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Abstract: The employer (owner) of the project wants to obtain the maximum profit for the money
invested and the consultant (contractor) will try to give less for that money. The regulation of their
relationship is based on the contractual agreement, which in the energy sector is mainly based
on the engineering, procurement, and construction (EPC) model. The objective of this work was
to evaluate which factors should be included in the drafting of contracts, to minimize problems
between the parties, and thus minimize execution costs and optimize operation and maintenance costs.
Information and data on the integration of operability and maintainability criteria in contracts for
158 projects, with a total contract value of close to €40,000M, were analyzed. Several of those projects
corresponded to wind, solar, and hydroelectric plants. The information collected the perception
of the agents involved, and was classified according to the experience of the agents consulted in
the operation and maintenance areas. Finally, the proposed criteria were prioritized. In general,
the owner is willing to introduce these criteria in his contracts if they reduce the operation and
maintenance cost by around 1-5%, while the contractor is interested in increasing his probability to
be selected by 1-3%.

Keywords: engineering; procurement; and construction (EPC); contract; operability; maintainability

1. Introduction

According to the Oxford Handbook of Megaproject Management (2017), “Megaprojects are
large scale, complex ventures that typically cost $1 billion or more, take many years to develop and
build, involve multiple public and private stakeholders, are transformational, and impact millions of
people” [1]. However, in some contexts, a much smaller project could constitute a megaproject (for
example, in developing countries). Brooks et al. gave a more general definition: “Megaprojects are
temporary endeavors (i.e., projects) characterized by large investment commitment, vast complexity
(especially in organizational terms), and long-lasting impact on the economy, the environment,
and society” [2]. Locatelli et al. gave the definition that “Megaprojects are extremely large
scale investment projects typically costing more than EUR 0.5 billion. They include power plants,
infrastructural projects and even cultural events. Historical data show very poor performance for
megaprojects” [3].

In the development of these great and complex projects, there are notable differences between
the employer and consultant [4]. The law of supply and demand says that both parties will strike a
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balance when the price at which they are willing to enter into a business relationship and the limit of
waiving their initial expectations match [5,6].

The theory of this balance begins to falter when the expectations and objectives of the professionals
who have to develop the project, both from the contractor’s side and from the promoter’s side, do not
coincide with those of the people who participated in the definition and negotiation of the project
contract that regulates the project [7].

As a consequence of the differing points of view, differences arise in the execution of the project.
These differences are manifested in the quality of the product offered, and influence not only what
is built and delivered, but also factors related to the operation of the infrastructure. Factors such as
operating conditions and maintenance needs will determine future profitability, not just the price and
the term of the project execution [8].

The possible problems in the interpretation of the contracts that are carried out for the execution
of megaprojects in the field of the energy industry develop, fundamentally, into delays and errors
in the execution of the construction. This implies that resources are sometimes used inefficiently,
which results in a loss of both economic and resources. Furthermore, the differences between project
conception and execution are, in many cases, the cause for the increase in operating and maintenance
costs once the plant is in operation.

Several authors have studied the relevance of the OPEX (operational expenditure) on the economic
feasibility of electric power generation plants [9,10]. Ho et al. established that in some cases OPEX
can reach 70-75% of operating costs, while CAPEX (capital expenditure) would represent the other
20-25% [11]. Under these circumstances, it can be understood that the optimization of the operating
costs would make profitable the project itself, or make it unsustainable if the expenses are not controlled
and known.

By improving the way contracts are written, these costs can be minimized, leading to a more
sustainable use of resources and, therefore, economic and energy savings. Previous papers published
have established the importance of improving contracts for the execution of megaprojects, and the
relationship of these improvements with the sustainability of the activity in question [12-14].

To achieve this objective, previously published articles have been analyzed. Some of these studies
evaluated the key success factors of projects [15-20], while others focused on the standard contracts
currently used and the potential weaknesses that can disserve their execution [21-28].

The main objective of this research wass to present some of the operation and maintenance criteria
considered in the global analysis, and identify the relevance and priority that owners and contractors
assign to them [29,30]. Finally, a ranking ordered by relative preference of the criteria and comparing
and analyzing the point of view of the different stakeholders that determine their position in the
raking [31] is presented.

In summary, the main objective of this research was separated into three points: (1) identify how
the different agents involved in the development of the EPC contract [32-34] are willing to consider
the integration of the operation and maintenance criteria from the early stages of the project; (2) try to
find the potential conflict between the will to implement the proposed criteria in the projects and the
real limitations to perform such implementation; (3) find what could make the parties change their
willingness to integrate the operation and maintenance criteria into their project requirements.

2. Methodology

The first step of the investigation was to identify the existing problems and establish what criteria
could be included in the drafting of the contracts to minimize them. Sixteen initial points were
established, which were those that were subject to evaluation to verify their interest and influence.
To carry out this evaluation, a questionnaire was designed and sent to professionals in the sector.
Once the responses of these professionals were obtained, the reliability and validity of the data obtained
were evaluated. This was followed by a thorough analysis of these data. The following subsections
detail the steps taken in the investigation.
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2.1. Identification of the Main Operation and Maintenance Criteria Considered in the Study

The first step in achieving the objective propose in this work was to establish the aspects related
to the operation and maintenance of the facilities once they are in operation that can improve the
execution contract.

Although there are not many published papers detailing the potential conflicts that may exist
between employers and consultants, some authors have published works evaluating the problems and
consequences generated as the result of the conflict of interest between the parties [35-38]. Wu et al. [39]
proposed flexibility of contracts as a solution, while Anderson [40] evaluated the introduction of
conflict resolution techniques in its management.

So far, no one has proposed the integration of relevant operation and maintenance criteria in the
contract drafting time, and no literature on this specific topic could be found. However, it has been
possible to find some publications that evaluated the operative costs in energy infrastructure and their
relevance in the operability of the facilities. Several authors analyzed the operating costs of different
plants in the energy sector [41-43], while others focused on evaluating the maintenance criteria to
achieve a better operation of the facilities [44,45].

Based on the conclusions drawn by these authors and others already mentioned [8,12,17], we could
identify which problems appear frequently in this type of project. In addition, the opinion of different
experts in the sector (operation and maintenance managers) has been tested. Informal interviews have
been conducted with professionals with more than twenty years of experience in managing these types
of projects. This helped us to propose and define a total of sixteen criteria related to operation and
maintenance parameters, which, in the case that they are included in the initial phases of the project
development or contract negotiation stages, may improve its future execution and operability and
maintainability. The main operation and maintenance criteria considered were the following:

e  Operation manual

e  Step by step detailed instructions and procedures of operations

e  Operation cost optimization studies

e  Maintenance manuals

e  Maintenance procedures and instructions

e  Maintenance cost optimization studies

e  Fault tree and reliability analysis of critical elements and components

e Identification analysis of critical components and elements that may affect its availability

e Identification analysis of critical components and elements that may affect its reliability

e  RAM (reliability, availability, maintainability) studies

e Maneuvering and lifting studies

e  Accessibility, evacuations routes, and ergonomic analysis for the future operation and
maintenance phase

e 3D model

e  Optimization analysis of critical and normal spare parts

e Maintenance management software

e  Document management software related with maintenance management software

Those criteria are related to OPEX optimization studies, the elaboration of the operation and
maintenance manuals, or the development of 3D models to review accessibility, escape routes,
or maintainability of the facilitates.

2.2. Questionnaire Design

The next step, once the criteria of interest for the study had been determined, was to design
the questionnaire to gather the opinion of the experts. The questionnaire used to measure the level
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of integration of operation and maintenance criteria in EPC contracts was focused and designed
considering the conditions of the potential receivers:

e  Multinationalities and locations, making the questionnaire in English and Spanish language,
allowing the participants to select their preferred language. The web-based platform www.
surveymonkey.com was used to make its distribution easy and make it possible to reply the
questionnaire using smartphones, tablets, or desk computers.

e Professionally heterogeneric, so the questionnaire allowed the participants to select and reply
only to the questions related with their own experience and background.

e Confidentiality, in order to protect the identity of the participants and the particular data of
each project.

For each of the operation and maintenance criteria considered in the questionnaire, a total of four
questions were proposed. Those questions were designed to show the possible benefit that would be
obtained if it were included in the contract and, on the other hand, what each respondent would be
willing to sacrifice in return. In this way, these data would be used to evaluate the interest in each one
and the possibility of implementing it. The questions were the following:

e  Question 1. Please confirm if you would include into your scope of supply of your proposal the
next list of studies and works without increasing the price of the proposal, if they would increase
your probability to be awarded with the project.

e  Question 2. Please confirm how much of the project cost you would assume for each of the next
studies and works, if contractor include them in its proposal

e  Question 3. Please confirm if you would assume the cost of each of the next criteria and works if
the contractor included them in their proposal, but they improved and optimized the project OPEX.

e  Question 4. Please confirm if in the technical evaluation of the proposals it could have any
positive impact on the inclusion of the next list of studies and works by contractor.

For each question, the experts consulted were invited to choose from several predefined responses
or to propose new ones. The value of the weights assigned to each potential response could be in the
range of negative values (—10), for those opinions that tried to reflect the most negative perception,
to the positive values (+10), for those responses that tried to show the most positive perception.

The design of the structure of the questionnaire [46,47], the questions prepared, and the weighting
of the answers (including the possibility of nonresponse) were carried out in accordance with the usual
practices included in the literature [48,49].

2.3. Summary of the Data Collected

Once the responses of the different experts were obtained, a specific analysis to check their
reliability and accuracy was done. For this, the profile of the people who responded and whether the
number of responses obtained was representative or not was studied.

The questionnaire included the participation of specialists from companies that operate, maintain,
and manage 100% of the regasification plants in Spain, as well as specialists who manage or have
worked in at least 10 regasification plants in Europe, from a total of 21 that are currently in operation,
including the 7 Spanish plants as is showed in Figure 1. This ensured the integration of the most
relevant facilities in the LNG sector in the current research.

The total number of questions and answers included in the questionnaire was

e  Number of questions: 118 (including the specific questions about the criteria and the rest of the
questions: experience in the sector, type of projects ... )
e  Number of potential replies: 252
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Figure 1. Location of questionnaire participants.

The number of questionnaires sent to people with proven experience and with potential interest
to participate was 704. The final number of questionnaires received back was 350, selecting 202 as
valid, either by the level of detail used to reply to the questions, or the level and degree of experience
and education of the participants.

To determine if the number of responses obtained by the total number of participants in the
questionnaire was sufficient and representative, we then proceeded to calculate and the minimum
sample size by applying the following formula, valid for finite populations [50,51]:

zzqu

T A(N-1) +22pq @

where:
p (negative variability, (recommended value by default = 0.5)): 0.5
g (positive variability, (recommended value by default = 0.5))): 0.5
z (95.5%) value (percentile) of the typified normal distribution: 1.96
N (size of the population): 350
e (sample error) (5%): 0.05
Obtaining a value of the sample size (1) of 183.39 = 184

Considering the size of the population that has been assessed through the questionnaire (N = 350)
and the size of the actual sample that has been obtained (n = 202 (bigger than the minimum value
calculated in the Formula (1))), the sampling error can be removed from Formula (1) and must be less
than the maximum allowed value of 5%. For this, the following formula was applied:

22pq(N —n)

n(N-1) ° @

e =

The error obtained was 4.49%, lower than the maximum admissible of 5%, so the results obtained

from the sample of the population to which access had been obtained could be considered as

representative. Therefore, it can be concluded that the collected data were reliable and could be used
as a basis for the research.

2.4. Graphical Representation

After establishing the reliability of the information collected, the data provided were analyzed.
The complexity of working with a heterogenic group of participants and the intention to collect
perceptions was analyzed to prepared simple and understandable questionnaires. Once the information
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was collected and analyzed, it was necessary to use a compressive graphical representation showing
three weighted variables in the same figure.

To move forward in this analysis, a weighted analysis of the replies collected and the combined
evaluation of each operation and maintenance criteria associated to each question with the rest of
questions was used to develop what it is usually named as “materiality matrixes”. The methodology
used is based in the same principles and guidelines that the Global Reporting Initiative (GRI) [52]
proposed to be used to develop the corporative sustainability reports. A three-variable graphical
representation was used together with the formulation included in the reference:

1. Xaxis, represents, for each question, the prioritization of each criteria with the rest of criteria.
Y axis represents, for each question, the positive or negative weighted value that each participant
in the questionnaire assigned to each criteria, but compared with the absolute addition of the
weighted values of all the criteria and the willingness or acceptance of the sponsors to pay to
include such criteria or, in the case of the contractors, their acceptation to reduce partially their
benefits in case they incorporate such criteria without increasing their bid price.

3.  The size (diameter) of the sphere represents, for each question, the absolute weighted value of
each of the criteria, compared with the rest of the criteria.

Figure 2 shows the way the figures should be read and analyzed. It shows a schematic example of
the graph obtained for a general criterion. When the sphere is located on the left side of the graph,
it means that the interest by the respondent to integrate such criterion in the contract is low, while the
right side implies the opposite—a high interest in that criterion to be integrated in the contract (much
higher the further to the right of the graph it is). Similarly, the upper side of the graph would mean
that there is a willingness to pay for the integration of the criterion in the contract, as it will report a
certain benefit or improvement. The lower we are on the graph, the less interest is shown in assuming
the increase in the cost generated from such integration.

. !_OWER interES_t tq * HIGHER interest to
intergrate the criteria incorporate the criteria

+ Acceptance to pay for the «  Acceptance to pay for

integration of the criteria the incorporation of the

or assume a reduction criteria or to reduce the
in the benefit benefit

Part of the
proposal or
the scope
=with no
impact
“in cost

¢ LOWER interest to « HIGHER interest to

incorporate the criteria o incorporate the criteria
» No acceptance to _ +« No accept‘ance fo ‘
pay for the incorporation of the criteria pay for the incorporation

or to asume a reduction in the benefit of the criteria or to
reduce the benefit

Figure 2. Guide to interpret the graphical representation of the evaluation of the operation and

maintenance criteria.

3. Results and Discussion

Since the analysis of the results was very complex, this section has been divided into four
subsections. In the first, a summary of the number and profile of the responses obtained is made,
in order to visualize the scope of the research carried out. Next, the analysis process followed for each
of the evaluated criteria is explained, using one of them as an example. In the third part of this section,
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a comparative summary of the data extracted for all criteria is made, to finally establish, with the
conclusions drawn from the study, the prioritized ranking of the sixteen criteria established initially.

3.1. Summary of the Key Data Collected in the Questionnaire

The most relevant data that summarize the information collected were:

e A total of 39,816 datapoints and inputs were collected. In order to manage such a number of
inputs and extract valuable information, advance data analysis tools, dynamic trends, and tables
from Excel were used.

e A total of 202 people participated—91% were male and the 9% were female.

e  The people that participated in the questionnaire worked in a total of 120 companies in a total of
42 industrial sectors

e  Sponsor companies from 23 different countries (65% from Europe and US) and construction
companies from 25 countries (64% from Europe and US) participated in the questionnaire, adding
the experience of developing projects in 36 different countries (55% from Europe and US)

e  The level of education that was most common among the participants was an engineering degree,
reaching the 35% of the male participants and the 47% in the female case.

e The mean average age of the participants is 47.2 years—in the case of the male responders
47.8 years and 41.7 years in case of the female participants.

e The mean value of years of experience in the male participants was 21.52, reaching 14.3 years in
case of the female participants. The total accumulated years of experience of all the participants in
the questionnaire was 4166 years.

e  The mean value of years of experience in the management of industrial projects was 11.2, and the
mean value of years of experience in the development of operation and maintenance management
and works was 9.9 years.

e It was possible to collect information from people with experience in the project management
and operation and maintenance of LNG terminal and gas pipeline systems in the questionnaire,
with the participation of representatives of 100% of the LNG terminals of Spain and representatives
of 80% of the LNG terminals of Europe.

e It was possible to engage people with professional experience in all the main engineering
companies of Spain that develop and manage projects related with refineries and LNG terminals.
Those companies belong to the top 20 leading engineering companies in Spain [21].

e  The companies where the participants develop their work had an accumulated turnover value
between 159.010 M€ and 198.920 M€ in 2015.

e In total, 158 projects, which summarize the experience of the participants, have been analyzed

e Dates of signature of the contracts between 1960 and 2015.

e  Start date of the construction between 1964 and 2015. Sixty-six projects (41% of the total) had a
delay in the start date between one (1) year (60.6%) and seven (7) years (1.5%).

e  The execution duration value of the projects was between 1 month to 60 months.

e The mean value of the warranty period of the projects was one (1) year (35.97%) or two (2)
year (33.81%).

e  The most common type of projects were EPC or lumpsum (59.49%)

e  The readability level of the project documents was high (74%),

e  The accumulated total value of the contracts was in the range of 32.206 M$ and 39.370 M$

3.2. Sample of the Graphical Representation of the Questionnaire Results

Due to the large amount of information that was analyzed, this section shows the process carried
out and the detailed results for one of the sixteen criteria evaluated. For the rest of the criteria the
process followed was the same. The criteria that was selected for this paper is the one named as
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“maintenance cost optimization study”, as itself reflects the opposite approach and valuation for the
owner and for the contractor.

From the contractor point of view, the information obtained from the question 1 is summarized in
the next table. Each row of the Table 1 corresponds to the answer options provided for question 1.
For the other three questions detailed in the methodology section, the same representation criteria was
selected. In total, 92% of the participants answered question 1, so the Table 1 includes a row with the
percentage of “No answer” (NA) (8%). In this example of question 1, the highest percentage (24%)
corresponded to those who considered it would be interesting to incorporate it as long as it does not
reduce their profit and also for those who considered that it should not be included because they
consider that is already a owner’s obligation.

Table 1. Replies to the maintenance cost optimization studies criteria. Question 1: Please confirm if
you would include into the scope of supply of your proposal the next list of studies and works without
increasing the price of the proposal, if they increase your probability to be awarded with the project.

Replay %
Yes, if it is guaranteed an improvement in the chance to award the contract by higher than 1% 11%
Yes, if it is guaranteed an improvement in the chance to award the contract by higher than 5% 8%
Yes, if it is guaranteed an improvement in the chance to award the contract by higher than 10% 5%
Yes, if it is guaranteed an improvement in the chance to award the contract by higher than 15% 14%
Yes, if they don’t reduce the benefit margin 24%

Yes, if they don’t reduce the benefit margin, independently of the options to award the contract 3%
No, as I consider that it should be done under owner scope of work 24%

No, even if it does not mean any reduction in the benefit 3%

No Answer (NA) 8%

As explained in Section 2, the graphical representation of the analysis of the four questions
included for each criteria (numbered from 1 to 4), which collected the point of view of the owner and
the contractor, is shown in the next image (Figure 3).

Maintenance cost optimization studies

1.50
1.30
1.10
0.90 3
0.70
0.50

150 -1.30 -1.10 -090 -070 -050 -030 -8 o0.10 0.30 0.50 0.70 0.90 1.10 1.30 150

04020103

Figure 3. Owner and contractor evaluation of the maintenance costs optimization studies criteria.
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Considering the location and size of the spheres included in the Figure 3, and considering the
total number and weight of the replies collected, together with the interpretation criteria explained in
point 2.4 (Figure 2) of this paper, the next lines summarize the results of the conclusions obtained in
the questionnaire. The complete detail can be found in [30]:

3.2.1. Contractor. Increase of Awarding Probability

For contractors, this criterion is not relevant. They consider that it might improve their probability
to be awarded, but they are not willing to absorb the costs to develop such kind of studies, unless they
are reimbursed or paid by the owner. In general, contractors do not have in their organizations the
kind of expertise that could perform these studies in house at a minimum cost, making it necessary to
subcontract this activity to specialized companies or to the vendors of the main equipment that they
may buy, decreasing therefore their benefit margin for the project.

3.2.2. Owner. Accepting the Increment of the Cost

The approach shown by the contractor defers with the opinion of the property, that they are
accepting to pay up to 2% more for the contract price, if this increment is justified by an optimization of
the project OPEX. The maximum extra cost to be accepted by the owner is limited to the improvement
of the OPEX and the general improvement of the profit of the project.

3.2.3. Owner. Accepting the Increase of the Cost by Optimizing the OPEX

From the ownership point of view, the studies to improve and optimize the cost of the maintenance
activities could optimize the OPEX of the project in the range of the 1% to 5%, as the cost of the spare
parts and the duration of the downtimes could be reduced, as well as other several factors, making this
compatible with the replies obtained for the question 2.

3.2.4. Owner. Improvement of the Technical Evaluation of Contractor’s Proposals

In practically all the replies collected to this question, owners considered that contractors should
include these kinds of studies without any extra cost to the contract. This is the typical approach
from owners and sponsors (defined in the PMI Lexicon of Project Management Terms (PMBOK) [53]
as a “person or group who provides resources and support for the project, program or portfolio for
enabling success”), who would like to have more than the expected, at zero cost, but forgetting the
effort, resources, and the cost that those kinds of studies mean. This way of thinking normally deviates
from standard commercial and engineering good practices. It should be the owner’s project team
that should include a specific budget to develop such kind of studies under the contractor scope of
work, and include such requirements in the technical specifications that should be included in the
tendering documentation.

This also means and requires that the owner should know what he wants, and how much it will
cost, and include this input in the project plan rather than expecting to obtain a “free wishes list”. In the
special case of this criteria, its incorporation in the contractor proposal could increase the probability to
improve the evaluation of the offer by the owner in a range of the 1% to the 3%, if it is demonstrated
that the OPEX optimization can be achieved.

3.3. Global Evaluation of the Operation and Maintenance Criteria

Analyzing the remaining sixteen criteria in the same way as shown in Section 3.2, global
conclusions can be drawn. In this way, the level of interest in each criterion of each of the parties has
been determined.

As an example, Figure 4 represents the relative evaluation of the professionals that participated in
the questionnaire under the “contractor” profile about the criteria “maintenance cost optimization
studies” (in red), compared with the rest of the criteria analyzed. Each sphere of the graph represents
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each of the evaluated criterion, making it possible to compare the interest that each one generates on
the contractor side. It can be observed that most of the criteria are located at the top of the graph,
meaning that the contractor would be willing to assume some cost to implement them. Regarding
the interest perceived, the answer was also mostly positive, as most of the spheres are located in the
right side of the graph. Furthermore, considering the size (diameter) of the spheres, the most valued
criteria were “3D Model”, “Identification analysis of critical components and elements that may affect

its availability”, “Maintenance manuals”, “Operation manuals”, and “Operation step by step detailed
instructions and procedure”.

3D model Identification analysis of critical
1.50 components and elements that
may affect its availability

Maintenance manuals

Identification analysis of critical components
and elements that may affect its reliability

1.30

. Operation manuals
Maintenance cost P

optimization studies
Optimization analysis of

critical and normal spare
parts

Fault tree and

reliability analysis of Operation
critical elements... step by step
detailed

Manoeuvring and ‘01
lifting studies ’

-1.50 -1.30 -1.10 -0.90 -0.70 -0.50 -0.3@

instructions
and
procedure

0.10, 030 050 0.70 090 1.10 1.30 1.50

-0.30
Accessibility,
-0.50 evacuations routes
and ergonomic
Document management software [o.70 analysis for the future
related with maintenance : operation and
management software maintenance phase
-0.90
I I L. . Maintenance procedures and
RAM (Reliability, Ava||qb|||ty, Maintainability) 110 instructions
studies :
-1.30 Operation cost optimization studies
Maintenance management
-1.50 software

Figure 4. Global evaluation of the maintenance cost optimization studies from the contractor point
of view.

From the Figure 4, it could be observed that the contractor feels comfortable by delivering the
operation and maintenance manuals of the facility or equipment that he will build, as this is his
classical approach and he considers that it will not increase his costs or his level of risk. Moreover,
the cost associated with the development of those documents would normally be assumed by the
equipment suppliers and the contractor would normally act as an integrator, adapting and tuning
similar documents from previous projects.

From the contractor point of view, any other study or analysis that could not be developed
internally, making it necessary to subcontract it a third party, and therefore reducing the project benefit
margin, will not be prioritized and will not be included for free in the proposal.

Figure 5 shows the relative evaluation about the previous criterion, “maintenance cost optimization
studies” (in red) made by the professionals that participated in the survey under the profile of owner.
Compared with Figure 4, it can be seen how most of the spheres are located on the right side of
the graph, so the owner’s interest in integrating such criteria was also high, but on the other hand,
there was also a lower willingness to assume additional costs associated to such integration, as the
some of the spheres are located in the lower side of the x axis.
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' o . 1.50 Operation cost
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studies 2
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Figure 5. Global evaluation of the maintenance cost optimization studies under the owner point

of view.

For owners or sponsors, it becomes more attractive when the contractor includes under its scope
of work the operation cost optimization studies and the critical analysis of the spare parts, which would
minimize the cost and value of the stocked material and also minimize the time of unavailability,
as when critical and insurance spares run out, they may not be available in the warehouse due to their
high costs and delivery time, or maybe due to the lack of analysis in their interchangeability.

But opposite to the owners’ approach, the contractor considered, that the 3D model prepared with
high-tech software that is used to design the whole facility and prepare the drawings and isometrics is
very relevant and will not generate any increase in their proposal cost, as it will be part of his scope of
work. For the owner, the 3D model is just a tool used by the contractor to develop the engineering
documentation, that will no longer be useful after the finalization of the construction phase.

This approach is quite extreme as the 3D model is a very powerful tool to minimize potential
problems or issues related with accessibility, maintainability, ergonomics, and operability. It will
improve the design and availability of the facilities or the product to be delivered.

3.4. Raking of Relevance of the Operation and Maintenance Criteria

The last step to organize the results obtained was to prioritize the sixteen criteria analyzed based
on the perception of the two parties involved.

Figure 6 represents the relative and absolute weighted ranking of the criteria previously represented
in Figure 3, as per next weight assignation methodology:

o X (priority): 20%
0 Y (acceptance of increasing the increment in the project cost or reducing the benefit margin): 40%
o  Z(global evaluation): 40%

The values used in the weight assignment were based the experience of the authors and the
comments and recommendations collected in several interviews with some of the participants in the
questionnaire, in addition to the bibliographic references consulted [46-49].
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Figure 6. Ranking of priority of the evaluation of the operation and maintenance criteria under the
contractor point of view.

In order to make it easier to read the trend, only some of the evaluated criteria have been
represented. As an example on how to understand in the information shown, the criterion “Fault tree
analysis and reliability studies” was the one that the contractor assigned the least priority (number 16
of 16), but the overall priority placed it in the 8th position of 16 criteria.

The next, Table 2 represents the comparison of the relative ranking of the sixteen criteria under
contractor and owner point of view. It can be seen that the criterion that was in a better position from
contractor’s point of view was the “maintenance manual” (8th position for the owner), while for the
owner it was the “Operation cost optimization studies” (11th position for the contractor). Overall,
the best valued criterion (considering both the interest and the cost of its incorporation) were the
“Identification analysis of critical components and elements that may affect its availability” and
“Operation step by step detailed instructions and procedures”.

Table 2. Comparison of the prioritization ranking of all the operation and maintenance criteria under
the contractor and owner point of view.

Name of Criteria Contractor Owner

Operation manual 3 15

Operation step by step detailed instructions and procedures 5 2

Accessibility, evacuations routes, and ergonomic analysis for the future operation and 8 14
maintenance phase

Maintenance manual 1 8

Identification analysis of critical components and elements that may affect its 4 5

availability

3D model 2 16

Operation cost optimization studies 11 1

Maintenance procedures and instructions 6 13

Maintenance management software 14 11

Identification analysis of critical components and elements that may affect its reliability 7 7

Maintenance cost optimization studies 12 3

RAM studies (reliability, availability, maintainability) 15 12

Optimization analysis of critical and normal spare parts 10 4

Document management system linked to the maintenance management system 16 9

Lifting and load handling studies 13 10

Fault and reliability analysis trees and studies 9 6

Finally, from the analysis of all the data collected, it can be concluded that the owner would be
open to increasing the project cost in the range of 1 to 5%, if the OPEX optimizations result to be in
the same range (1 to 5%). This fact would improve the contractor’s assessment in the bid evaluation
phase in a range of 1 to 3%. Therefore, the probability of awarding the contract to the contractor who
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includes in his offer the operation and maintenance criteria will be increased and the owner would
willing to pay for it.

4. Conclusions

A compilation of information has been carried out through some of the most relevant stakeholders
involved in the construction of megaprojects within the energy sector, with the aim to improve the
design and content of the contracts associated to such projects. Information was obtained from more
than 200 people from 23 different countries, with a very high level of experience in the sector and
representing 80% of the LNG terminals running in Europe.

The interest shown by the parties involved in the contracts (owner and contractor) related with
the incorporation of new clauses in the contracts that would take into account the operation and
maintenance costs once the project is under the operational phase has been established. Both the
interest in each criterion and the willingness to assume, or not, an extra cost that may arise from its
incorporation in the contract has also been established.

Owner’s will to integrate an operation and maintenance criterion into the contract increases if
this means that the OPEX value will be optimized in a range of 1-5%, even if it implies an increase in
the cost of the project in the same range. If the contractor includes one of those criteria in their offer,
the evaluation result of the proposal made by the owner will be increased in a range of a 1-3%, and,
therefore, the probability of being awarded will also be increased.

A ranking has been made, ordering the sixteen criteria evaluated in this work according to
the interest/need of each of the parties, making possible to evaluate which criterion would be more
interesting for each party and which would not provide any remarkable benefit. With this ranking,
the criteria that combine the interest of both parties could be integrated in the contract, minimizing the
potential differences in the interpretations or understanding on the purpose of the contract. Among the
items evaluated, the one that was much more valued by both parties was the criterion “Operation step
by step detailed instructions and procedures”.

Finally, it can be concluded that the integration of persons with experience in the operation and
maintenance of the products or projects to be delivered since the very early development phases of
the project may help to clarify and achieve agreements between contractors and owners. This will
represent an opportunity to generate the differential position from other competitors in front of the
owner. This new approach will allow the contractor to identify and deliver what customers expect and
increase his chance to be awarded.
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