
structed a process model in order to study and understand the EICC as abstractions and 
simplifications of the complexity of the real organization. 

Since there is no existing common or “golden” methodology or technique being applied to 
BPM, an Entity Modeling Notation has been proposed for the ISMF. This modeling nota-
tion is a static one, this is the common starting point for any model to be easy validated 
and developed further. 

The Information System migration is not a straightforward activity because of the consid-
erable investments already made in the Information Systems (IS) at the EICC, or in any 
other organization that uses IS intensively. A major condition of such migration is that the 
IS in operation and the required changes should map the business objectives of the organi-
zation. Making a link between business objectives and the requirements typically stated for 
improving IS is a major challenge. BPM have some characteristics that are considered a 
source of solutions to this challenge. 

One advantage is that BPM techniques (especially their semantics and notations) are de-
signed to be linked to the methodologies that IS analysts, designers and developers use, 
leading to a better understanding of the development and innovation themselves with the 
following consequences: 

i. Time reduction in the development of a solution or designing or improving IS; 

ii. More reliable requirements grasped, alleviating unnecessary refinement of re-
quirements due to misunderstandings or ambiguities; 

iii. Improved clarity of the role played by IS systems within the business; 

iv. Ease of cooperation between organization members, especially if recursive work 
with several iterations and feedback loops is needed.  

Other benefits can be envisioned but there is no need for an exhaustive list here.  
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Chapter 5 

Requirements Engineering 
5 REQUIREMENTS ENGINEERING 

This chapter introduces the theoretical concepts and bases of the Requirement Engineering 
(RE) discipline. It defines the Requirement Process, discusses its main characteristics And 
presents a specific example of a Requirement Process technique, the Volere Requirement 
Process. At the end, the reader will find some general comments that give a brief overview 
of the main concepts or assumptions that these disciplines bring to the contributions of 
this thesis. 

Requirements Engineering (RE) is the discipline, rooted in software engineering, related to 
the functionality and behavior of the system (e.g. product, software, organization, etc.) to 
be implemented. Its focus is on the process of discovering the purpose or requirements of 
the system by identifying stakeholders and their needs, and documenting these in a form 
that is feasible to analyze, communicate and implement. The system to be implemented 
here is understood as an addition and integration to an already operational system or an 
entirely new system. 

There are a number of difficulties in this process. As Nuseibeh and Easterbrook (2000) 
clearly state: “Stakeholders (including paying customers, users and developers) may be 
numerous and distributed. Their goals may vary and conflict, depending on their perspec-
tives of the environment in which they work and the tasks they wish to accomplish. Their 
goals may not be explicit or may be difficult to articulate, and, inevitably, satisfaction of 
these goals may be constrained by a variety of factors outside their control.” 

In the context of this thesis, the RE process presupposes that the information system is 
supporting the EICC goals and such a system should be changed as the activities that it 
supports change. The context in which the RE takes place is usually a human activity sys-
tem, and the problem owners are people. According to Nuseibeh and Easterbrook (2000) 
RE needs to be “sensitive to how people perceive and understand the world around them, 
how they interact, and how the sociology of the workplace affects their actions.” RE is 
linked to cognitive and social sciences to provide theoretical support and practical tech-
niques for eliciting requirements: 

i. Cognitive psychology provides an understanding of the difficulties people may 
have in describing their needs (Posner (Ed), 1993). For example, problem domain 
experts often have large amounts of tacit knowledge that is not amenable to intro-
spection; hence, their answers to questions posed by requirements analysts may 
not match their behavior.  
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ii. Anthropology provides a methodological approach to observing human activities 
that helps to develop a richer understanding of how computer systems may help 
or hinder those activities (Goguen.and Jirotka (Ed.), 1994). For example, ethno-
methodology techniques have been applied in RE to develop observational tech-
niques for analyzing collaborative work and team interaction (Goguen and Linde, 
1993). 

iii. Sociology provides an understanding of the political and cultural changes caused 
by computerization. Introduction of a new computer system changes the nature 
of the work carried out within an organization, may affect the structure and 
communication paths within that organization and may even change the original 
needs that it was built to satisfy (Lehman, 1980). A requirements gathering exer-
cise can therefore become politicized. Approaches to RE that address this issue 
include the "Scandinavian" approach, which aims to involve those most affected 
by the outcomes in the requirements definition process (Holtzblatt and Beyer, 
1995). 

iv. Linguistics is important because RE is largely about communication. Linguistic 
analyses have changed the way the natural language is used in specifications, for 
instance to avoid ambiguity and improve understandability. Tools from linguistics 
can also be used in requirements elicitation, for instance to analyze communica-
tion patterns within an organization (Burg, 1997). 

Finally, there is an important philosophical element in the RE. The RE is concerned with 
interpreting and understanding stakeholder terminology, concepts, viewpoints and goals. 
Hence, RE must concern itself with an understanding of the beliefs of stakeholders (epis-
temology), the question of what is observable in the world (phenomenology), and the ques-
tion of what can be agreed on as objectively true (ontology). Such issues become important 
whenever one wishes to talk about validating requirements, especially where stakeholders 
may have divergent goals and incompatible belief systems. 

5.1 REQUIREMENTS 

A requirement is something that the system to be implemented must do or a quality that it 
must have. A requirement exists either because the system is compelled by some reason 
(e.g. organizational reforms, functionality changes, etc.) to have certain functions or quali-
ties, or the stakeholders wants that requirement to be part of the system under study. 

The typical classification of the requirement types is: 

Functional Requirements: These are the issues the system must do - an action that it 
must take if it is to provide useful functionality to the user. Functional requirements arise 
from the fundamental reason for the system’s existence. 
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Non-Functional Requirements: These are properties or qualities that the product must 
have. In some cases, the non-functional requirements are critical to the system’s implemen-
tation success. Non-functional requirements are usually attached to the system’s functional-
ity. That is, once it is known what the system is going to do, it can be determined how it is 
to behave and what qualities it is to have, for instance how big or fast it should be. 

Constraints: These are global requirements. They apply to the entire system and are pref-
erably defined before beginning the work on gathering the requirements. For instance, the 
purpose of the system is a constraint, stakeholder contradictory interpretations must con-
tribute to this purpose. The users of a system are a constraint, as they dictate the usability 
of the product. The constraints are defined early in the requirement gathering process and 
thereafter used as reference for checking the appropriateness of the requirements as they 
are gathered. 

5.2 REQUIREMENTS PROCESS 

The requirement process, in general, consists of in three steps: elicitation, specification and 
validation.  

The term “elicitation” is preferable to “capture”, to avoid the suggestion that requirements 
are out there to be collected simply by asking the right questions (Goguen.and Jirotka 
(Ed.), 1994). So elicitation is the step of gathering the information about the requirements, 
in which the techniques most used are interviews and observation as described by Christel 
and Kang (1992) and Neale (1986). 

Specification is the documentation phase of the process. This documentation should be 
clear enough to communicate the requirements description in any step of the development 
of the intended system. Some considerations in the specifications include consistency in the 
tools used, consistency and easy translation of the elicitation techniques to documents, 
quality assurance of the elicited requirements and others that can be found in (Robertson 
and Robertson, 1999). 

Validation is considered the hardest part of the requirement process; sometimes the litera-
ture considers that prototyping is the most reliable technique for validating a requirement. 
In any case, validation is the phase where the specification of the requirement confronts 
stakeholder expectations. 

RE is not only a process of eliciting and specifying requirements, but also one of facilitating 
effective communication of these requirements among different stakeholders. The way in 
which requirements are documented plays an important role in ensuring that they can be 
read, analyzed, (re-)written and validated. The focus of requirements documentation re-
search is often on specification languages and notations, with a variety of formal, semi-
formal and informal languages suggested for this purpose (Davis, 1993). From logic (Anto-
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niou, 1998) to natural language (Ambriola and Gervasi, 1997; [Wieringa, 1996), different 
languages have been shown to have different expressive and reasoning capabilities. 

What is increasingly recognized as crucial, however, is requirements management - the 
ability not only to write requirements but also to do so in a form that is readable and trace-
able by many, in order to manage their evolution over time. One attempt to achieve read-
ability has been the development of a variety of documentation standards that provide 
guidelines for structuring requirements documents (Thayer and Dorfman (Ed.), 1997). 
However, some authors, such as Kovitz, (1999), argue that standards or templates cannot 
in themselves provide a general structuring mechanism for requirements. Rather, he argues 
that the structure has to be developed for the particular context or problem at hand. Nev-
ertheless, it is often the case that projects with rigid contractual constraints demand con-
formance to standards. Kovitz suggests some heuristics for focusing on the small details of 
writing requirements documentation that can improve the quality of the requirements 
documentation regardless of the format in which requirements are expressed. 

Requirements traceability (RT) is another major factor that determines how easy it is to 
read, navigate, query and change requirements documentation. Gotel (1994) defines re-
quirements traceability as "the ability to describe and follow the life of a requirement in 
both forwards and backwards direction (i.e., from its origins, through its development and 
specification, to its subsequent deployment and use, and through all periods of ongoing 
refinement and iteration in any of these phases)." RT lies at the heart of requirements man-
agement practice in that it can provide a rationale for requirements and is the basis for 
tools that analyze the consequences and impact of change. 

5.2.1 THE VOLERE REQUIREMENTS PROCESS 

                                                          

One of the research focuses at the Industrial Information and Control Systems Depart-
ment, ICS, at KTH is to contribute with  “methods and models to write efficient specifica-
tions in all phases of a control system's life cycle”. The aim is  “to arrive at a requirement 
specification that is goal or business driven, functional-focused instead of technology-
focused, and most importantly, promote a vendor-neutral solution that is strictly based on 
merits” (Cheong and Cegrell, 1999).  

In this line of thinking, the Information System Migration Framework is a framework that 
has as characteristic to be implementation independent, giving the flexibility to customize 
certain activities or techniques involved in its steps. The Volere25  requirements process has 
been chosen because it has been used in 26 documented projects that are considered suc-

 

25 Volere: Copyrighted from The Atlantic Systems Guild, 11 St Mary's Terrace, London, W2 1SU, United King-
dom. email: suzanne@systemsguild.com, james@systemsguild.com. URL:http://www.atlsysguild.com. Published 
in the book : Robertson, Suzzane and Robertson, James. Mastering the Requirements Process 1999, Adison-
Wesley ACM Press.  

62  

http://www.atlsysguild.com/


Requirements Engineering 

cessful or well documented failures and it can be customized to fit in the ISMF characteris-
tics. 

In this chapter, the “project” is going to be referred to the process that will be developed in 
order to analyze, design and build a “product” in our case an information system or an 
information process specification. 

In figure 13 a simplified map of the Volere requirements process activities and their deliver-
ables can be seen. 
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Figure 13 - Simplified Map of the Volere requirement process26 

                                                           

26 Extracted from Robertson and Robertson, 1999 
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In figure 13 the main activities in the Volere Requirements Process, and how they are linked 
by their deliverables can be seen. The deliverables are shown as moving from one activity 
to the next. This, to some extent, represents the concept that the output from one activity 
is input to the next. However, it is usually necessary for activities to iterate and overlap 
before producing the final output.  

Sometimes Trawling discovers several requirements and then the Quality Gateway inspects 
them to determine if they are “correct” enough to be added to the Requirements Specifica-
tion. Any rejects are sent back to the originator, who probably takes them back to the 
trawling activity for clarification and further explanation. 

This iteration goes on until the specification is considered complete, and then it goes to the 
Stock Take activity. If this review uncovers serious faults, then part of the process is re-
peated. 

Note that there is no end to the requirements process. When a system is delivered and the 
clients/users start using it, then evolution enters into the scenario. As people use the prod-
uct, they discover new uses for it and want it to be extended. This raises new requirements, 
which in turn go through the same requirements process. Note also that people around the 
process supply information to the project. These people are some of the stakeholders - 
people who have a vested interest in the system. Some of the stakeholders participate by 
being the users who give you the requirements in the trawling activity. Another stakeholder 
are the clients who tells the business objectives for the product and pays for the develop-
ment. 

Some stakeholders play a role completely outside the process. Figure 13 shows that man-
agement stakeholders receive the risks and the costs from the process to enable them to 
assess the viability of the project. 

The process is not just for new system being developed from the ground up. Most product 
development done today is aimed at enhancing an existing system or making a major over-
haul to an existing system. A lot of today's development involves commercial off-the-shelf 
solutions. Whatever the development method, the requirements for the final outcome are 
still necessary. 

5.2.1.1 PROJECT BLASTOFF 
The blastoff is a joint application development (JAD) meeting where the principals lock 
themselves away and work together until they have achieved the blastoff's objectives -
gathering enough facts to ensure that the project has a worthwhile objective, is possible to 
achieve and has commitment from the stakeholders. 

This JAD meeting is based on a brainstorm session with the identified stakeholder and is 
open to identify other stakeholders - people who have an interest in the system. If it is not 
known who the stakeholders are, it will be difficult or impossible to find all the require-
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ments. The blastoff group identifies the various people who have some interest in the 
project being considered.  

Note that, the only concern at the moment is the scope of the project to be started, that 
will lead to the new or enhanced system. Later, the investigations will reveal the precise 
scope of the intended system. The context model should grasp the extent of the project, 
what it should include and what they consider to be outside the scope of the project. 

The blastoff determines the product’s purpose. The team works at this until it has pro-
duced a statement that clearly says what is wanted from the system. Here it is also ensured 
that the group agrees that the system is worthwhile and that the organization is capable of 
acquiring and operating it. 

While the group is working together it can produce a preliminary estimate of the costs 
involved from the context model. It is also a good opportunity to make an early assessment 
of the risks the project is likely to face. 

Finally, this activity gets the stakeholders to arrive at a consensus on whether the project is 
worthwhile and viable -the go/no go decision. The authors of this process may recom-
mend that it is better to cancel a project early than have it stagger on for months or years 
consuming valuable resources with no chance of success. Therefore, the work here is to 
have the group carefully consider whether or not the system is viable and whether its bene-
fits are greater than its costs. 

5.2.1.2 TRAWLING FOR KNOWLEDGE 
Once the blastoff is completed, the next activity is trawling. A team of “requirements ana-
lysts” decide to start learning about the project definition that was identified by the blast-
off. The work context model produced by the stakeholders is used, since it is a definition 
of the project’s scope. In this team, the project is divided into business events and assigns 
requirements analysts to each event for further detailed study. The analysts use techniques 
such as apprenticing and use case workshops to discover the detailed nature of the project. 

Once the project is understood in more detail, it can be decided which is the best system to 
be pursued with the project. They then gather the requirements for the system. 

When trawling to discover the requirements, the work is mainly with the users, as they 
describe the work they do and the work they hope to do that the system to be built is in-
tended to help. The users’ aspirations about what the project should or could be must be 
also understood.  

5.2.1.3 PROTOTYPING AND SCENARIO MODELING 
Sometimes requirements analysts get stuck, for example when there are requirements that 
are not properly formulated, or the user can’t explain them, or the requirements analysts 
can’t understand them or the system is so ground-breaking that nobody really knows the 
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requirements. Alternatively, they may just need to work with something more concrete 
than a written requirement. This is when they use prototypes. 

A prototype is a quick-and-dirty version of a potential system to be implemented -probably 
only part of the system. The intention of the prototype is to present the user with a simula-
tion of the requirements. There are two approaches to building requirements prototypes: 
high fidelity (using some kind of automated technology) and low fidelity (mainly using 
pencil and paper or some other familiar means).  

It is also common to build scenarios. Scenarios are stories constructed to show the steps 
needed to complete a particular piece of the project. The users lead the effort as they dem-
onstrate to the analysts how the work is done and where there might be exceptions to the 
norm. Whatever form of prototype is used, the output from this activity is a number of 
requirements. 

5.2.1.4 WRITING THEM DOWN 
At this stage of the requirements process, all requirements are considered “potential re-
quirements.” The reason for this is that the requirements have not yet passed the tests that 
get them through the Quality Gateway. However, before they can be inspected by the 
gateway activity, they need to be written down in a consistent format. 

The requirements are written from the client perspective. That is, the requirements are 
business requirements and must be written using business language so that the client can 
understand them and verify their correctness. The requirements also need to be written so 
that the system designers can build precisely what the client wants. To meet this need, the 
analysts will add a fit criterion to each requirement. A fit criterion is a measurement of the 
requirement. Its purpose is to quantify the requirement so that the testers can determine 
precisely if an implementation meets–or “fits”—the requirement. 

The analysts use a template is named shell. Its attraction is that it has a convenient layout 
for ensuring that each requirement has all the correct constituents given that each require-
ment is made up of a number of constituents. Is highly customizable for a given project, in 
the ISMF presented there is a customized shell in the line of the information of interest 
defined by the ISMF at the Entity Modeling Notation. 

The writing activity is not really a separate activity. In reality, it is integrated with the activi-
ties that surround it -Trawling, Prototyping and the Quality Gateway. However, for the 
purposes of understanding what is involved in writing correct requirements, the author has 
chosen to look at it separately. 
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5.2.1.5 QUALITY GATEWAY 
The Quality Gateway is the single point that every requirement must pass through before it 
can become a part of the specification. The Quality Gateway activity is done by one of the 
requirement analysts and a senior user, who are authorized to pass requirements through 
the gateway. Together this team will check every requirement for completeness, relevance, 
coherency, traceability and several other quality attributes before allowing it to be added to 
the specification. The customer usually take the position “I’m not going to have any re-
quirements I don’t understand, nor will I have any that aren’t useful, or don't contribute to 
my work. I want to understand the contribution they make, that's why I want to measure 
each one”. The requirements analyst has a different, but complementary approach to test-
ing requirements, usually taking the position: “I need to ensure that each requirement is 
completely unambiguous, and that I can measure it against the client's expectations. If I 
can’t put a measurement to it, then I can never tell if we are building the product that the 
client really wants.” This measurement is the fit criterion, and the Gateway process ensures 
that a fit criterion is attached to each requirement. 

5.2.1.6 REUSING REQUIREMENTS 
Before starting on any new requirements project, the project leader goes through the speci-
fications that were written for previous projects in the organization, looking for potentially 
reusable material. Sometimes it is possible to find requirements that can be reused without 
altering them. If there are no sources of previous requirement, the project should start the 
Requirements Library (Reuse Library), as the reader can see in figure 13. The point about 
reusing requirements is that once a requirement has been successfully specified for a system 
and the system is successful, then the requirement does not have to be reinvented. 

5.2.1.7 TAKING STOCK OF THE SPECIFICATION 
The Quality Gateway exists to keep bad requirements out of the specification. However, it 
deals with one requirement at a time. The Taking Stock of the Specification checks that 
there are no missing requirements, that all the requirements are consistent with one another 
and that there are no unresolved conflicts between the requirements. 

In short, this is the check that the specification is really complete and suitable to be passed 
on to the next stage of development. 

This activity also reassesses the costs and risks of the system. Now that the specification is 
complete, the system’s dimension, risks, scope and functionality is clearer. 

5.2.1.8 TAILORING THE REQUIREMENTS PROCESS 
The process described above is a generic one; it is not aimed a specific type of system or 
product or at a specific type of organization. The process contains the things that must be 
done to produce a complete, accurate requirements specification. It contains descriptions 
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of the deliverables that any requirements project must produce. In fact the deliverables are 
closer to  the core of the technique than the process that delivers them. 

5.3 GENERAL COMMENTS 

Requirements Engineering (RE) is the discipline focused on the process of discovering the 
purpose or requirements of the system by identifying stakeholders and their needs and 
documenting them in a form that is feasible to analyze, communicate and implement.  

RE is a systematic and reliable discipline for covering the ISMF issues about How to propose 
and support an additional emerging information process to the current one at the EICC? and What are we 
able to add as emerging information process to the current state at the EICC? 

A variety of approaches has been suggested at the ICS, KTH. In our case, It is proposed a 
customized and simple shell from the Volere Requirement Process in order to show that the 
ISMF is an implementation independent framework. 
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Chapter 6 

Summary of findings of the Case 
Studies 

6 SUMMARY OF FINDINGS OF THE CASE STUDIES  
This chapter gives a summary of the findings of the Case Studies conducted in Central 
America. This is not a Case Study Report where a description of the procedures, activity 
scheduling, questions, summary of responses, analysis procedure, cross test and other de-
tails are presented as in Plazaola (1992); Plazaola (1993); Plazaola (1994); Plazaola and 
Sánchez (1998). The summary presented here is extracted from those Case Study Reports 
and complies with the research methodology of the Case Study approach discussed already 
in Chapter 2. Research Methodology.  

The Case Study phase of this thesis is structured by a pilot case study in Nicaragua, the 
exploratory case studies conducted at the EICCs in Nicaragua, El Salvador, Costa Rica and 
Panama and the descriptive case studies conducted in Nicaragua and El Salvador. The 
pilot, exploratory and descriptive case studies were constructed according to design and 
methods in (Yin, 1994). These findings  are presented generically as a contribution in this 
thesis to increasethe knowledge of information systems migration problems faced by the 
EICCs in Central America, considering the impact of the Electricity Industry Reforms. 

6.1 MAIN FINDINGS FROM THE PILOT CASE STUDY 

During the pilot case study, the aim was oriented to acquiring an overview of the operation 
and management of the information systems at the EICCs in the context of the emerging 
information demands and developing relevant lines of questions for further studies. The 
Nicaraguan case was the reference for getting acquainted with the main problems faced in 
the operation and management of the procurement processes of new control centers. 
(Plazaola, 1992). The pilot case study showed the following findings: 

There is one single and vertically integrated electrical utility and no electricity reform was 
discussed at that time. The Control Center in Managua, Nicaragua, in operation since 1991,  
is considered to be in the phase of depuration and training on the exploitation. 

The functional specifications of the current EICC were defined by an international consul-
tancy around 1976. The international bidding took place in 1979 and the procurement 
decision was made in 1980. The official cost of the Control Center was US$10,900,000, 
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covered by international bank loans and C$5,500,000 (Nicaraguan córdobas equivalent to 
approximately U $1,000,000 in 1980) from the vertically integrated utility. Because of the 
long procurement process, the guarantee on the equipment bought was lost while they 
were still in customs. There was no local participation during the manufacturing and con-
figuration at the manufacturer site, and during installation the main responsibility were in 
the hands of the international experts.  

There were no written records of the training courses, no manual library available and no 
documentation of the experiences or courses taken by the personnel. 

In an evaluation of resources for the implantation and definition of functional specifica-
tions for new Control Centers in Central America, done by PARSEICA27, Nicaragua, and 
Central America in general, was considered with the minimum resources or experience for 
defining functional specifications and technical control requirements or experience on 
technical-economical analysis for the installation of new equipment in the Control Centers. 

The advantages achieved by the acquisition of the Control Center are not defined in a 
quantitative or qualitative way. The vertically-integrated Utility clearly sees the overview of 
the system through the SCADA system as the main advantage. Before the Control Center 
was installed, operators were unable to supervise, control, simulate or study the electrical 
network. 

The concept of integrated information system from technical operation to management 
was not thought of in the specification.  

There is no systematic procedure or strategy for defining improvements (i.e. new informa-
tion, no historical data available, no well defined information system, no systematization of 
the collected information, etc.). Some features not present at the Control Center are already 
seen as needed (i.e.: event registration, graphic presentation of the behavior of frequency 
vs. time, etc.) There is no procedure for specifying or implementing the needs as part of the 
evolution of the information system. 

The lack of decision and definition in the use of information from the Control Center’s 
database for long-term decisions, analysis and studies for Central America’s planned inter-
connection is notorious.  

The documented or written information sources were spread out over different offices of 
the vertically-integrated utilities and were not available from the Control Center itself. The 
value of the information is not really appreciated, and the management decision-makers 
still use the information system from before the Control Center. Is it a new technology 
without conscious exploitation implying sub utilization? or Is it a new technology that has 
not shown clear effectiveness? 
                                                           

27 Programa de Actividades Regionales en el Subsector Eléctrico del Istmo Centroamericano, (Program for Regio-
nal Activities in the Electrical Subsector in Central America). 1990. 
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With the pilot case study the first research question, and its context, was formulated: What 
are the main problems for the EICCs in Central America in handling the incorpora-
tion of emerging information processes? With the “incorporation of emerging informa-
tion process” it is implied the identification, specification, documentation, assessment and 
implementation procedures of the changes already ongoing in the information systems at 
the EICCs. 

6.2 MAIN FINDINGS FROM THE EXPLORATORY CASE STUDIES 

In the exploratory cases, the research activities focused on finding new information on the 
research effort’s topic. Because the existing knowledge base is poor, amongst other rea-
sons, the available literature will provide no conceptual framework or hypothesis of note. 
Such knowledge base does not lend itself to the development of good theoretical state-
ments. The important references here are: what is to be explored, why it is to be explored 
and the criteria by which the exploration will be judged successful. 

The exploratory case study set the unit of analysis as the Electricity Industry Control Cen-
ters of the entire Electricity market. The focus was set to gain knowledge of the managing 
procedures and main problems in handling the incorporation of emerging information 
processes. The theoretical framework around this issue was defined as Process Modeling, 
Requirement Engineering and Electricity Industry Reforms with a very close feedback of 
the findings from the top managers of the Control Centers for validation of the findings. 
Although the Electricity Industry Reforms were not an issue during the pilot case study, 
during the exploratory case study the issue became a central driving force for emerging or 
new information processes faced by the EICCs, a link that can be noticed in Chapter 3. 
Electricity Industry Reforms.  

The exploratory case studies at the EICCs were conducted in Nicaragua, El Salvador, Costa 
Rica and Panama. 

The summary of the context and main problems is: 

i. The emerging information processes at the EICC studied are seen as urgent prob-
lems to deal with legacy systems dating from the 70s and considered near obsolete 
even before the starting of the EIR. 

ii. There is no integral view of the operational process of the EICCs, either internally 
or externally viewed. 

iii. There is no formal description, definition or planning of emerging information 
processes. In some cases in-house solutions were made to cope with the lack of 
flexibility and obsolescence of the current information systems at the EICCs. 
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iv. The EIR was a top-down decision considered not well consulted and based on 
experiences abroad that led to new normative and procedures that had to be un-
derstood and implemented by the EICCs in a short time span. 

v. There is a lack of systematic analysis and tools to assess the emerging information 
processes to be fulfilled by the EICC in the deregulated or reformed Electricity 
Industry context. 

vi. The high rotation of professionals is a main problem, since information processes 
that have not being well documented depend on the individual experience. 

vii. Hiring outside consultants to give advice about how to deal with the emerging in-
formation processes and have seminars to understand the solution provided has 
been the immediate response to the situation faced at the EICC. 

viii. The “state of the art” in technology is considered to provide an intrinsic solution 
for the emerging information process to be handled.  

ix. As part of the EIR, some loans from International Banks have been assured to 
provide funding for the needed solutions for handling the emerging information 
processes. 

x. The loans for new EICC are available for RFP. Such RFP are suppose to be de-
fine by outside consultants who advise the “best” options in the modules they are 
hired to deal with; in general there is no integral solution approach. 

6.3 MAIN FINDINGS FROM THE DESCRIPTIVE CASE STUDIES 

The descriptive case studies are oriented to work with previously collected data.  

The descriptive case study showed the following findings:  

i. There is an unclear integral vision and management of the information system at 
the EICCs. This is mainly because the documentation or references about current 
capabilities and resources are not available for the whole EICC when this infor-
mation even exists. There is a clear need for a systematic way or an incremental 
tool for getting a documented references’ widely available “picture” of EICC 
functions, operations and integration of the information system. A tool for coping 
with the How can we represent the information processes the EICC already performs? ques-
tion is a starting point. 

ii. There is no systematic procedure for the formal description, definition or plan-
ning of emerging information processes. There are no protocols for presenting or 
identifying emerging information processes. There is no procedure to deal with 
the issue of How to propose an additional emerging information process to the current processes 
at the EICC? 
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iii. There is a lack of systematic assessment on the importance neither risk analysis of 
the emerging information processes demanded already. There is no defined pro-
cedure for dealing with the issue of What are we able to add as emerging information 
process to the current state of the EICC?  Applying a risk and requirement process as-
sessment of the constraints of the organization is needed. 

The descriptive case study was aimed at finding the causes of the finding or information 
collected in the exploratory cases. These contributions also set the framework for further 
links to interdisciplinary knowledge areas in order to propose a framework to cope with the 
main challenges found herein. This defined the second research question: What can we 
propose in order to cope with those problems in a systematic, reliable and feasible 
way? 

6.4 GENERAL COMMENTS 

These case studies led the author to identify, gain knowledge of and understand the main 
problems of handling emerging information processes and their causes. Two main lines of 
problems have been identified: (1) There is no integral view of the operational process of 
the EICCs, either internally or externally viewed and (2) there is a lack of systematic analy-
sis and tools to assess the emerging information processes to be fulfilled by the EICC in 
the reformed Electricity Industry context.  

Issue (1) There is no integral view of the operational process of the EICCs, either internally 
or externally viewed, can be generalized with the generic questions: How can we represent the 
information processes the EICC already performs? and What information processes does the EICC per-
form once we introduce any new information process?  Issue (2) There is a lack of systematic analysis 
and tools to assess the emerging information processes to be fulfilled by the EICC, can be 
generalized with the generic questions: How can we propose and support an additional emerging 
information process to the current processes at the EICC? and What can we add as emerging information 
process to the current IS at the EICC? 

The ISMF proposal is based on these main problems and context. The ISMF is based on 
finding feasible and reliable solutions to the questions here presented. The details of the 
ISMF, consisting of eight steps and activities embedded in them, are explained in Chapter 
7. An Information System Migration Framework focus on the Electricity Industry Control 
Center of this thesis. 
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Chapter 7 

An Information System Migration 
Framework 

7 AN INFORMATION SYSTEM MIGRATION FRAME-

WORK  
This chapter presents a systematic framework intended to be used as a tool for the migra-
tion procedure of the legacy information systems at the Electricity Industry Control Cen-
ters28 (EICC). 

 The Information System Migration Framework (ISMF) here presented is a contribution 
tailored to solve the main problems in handling the incorporation of emerging infor-
mation processes found at the EICCs in Central America and the subsequent research 
questions about a systematic, reliable and feasible solution to them. 

As was stated in section 1.3 Research Questions and in section 1.6. Main Research Contri-
butions, problem (1): There is no integral view of the operational process of the 
EICCs, either internally or externally viewed, led the author to pose the questions: 
How can we represent the information processes the EICC already performs? and 
What information processes does the EICC perform, once we introduce any new 
information process? Problem (2): There is a lack of systematic analysis and tools to 
assess the emerging information processes to be fulfilled by the EICC, led the author 
to pose the questions: How can we propose and support an additional emerging in-
formation process to the current processes at the EICC? and What can we add as an 
emerging information process to the current IS at the EICC? 

The ISMF has the following fundamental characteristics:  

It provides a feasible view of the current EICC operation  in relation to the other EI 
actors as well as internally. This is achieved by using a modeling approach based on an 
Entity Modeling Notation developed by the author. Such Entity Modeling Notation is 
flexible enough to collect the  essentials about the information processes involved in the 
modeling level that is of interest.  
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It is a continuous and iterative process of controlled changes where additions are 
implemented without completely replacing the information system and thus responding to 
the constant evolution of the information legacy systems impelled to meet new and con-
stantly changing business requirements or fundamental business context innovations in-
duced by the Electricity Industry Reforms (EIR) (Brodie and Stonebraker, 1995; Plazaola, 
1995). In the Central America context, many EICCs are responding to such changes in the 
business context by planning complete replacement, with collateral implications in ex-
penses that are difficult to cover and embarking on a new EICC specification without 
mature knowledge of exploitation. 

It provides a systematic process to update the EICC operation model. This is achieved 
by the iterative nature of the ISMF, which is open to add information processes missed in 
the previous model or new information processes. This is done by the user requesting the 
addition of an information process, followed by decision-making and formalizing steps for 
such information process to become a rejected and archived request or a new Entity to be 
added to  the model. 

It provides a set of steps that are implementation independent. The proposed steps and 
sequence are based on the Case Studies results and the research questions already men-
tioned. They are generic steps defined and supported by the application experiences, Chap-
ter 8. Application of the Information System Migration Framework, although an Entity 
Modeling Notation has been developed for the implementation and guiding questionnaires 
and templates are proposed for the steps of the ISMF. The guiding questionnaires and 
templates summarize the main concerns of the users and CEOs of the EICCs under study 
during this research. 

It is technology independent from the solution to the emerging information process. 
This is done by delivering functional specifications, based on user requirements, to cope 
with the information process under attention or analysis. This is a key issue when the con-
ceptual stand is that the technology should solve clearly stated problems, helping to under-
stand why technological decision are made. This also facilitates a traceable and understood 
technological evolution at the EICC, increasing experience in exploiting of it, which is a 
major problem in the Central America context as explained in Chapter 6. Summary of 
findings of the Case Studies.  

It is process based, facilitating the mapping or diagram that visually displays the informa-
tion processes used and  is used for supporting the “business” process at the EICC. The 
model based on the proposed Entity Notation is a tool for communicating the operation of 
the EICC in the Central America context, and is of great interest, as the reader can see in 
Chapter 6. Summary of findings of the Case Studies.  

It is user centered, in which the trigger event is the user presenting an information process 
seen to be a needed addition to the current process at the EICC. The user also specifies the 
requirements for the solutions to any emerging information process in the framework of 
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“needs.” This clearly maximizes the usability of any emerging information process imple-
mented and is a formative experience for both the technological experts and the users 
involved in the IS evolution.  

Fundamental Characteristics

Information System Migration
Framework for the EICC

Feasible view
of the current
operation of

the EICC

Process
Based

approach

Systematic process
to update the model
of the operation of

the EICC

Implementation
Independent

steps

Technological
independent

solutions

User
Centered

Continuous and
iterative process of
controlled changes

at the EICC

 

Figure 14 - Fundamental characteristics of the ISMF 

The ISMF steps contend in a sequential order with the research questions mentioned 
above, so the ISMF has been constructed with the following steps:  

1. Modeling the current information processes at the Electricity Industry Control 
Center as a solution to How can we represent the information processes the EICC 
already performs?  

In this step, an Entity Modeling Notation is proposed as part of the contributions, in which 
the Entity and Relationship identification is summarized and condensed activities learned 
during the application of such a modeling step (Plazaola 1995; Plazaola and Sánchez, 1998). 
The model resulting from this step serves as a communication tool and written reference in 
a holistic perspective, the information processes currently performed at the EICC and its 
interaction with the EI market actors. The details are presented in section 7.1. 

2. Presentation of the emerging information process. As a proposed solution to How 
can we propose and support an additional emerging information process to the 
current processes at the EICC?  

In this step, a generic template is proposed, based on the common questions and issues of 
interest from the CEOs and users interviewed during this research effort and specially on 
the application cases. This step builds the basis for decision-making about information 
system migration and process improvement under real needs (Plazaola 1995;  Plazaola and 
Sánchez, 1998). The details are presented in section 7.2. 

3. Primary GO or NO-GO decision, 4. Description of the emerging information 
process, 5. Assessment of the description of the emerging information process, 6. 
Requirements and specifications of the solution to the emerging information proc-
ess and 7. Assessment of the solution(s) proposed (Validation and Verification): are 
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the proposed solutions to What can we add as emerging information process to the 
current IS at the EICC?  

Step 3 Primary GO or NO-GO decision is the first risk assessment for deciding if the 
new information process proposed should continue the ISMF process or it is rejected and 
archived. This decision-making step uses a guiding questionnaire that is the latest and con-
densed version of the questionnaire used in the application cases presented in Chapter 8. 
Application of the Information System Migration. The main result of this step for the 
EICC is to check if the emerging information process has been proposed with supporting 
arguments to be considered a needed information process. See details in section 7.3.  

Step 4. Description of the emerging information process is the description of the 
emerging information process that is already considered a real potential need. The main 
result here is a description based in the Entity Modeling notation and relationship estab-
lished as a contribution in the first step. A highly customized shell from the Volere29 tech-
nique is used here for eliciting the requirements for the emerging information process. See 
details in section 7.4.  

Step 5 Assessment on the description of the emerging information process is using a 
guiding questionnaire that is the latest and condensed version of the questionnaires used in 
the application cases presented in Chapter 8. Application of the Information System Migra-
tion. The main output in this step is a second decision about the emerging information 
process described, whether will continue the following ISMF steps or reconsidered in its 
description. See details in section 7.5.  

Step 6 Requirements and specifications of the solution to the emerging information 
process is aimed at deciding on requirements that should carried forward to the solution 
specification. No guiding questionnaire or template is proposed, as this issue has been 
found to be extremely complex to deal with and the generic tests and definitions presented 
here have proven acceptable in the application cases. The tests are along the line argued by 
Robertson and Robertson, 1999. See details in section 7.6.  

Step 7 Assessment of the solution(s) proposed (Validation and Verification) is aimed 
at validating and verifying the solution to the emerging information process defined in the 
previous steps. Although some definitions that can help in this step are presented, the 
author has been unable to apply this step so far, so solution acceptance, validation and 
verification has not been documented in the application case. See details in section 7.7.  

                                                           

29 Volere:Copyrigthed from The Atlantic Systems Guild, 11 St Mary's Terrace, London, W2 1SU, United King-
dom. email: suzanne@systemsguild.com, james@systemsguild.com. URL:http://www.atlsysguild.com. Published 
in the book :Robertson, Suzzane and Robertson, James. Mastering the Requirements Process 1999, Adison-
Wesley ACM Press.  
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8. Addition of the solution of the emerged information process to Model of the 
Electricity Industry Operator as a solution to What information processes does the 
EICC perform, once we introduce any new information process?  

This step is aimed at providing an updated model in the format of the Entity Modeling 
Notation proposed here. This step has been applied to add information processes that are 
found in the iterative nature of this ISMF. See details in section 7.8. 

The ISMF presented here as a research contribution was outlined in Plazaola (1995). Since 
the publication of that outline and the presentation of this thesis, some issues have been 
evolved in order to have the proposed ISMF.  
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Figure 15 - Steps and sequence of the proposed Information System Migration 
Framework 
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7.1 MODELING THE CURRENT INFORMATION PROCESSES AT 

THE EICC 

Many organizations today are designing their business processes using methods and tools 
from process modeling. Structured process design and planning increases the likelihood 
that newly designed processes can be realized in a timely manner, because process partici-
pants understand the need for the changes and understand how to integrate them with 
existing processes and resources (Weichhardt, 1999). 

This step delivers a model in the framework of the proposed Entity Modeling Notation 
explained in detail in Section 7.1.1 Modeling Notation, which is the starting point of the 
proposed ISMF. The model has the following goals: 

i. To be the tool for building a continuous updated model of the information proc-
esses of the EICC and its information processes relationship with other EI actors 
(Entities).  

ii. To be a feasible and flexible tool for systematic definition and documentation of 
official, de facto and emerging information processes. 

iii. To be a tool for sharing the knowledge of the information processes amongst the 
personnel working on the Entities those are part of the modeled EICC. 

This step addresses the question How can we represent the information processes the EICC already 
performs? mentioned earlier. The ISMF is iterative, so even if the model is not absolutely 
complete in the first intent, each time a new information process is added the ISMF will 
update the current model. The ISMF is a process to legitimize any new information process 
identified as well as any  that might emerge. 

7.1.1 ENTITY MODELING NOTATION  

Here the modeling notation is part of the research contribution and is based in the concept 
of an Entity, defined broadly as any noticeable structure with participation as originator 
and/or receptor of information. This approach consists of modeling the information by a 
structured description of the collection of components supporting the the EICC operation 
as a set of components (Entities) and connectors with described properties below.  

As a general assumption, all Entities have embedded Entities acting as an information 
originator or receptor. The level of details that the Entity Model must be elaborated is 
defined by the analysis to be supported and by the limitation of the sources for the model-
ing (Plazaola, 1995) 

The EICC can be represented as an Entity with information processes interrelating with 
the actors -also Entities- of the EI. Assuming embedding information processes, the EICC 
can be further modeled as an interrelated system of Entities with information flows as 
relationships amongst its internal Entities. 
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The Entity identification technique will be explained in Section 7.1.2. Entities and Relation-
ship Identification. 

The purpose of the Entity Modeling Notation is to define, from a process-based perspec-
tive, the information originator and receptor with the following attributes: 

Information Outputs is the Entity’s interface with details on information format (e.g. ftp, 
emails, fax, radio, telephone calls, etc.), details on the time features of the information (e.g. 
ftp to be done each hour, emails to be sent each day before 9:00 a.m., fax to be sent each 
day before the end of the operation day at 5:00 p.m., etc.), specific destination of the in-
formation (i.e. to which Entity input receptor; where or to whom the information goes). 
For each Entity there can be one or many information outputs connected? to one or many 
of the Entity’s information inputs. The information outputs from an Entity A are the in-
formation inputs to the one or many Entities with which Entity A has connectivity30. The 
connections come from the Information Output interface of the Entities to their Informa-
tion Input interface. 

Information Inputs is the Entity’s interface with details on information format (e.g. ftp, 
emails, fax, radio, telephone calls, etc.), details on the time feature of the information (e.g. 
ftp to be done each hour, emails to be received daily before 9:00 a.m., fax to be received 
before the end of each operation day – at 5:00 p.m., etc.), specific originator of the infor-
mation (i.e. which Entity has originated it; from where or whom it comes ). For each Entity 
there can be one or many information inputs connectivity from one or many of the Entity’s 
information outputs. The information input to Entity B is the information outputs to the 
one or many Entities with which Entity B has connectivity. The connections are received 
by the Information Input interface from the Information Output interface of the Entities. 

Tasks or activities to be conducted for delivering the Information Output given the In-
formation Input, e.g.: calculation methods, program applications to run, algorithms to 
follow, data storing searching, etc. 

Resources needed for conducting the tasks or activities, e.g. Computing capacity, Applica-
tion programs, Internet connectivity, communication protocol, etc. 

With this Entity Modeling Notation, it can be modeled the information processes related to 
the organization and continue by modeling its internal Entities. The Entity can be concep-
tually represented as shown in figure 15. 

                                                           

30 Connectivity here should be understood as Information flow from entity A to any other(s) entity(ies). The 
representation of this connectivity is an information flow represented as an arrow. 
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Entity A
Tasks

( transformation of Inputs in to outputs,
calculation method, assumptions,

algorithms, etc.)

Inputs Information interface
(Relation from other entities, information

required to, data format, scheduled delivery,
etc.)

Resources
( resources for doing the tasks, computing

capacity,  INTERNET connectivity, application
programmes to be running, communication

protocols, etc.)

Outputs Information interface
(Relation to other entities, information required

from, data format, scheduled delivery, etc.)

 

Figure 16 - Entity structure 

These Entities are defined from available definitions and knowledge of the information 
inputs, information outputs, tasks done and resources used for doing the tasks.  

Information Flow is a connectivity arrow used amongst the Entities. Each connectivity 
arrow represents an information process flowing from an output information interface to 
an input information interface. Such information flow connector (arrow) has the name of 
the information flowing, the format and the time the information is sent/received. There 
will be as many arrow connectors amongst the Entities as single information flow s con-
nect the Entities.  

The interrelated Entities model can be conceptualized as represented in figure 17. 
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Figure 17 - Model of interrelated Entities 

The Entity Modeling Notation proposed and used here can be analogized to the Data Flow 
Diagrams (DFD) notation widely used as a tool for structured systems analysis and infor-
mation engineering techniques because of its simplicity (Kubeck., 1995). The Entity Model-
ing Notation charts the flow of information within an organization. It can model the in-
formation flow within a subset of the business (i.e. a specific process or system within the 
organization as a whole).  

The Entity Modeling Notation shows the essence of the information processes and the 
time features of the information.  
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With the Entity Modeling Notation proposed, it has been largely covered the major chal-
lenges presented in process modeling experiences, i.e.: the model is easy to understand, is 
an easy and systematic procedure to maintain, is meaningful for the modeled Entities, and 
has the simplest information representation and clear goals (Weichhardt, 1999). These 
features will be presented in Chapter 8. Application of the Information System Migration. 

7.1.2 ENTITIES AND RELATIONSHIP IDENTIFICATION 

The model is based on the Entities and their Relationships, in which the activities that 
identify the model’s components are: 

i. Listing the information processes present at the organization with the for-
mat and time attributes. The sources can be manuals, functionality description 
of offices, norms, interviews, etc. The recommendation here is to start from the 
formal sources (i.e. manuals, documents, etc.) and move to interviews. Simple in-
formation description is desired, e.g. report of the energy generation capacity for 
the day by fax, report on the energy demand forecast for the next 24 hours by 
email, information about the predispatch energy generation allocation by fax, etc.  

ii. All information collected must be confirmed with the users. If information 
collected is not simple, it should be decomposed to the minimum that is still un-
derstandable by the user in consultation. 

iii. Adding to the list the origin and reception of each information process. The 
origin and receptor of the information process is the office, person or any struc-
ture that is recognized by the organization. It is recommended to start with office 
names and finally the name of the person(s) directly in charge of the information 
processes. 

iv. Listing the originators and receptors of information processes as potential 
Entities. Here it is recommended to list the names that come from the sources 
used. Most often some names are not officially used or change in the real opera-
tion or from document to document, not to mention from interviewer to inter-
viewer. 

v. Listing each originator and receptor with the information inputs and in-
formation outputs. With the information collected in the previous steps, list the 
potential Entities with the attributes of information inputs and outputs.  

vi. Consolidate the originators and receptors into groups. This grouping is done 
as the first crosschecking with the sources used in the first step. A key hint is to 
group the originators and receptors that use the same resources.  

Although the above six activities can be done with pen and paper, the use of any computer-
based tool for data management and query facilities is highly recommended. Assign ID 
numbers to any information process listed. 
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vii. Draw the first version of a meta-model of Entities. Here enough information 
has been gathered to graphically represent the first meta-model, which contains 
Entities and their relationships in terms of information outputs and inputs. The 
resource and task attributes are still not defined, although the attributes of the in-
formation process are complete. This first version of the meta-model is for cross-
checking the pertinent existence of the Entities with the users. 

viii. Draw the second version of the model. After a round of crosschecking, proba-
bly changing names of the Entities, refining Entity names, merging Entities or 
separating them, this is the starting reference for a more detail model. The Enti-
ties here are the noticeable ones referred previously and the attributes of the in-
formation relationship are stated. 

ix. Listing the Entities identified. The Entities list coming from the second ver-
sion of the model hasthe input and output information interfaces stated with the 
attributes in this notation requested. It also has names of the users at each Entity 
and the office or position name in the organization for such Entities. Here con-
cise names are recommended, e.g. EICC CEO, Energy Control Office, Electricity 
Market Office, Predispatch Unit, Dispatch Unit, Postdispatch Unit, etc.  

x. Draw the first version of the Entity Model. Here enough information have 
been gathered to graphically represent the first Entity Model, which contains En-
tities, their relationships in terms of information outputs and inputs and the at-
tributes used in the notation for this model. This first version of the Entity Model 
is for crosschecking the pertinent information of the Entities with the users. 

xi. Draw the reference version of the Entity Model. After a round of crosscheck-
ing, probably changing names of the Entities, refining Entities task and resources. 
A credible Entity Model has been done.  

With the use of any computer-based tool for data management and query facilities, highly 
recommended from the beginning, the Entities should be listed with the attributes found 
and stored in the model notation frame. Archiving information and searching for keywords 
will be a recurrent task in the whole ISMF. The drawings can be done with any drawing 
tool; the drawing program Visio ®31 was used in this thesis. 

The modeling techniques proposed here are in line with Business Process Modeling from 
Verbal Description argued by Wang (1999). 

The modeling activities proposed here are time demanding and the model shall not be 
considered the ultimate one, but rather just a reference model as complete it can be given 

                                                           

31 Visio is a trademark of Microsoft Corporation ®. 
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the constraints of the information sources. A fairly good model can be achieved after itera-
tive development of these activities, as it  can be seen in Plazaola and Sánchez (1998). 

The activities above presented are the summary of the ones conducted during the applica-
tion cases presented in Chapter 8. Application of the Information System Migration 
Framework. The author used as sources the functional manuals, the responsibility descrip-
tions of the EICC, user’s interviews about the information expected from the EICC and 
the information expected to be received at the EICC. The same was applied to the internal 
modeling of the EICC.  

7.2 PRESENTATION OF THE EMERGING INFORMATION PROC-

ESS 

The Emerging Information Process should be presented by any user at the EICC or any 
market actor of the EI. It is the trigger event of the ISMF iterative procedure. The emerg-
ing need can be induced by a foreseen improvement or officially delegated32 improvement 
of the information processes at the EICC. This step is a primary presentation and is helped 
by the guiding template proposed below. This step is part of the How can we propose and 
support an additional emerging information process to the current processes at the EICC? mentioned 
earlier. 

The presentation of the emerging information process should fulfill the following issues: 

i. Purpose of the emerging information process. 

ii. Benefits expected from this emerging information process and indicative 
measurability. 

iii. Current Entities linked to the use of this emerging information process. 

iv. The time span in which this emerging information process should be im-
plemented. 

v. Risks to be faced if the emerging information process is not implemented. 

vi. Measurability of  the pitfalls or drawbacks if the emerging need is not im-
plemented. 

The intention here is not to be detailed and extremely formal, but structured enough to be 
able to continue the process with clear references for the rest of the ISMF procedure. The 
presentation should be user friendly and not demand special skills, but must contain 
knowledge about what is felt to be added as information process. This guiding template is 
based in the common questions and issues of interest from the CEO and users interviewed 

                                                           

32 Official delegations are those coming from legally decided EI norms or regulations. 
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at the application cases and the conduction of the Case Studies. This is clearly a user-
centered activity. 

7.3 THE GO OR NO-GO DECISION 

This step is the first assessment of What can we add as emerging information process to the current 
state of the EICC?. It supports the first risk assessment in the framework of the organiza-
tion’s constraints. 

The GO or NO-GO decision has as its main goals: 

i. To systematically check if the emerging information process has been proposed 
with supporting arguments to be considered a needed information process to be 
added to the EICC. 

ii. To make the decision to carry out the ISMF steps proposed for the emerging in-
formation process. 

iii. To build an archive of all the emerging information processes that have been 
postponed for further consideration. 

The decision process is guided by the questionnaire presented below, in which each ques-
tion has a brief explanation of the possible outcome and action to be taken. This guiding 
questionnaire is the latest and condensed version of the questionnaire used in the applica-
tion cases presented in Chapter 8. Application of the Information System Migration. Al-
though some variants can occur in the outcomes here presented, those presented are ge-
neric enough in the framework of the results found in the experiences about the applica-
tion of the ISMF.   

i. Is the information process already implemented? If yes, this legitimating 
event should go ahead in the ISMF as an update of the model already available. If 
not, this is new information process to consider. 

ii. Is the purpose of the emerging need or new process clearly stated? If yes, 
the new information process shall be considered to Go. If not, archive it with a 
notification to the proposing party of  the reason for the NO-GO decision. 

iii. Are the benefits measurable? If yes, the new process shall be considered a GO. 
If not, archive it with a notification to the proposing party of the reason for the 
NO-GO decision. 

iv. Are the Entities currently modeled involved in the information process pre-
sented? If yes, the new information process could be considered potentially well 
supported. If no, the new information process is either not well supported or is a 
new information process that will require a separate Entity specification in the 
model. 
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v. Is any time span requested for the emerging need to be implemented? If 
yes, considered the new information process well supported. If no, the new in-
formation process is either not well supported or needs further analysis. In both 
cases archive a notification to the proposing party concerning the reason for the 
NO-GO decision. 

vi. Are the risks for not implementing the new information process declared? 
If yes, consider them as input for your GO or NO-GO decision. If not, the in-
formation process is either not well supported or needs further analysis. In both 
cases archive it with a notification to the proposing party of the reason for the 
NO-GO decision. 

vii. Are the pitfalls or drawbacks measurable if the emerging need is not im-
plemented? If yes, consider them as input for your GO or NO-GO decision. If 
not, the information process is either not well supported or needs further analysis. 
In both cases archive it with a notification to the proposing party of the reason 
for the NO-GO decision. 

viii. Are there available budget and/or personnel for facing the process of re-
quirement elicitation of the new information process? If yes, the GO deci-
sion is given to the one who will be the systems analyst in the requirement proc-
ess. If the answer is no, a notification to the proposing party should inform about 
the decision. 

The responsibility of this decision step belongs to the person in charge, the CEO at the 
EICC. This first assessment does not compromise any solution. If a GO decision is made, 
a clearer definition of the emerging information process starts.  

The Archive activity is considered part of this GO or NO-GO step. The archiving activity 
aims to be the repository of the information about the emerging information process pre-
sented and rejected. This Archive activity will be one of the information sources for any 
new emerging need that will follow the ISMF. This Archive will be the base for the Re-
quirements Library recommended in Chapter 5. Requirement Engineering. This archiving 
can be done by any means considered suitable. It is recommended to have a computer-
based tool for data management and query facilities. Archiving information and searching 
for keywords is a recurrent a task in the whole ISMF. 

7.4 DESCRIPTION OF THE EMERGING INFORMATION PROCESS 

This step deals with the formal and detailed definition of the emerging information proc-
esses at the EICC, specifically with the question of How can we propose and support an additional 
emerging information process to the current processes at the EICC? supported by statements on the  
emerging information process using requirement process tools.  
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The emerging need or information process could be a new information process, or a new 
role that will imply new information processes or just an information process not detected 
in the current model. They will be described in a way that is coherent with the interrelated 
system of Entities proposed here. Thus, the Entity structure for the emerging need or 
process requests the same type of information that the Entities already in place in the En-
tity relationship model as defined as in Section 7.1 Modeling Notation have presented.  

This step will help express the definition of the emerging information process in terms of 
the specifications of the parameters involved for this new requirement and not excluding 
the presentation of the advantages foreseen if this emerging process is implemented. This 
step is aiming at allowing all of the involved people to understanding the emerging infor-
mation process to be implemented, avoiding unnecessary misunderstanding or lenient 
definition. In Figure 18 it is presented an example of the conceptual structure of the emerg-
ing need process. 

 

Entity B 

Tasks and subtasks to be done
(calculation method, assumptions,

application programmers to be running,
algorithms, etc.) 

Inputs and Relation from other 
entities 

(information required to, data format, 
scheduled delivery, etc.) 

Resources for doing the tasks assigned and
the process that this entity is involve to

Transformation of Inputs in to Outputs
(computing capacity, accuracy requirement, refreshing time

requirement, INTERNET connectivity, comm. protocols,
security requirements, etc.) 

Outputs and Relation to other
entities

(information required from, data format,
scheduled delivery, etc.)

Advantages, benefits foresee and
requirements for the new process

(more reliable information, efficient information transaction,
automation of the data or information interchange, etc.)

 

Figure 18 - Structure of the emerging information process. 

This step has as goals: 

i. To systematically formalize or legitimate any emerging need or information proc-
esses 

ii. To identify the Entity definition for performing the emerging need or information 
process (here the Entity definition is in line with Section 7.1 Modeling Notation 
and Section 7.1.2 Entity and Relationship Identification. 

iii. To give a baseline for the assessment of the requirement specification of the new 
Entity or Entities needed for the new information process or processes. 

90  



AN INFORMATION SYSTEM MIGRATION FRAMEWORK 

In Section 7.1.1 Modeling Notation it has been discussed the Entity concept, structure, 
identification and role in the model as the departure and core point of this ISMF. The 
emerging process represented as Entity has extra information that, for simplicity, has been 
named “Advantages, benefits and requirements for the new process.” Such a set of infor-
mation about the emerging need addresses the requirement guidelines for the emerging 
process.  

Whether the emerging process will be solved by a custom development, available assem-
bling components, changes in existing Entities or using commercial off-the-shelf solutions 
(COTS) it should be explored, captured and communicated in the requirements (Robertson 
and Robertson, 1999).  

In order to make a clear definition of the emerging need, taking into consideration that the 
intention is to keep the procedure as simple and as intuitive as possible without reasonable 
sacrifice in completeness, a highly customized variant of the requirement shell proposed by 
Robertson and Robertson (1999) was used as a tool for guiding the requirement elicitation. 

7.4.1 DESCRIPTION PROCESS USING REQUIREMENTS SHELL 

                                                          

The requirement shell is a tool to elicit the information needed for describing the emerging 
information process explained above. The requirement shell, based in the Volere33 Re-
quirement Process presented in Chapter 5. Requirements Engineering, is a template that 
has been modified to fulfill the concept and goals of the ISMF proposed here. It should be 
clear that this is the only customized “plug-in” used in the ISMF activity described in this 
chapter. The requirement shell lists the following information: 

i. Name: The emerging information need under definition. 

ii. Event: Origin of the emerging need. 

iii. Requirement ID: Unique Identification, since more requirements will be ad-
dressed. 

iv. Requirement Type: Functional Requirement, Non-Functional Requirements, 
Requirement Constraints, Project constraints. 

v. Description: A one-sentence statement of the intention of the requirement. 

vi. Rationale: Why is this requirement considered important or necessary? 

vii. Source: Who/Which office requested this requirement? 

 

33 Volere:Copyrigthed from The Atlantic Systems Guild, 11 St Mary's Terrace, London, W2 1SU, United King-
dom. email: suzanne@systemsguild.com, james@systemsguild.com. URL:http://www.atlsysguild.com. Published 
in the book :Robertson, Suzzane and Robertson, James. Mastering the Requirements Process 1999, Adison-
Wesley ACM Press.  
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viii. Fit Criteria: A quantification of the requirement used to determine whether the 
eventual solution meets the requirement. 

ix. Dependencies: Other requirements with a change effect. If this requirement will 
have to be changed if another change is or is not taken into account. There even 
may be other requirements whose continued existence depends on the existence 
of others. 

x. Input information/Entity link: The information or data defined as inputs to 
this requirement and the Entity linked to this information. In the line of the En-
tity Modeling Notation as presented in Section 7.1.1. Modeling Notation. 

xi. Output information/Entity link: The information or data defined as outputs to 
this requirement and the Entity linked to this information. In the line of the En-
tity Modeling Notation as presented in Section 7.1.1. Modeling Notation. 

xii. Conflicts: Requirements that contradict the one currently in process. Some re-
quirements sometimes contradict each other. 

xiii. Supporting Resources: Specifying the resources to support this requirement. In 
the line of the Entity Modeling Notation as presented in Section 7.1.1. Modeling 
Notation. 

xiv. Supporting Tasks: Specifying the tasks considered necessary to do for the satis-
factory and successful fulfillment of this requirement. In the line of the Entity 
Modeling Notation as presented in Section 7.1.1. Modeling Notation. 

xv. History: Origin and changes done to the requirements during the data collection 
activity. 

It is important that not overemphasis in technological implementation is done in this de-
scription, this will avoid recording requirements that exist because the technology is cur-
rently used (McMenamin and Palmer, 1984). The technological implementation will be an 
issue in the solution proposal step, not in this ISMF, which is related to the essence of the 
modeling, requirements and migration of the current information system. This will keep 
the ISMF technological independent. 

The requirements should be collected in several interview round from users and any Entity 
related to this emerging information process, and consulting the archives of the previously 
rejected emerging information processes in the GO-NO-GO stage.  

Once the requirements shell is filled from the several sources, they should be grouped by 
requirement type for further analysis.  

With the use of any computer-based tool for data management and query facilities, rec-
ommended from the beginning, the requirements shells should be stored with the attrib-
utes proposed here. Archiving information and searching for keywords is a recurrent activ-
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ity for documenting, checking and cross-checking information around the steps and activi-
ties in the whole ISMF.  

7.5 ASSESSMENT OF THE DESCRIPTION OF THE EMERGING IN-

FORMATION PROCESS 

The Assessment of the description of the emerging information process is a step aimed at 
tracing the impact and extent of the needed decision for the information process to be 
implemented in the current modeled EICC. 

The emerging information process is understood as coherent with the Entity definition; the 
assessment can be done deductively from the requirement processes developed in the for-
mer step. 

From the requirements collected, it should always keep in mind that the goal is to describe 
the structure of any potential Entity handling the information process in terms of the mod-
eling notation described in Section 7.1.1 Entity Modeling Notation.  

7.5.1 ASSESSMENT PROCEDURE 

The assessment in this step is based, at least, on the following guiding questionnaire, which 
is the latest and condensed version of the questionnaire used in the application cases pre-
sented in Chapter 8. Application of the Information System Migration. Again, although 
some variants can occur in the outcomes here presented, those presented are generic 
enough in the framework of the results found in the applications. The guiding question-
naire for this assessment is: 

i. Are all the information inputs available for this potential Entity? Here the 
documents generated by the model are needed as reference, though the model it-
self should be enough for such identification. Some possible scenarios can be 
foreseen: All the information inputs are available, so the assessment will continue. 
Some information inputs are not available, so this should be declared as an emerg-
ing information process and reconsidered in the GO-NO GO stage for following 
the course of this ISMF. The current emerging information process could be re-
considered until all the inputs are complete. 

ii. In which format, time and media should the emerging information be de-
livered? Here the attention is on the assessment in the functional requirement of 
the emerging information. Special attention is needed for security, accuracy, inter-
face issues, etc. 

iii. Are the tasks for the given information emerging need stated and can they 
be tested? Here the aim is to assess the verifiable completeness of the require-
ments concerning the tasks and subtasks needed for transforming the information 
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inputs into the information output demanded. In a possible scenario, a very spe-
cial task will be needed, e.g. multinode calculation for short-circuit analysis for the 
distribution network, and some references to the principles of the tasks should be 
assessed, e.g. algorithmic process for the multimode calculation for short-circuit 
analysis. In the worst scenario an information transformation will be demanded 
without any available known alternative task, so a clear requirement should be 
specially checked for that; this will probably be the most important criteria for the 
assessment of any possible solution and further validation. 

iv. What resources are needed to complete the tasks demanded?  Here the em-
phasis is on the functional requirement set. This assessment is linked to the tasks 
described above. The resources should address the demands from the tasks and 
the requirements collected as completely as possible. The resources can be: a new 
computer, the time needed to perform the computing, the type of interface that 
the resources should have in order to deliver the task results, new communica-
tions channels, etc. 

v. Are the resources available in any other Entity currently modeled? Here the 
model documentation, possibly in an electronic database format as explained ear-
lier, will be the reference. If the resources should not be assessed in the frame-
work of possible investment, the new resources can be attached to an already ex-
isting Entity (updating the description of that Entity in the existing model) or to a 
new Entity that should be included later on in the model. 

vi. If there is a need to update a current Entity, what has to be changed or 
added? If there is an Entity that has the resources for attending the emerging in-
formation need, a possible scenario is that this existing Entity can do the tasks 
and cover the emerging information need. Here the existing Entity will need an 
update from the model perspective, as well as responsibility definition, personnel 
in charge, changes of personnel, hiring new personnel, training personnel, new in-
frastructure facilities, sharing infrastructure facilities, special conditioning, legal 
requirements needed, etc. 

vii. If there is a need to have a new Entity, What has to be decided for imple-
menting it? If a new Entity is needed, several decisions have to be made. The 
Entity can require changes on responsibility definition, personnel in charge, 
changes of personnel, hiring new personnel, training personnel, new infrastruc-
ture facilities, sharing infrastructure facilities, special conditioning, legal require-
ments that are needed, etc. 

viii. Are the requirement constraints fulfilled? This is a critical assessment, as the 
requirement constraints are as important as the functional or non-functional re-
quirements.  
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This assessment shall be done by the decision making level, CEO, in which the assistance 
of an information systems analyst is recommended. If the assessment here is that the im-
plementation of the emerging information is too costly, not feasible or by any means in 
doubt, the ISMF gives the opportunity to reconsider the emerging information need. There-
fore, a reiteration of the GO or NO-GO decision stage and then reconsideration of the De-
scription of the emerging information process should be done. 

7.6 REQUIREMENTS AND SPECIFICATIONS OF THE SOLUTION 

TO THE EMERGING INFORMATION PROCESS 

This step is aimed at looking carefully at the requirements already collected and delivering 
them in terms of solution specifications to the emerging information process. This will 
serve as the frameork for the bidding, validation and verification of the solution to be im-
plemented. This step is aimed at agreeing on the requirements that should become a speci-
fication of the solution demanded for the emerging information process. 

As requirements are elicited, maintaining agreement with all stakeholders can be a problem, 
especially where stakeholders have divergent goals. Techniques such as inspection and 
formal analysis tend to concentrate on the coherence of the requirements descriptions: are 
they consistent, and are they structurally complete? (Heitmeyer et al, 1996)  
 
In contrast, techniques such as prototyping, specification animation and the use of scenar-
ios are geared towards testing a correspondence with the real-world problem. For example, 
have all the aspects of the problem that the stakeholders regard as important been covered? 
(Nuseibeh and Easterbrook, 2001) 

The theory underlying these “negotiation models” is the same in each case: identify the most 
important goals of each participant and ensure that they are met. This approach is used in 
other RE techniques to promote agreement without necessarily making the goals explicit. 
For example, in Quality Function Deployment (QFD), matrices are constructed to com-
pare functional requirements with one another and rate their importance, but without ex-
plicitly identifying stakeholder goals. (Hauser and Clausing, 1988) 

In the next subsection of this chapter a sequence of tests are proposed in the framework of 
the above-mentioned concepts for requirement agreement. 

7.6.1 RECOMMENDATION ON THE REQUIREMENTS AND SPECIFICATIONS

OF THE SOLUTION USING QUALITY  CONCEPTS

 

 

The recommendation ensures final specification by testing the requirements for complete-
ness, measurability, absence or ambiguity and several other qualities before the require-
ments can be considered a settled specification. The goal is to decide upon requirements 
that should carried forward to the solution bidding, where mistakes are more difficult and 
expensive to find. Here some general recommendations are proposed, based on the experi-

95  



AN INFORMATION SYSTEM MIGRATION FRAMEWORK FOR THE ELECTRICITY INDUSTRY CONTROL CENTERS 

ence of the application cases. No guiding questionnaire is proposed, as this issue has been 
found extremely complex to deal and the generic tests and definitions presented here are 
the ones found accepted by the CEO and users that participated in the application cases. 
The tests are along the lines argued by Robertson and Robertson, 1999. 

Completeness Test 

The completeness test is to compare the requirement with the components that appear in 
the Requirements Shell template proposed previously. While it is not always necessary to 
have every component for every requirement, there should be a good reason for their ab-
sence if some components are missing. They are items that have been proved valuable and 
contribute to the clarity and reasoning of the requirement. There are, however, times when 
they are not all necessary. For example, the Description sometimes makes it obvious why 
the requirement is important. In that case there would be no point in writing the Rationale. 
Sometimes the Description can be dropped, as there is a clear and readable Fit Criterion. 
Sometimes there are no Resources needed.  

Traceability Test 

The traceability test makes a trace between the requirement and the whole new or reformed 
Entity to handle the information process. This means that the requirements collected 
should be traceable to the Entity Model proposed for the emerging information process.  

Consistency Test 

The consistency test is aimed at specifying the requirement so it is understood in only one 
way. Firstly, define the terms used and their meaning within the requirements, so as  to 
build a naming convention and definitions. This is a repository for the terms that will be 
used along the solution bidding. This should be a reference for further works with this 
ISMF. The need for a computer-based tool for data handling and query, is recommended 
for keeping this repository available. 

Relevancy Test 

The relevancy test is based in the questions Does this requirement contribute to the pur-
pose of the information process? Does this requirement add something to the product that, 
directly or indirectly, makes the emerging information process meet its purpose? 

Ambiguity Test 

This test makes a link between the requirement definition and the fit criteria. The fit crite-
rion (or criteria, as above?) should be measured, with the? possible numbers involved (e.g. 
the transmission of information should be done every one hour, or the information should 
collect the information in the range of 5 minutes refreshing time, etc.). 
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Viability Test 

In this test each requirement must be tested for viability within the whole set of require-
ment constraints and asking if the requirement contradicts them in any way. 

The tests are applied to each single potential requirement. Here some requirements that 
have not passed the tests must be reformulated, because the requirement that does not fully 
meet the test is not necessary a bad requirement; it could be a misunderstood one or an 
incomplete one or even a complex one that should be treated with more care. This is an 
iterative process within step four of the ISMF. Description of the emerging information 
process. 

Another important issue here is how to implement the tests. The first decision is about 
who is to be responsible for the tests. In this case the proposal is that a project leader be 
responsible, with the help of an information systems analyst (s). The use of a computer-
based tool for keeping track of the test results is recommended. So again, a data manage-
ment and query system is recommended. The result of this step will be the specification of 
the solution required for the emerging information process. 

7.7 ASSESSMENT OF THE SOLUTION(S) PROPOSED 

This step is intrinsically validation and verification of the solution(s) proposed against the 
set of specifications that has been passed the Assessment of the description of the emerging informa-
tion process step. The solution(s) offered should be compared with the set of requirement 
constraints. 

The set of questions as in Section 7.3, including the assessment procedure explained in 
Section 7.5. Assessment on the description of the emerging information process proposed 
can be use as reference process at this step. 

The Validation and Verification of the solution to the described emerging information 
process is the continuation of the final assessment about the solution. This is the accep-
tance of the proposed solution; such solutions must have the property of validation and 
verification in their presentation. 

The validation and verification procedure has been widely studied in the software field, but 
with some practical assumptions and similarities in analysis, they can be applied to hard-
ware-software systems such as the EICC. 

Validation focuses on “accurate performance” and thereby reflects the satisfaction of the 
needs of the user and the organization, and has been defined as the “right system,” often 
focusing on specification implementation. The validation is result-oriented and is for ensur-
ing user satisfaction (Lee and O’keefe, 1994). The validation is linked to fulfillment of the 
non-functional requirements collected and available in the previous processes. 
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Verification is process-oriented and focuses on achieving completeness of the necessary 
specifications, consistency of the procedure desired, efficiency, maintainability and reliabil-
ity parameters, sometimes defined as the “system right” (Lee and O’keefe, 1994). The veri-
fication is linked to fulfillment of the functional requirements collected and available in the 
previous processes. 

The author has not been able to test or apply this step yet, so the solution acceptance, 
validation and verification has not been documented in the application case. Those final 
steps were beyond the author’s decision or control. 

7.8 ADDITION OF THE SOLUTION TO THE MODEL OF THE 

EICC  

Here the solution decided on for implementation to cover the emerging information proc-
ess is either a new Entity(ies) or a change in an existing Entity. Since it has been used all the 
way long the Entity Modeling Notation, explained in Section 7.1.1. Modeling Notation, the 
new or changed Entity should be easy to be added in the former model of the EICC. The 
updated model will have the representation of the new Entity(ies). 

This step covers the question What can we add as emerging information process to the current IS at 
the EICC? supported by the process modeling explained in Section 7.1. Modeling of the 
current information process at the EICC. This step has been applied to add information 
processes found in the iterative nature of this ISMF. 

This is not the end of the ISMF; it is just a state until any new emerging information proc-
ess is presented. Every time this step is reached, an updated and more complete model of 
the EICC results. 

7.9 GENERAL COMMENTS 

An Information System Migration Framework have been proposed as systematic, feasible 
and reliable solution to the generic problems in handling emerging information process at 
the EICC. 

The ISMF provides a feasible view of the current EICC operation, a continuous and 
iterative process of controlled changes and a systematic process to update the EICC 
operation model with a set of steps that are implementation independent, technology 
independent, process oriented and user centered. 

This ISMF is a sequence of eight steps: 1. Modeling the current information processes 
at the Electricity Industry Control Center, 2. Presenting the emerging information 
process, 3. Making a primary GO or NO-GO decision, 4. Describing the emerging 
information process, 5. Assessing the description of the emerging information 
process, 6. Deciding the requirements and specifications of the solution to the 
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emerging information process, 7. Assessing the solution(s) proposed (Validation 
and Verification), and 8. Adding the solution of the emerged information process to 
the Electricity Industry Operator Model. The iterative sequence of these steps is 
presented in Chapter 7, figure 15. 

The Entity Modeling Notation and the guiding questionnaires are also considered part of 
the contribution. The Description process using requirements shell is a customized plug-in. 
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Chapter 8 

Application of the Information Sys-
tem Migration Framework 

8 APPLICATION OF THE INFORMATION SYSTEM MI-

GRATION FRAMEWORK 
This chapter presents an application of the ISMF proposed. These experiences have been 
published in the included Paper B, Plazaola and Sánchez (2000). In this section, it is pre-
sented the application of the ISMF to the El Salvador case. These applications have been 
our main source for a feasibility, replicability and user acceptance test of the proposed 
ISMF. 

In table 5 an example of the information processes listed can be seen, using the above steps 
in the case studies developed in Central America, specifically focus on the information 
processes from/to the EICC in the case of El Salvador. 

ID Information process Originator Receptor Format Time Feature

1 System Restrictions ET UT FTP Day before 

2 Bids GENCO, 
DISCO, GC, C

UT FTP Daily 

3 Bilateral Transaction 
Report  

AMM UT FAX Daily 

4 Situation of the grid  GENCO,  ET UT Hard Copy Daily 

5 Measurement GENCO, DIS-
CO, ET 

UT Remote 
Access 

Each 24 or 48 
hours 

6 Maintenance schedule GENCO, ET UT Hard Copy November 1st

7 Preliminary information UT DISCO, 
GENCO 

FTP Daily at 9hrs 

8 Day ahead dispatch UT DISCO, 
GENCO, 
AMM, ET 

 

FTP Daily at 16 
hours 
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ID Information process Originator Receptor Format Time Feature

9 Systems operation 
instructions?) 

UT DISCO, 
GENCO, 

ET 

Phone Call Daily at 9 hrs 

10 Maintenance Schedule  UT GENCO, 
ET 

Hard Copy November 1st

11 Biannual market report  UT SIGET Fax Daily 

12 Customer service report  DISCO SIGET Hard Copy Monthly 

13 Examination of annual 
tariff 

DISCO SIGET Hard Copy Yearly 

14 Recording tax GENCO SIGET Hard Copy Weekly 

15 Grid Expansion Plans UT SIGET, 
ET 

Hard Copy Yearly 

16 Tariff Approved SIGET DISCO Hard Copy Yearly 

17 Charge for transmission 
and distribution net-
work use 

SIGET GENCO, 
DISCO 

Hard Copy Monthly 

18 Economic Transactions 
Documents 

UT GENCO, 
DISCO, 

GC, C, ET

Hard Copy Monthly 

Table 5 - Information Processes List 

In the Table 6 an example of the potential entities is listed: 

No Potential 
Entities 

Related to information proc-
ess # as input 

Related to information proc-
ess # as output 

 UT 1,2,3,4,5,6 7,8,9,10,11,15,18 

 GENCO 7,8,9,10,11,17,18 2,4,5,6,14 

 GCDISCOC 7,8,9,16,17,18 2,5,12,13 

 ET 8,9,10,15,17,18 1,4,5,6 

 SIGET 11,12,13,14,15 16,17 

 AMM 8 3 

Table 6 - Potential Entities  
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From the information in tables 5 and 6 it can be drawn a holistic model of interrelated 
information process entities of the EI in El Salvador without the resources and tasks de-
scription, as seen in Figure 19. The numbers in the connectors correspond to the informa-
tion list presented in Table 5. 

SIGET

UT

GENCO

DISCO

AMM

ET

1 1
2

2

2

4

4

6

6

6
88

8

8

8

10

10 10

11

11

15 15

15 17

13

13

14

14

16

16

17

17

17

UT: Transaction Unit
DISCO: Distribution Company
GENCO: Generation Company
AMM: Market Administrator Body (Guatemala)
ET: Transmisión Company
SIGET: Regulatory Body

3

3

7

7

18

12

12

18

18

18

7
5

5

5

5

9

9
9

Figure 19 - Entity model of the EI information processes in El Salvador.  
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Figure 19 provides a practical example of the entity model of the EICC in El Salvador in 
the context of the Electricity Industry EI actors. The Resources and Tasks were not de-
clared; this is done in the internal modeling of the EICC. The main assumption here is that 
the EICC’s Resources and Tasks will be represented in the internal entity modeling. Table 
5 shows the correlation of the information processes list with the corresponding numbers 
of each process in Figure 20. 

 

EICC

8

10

11

18

9

7

6

3

1

2

4

155

 

Figure 20 – Entity meta-model of the EICC in El Salvador  

Following the same entity modeling procedure, the aim is to have the internal Entity model 
of the EICC already represented in its contextual relations at the EI. Here the ID of the 
information processes already available, inputs and outputs (sentence has no verb and I 
don’t know where it belongs or what it should be). Then the receptor and originators are 
defined in terms of the internal Entities of the EICC. 
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ISO: Independent System Operator
PX: Power Exchange
MP: Market Players
IECC: Interconected ECC
GO: Grid Owners
MD: Market Department
PA: Power Analysis
RTO: Real Time Operation
EA: Energy Accounting
MA: Market Analysis

Real-time
operation
ISO

Pre-
dispatch

sheet
PA

14 Hrs.

Real operation
MD

Transmission system operation

SCADA/EMS

Real operation
EA

Market
Analysis
PX

Operation report
EA

Market analysis
report  PA

Market assessment

Economist team

Energy
Accounting

PX

Real
Operation

RTO

Operation report
MA

Energy accounting, conciliation, settlement and
invoicing.

SIMEC, Business administration team

Economic
transactions
document

MP

Measurements
MD

Power
Analysis
ISO

Economic
dispatch

MD
14 Hrs.

System
restrictions

GO

8 Hrs. Preliminary Info.
MP

16 Hrs. Pre-dispatch
sheet RTO

Feasibilty of economic dispatch, load forecast
revision, loss factors calculation

Load Flow software, Historic data base, EE team

16 Hrs. Day ahead
dispatch MP

16 Hrs.Transactions
confirmation
IECC

Market analysis
report  MA

Market
Dept.
PX

Bids
MP

11 Hrs.

IECC

14 Hrs. Economic
Dispatch
PA

9 Hrs.
Preliminary
Info.
MP

Bids reception, decodification, and validation.
Economic Dispatch  and generators reserve
asignamment. International transactions
verification.

2 Workstations running MMS, E.E. team

Real
Operation

RTO

Figure 21 – Internal Entity structure present at the EICC in El Salvador 

The entity above complies with the modeling notation proposed in this thesis. Note that 
the information attributes are also represented and the ID numbers are the same as those 
used in the first table. Here it is used ID#’ (e.g. 1’) when the information collected in the 
table can be decoupled into detailed ones. The Tasks here are described in a way that they 
can be seen the ID Information Input and the ID Information Output handled by the 
tasks at the Entity. This extra information has proved quite useful when cross checking the 
entity modeling with the users. 

Regarding the extent of the ISMF use or application, it should be explained that we have 
been testing the migration process up to the step Requirements and specifications of 
the solution to the emerging information process. As the reader will understand, the 
decision about continuing this ISMF to the solution bidding, solution acceptance and veri-
fication and validation was not in the hands of the author to decide upon.  

The results of this application have been presented to the sources of our case studies and 
they have been willing both to use it as a reference and to continue the information sup-
port to the ISMF and techniques. From this research effort the National University of 
Engineering in Nicaragua currently has a formal cooperation agreement in this research 
area with the National Regulatory Body, INE, the CNDC, the Nicaraguan EICC, and with 
ENRON and COASTAL POWER, which are acting as private generator companies in 
Nicaragua. 
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Chapter 9 

Summary of included papers 
9 SUMMARY OF INCLUDED PAPERS 

Paper A: Control Centers’ Upgrade in Central America: A 
strategic planning process approach 

Leonel Plazaola 

Proceedings of the Stockholm Power Tech, International Symposium on Electric 
Power Engineering,. Sweden, IEEE, August 1995. 

The current trend of openness and modularity on the Power Network Control Systems are 
conceived originally, mainly, if not totally, for expanding the life cycle of the modern and 
coming generations of Control Centers. But there are a considerable amount of existing 
"old" Control Centers in Utilities with lack of experience in the exploitation and with eco-
nomical limitations for replace them for new ones at one shot. In some cases, even with 
available budget for Control Center’s modernization there is a lack of systematic recollec-
tion of the experiences on the technical evolution of the current one and about the new 
and demanded needs. This paper is recommending and sustaining a strategy for a planning 
process for the fulfillment of the new requirements or functionality to the Control Centers 
in Central America. It is intended to keep in mind the understanding of the real needs and 
combining the technological solution with the evolutionary standards and the state of the 
art of openness and EMS in the modernization of the SCADA/AGC Control Centers [1]. 
This paper is based in a characterization study of the Control Center in Central America, 
presenting some remarks about the partial results of such study. It is presented some com-
plementary perspectives of the challenges to be faced for such Centers. 

This paper is recommending and sustaining a strategy for a systematic and traceable evolu-
tionary operation, definition and fulfillment of new requirements or functionality of the 
Control Centers in the Central America context. It is intended to keep in mind the under-
standing of the real needs as the key of any solution with a close follow up of the state of 
the art of the standards on openness of SCADA/AGC/EMS Systems. 

The strategy proposed consist in six phases:  

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

2. Formal Description of the emerging need. 

3. Definition of the effects and the demanded changes of the emerging need. 
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4. Recommendation of the source, requirements and specifications of the solution to the 
demanded changes from the emerging need. 

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

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

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. With this sys-
tematic approach, which could lead to a complete replacement of a Control Center , the 
experiences in any of the Center can be shared with the others and from it evolve in a 
systematic “pool” of common knowledge and written reference. 

A key concept called entity, have been used for implying the wide spectrum, different per-
spectives and multiple level of abstraction of the Control Center components. 
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Paper B: Simulation trial of a proposed model applied to 
energy control center’s operation and migration strategy 

 

Leonel Plazaola and Enrique Silva 

Proceedings of the IV International Conference on Computer Simulation and Arti-
ficial Intelligence, Institute for Simulation Sciences and the International Society 
for Computer Simulation. Mc Leod Institure, Mexico DF, Mexico. September 1998. 

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 Cen-
ters (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 en-
hancement and eventual technological migration of the ECCs under study. [1] 

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

The ECCs are 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 model-
ing 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.  

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 
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and then run a discrete event simulation to evaluate performance measures such as re-
source 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 assump-
tion 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 interac-
tions, which complete the various responses that a process can make to an input or speci-
fied function. The information or entity flow has two main features: interaction and se-
quence. 

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 re-
sources for the activity completions are sometimes used but not fully recognized or docu-
mented. 

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 dis-
turbance 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. 

110  



SUMMARY OF INCLUDED PAPERS 

Paper C: Electric Industry Reforms, focus on the Energy 
Control Centers. Study Cases El Salvador and Nicaragua. 

Leonel Plazaola and Fidel Sánchez,  

Proceedings of the International Conference DRPT 2000 Electric Utility Deregula-
tion and Restructuring and Power Technologies, City University, London UK, April 
2000. 

This paper gives a brief description of the concepts and goals of the Electricity Industry 
Reforms process with some references about the Central America context. It presents a 
brief description of the operation of the Electricity Control Centers in the competitive 
market as result of such Electricity Industry Reforms, where two main functions are 
treated, the System Operation and the Power Exchange Administration. Two Central 
American countries, El Salvador and Nicaragua, are specifically treated in this paper. The 
Electricity Industry organisation is given as context for both countries. The Electricity 
Control Center operation is explained for each of these countries. The operations of the 
Electricity Control Center in each country are presented using a novel functional model, 
based in intuitive graphical representation of the information flow. With this model ap-
proach the functions change under demands, because the reforms, can be added, placed, 
linked and documented. Some conclusions about the induced changes at the Electricity 
Control Centers in El Salvador and Nicaragua are considered. 

The Electricity Industry Reforms (EIR) bring changes in the operation and organisation 
procedures in the traditional known functions of the former state owned National Electric-
ity Utilities (i.e. Generation, Transmission, Control Center, Distribution, Final Supply). 
These functions are linked as entities or agents building the so-called National Electricity 
Market or Electricity Industry (EI) in each country. 

These changes induce modifications to the organisational structures, changes to the tradi-
tional relationships among the entities or agents and adjustments in the operation proce-
dures. The necessities of new or renovated technology (i.e. software and hardware) as well 
as changes that involve retraining of the operators (human factor). The key personnel in-
volved with anyone of the functions of the Electricity Industry (EI) have to learn how to 
deal with the new concept of open and business oriented procedures.  

The EIR described here indicates that the competitive electricity market design has a sig-
nificant impact on the ECC operational procedures and organisation. 

Of the two functions that the ECC assumes in a competitive market, the one that demands 
more technological changes or implementation of new systems is the task of PX. For a 
proper administration of the markets it is necessary to: create standard communication 
procedures, formats and media with the market agents. The communication issues take a 
very important role inside the ECC. 
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In El Salvador the situation now is that all decisions taken by the personnel of the ECC 
affect the market agents directly. Therefore, affecting the shareholder and implying financial 
aspects, so the personnel feel that their work at the present time has a bigger importance. 
The results of any decision, which previously remained in anonymity, is now exposed before 
a council where the decision should be properly supported by arguments and not show 
discriminatory bias. 

The operation model presented here, based in an intuitive graphical representation of the 
information flow can facilitate the traceability and follow up of the evolution and the an-
swer for the need of changes at the ECC. The international experiences have demonstrated 
that processes of EIR are dynamic with a tendency to correct problems that may occur on 
the way. 

The value of any model is laying in its ability to help us to represent the characteristics of 
an entity for a system and the system it self (Electricity Control Center and inner structure). 
The intuitive graphical modeling approach here proposed is using the information inter-
change for the market operation of the EI in El Salvador and in Nicaragua. The sources of 
such model are the new laws and normative induced of the EIR, and validated by inter-
views and comments from the ECC staff. The attributes so far related to the model are the 
fundamental data for any information "going in" and "going out" of the ECC. Such attrib-
utes are: where the information comes from; where the information is going to; the time 
frequency the information is received a brief description of the information content; and 
the media used for receiving or sending it. 

The model is more than a drawing tool. It is intended to promote effective communication 
through graphical representation of operation and organizational information flow. The 
end goal of the model is to improve the follow up of relationships in order to have a blue-
print for the large complex systems as the Electricity Industry.  

According to our interviews to the Control Center staff in El Salvador and in Nicaragua, it 
is not difficult to adapt the new defined SCADA/EMS systems to the technical realities of 
the EIR of each country. The staff accepts that it is not well defined the needed of the 
commercial software that should gathers the specific requirements for the PX functions. 
The staff at the ECC has been validating the basic models here presented, and so far is 
adopted in Nicaragua as references for further detailed definition in the inner structure of 
the ECC. 
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As a feasibility and applicability test of the ISMF proposed, the model of the EICCs in 
Nicaragua has been constructed and its functionality simulated. This is presented in the 
included Paper B, (Plazaola and Silva, 1998). As a further feasibility and generalizable appli-
cability of the ISMF model notation, the models of the EI and the EICCs of Nicaragua and 
El Salvador has been constructed and validated by the concerned parties. This experience 
has been presented in Paper C (Plazaola and Sánchez, 1998), included in this thesis. 

Being a process based, the ISMF facilitate the mapping or diagram that visually displays 
the information processes used for supporting the “business” process at the EICC. The 
model based on the proposed Entity Notation is a tool for communicating the opera-
tion of the EICC. In the Central American context this communication  is of great interest, 
as the reader can see in Chapter 6. Summary of findings of the Case Studies.  

The use of the ISMF will help the maturity in the exploitation and the understanding of the 
EICC technology and information system. The EICC will evolve with better roots and 
clearer needs from the users, because the changes or additions take place are systematically 
seen and documented.  

A key concept called Entity has been used to represent the wide spectrum, different 
perspectives and multiple level of abstraction of the EICC components. This is a feasi-
ble solution to the fact that the EICC are complex systems characterized by a diversity of 
information processes and sub-processes, where hardware, software and human factors are 
involved. In addition, the way of, habitually describing the EICCs is by isolated definitions 
of its processes, not well-documented relationships amongst them. 

In the validations of the ISMF model, the core concept of the contribution, the author 
confirmed that the use of an integral view of the EICC operation is welcomed by the 
users involved in it. The main reason for such acceptance is that the model deals with 
the EICC “AS IS”, i.e. the information is process based with no theoretical or sophisti-
cated relationship assumed or presented. The model is accepted as valid in the same mag-
nitude, as the interviewed users, including CEOs, were able to recognize the Entities they 
are involved in.  

Although this ISMF has been proposed based on the Central American EICC context, the 
steps and sequence are general enough to be considered feasible for further analysis for 
application in any organization interested in having solving information system migration. 
The ISMF has been tested using the Entity Modeling Notation proposed by the author as 
part of the contribution. There are clear indications that this notation can be further elabo-
rated and can be use the widely accepted semantics and syntax of the Unified Modeling 
Language (UML). Such work has been initiated as presented in the secondary works de-
scribed in this thesis, with encouraging results. 

This thesis presents an alternative solution for the widespread paradox of the complex 
systems: we have a working information system we do not fully understand and thus do 
not understand what we should and could really demand from it. 
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