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Preface

Construction management and engineering is a vast and fascinating area of expertise. One of
the biggest challenges a prospective graduate student faces when approaching the end of his
studies is to choose among a myriad of possible and interesting thesis” topics. Taking a good
decision is anything but trivial;, after all, months of efforts will be devoted to it. In my case
several were the reasons that motivated the selection of this particular topic. First, it satisfied
my personal interest to know more about the theory of transaction costs of economics (TCE)
and its potential in the organization of construction projects. In my opinion the major problems
faced nowadays in the construction of infrastructure are not technological, but related to the
adequate selection of the project’s governance structure. TCE provides as no other theory a rich
framework for this purpose, which additionally can be adjusted to different institutional
environments. Second, it gave me the opportunity to apply during the course of the
investigation my work experience in what represents a major area of interest: the planning and
construction of power generation facilities. This condition granted me a particular grip in the
subject that would have been difficult to achieve otherwise. Third, even though this is a theory
oriented research it has also practical relevance for the Instituto Costarricense de Electricidad
(ICE), the organization here examined and the main player in the development of electric power
facilities in Costa Rica. Important insights are derived from this investigation which | believe can
give a new perspective to ICE about how to organize its projects in a better way. Last but not
least, the topic contributed to the scientific knowledge of TCE in the context of the construction
industry, providing valuable analytical tools to other researchers venturing in similar endeavors.

This thesis represents the culmination of two years of studies in the Netherlands, a long way
from home. Much | have to thank, for it is an experience to which most of my countrymen do
not have access. ICE’s support as one of the sponsors of my studies has been instrumental. |
hope a humble retribution is found in this work. The same can be said about my family and
others that have supported me during this process. Finally, my graduation committee deserves
recognition for their valuable opinions and recommendations along these last months. For this |
am most grateful.



Executive summary

Transaction costs of economics (TCE) has become a standard framework for the study of
organizations, helping to explain not only the existence of the firm, but also its scope and
dimensions (Ménard and Shirley, 2005). Transaction costs are plain and simple the cost incurred
in using the market. TCE sustains that there is a direct relationship between the governance
structure selected to organize a transaction and the intrinsic characteristics of the latter and this
is based mainly in the minimization of transaction costs. Conceptually TCE belongs to a broader
analytical framework where it operates under the constrains imposed by both formal and
informal institutions (Williamson, 1998), the former comprised by legal rules and regulations
and the later by rooted cultural values and norms.

This theory has been repeatedly used to analyze the organizational decisions made in a wide
variety of industries, of which construction is not the exception. Nevertheless, the attempts
made in the latter to test its applicability have been rather discrete and have opted for breadth
instead of deepness. The main objective of this thesis was to contribute in closing this gap by
making a theory oriented research based in a single case study: the construction of El Diquis
Hydropower Project (EDHP) in Costa Rica. Based on the insights derived from this process,
opportunities for improvement were recommended to the Instituto Costarricense de
Electricidad (ICE), a public utility company an EPC contractor responsible of the project’s
construction.

Five main research questions guided this study: 1) what hypotheses can be formulated to
provide a theoretical connection between transactions and governance structures? 2) What is
the governance structure predicted by the research hypotheses to organize the EDHP's
transactions? 3) What are the main characteristics of the EDHP’s institutional framework? 4)
What can be concluded regarding the applicability of TCE as an explanatory theory for the
governance structure selected for the EDHP’s construction? 5) What opportunities for
improvement can be suggested to ICE from the insights provided in this investigation? A
qualitative and interpretative approach was adopted to answer these questions, relying on
triangulation of sources to eliminate the chance of subjectivity.

Williamson (1979) was the first to formally set up the critical dimensions relevant for the study
of transactions: asset specificity, uncertainty and frequency. Asset specificity is associated to the
degree of idiosyncratic investments required to conduct a specific transaction. Uncertainty
emerges as the combination of complexity and bounded rationality, the former associated to
systems that constantly change (Arthur, 1999) while the latter is an intrinsic characteristic of
human nature. A contract prepared in the combination of these two ingredients is by definition
incomplete. Finally, frequency refers to the regularity of the transaction and the number of
possible future exchanges between demander and supplier. It introduces social mechanism of
restrain, which reduces the opportunistic behavior of the transacting parties.

At the same time, three types of governance structure can be recognized: market, hierarchy and
hybrid. They can be characterized in terms of attributes such as adaptability, incentives, control
instruments and contractual law (Williamson, 1991). Market is characterized by autonomous
adaptation, high powered incentives, low administrative control and the use of classical
contractual law (e.g. closed end provisions and self enforcement mechanisms). On the other
hand, hierarchy relies on cooperative adaptation, low powered incentives, high administrative



control and the use of forbearance. A hybrid structures emerge in between with intermediate
attributes and relying in neoclassical contractual law (e.g. open end provisions and
complementary dispute settlement mechanisms).

Central to the origin of transaction costs is the concept of contractual hazards, which arise in
the confluence of asset specificity, incomplete contracts and opportunistic behavior. When
these three ingredients are low contractual hazards are negligible and the preferred governance
structure is market; it is possible to rely only in the autonomous adaptation propelled by its high
powered incentives as an adjustment mechanism in the case of change. If on the contrary these
features are high contractual hazards become relevant and the autonomous parties cannot be
entrusted anymore to efficiently steer adaptation in isolation. Additional mechanism should be
incorporated to induce flexibility and to reach adjustments in a coordinated way, for which
hierarchy is the most economical option. For situations in between a hybrid structure is more
likely to appear. If one of the transacting parties is a public organization, third party
opportunism comes into scene creating probity hazards for both the public agent and private
party, which in response increase the specificity and rigidity of the contractual procedures
(Spiller, 2008). This reduces the potential for informal adaptation, further enhancing the
contractual hazards in the presence of unanticipated events.

For the purpose of this thesis the actor of interest is the engineering, procurement and
construction (EPC) contractor. It has been assumed that ICE has the overall capacity to fulfill this
role and that it should decide regarding the organization of the transactions composing the
construction process. Acknowledging the fact that TCE is developed in the context of Western
capitalistic societies, where the social framework offers conditions supportive of its causal
explanation, the research hypotheses were deliberately supported in three assumptions that
provided ideal market conditions: 1) ICE has the freedom to organize the transactions following
mainly a profit maximization function. 2) The market works well and offers production cost
advantages in comparison with vertical integration 3) The boundaries between the governance
structures conform to the cost proportions introduced by the research hypotheses.

Based on these conditions, three research hypotheses were proposed: 1) when asset specificity
is low, transactions are better organized in the market, regardless of the level of frequency. 2)
When asset specificity and uncertainty are high and there is a low level of frequency in the
exchanges that neither contributes to articulate more complete contracts or to introduce social
mechanism to restrict opportunistic behavior, hierarchy is the preferred governance structure. 3)
In situations in between some nuance of hybrid structure is more likely to appear. The
conclusions regarding the theory’s applicability should be underpinned by an analysis of both
the extent of the predictions provided by these hypotheses, as well as by the validity of the
supportive assumptions in the light of the specific characteristics of the environment in which
this project is embedded.

The case study (EDHP) is a large hydropower project located in the southern region of Costa
Rica. It has a capacity of 650MW and a total cost of approximately USDS 2.1 billion. The
construction stage is expected to start in the second half of 2014 and to last for seven years.
Because it is a structurally complex system, to keep the research within its practical scope the
boundaries were set to include just the project’s permanent works: dam works, intake works,
conduction works, generation works and reservoir works. In addition, five major trades were



selected: concretes, earthmoving, tunneling, electromechanical works and metal works, each of
them further divided in a total of eleven sub trades. More than 120 potential transactions (PTs)
emerge from the intersection of main parts and sub trades.

Based on the characterization of these PTs it can be asserted that the dominant type of asset
specificity is temporal, which is high for those transactions with a slack smaller than the
replacement time. Human asset specificity is in general medium, an outcome of a production
process demanding learning by doing experience but that can be used in other transactions of
the same trade. As expected from an industry characterized by the use of standardized parts
and equipments, physical specificity is in general and with few exceptions low. No transaction
exhibits dedicative specificity higher than medium, indicating that if no capacity is found in the
local market it could either be expanded and used elsewhere after the transactions is finished or
provided by international contractors. Site specificity is low in every case because either
proximity or the installation costs of the production facilities are irrelevant.

With regards to uncertainty, a high level can be attributed to all the transactions included in the
trades of tunneling and earthmoving, mainly influenced by unforeseen geological conditions
and unpredictable weather events. Due to the conjunction of structural complexity and the
need for local adaptations this classification is also shared by the electro mechanic assemblies.
The existing project’s designs and baseline studies are detailed enough so as to expected no
relevant changes in the original conditions related to other trades, whose level of uncertainty is
medium or low. Finally, with few exceptions frequency is consistently low because ICE is a
public company subjected to competitive tendering procedures and therefore the same
provider is generally not expected in future projects.

Viewed from the perspective of the research hypothesis, these results point toward vertical
integration in the tunneling and earthmoving operations involved in the main conduction
tunnel, dam and diversion works, as well as in the electro mechanical assemblies of the latter
and of the spillway’s gates. Due to its short construction time and low interrelation with
successive works, as well as its low level of uncertainty, the metal works’ fabrication and
assemblies of the bottom discharge are the only transactions were a pure market structure was
predicted. Some form of hybrid structure was envisaged for the remaining transactions, getting
closer either to market or to hierarchy in function of the specific combination of the three
critical dimensions.

Meanwhile, the study of the institutional framework consisted of two parts: the
characterization of the governance structure selected to organize the transactions implicit in the
EDHP’s construction process and the exploration of the social framework (i.e. formal and
informal institutions) in which the project is embedded and that imposes constraints to the
theory’s causal explanation. In order to conduct the first part the transactions were divided in
two groups: those organized under ICE’s direct administration and those outsourced. This
second group was further separated in market or hybrid by making a comprehensive analysis of
the provisions included in the contracts used by ICE for the procurement of construction works
to conclude what kind of adaptation and enforcement mechanisms were included. From this
characterization process it can be concluded that a mixed make-buy scheme was selected to
organize the project’s construction, in which three main procurement packages can be
distinguished: dam site works, metal works and electro mechanic fabrications. While the first



one encompasses activities related to more than one trade, thus representing a sub system for
which ICE ceded its responsibility as the system integrator, the other two are trade specific. In
general the analyzed contracts comply with the characteristics of a hybrid governance structure,
relying in open end provisions and complementary dispute settlement mechanisms.

Taking into consideration that decisions made in the present are affected by past choices
(Liebowitz and Margolis, 1995) and that projects are temporal endeavors which are embedded
in the long term history of the executing organization (Ruuska et al., 2011), the exploration of
the project’s social framework was guided by an examination of the main institutional
constraints at which ICE has been historically confronted when organizing this type of projects.
Four sub-cases encompassing the total sample of large hydropower projects conducted by ICE in
the last two decades were used as a basis for this purpose. From this exploration, three main
institutional constraints were identified: financial, time and integration related. First, ICE is not
only a capable contractor but also the owner of the infrastructure. Vested in this second role
financial entities demand from it certain conditions to secure the funding that limit the space it
has as a main contractor to organize the project’s construction. Second, ICE has to comply with
national expansion plans and a lack of synchrony is perceived between their goals and the level
of maturity of the projects. As a consequence construction is started without having secured all
the funds, introducing uncertainty that favors the selection of organizational forms that have
work in the past. Finally, ICE is subjected to lengthily procurement procedures that are full of
challenging instruments, thus open to the hazards of third party opportunism. This hinders its
abilities to efficiently integrate the system relying on procuring discrete parts of it to trade
providers. In overall, it can be concluded that the organization ICE chose for EDHP’s
construction is strongly shaped by these constraints.

After confronting the predicted with the selected governance structure it was possible to
confirm that in general the research hypotheses were not effective in predicting the
organizational arrangement selected by ICE for the construction of EDHP. Even though some
decisions seem to fit well with the theory, as for example the choice to organize in-house the
tunneling works and to procure the electro mechanic fabrications, other decisions such as the
vertical integration of trades with low contractual hazards, like concrete and aggregate
production, as well as ceding the integration of a system which is full of transactions that exhibit
high levels of uncertainty and temporal asset specificity, such as the dam site works, are difficult
to explain following just the logic outlined by TCE. Of all the analyzed transaction, only 37%
were organized as it was predicted.

This result is nevertheless not surprising, for the theory was developed in the context of free
capitalistic market. The circumstances in which this project is conducted are of a different
nature and for several reasons it is possible to conclude that the assumptions used to support
the research hypotheses were not effective in providing a reliable representation of the
conditions in which the decisions were taken. First, ICE is not free to organize the transactions
following majorly a profit maximization function due to the pervasive effects of the constraints
imposed by its institutional environment, which introduce conditions that are not of an
economic nature but that nevertheless play a dominant role in the organization of the
construction process. Second, very limited information is available to support the assertion that
the construction is taking place in a well functioning market that provides production cost
advantages. Third, the boundaries set between the three generic governance structures are not
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irrefutable and different results could be obtained if they were set differently. Therefore, the
theory is applicable in the context of this case study as long as it is placed in a broader analytical
construction, in which the surrounding environment is properly taken into consideration. In
essence, there is no reason why a construction company operating in Costa Rica or elsewhere
would not find TCE a useful theory to study the organization of construction activities, even one
of public character such as ICE.

Finally, a conceptual model to improve ICE’s performance as an EPC contractor was proposed to
mitigate the effects of the institutional constraints and increase the degrees of freedom it has to
organize the construction process. Three levels of action are contemplated. First, a better
integration of the projects’ phases and gradual maturation of their governance structure during
the development stage should be assured. This would provide protection during the execution
stage against any organizational uncertainty that could have been decided beforehand when
the space for maneuver was greater. Second, institutions should be customized in order to
increase ICE’s abilities to act as a system integrator. For this purpose an abbreviate
procurement process based on a register of certified contractors and preapproved unitary
prices was suggested. In addition, alternative dispute resolution mechanisms other than
arbitration could be customized to provide a smother progression in the escalation of conflicts
and to improve the manner ICE exerts the governance of the contractual relations. Third, the
construction process should be organized as much as possible as a redundant system in which
additional capacity is decoupled from a specific transaction to be conveniently activated if the
latter fails to fulfill its original promises. This could contribute in reducing the impacts of delays
in the procurement processes of different and independent parts of the supply chain by
decreasing the temporal asset specificity of the transactions.

Vi
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Introduction TUDelft

Dalft University of Technology

1. Introduction

The theory of transaction cost of economics (TCE) represents a shift from the neoclassical
economical notions that individuals possess perfect information and unbounded rationality and
transactions are costless and instantaneous. It is derived principally from the work conducted by
Ronald Coase, Oliver Williamson and Douglass North and is part of what it is known today as the
New Institutional Economics (Rutherford, 2001). Under this framework the transactions,
defined “as the exchange of goods and services between technologically separable entities”
(Williamson, 1981, p. 550) are the prime focus of analysis when assessing the better way of
organizing economic activities.

In simple terms the transaction costs represent the costs incurred in participating in the market.
According to TCE the optimum governance structure to support an economic exchange is
related to the particular attributes thereof and should strive at minimizing the transaction costs.
This theory has become a standard framework for the study of organizations, being vertical
integration (i.e. the make or buy decision) its archetypical problem (Williamson, 1998). Even
though TCE has been recognized as a useful perspective to analyze the construction process, the
attempts made to explicitly test its applicability have been rather discrete and have opted for
breadth rather that deepness. This thesis” main objective is to contribute in closing this gap by
analyzing the applicability of TCE as an explanatory theory for the governance structure chosen
to organize the transactions implicit in the construction of a large hydropower project in Costa
Rica. Based on the insights derived from this process, opportunities for improvement are also
recommended to the Instituto Costarricense de Electricidad (ICE), a public utility company an
EPC contractor responsible of the project’s construction.

This report has been divided in seven main parts. First, in chapter two the research design is
presented, explaining in detail the context of the investigation, the research problem and the
manner this thesis contributes towards its solution. In addition, the research objectives,
framework and main questions are depicted, as well as the followed strategy and main sources
of information. Next, in chapter three a thorough exploration of the main theoretical precepts
and general machinery of transaction costs of economics is provided, including a custom made
methodology to make the theory operational in the context of this case study. Important
characteristics of the construction industry which are relevant for this study are also
incorporated, finalizing in the proposition of the hypotheses and main assumptions that guided
the course of this investigation. Subsequently, the study of the main transactions involved in the
construction of EDHP is presented in chapter four. Included here is the project’s description, the
establishment of the system boundaries, the selection and definition of the transaction of
interest and finally the characterization thereof and their alignment to a theoretical governance
structure. Afterwards, the institutional framework is explored in chapter five. This yields a
characterization of the governance structure selected in reality to organize the project’s
transactions, a description of the main institutional constraints imposed by the social
framework in which the project is embedded and an outline of the rationality behind the chosen
organization. With this as a background, in chapter six reflections are drawn about the
applicability of TCE in the context of this case study, thus fulfilling the thesis” main objective.
Based on the insights derived from this investigation, ideas to improve ICE’s performance as an
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EPC contractor follow in chapter seven. Finally, the main research’s conclusions are presented in
chapter eight.

A set three of research hypotheses were formulated in this thesis in order to provide a
theoretical connection between transactions and governance structures. In general it can be
asserted that these hypotheses were not effective in predicting the organizational arrangement
selected by ICE for the construction of EDHP, but that nevertheless this is not an indication of
theoretical failure because the main assumptions used for their construction, which deliberately
introduced ideal market conditions, were not effective in providing a reliable representation of
the social framework in which the decisions were taken. It was concluded that the theory is
applicable in the context of this case study as long as it is placed in a broader analytical
construction, in which the surrounding environment is properly taken into consideration.
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2. Research design

The research design for this thesis was elaborated based on the guidelines suggested by
Verschuren and Doorewaard (2005) and it is divided in five sections. First the context of the
research project is presented, explaining the research problem and how this study intends to
contribute towards its solution. Afterwards the objectives of the investigation are outlined. This
is followed by the research framework, where the intended results, research perspective and
research objects are introduced, leading to the definition of the central question and sub-
questions in the fourth section. Finally, in the fifth section a brief summary of the research
strategy and main sources of information are presented.

21 Project context

TCE has become a standard framework for the study of organizations, helping to explain not
only the existence of the firm, but also its scope and size (Ménard and Shirley, 2005). From all its
areas of application vertical integration, or in more common terms the make or buy decision,
has been the archetypical problem for TCE (Williamson, 1998). Why do some firms choose a
vertically integrated structure, while others specialize in one stage of the production and
outsource the remaining stages to other firms? Since Coase’s ideas were revived by Williamson
in the 1970’s this question has been the base of an important body of scientific research, for
which a good recapitulation is provided by Klein in the Handbook of New Institutional
Economics, edited by Ménard et al.(2005). As it can be stated the framework has repeatedly
been used to analyze the decisions made by organizations in industries such as automotive
(Monteverde and Teece, 1982, Gordon and Weber, 1984, Masten et al.,, 1989, Langlois and
Robertson, 1989, Ramon Casadesus-Masanell and Daniel F. Spulber, 2000) aerospace (Masten,
1984), and electricity (Joskow, 1985, Saussier, 2000). These are just but a few samples of the
total compendium of empirical literature on the subject.

But what place does the construction industry holds in the development of this body of
knowledge? It cannot be denied that there are many aspects in which construction industry
differentiate from many other economic activities, including to some degree the ones formerly
mentioned. Most of the work is organized as projects, each of them specified to meet the
particular requirements of discrete clients and therefore unique in many aspects. The products
of such projects are systems composed of a large number of interacting components. The tasks
required to be delivered are undertaken to a high degree on the site, each time under different
conditions and in a low controlled environment. The scope of the work is not fully defined at the
outset of the projects, and therefore the stability of the assumptions taken by the parties is
rather low, resulting in unpredictability and uncertainty. Large construction projects can be
characterized generally as being complex in both structural and dynamic dimensions (Whitty
and Maylor, 2009).

Despite these particularities construction industry holds a basic similarity with any other
production process. Considering the building itself as the final product and outcome of the
construction project, its creation involves the succession of several processing and assembly
activities (i.e. a chain of supplies) with a clearly defined interface between them. As it was
noted by Coase (1937) in his seminal paper “The Nature of the Firm” the boundary of the firm
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is under this condition a decision variable for which an economic assessment is needed and for
which TCE can be used as a valid analytical framework.

The usefulness of TCE approach to analyze the construction activity has not been unnoticed and
several researchers have adopted it as a theoretical lens for their studies. The application of TCE
as a viable conceptual framework to study the governance of both construction projects and
firms has been acknowledged by authors such as Eccles (1981b), Reve and Levitt (1984), Winch
(1989, 2001, 2006), Walker and Wing (1999), and Zerjav et al (2011) just to name a few. It has
also been related specifically to topics such as choices of contracting and procurement (Lingard
et al., 1998, Lai, 2000, Gonzalez-Diaz et al., 2000, Bajari and Tadelis, 2001, Turner and Simister,
2001), nature of the supply change (Hobbs, 1996, London and Kenley, 2001), and cost
optimization (Li et al., 2012), among others.

Within all this scientific activity there have been some attempts to expressly test the application
of the theory in the construction industry, although these have been rather discrete in the
context of the research agenda. For instance Masten et al. (1991) used econometric methods to
analyze the organization of a sample of components from a large naval construction project and
to test the transaction cost arguments. Despite being a shipbuilding project, the authors argued
that it resembled more to a traditional construction project than to any other manufacturing
operation. The results supported some but not all the standard TCE arguments, although the
authors recognized that limitations in the available data may have affected the outcome.

Gonzélez-Diaz et al.(2000) used data on a panel of 278 firms in the Spanish construction
industry over a six year period to examine the factors driving the subcontracting decisions and
to explain the reasons of vertical integration. A set of hypothesis were proposed and tested
using a multivariate regression model. It was concluded that the application of the TCE theory
was partial, although the test did not have full statistical significance and the authors recognized
that important information regarding the specific characteristics of the studied firms was
lacking.

More recently and using as a case study the implementation phase of two contemporary
nuclear power plants, Ruuska et al. (2011) analyzed the governance structure selected for their
construction. Despite not being a study addressed directly at testing the TCE approach, it
includes the framework as an important part of the assessment suggesting that the market-
hierarchy dichotomy do not fully grasp the mechanism putted in practice for such projects.
Further research about the selection of governance structures for large construction projects
was recommended by the authors.

Despite these efforts it is clear that more research is needed in order to test the applicability of
the transaction cost approach in explaining the dynamics of the construction industry. Most of
the studies fail to provide an in depth identification and description of the transactions involved
in the construction process and to characterize the institutional framework in which the
decisions are taken. Therefore, this research aims to contribute in closing this gap by making a
theory oriented research based on a single case study: the construction of El Diquis Hydropower
Project (EDHP) in Costa Rica. As was noted by Chang and Ive (2007a, p. 394) “the case study
methodology can complement the econometric testing that is currently predominant in TCE
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empirical literature because, by examining the details of the contracting, the arguments in
transaction cost reasoning can be put under more focused scrutiny”.

This specific project was chosen for two main reasons. First, the author directly participated in
the construction planning as part of the project’s front end engineering and design stage (FEED).
This grants him privileged knowledge about the case. Second, the project is going to be
constructed by the Engineering and Construction Division (UEN PySA) of the Instituto
Costarricense de Electricidad (ICE), a public utility company legally responsible of satisfying the
country’s electricity demand. Being a public entity ICE is considerably more open to share
information that would be difficult to obtain from a private contractor, thus further contributing
to the goal of reaching a level of detail in the analysis not achieved before.

2.2 Research objectives

2.2.1 Main objective
To contribute with the theoretical development of TCE in the context of the construction
industry by testing its applicability as an explanatory theory of the governance structure chosen
to organize the transactions implicit in the construction process of a large hydropower project in
Costa Rica.

2.2.2 Secondary objective
To propose opportunities for improvement to ICE, using as a basis the insights derived from this
investigation.

2.3 Research framework

For this thesis a theory oriented research perspective was adopted. A study of TCE,
complemented with a revision of the main characteristics of the construction industry, yielded a
set of hypotheses which provided a theoretical connection between the transactions” attributes
and the governance structures. By means of these hypotheses the transactions involved in the
construction of EDHP were aligned to a theoretically favored governance structure and then
confronted with the real one, resulting in a set of conclusions regarding the applicability of TCE
as an explanatory theory for the chosen organization. Based on the insights derived from this
study, opportunities for improvement were recommended to ICE. A detail of the followed
research framework is presented in figure 2.1.

As it is implicit in this framework the case study consisted of two separate research objects: the
transactions involved in the construction of EDHP and its institutional framework. The latter
encompasses not only the governance structure that was selected to organize those
transactions, but also the social framework (i.e. formal and informal institutions) in which the
project is inserted and that imposes constraints to the theory’s causal explanation. Taking into
account that today’s decisions are affected by past choices (Liebowitz and Margolis, 1995) and
that projects should be perceived as temporal endeavors which are embedded in the long term
history of the executing organization (Ruuska et al., 2011), the study of the social framework
was guided by the investigation of four sub-cases representing the total sample of large
hydropower projects conducted by ICE in the last two decades.
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Figure 2.1: research framework
2.4 Research questions

Based on the defined research framework the following central questions and sub questions
were used to steer the execution of this study:

1. What hypotheses can be formulated to provide a theoretical connection between
transactions and governance structures?

1.1 What level of analysis does the theory provides in the study of organizations?

1.2 What are the main theoretical precepts of TCE relevant for the purpose of this
investigation?

1.3 How can the theory be operationalized in order to extract from the study objects
the information needed to test the hypotheses?

1.4 What are the main limitations commonly attributable to TCE?
1.5 What characteristics of the construction industry are relevant for this investigation?

2. What is the governance structure predicted by the research hypotheses to organize
the EDHP’s transactions?

2.1 What are the main characteristics of EDHP?
2.2 What are the boundaries of the system under investigation?
2.3 What transactions should be used as a basis for the analysis?
2.4 How are these transaction characterized according to TCE?

3. What are the main characteristics of the EDHP’s institutional framework?
3.1 What are the characteristics of the selected governance structure?
3.2 What institutional constraints are relevant for this investigation?

3.3 What is the rationality of the chosen organization?
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4. What can be concluded regarding the applicability of TCE as an explanatory theory for
the governance structure selected for the EDHP’s construction?

5. What opportunities for improvement can be suggested to ICE from the insights
provided in this investigation?

2.5 Strategy and main sources

This thesis can be characterized as being an in depth case study in which a qualitative and
interpretative approach was adopted. The research perspective consisted in a set of hypotheses
constructed using as a theoretical framework the theory of transaction cost of economics. In
addition, analytical tools were customized in order to extract from the study objects the
required information. For this purpose the project started with a desk study in which a content
analysis regarding TCE and the general characteristics of the construction industry was
conducted. The main source of information for this initial stage was relevant journals and books
found within the TU Delft Library’s collections and subscriptions.

The general strategy used for the study of the research objects was to rely on triangulation of
sources to eliminate chance and subjectivity as much as possible, as it is usually recommended
when the study is dealing with a single case (Verschuren and Doorewaard, 2005, Yin, 2009). The
main source of information used for the study of transactions was documentation regarding the
project’s front end engineering and design, technical specifications and construction plans. This
information was provided by ICE in digital form and was complemented by the author’s
participatory observation in the project planning an in similar construction processes. In
addition, the opinion of several specialists was asked in specific points in which reaffirmation or
additional knowledge was necessary.

Meanwhile, the study of the institutional framework was divided in two parts. In the first a
documental analysis of the project management plan and several contracts used by ICE for the
procurement of construction works was conducted in order to extract the information required
to characterize the EDHP’s governance structure. Afterwards four sub cases (including EDHP)
were studied to distill the decision factors leading to the selected governance structures and to
infer base on that the main institutional constraints that currently influence ICE’s decision
making process. This was based on the analysis of several documents provided by ICE (e.g.
project management plans, final construction reports, etc), semi structured interviews to the
key players involved in the decision making process, as well as the researcher’s participatory
observation in two of the analyzed sub cases.

More detail regarding the specific methodology followed in each part of the investigation is
appropriately introduced later on in this report.
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3. Theoretical framework and research hypotheses

This chapter is divided in three main sections. First the most important theoretical precepts and
general analytical machinery of TCE are presented. This includes a description of its level of
analysis, required adjustments in order to incorporate a public contracting party, a proposed
methodology attuned to the characteristics of the case study in order to make the theory
operational, as well as the main limitations commonly attributed to the theory. Afterwards, in
the second section a general characterization of the construction industry is provided. The
analysis here is focused on those elements that are relevant in the light of TCE, including some
important traits of the segment of construction at which the case study pertains. Finally, in
section three a synthesis of the hypotheses and main assumptions that guided the course of this
investigation is presented.

3.1 Transaction cost of economics

One of the main precepts of neoclassical economic theory is that an economic system requires
no central control; it is steered by an automatic adjustment of supply and demand, in a process
that is both responsive and resilient (Coase, 1937). The manner in which human activities are
organized makes, nevertheless, the digestion of this assumption a rather problematic affair. As
it was noted by Coase (1937), if production is regulated solely by the price mechanism there is
no reason for the existence of any organization, inasmuch as production could be carry out
without them. This reasoning evidently is not valid and the main motive to establish an
organization appears to be linked to the fact that sometimes there is a cost of using the price
mechanism (Coase, 1988).

Transaction has been defined by Williamson (1981, p. 550) as “the exchange of goods or
services between technologically separable entities”. The question of what exactly is a
transaction cost naturally emerges at this point, being the simple affirmation of “are the cost of
running the economic system” (Arrow, 1969, p.59) insufficient for the inquisitive mind.
Williamson (1981) uses the analogy of a mechanical system and the lost of energy do to the
frictions between its components, arguing that in the economic counterpart that friction is
represented by the transaction cost. If an exchange is carried out by the parties as a
harmoniously (friction free) operation, the cost associated to the action of trading should be
lower than if there are regular misunderstandings and quarrels that lead to breakdowns, delays
and other malfunctions (high friction). Taking as an assumption that in order to conduct a
transaction a contract between the parties is needed, the transaction costs are plain and simple
the costs of making and enforcing that contract. For reasons that will be explained later on in
this chapter these costs are higher for some types of transactions than for others, which brings
us to the most important theoretical principle in the context of this study. TCE holds that
transaction cost economizing is central to the study of organizations. In other words, there is a
direct relationship between the governance structure selected to organize a transaction and the
intrinsic characteristics of the latter, and is based to a large extent in the minimization of the
transaction costs.

This is not to suggest that production costs are irrelevant and that transaction cost is the only
decision factor involved in the selection of organizational arrangements. Production costs are
indeed important, and as noted by Williamson “transaction cost economizing needs to be



2
TUDelft Theoretical framework and research hypotheses

Dalft University of Technology

located within a larger economizing framework and the relevant trade-offs need to be
recognized (1981, p. 552)”. What is important to understand is that both concepts are
complementary and that decisions based solely on one of them are by definition incomplete.
Even thought the theoretical framework chosen for this thesis resides mainly on TCE,
conceptually production costs are also incorporated. It is therefore necessary for the integral
understanding of the subject in question to elaborate a bit more on this last point. Nevertheless
before doing this it is convenient to further advance in the exposition of the theory of TCE,
beginning with a description of the level of analysis the latter provides. The query about how
production costs fit in the current analysis is resumed in section 3.1.5.

3.1.1 Level of analysis

Transaction cost of economics doesn’t stand in isolation. Conceptually it belongs to a broader
framework and its position within this framework should be recognized in order to understand
its practical limits. Essential for this purpose is the meaning of the term institutions, which
according to North (1990) are the rules of the game that define and restrict the set of choices of
individuals in a society. As it was noted by Jong et al. (2002, p. 19-20) despite the significant
volume of literature striving to describe and define institutions in fields as diverse as
institutional economics, political science, law, sociology, anthropology and history; the common
denominator in most writings is the distinction between formal and informal institutions. The
former are the “legal rules of the game telling who is allowed to undertake what actions and
under what conditions” while the latter are “social practices and rituals based on underlying
cultural values and norms”.

Formal and informal institutions give shape to the social framework in which TCE is
circumscribed, as is shown in figure 3.1. The upper a level of analysis is in this framework, the
more levels below it constrains. Informal institutions, characterized by social embeddedness,
are at the top of the list. According to Williamson (2000) this kind of institutions have many
times spontaneous origins and once adopted display great inertia . Changes at this level occur
very slowly and the analysis is mainly undertaken by social scientists. At a second level and
constrained by the cultural norms and values, formal institutions appear. This is referred by
Williamson as institutional environment and is characterized by formal rules, as for example
property rights and contract laws. In democratic regimes changes in this level also occur slowly
and are difficult to articulate, even though the rules can be consciously molded in order to
improve the institutional environment. The third level, institutions of governance, is constrained
by both formal and informal institutions. This is the level at which transaction cost of
economics operates by making a discrete analysis of the best manner to organize transactions.
Below this point is level four, the realm of neo-classical economics and agency theory. The firm
is seen as a production function in which marginal analysis of benefits and costs using as a main
variable prices and output, as well as incentive alignment are the principal concerns. This level is
at the same time constrained by all the levels above.

10
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Figure 3.1: social framework and levels of analysis

It should be noted that the research hypotheses introduced later on in this chapter as a mean to
provide a theoretical connection between transactions and governance structures are based
entirely in the third level of analysis mentioned above. Economic theories of the firm, such as
TCE, have been developed thinking majorly in the context of the U.S., in which the market is
controlled by private parties and the government confines itself to intervene only in case of
market failure (Hamilton and Biggart, 1988). In other words, the social framework is one that
provides conditions that support the logic outlined by TCE. The project analyzed here is
nevertheless carried out in Costa Rica and conducted by a public company. This company is
additionally acting as the main contractor of the construction process, a role that worldwide has
traditionally been played by private parties. It is acknowledged that under these conditions an
outcome different to the one predicted by the research hypotheses alone should not cause any
surprise, nor it should be an immediate indicator of theoretical failure.

11
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What is important here is to place these predictions in the institutional context of this specific
project. To accomplish this, an integral part of this investigation is the study of the social
framework pertinent to the case study, the constraints it imposes on ICE’s operations as a main
contractor and the effects it has on the validity of the assumptions used to support the research
hypotheses, which are distinctive of Western capitalistic economics. Only then can the
applicability of TCE as an explanatory theory of EDHP’s organizational arrangements be
assessed. More about this will be discussed later on in section 3.3.

3.1.2 Characterization of transactions

In simple terms transactions are all the processes involved in the production of a specific
product that are divisible in terms of technology (i.e. methods, knowledge and tools) and for
which a specialization of work is possible. Williamson (1979) was the first to formally set up the
critical dimensions of transactions relevant for the evaluation of governance structures, which
he synthesized in three: asset specificity, uncertainty and frequency. These dimensions are
interwoven, residing the nodes in specific elements of human nature that have been usually
neglected by mainstream economic models. An explanation of the reasoning behind this
categorization, as well as the links between the different dimensions, is of paramount
importance.

Asset specificity is associated to the degree to which transaction specific investments are
necessary (Williamson, 1981). It could be the case for instance that in order to provide an
specific component the supplier has to invest in specialized equipment, facilities or knowledge
that employed in a second use would yield much smaller value than original intended. Under
these circumstances both supplier and buyer are to some degree tied to the transaction
because the former cannot find a second comparative alternative use to profit from the
investment, and the latter cannot obtain a better price in the market for the demanded
provision. Williamson (1979, p. 241) refers to this effect as a “bilateral monopoly” and
concludes that it has important contracting consequences. Idiosyncratic investments are
meaningful if there is a relatively safe earning prospect. For both parties there is a need to
assure that the integrity of the transaction will be kept as planned and for sufficient time to
meet the original expectations.

The introduction of the concept of bounded rationality is relevant at this point. The type of
rationality often assumed in economy is one of flawless, rational and deductive nature. It is
capable to precisely allocate production factors in its best economic use without mistake, delay
or hesitation. Nevertheless this behavior does not match with the human nature because
“beyond certain level of complexity human logical capacity ceases to cope” (Arthur, 1994,
p.406). Bounded rationality is connected to the fact that there are limits for human ability to
adapt to complex environments (Simon, 1991) and that under situations of complicated or ill-
defined nature the dominant method of reasoning is inductive rather than deductive. Internal
models are built by individuals to reduce complexity and they are by definition both subjective
and incomplete.

A further exploration of the term complexity is required to make a conceptual bond between
the critical dimensions proposed by Williamson. Complexity has been defined by Whitty and
Maylor (2009) as a function of both the number of components with emergent behavior in a

12
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system (i.e. structural complexity) and the dynamic nature of their interactions (i.e. dynamic
complexity). Complex systems are those that “constantly evolve and unfold over time” (Arthur,
1999, p.107). It is the combination of complexity with unbounded rationality what leads to
uncertainty regarding the course of action of human activity.

As it was previously argued when the investment of specialized assets is required in order to
provide a good or service, interdependency is born between buyer and supplier. In order to
protect their interests a contract is created to define the terms of the exchange in a manner
that satisfy both parties. Because human rationality is not without limits, in the presence of
complexity not every possible contingency will be established from the outset of the relation
and the contract is necessarily incomplete. Such transaction can therefore be described as
uncertain.

The optimal behavior of the exchange system in the presence of incomplete contracts is that
characterized by adaptation, in which any contractual gap is automatically filled on the light of
the circumstances in a balanced and impartial way. This ideal however denies another highly
relevant human characteristic. Given the chance individuals may exhibit opportunistic behavior
in order to increase their gains. The more specific are the assets involved in the transaction,
the higher is the prospective gain of incurring in this behavior because there is a bigger
difference between the actual use of the investment and its second best use’. This cause an
increase in the costs of contracting while making more attractive vertical integration as a mean
to economize in the cost of avoiding or minimizing the risk of post contractual opportunistic
behavior (Klein et al., 1978). The appealing of vertical integration is therefore related to the
increase of flexibility and adaptability to cope with uncertainty. As was noted by Williamson
(1971, p.117): “integration harmonizes differences and permits an efficient decision process to
be utilized”.

The last dimension proposed by Williamson is frequency and it refers to the regularity of the
transaction and the number of possible future exchanges between the parties. If a supplier has
the prospect of future collaboration with the buyer it may restrain to act opportunistically,
because by doing so it would condemn future gains. Jones et al. (1997) further define
frequency in transactions as a requirement for the appearance of social mechanisms to
coordinate and safeguard exchanges, such as restricted access, macro cultures (i.e. shared
assumptions, values and knowledge), collective sanctions and reputation. These social
elements are the basis for the relational contracts, defined by Baker et al. (2002, p.39) as
“informal agreements and unwritten codes of conduct”, and usually mentioned by Williamson as
an alternative for situations in which keeping the original agreement as the reference point
does not offer the required flexibility to the parties to adapt to changing circumstances, and
therefore a shift to rely more in the relation itself is preferable. In addition if a transaction is
conducted regularly, the identification of factors that need to be adapted as well as the
direction of those adjustments improves (Ménard, 2000).

! Klein et al. (1978) refer to this difference by the name of quasi-rent.

13
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3.1.3 Characterization of governance structures

The analytical power of TCE relies on the principle that transactions (with different attributes)
are aligned to governance structures (with different costs and competences) so as to minimize
the transactions costs (Williamson, 1988). According to Williamson (1991) in general terms
there are three generic forms of governance: market (i.e. to buy), hierarchy (i.e. to make) and
hybrid®>. Moreover, these generic modes can be characterized by four main attributes:
adaptability, incentives, control instruments and contractual law. These attributes are first
going to be explored and afterwards matched accordingly to each form of governance.

In Williamson (1991) perspective there are two types of adaptability relevant for the transaction
cost analysis. The first is the autonomous adaptation of individual buyers and suppliers, for
which the price mechanism suffice and additional coordination is not required. In other words,
both parties respond independently to market changes following a profit maximization function.
The second type of adaptability, referred by Williamson as cooperative adaptation, concerns the
premeditated efforts to create adaptive instruments, needed when parties interpret the same
situation in a different manner, decisions of suppliers and buyers are not taken separately (e.g.
bilateral monopolies) and changes are not induced automatically by market variations.

The second attribute is incentives, which is divided by Williamson (1985) according to their level
of intensity in high powered and low powered. High powered incentives directly link payment
with output in a manner that only profitable activities are conducted (Lazear, 2000), in other
words, it makes reward to be a function of performance. On the other hand, when incentives
are low powered remuneration may be just weakly (or not at all) dependable of the outcome of
the production process. Individuals involved in the exchange may be promoted or receive an
increase in salary, but normally they do not benefit directly from trading earnings (Frant, 1996).

High powered incentives promote efficiency, because parties profit directly from an
improvement in the production process and a reduction in costs. Nevertheless, too powerful
incentives also encourage opportunistic behavior, especially in those situations in which
considerable gains can be derived from such acting (e.g. in transaction involving high asset
specificity, incomplete contracts and low frequency). It is theoretically desirable to reduce the
intensity of incentives if the increase in production costs produced by a drop off in efficiency is
offset by the reduction of costs derived from opportunistic behavior. By definition transactions
in the market can be characterized as high powered, while within the firm as low powered.

According to Tadelis and Williamson (2010) administrative control is an indication of the
administrative right to intervene in the production process to correct any possible
misalignment. In practical terms there is not much distinction between ownership and control
(Grossman and Hart, 1986), inasmuch as that who owns the assets has the power to exert
control. Grossman and Hart (1986, p.695) further state that the owner of the asset has “the
right to control all aspects of the asset that have not been explicitly given away by the contract”
(i.e. residual rights). Administrative control has a direct and positive connection with the
cooperative adaptability discussed above.

% Also buy, but with additional contractual provisions.
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Contract law was defined by Esser (1996, p.608) as a “body of legal principles enforcing
obligations explicitly consented to by the parties in an agreement”. Those obligations are
embodied in contracts, which emerge as means for organizing transactions and for coordinating
and controlling the parties involved in the exchange. There is no universally accepted typology
of contracts (Ménard, 2000), nevertheless the threefold classification proposed by Williamson
(1979, 1985) and derived from MacNeil (1974, 1978) in which contracts are classified according
to their legal tradition in classical, neoclassical and relational is useful in terms of its operational
capacities. A fourth type, forbearance (Williamson, 1991), should be added to describe the
coordination mechanisms within the firm.

A classical contract is first of all of a discrete nature; it plans a particular transaction apart from
all other transactions in the near future term (Esser, 1996). All relevant future contingencies
pertaining to the supply of goods and services are adequately provided (i.e. the contract is
complete). Because there are no consequential differences between ex ante and ex post
circumstances, simple self enforcement mechanisms can be introduced at low cost (e.g.
automatic clauses of adjustments, hostage clauses, guarantees, etc). It corresponds to the ideal
market transaction in which the identity of the parties is irrelevant, because there is a weak
interdependency between them. In addition, the agreement is carefully delimitated (i.e. no
open terms are left), governed by strict formalities (i.e. formal terms supersede informal ones)
and any modification would be as good as a new contract.

In the presence of bilateral dependency between autonomous parties and long term
agreements executed under conditions of uncertainty, classical contract is incapable to cope
with the adaptation requirement and gives rise to different contracting forms. Neoclassical
contracts deal with the situation in which it is not possible or practical to define from the outset
all future contingencies associated to the exchange (i.e. incomplete contracts) by incorporating
a set of mechanism to create flexibility and fill the contractual gaps during the ex post stage. It
envisages for instance the inclusion of credible commitments (e.g. informal rules) as a
complement to formal clauses to induce adaptation and reinstate efficiency (Williamson, 1991,
Ménard, 2000). The settlement machinery goes beyond the simple self enforcement apparatus
used in the classical contracts and includes the intervention from third parties (e.g. arbitration)
and solutions exogenous to the clauses of the contract. In addition, its scope is extended to
include not only discrete transactions in a near future but also a succession of isolated
transactions extending over a longer period of time (Esser, 1996). In synthesis, the contract in
the neoclassical tradition works as an adjustable framework for the exchange (Williamson,
1991, p. 272).

The third kind of contract proposed by Williamson (1979, 1985) makes the relation between the
parties the reference point for affecting adaptation, instead of the original agreement as it is the
case for the neoclassical system. Relational contracts constitute an evolution in terms of
contractual traditions to an agreement that goes beyond discrete transaction and open term
conditions in which long term relations are used as a device for governing exchanges. These
agreements are based on inter firm cooperative processes by which the terms of the exchange
are negotiated during the ex post phase (Esser, 1996), providing maximum flexibility to the
parties. It relies heavily in social mechanisms to restrain the parties from acting
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opportunistically, which are foster by the perspective of future gains during the term of the
agreement.

To close the description of contractual typologies forbearance appears as the implicit contract
law of internal organizations (Williamson, 1991, Ménard, 2000). It refers to arrangements in
which fiat’becomes the main coordination mode. Transactions within this scheme are regulated
by a hierarchical system characterized by the capacity of taking discretionary decisions. Within
the constraints imposed by the legal environment, this system remains “jits own court of
ultimate appeal ” (Williamson, 1991, p. 274) when there is a need to fill the gaps of an internal
contract. In other words, parties participating in an internal exchange can settle any discrepancy
by themselves and if fail submit it to the hierarchy for a final decision, making such a system the
more flexible form of organization.

Having explored the main attributes relevant for the characterization of governance structures
each of the three generic modes proposed by Williamson can be defined in terms of their
intrinsic qualities. As it is shown in table 3.1, market and hierarchy are the polar modes, with
hybrid displaying intermediate values in every feature.

Table 3.1: characterization of generic governance structures by their intrinsic attributes

Attribute Governance structure
Market Hybrid Hierarchy
Autonomous
Adaptability
C ti
ooperative Intermediate

<—>

Power of incentives

Administrative control

Contract law Classical Neoclassical Forbearance

3.1.4 Public contracting
Up to now the exploration of the theory has been principally orientated towards transactions
between private parties. As the organization analyzed in this study is state owned, it is
necessary to introduce what implications this condition has for the TCE's theoretical framework.
In essence the same construction can be used as a basis to explain the exchanges between
public and private parties, but it has to be expanded to include those elements that are not
present in the private domain.

According to Spiller (2008, p.5) public contracting is intrinsically different from private one
because “it is exposed to a larger set of hazards”. First it has to confront the opportunistic
behavior of the transacting party, just as it occurs in the private realm. It this sense the

*The authority of agents to give orders regarding how and when an action should be undertaken
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theoretical framework presented so far is completely applicable. Nevertheless, in Spiller’s
perspective two additional types of opportunism are relevant when one of the contracting
parties is a public entity: governmental and third party. They present potential hazards to both
sides of the transaction.

Governmental opportunism refers to the ability of governments to opportunistically change the
conditions of an agreement subscribed with a private party by using its governmental powers
once the required investments are in place (Levy and Spiller, 1994, Spiller, 1996, 2012). This
kind of opportunism is especially relevant in utilities, where high sunk investments are required
and the expected returns occur during a long period of time. The intensity of this kind of
behavior is conditioned by the control the executive power may exert over legislation, as well as
the degree of independency of the judiciary system (Spill