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Introduction
The demand for energy is increasing every year as population of the world is increasing.  The consummation of energy is expected to increase by 40% in the coming 20 years. Currently, the main source of energy is fossil fuels which accounts for about 85%. Oil and gas constitute 60% of this amount. However, it is expected that after year 2025, the renewable energy will start to make significant contribution to the world energy. Till that year, oil and gas will continue to be the primary source of the world's energy with more demand for natural gas whose consummation is expected to increase by 60%. [7]


With these statistics in mind, countries in the Organization of Petroleum Exporting Countries (OPEC) like Saudi Arabia realized that they need to expend their production capacities to meet the world's need of energy.  As a result many Mega Projects have been implemented in the last decade and many will be implemented in the coming decade. Examples on these projects are (Hawiyah , Haradh, Khursaniyah, Khurais and Shaybah Expansions) which were done by ARAMCO, the largest oil and gas company in the world. Also, there were many projects executed in the petrochemical sector, which is an industry dependent on the gas feedstock. Examples on these Mega Projects are (Gas, Sharq, Ar-Razi Expansions, Yansab and Saudi Kayan) done by SABIC, the largest petrochemical company in the Middle East.

Executing Mega Projects is really a very good opportunity for organizations to enhance their knowledge and experience in many different fields. In this paper we will touch on the project management field, particularly on the contracting practices of mega projects in oil and gas sector. 

1.  Mega Projects 
1.1 Project Nature  
Mega projects are defined as projects with a capital cost of more than $ 500 million [7]. In addition to the huge amount of money invested on these projects, many other resources are also involved.  Different people from different organizations are grouped together to form the project team who coordinate all the efforts to execute the project successfully and build the required oil or gas facility. They include:

· Owner who will finally live with the project and operate the facility built.

· Contractors/Subcontractors who directly execute the project.

· Suppliers/Vendors who provide the equipments and materials required by contractors to build the project.

· Banks which will finance the project.

· Many other organizations. [6][7][11]


Forming the project team require a organizational change that result in a cooperative relationship between the above participants which are coming from different organizations with different conflicting interests [6][7].
 A well written "contract" is an important element to establish this cooperative relationship since it shapes the behavior of the project participants.  The contract should define clearly the legal, financial and technical aspects of the project. Because of the conflicting interests between the project's parties (especially owner and contractor), they should understand the business drivers for each other. The top management should treat project contracting with greater concern and not consider it as just a technical issue. Of course, management should not go in detail about contracting but they should shape the business derivers upon which the project will be executed [3]. Other important element for establishing the cooperative relationship is the concept of partnering which is out of the scope of this paper. Our focus in this paper will be on contracting. 
1.2 Project Life Cycle

It is common practice that projects are progressed in consecutive phases. One important advantage of these staged phases is the flexibility of using contracting approaches for each different stage [11]. For oil and gas projects there are two main phases:

1. The Development Phase in which the output is the Basic Engineering of the project.

2. The Implementation Phase which includes (Detailed Engineering, Procurement and Construction). [7] 

In project management context these are the two main phase of the project although there are other phases like the feasibility study which comes before development and the stat-up which comes after the implementation. 

When one contractor performs the whole implementation phase, i.e, Detailed Engineering, Procurement and Construction we call him an EPC contractor. This is to distinguish him from other contractors that implement the project in different way like EPCM contractor who does the Detailed Engineering, Procurement and only Manage the Construction.  We will explain more about these two types of contactors in coming sections. 


The Development Phase (sometimes called exploratory phase [6]) is a very critical for the project success. In this phase, which takes 2-3 years and costs 1-3% of total project cost, the owner tests the market prices for the implementation phase. The implementation phase, which takes 3-5 years, will start upon a positive investment decision. [7][11]
2. Contracting Strategies in Mega Projects 

Before we go to the contracting strategies, let us first take a look at the types of contract.
2.1 Types of contracts 

Choosing the type of contract is an important decision for both the owner and contactor. The way of administration the contract will depend on its type [10]. Looking at the pricing method, contracts can be classified into three main types:

1. Fixed Price: in this contact the owner and contractor will agree on specific cost when signing the contract. This cost is fixed and will not change (except in some situations). If the actual cost of the project goes above the agreed cost, the contractor will pay the additional cost. To avoid this risk, contractors put high contingency reaching in some times to 15% of the contract price.  Therefore, the cost in this type of contract is the highest of the three. To reduce the high cost associated with this type, owner is advised to clearly define the scope of work so that the contractors do not exaggerate the unforeseen costs that are incorporated to account for risk. 

2. Cost Reimbursable (Cost-Plus): in this contact the owner and contractor will agree on target cost when signing the contract. This target cost will include two parts:

a. The cost of (labor, material, equipment, subcontractor and overhead) in addition to the contingency and profit.  

b. The risk fee which could be fixed or variable.

If the contractor built the project within the target cost he will get both parts, otherwise he will get only part a. Trust between the two parties is important in this type.

3.  Unit Rate: in this type, the cost cannot be known until the completion of the project. The project activates are known but the exact quantities are not. Therefore, it is important to measure carefully the amount of completed work on regular basis.  [10][12]
2.2. General Contracting Strategies

The contract strategy is the way in which the delivery system is packaged and paid by the owner [10]. 

For oil and gas projects, there are generally three contract strategies. 


In the first strategy, the owner calls for a competitive bidding for the development phase of the project. The main scope of the contractor in this stage is to deliver a basic design package. After completing the basic design package, the owner will call for another competitive bidding for the implementation phase which include Detailed Engineering, Procurement and Construction as we mentioned earlier. 


In the second strategy, the owner contract simultaneously with two contractors for the development phase. Therefore, the owner handles two basic design packages. After completing these packages, the owner will call for a competitive bidding only between the two contractors and one of them will win the bid.


The third strategy is similar to the first one except that the same contractor will do the two phases. After delivering the basic design package, the owner and contractor will negotiate the contracting approach for the implementation phase.  Sometimes the two parties do not reach an agreement. In this case, the owner can switch to the first strategy and call for competitive bidding for implementing the project based on the basic design package. [7]


If you notice the similarities between the three strategies, you will see that all of them involve competitive bidding between multiple contractors for the development phase. However, for the implementation phase, the number of competitors is different. The first strategy involves multiple contractors, the second involves two and the third involves only one contractor. 
2.3. Detailed Contracting Strategies
 2.3.1 During Development Phase

Adopting one of the three strategies depends largely on the development phase. So let us take a look at this critical phase and see why the owner chooses to use different approaches for the implementation phase. 


In the development phase, usually called the Front End Engineering Development (FEED), the engineers set the design parameters, define the project scope and break down the project scope into packages according to the engineering disciplines involved in the project, like process, mechanical, civil, electrical, instrumentation and control system.  In this stage the process engineering is the main discipline upon which the project scope will be focused with other disciplines act as support to the process function. Therefore, the basic engineering package is usually called Process Design Package (PDP). In addition to the technical scope of the project, the package contains other important elements like the schedule and estimated cost of the project.  The package should neither be too general nor too detailed.  It should be written up to the level that allows the owner to test the market prices and seek competitive tendering. [11]


The main contractor for the development phase should be a process supplier (licensor). A licensor is engineering company which has the technology (process engineering design) needed to implement the chemical process that is necessary for producing the final product of the facility. One of the factors that affect which contracting strategy to choose is the type of this licensor, for example whither he is an EPC contractor or not. [11]

The owner usually uses the cost reimbursable type of contract for the development stage [7].

2.3.2 During Implementation Phase

After the FEED phase, the owner has different options for implementing the project:

1. The owner may continue with the same FEED contractor (licensor) if he is capable of developing the FEED package into detailed design and build the project. The contract usually will be based on similar terms and conditions used in the FEED stage. Sometimes a joint venture is established between the owner and the FEED contractor so that after completing the project they will operate the facility and share the revenues.  

2. The owner build a mechanism in the FEED contract (which is usually based on a cost reimbursable type) to convert it to fixed price contract after the completion of FEED. Owner does this to ensure that he can use fixed price contract besides the other two types, i.e., cost reimbursable and unit rate because most contractors do not like to use the fixed price contract.  

The availability of contractors will decide how the owner will choose the type of contract: 

A. Few contractors: in this case the FEED contractor will have a strong position since he knows that no other contractors are available, capable or willing to implement the project. Now there are two possible scenarios :  

i. The owner will award the contract for the FEED contractor based on fixed price after negotiation on the prices without depending on pre-agreed mechanism in the FEED. 

ii. The FEED contractor insists that he will build the project on cost reimbursable basis. This is essentially option 1.

B. Good number of contractors : also here there are two possible scenarios :  

i. Owner may appoint the FEED contractor (or other engineering or project management companies) to assist the owner in contracting with third party contractor which will develop the detail design, procure the materials and construct the project.  By this, the owner chooses to implement the project using the EPC route. 

ii. The second scenario is similar to the one above except that the third party contractor will not construct the project but will manage the construction process. By this, the owner chooses to implement the project using the EPCM route.

3. The owner of course may not proceed with project if he the FEED stage realized that the market conditions are not very suitable to implement the project. [11]
In the next section we will explain more about the two important contracting approaches used in oil and gas projects which are EPC and EPCM.

3. EPC and EPCM Contracts 
3.1 What is the difference ?

EPC is a contracting approach in which only one general contractor is responsible for delivering the complete facility to the owner who need only to ‘turn a key’ to start the operation [4]. Essentially this a Lump Sum Turn Key (LSTK) type of contract, the term used in the traditional construction project contracts. You remember that (Lump Sum) indicate the pricing method which is fixed price and (Turn Key) indicate the delivery method which is design (engineering) and construction. So, if it is LSTK type why the name changed to EPC? One reason for that is to emphasis the importance of Procurement which is an important activity in the oil and gas projects. We will come back to procurement again. 


Now let us see what each of the three letters in (EPC) means and what will change if  we add M at the end of the word to become (EPCM). 

(E) indicate the Engineering of the project. During the engineering (or design) stage of the project, the needs, desires, wishes of the owner are defined, quantified and qualified into clear requirements that can be communicated to the builders [8].
As you remember, there are two types of engineering: the basic engineering (during development phase) and the detailed engineering (during implementation phase). The EPC/EPCM contractor may responsible for both types or for one of them depending on the contracting strategies. 


When the owner adopts the third strategy (one contractor for the whole project), there will be no problems in the engineering since the same contractor will do both the basic and detailed engineering. 


However, if the owner chose the first strategy (two different contractors for the development and implementation phases), care should be taken. Owner should clearly specify and define the design parameters and the deliverables for the contractor who will do the detailed design since this contractor will base his work on the basic design package. [11] A lot of delays happened during detailed engineering because many issues were not specified clearly during the basic engineering.
 
The engineering stage is very important since key decisions and commitment of large amount of money and other resources will be taken place during this stage [8].  

Now let us move to the second letter which (P). This letter represents the procurement activities of the project.
 
The EPC/EPCM contractor procure the bulk materials, major equipments  and services needed for constructing the project after receiving the engineering drawings, specifications and other relevant documents [8].


Procurement is a connection link between the engineering the construction. The materials and equipments procured will be installed and constructed as per engineering package. However, the major equipments is very costly and required long time to manufacture. As a result, the procurement decisions on these long lead items will take place during basic engineering before the construction drawing are finalized in the detailed engineering. The control of procurement is different than the control of engineering and construction since we deal with external companies  i.e., suppliers and subcontractors.  For all these reasons, it is very important to manage the procurement effectively since it will improve the overall performance of the project, especially the project schedule and cost. [8] 
Many methods have been recommended to improve the procurement. One of them is to apply the concepts of supply chain management [8].  This is a very important topic in management. Interested people can read more about it. 

We have explained what do E and P stand for in the EPC and now we will explain what does the last letter C mean both in the EPC and EPCM .  For both EPC and EPCM, the (C) letter indicates the construction of the project. However, in the EPCM it is associated with the (M) letter which is an indication of Management.
 Therefore, CM means Construction Management. It is in the construction stage where the main difference between EPC and EPCM comes. 
The EPC contractor is the responsible contractor for constructing the project according to the design package prepared during the engineering stage and the equipments and materials purchased during the procurement stage [8]


In the other hand, the EPCM contractor is not responsible for constructing the project. EPCM contractor manages the construction which done by other parties. He acts as the owner representative and creates (on behalf of the owner) a direct contractual relationship between the owner and construction contractors, subcontractors and suppliers. After all the owner will be  responsible for construction. 
EPCM in fact is a professional services contract unlike the EPC contract which is considered as construction contract. [11]
EPC contract is based on the concept of 'single point of responsibility' [2]. The EPC contractor is responsible for designing the facility, building the structure, buying and installing the equipment, performing all the construction activities, testing the operation, training the operators and handing over the complete drawings and operations manuals. The EPC contractor is the general contractor who performs the work directly by his own staff or indirectly by vendors and subcontractors. For the owner he is the only single point of responsibility. [2] The owner has little authority to intervene during the construction. In fact, the more the owner intervenes, the more likely the contractor will claim additional cost and time. [4]


EPCM contract, on the other hand, has more flexibility.  EPCM is selected when the owner wants greater role in procuring the equipments and selecting the construction contractors [2][12]. Therefore, the owner has more control on the project. During construction, the EPCM contractor manages and administrates the construction contracts. The owner need to have a large and experienced in-house tem to assist the EPCM contractor. [11] The EPCM contractor should involve the owner in the making the major decisions thought the project [2]. EPCM contractor will not take full responsibility to complete the project on time and within budget [11]. 
Before we proceed, I would like to add a note here about contracting in Saudi Arabia’s petrochemical sector. Because of the taxation issues in Saudi Arabia, the EPC/EPCM contracts are split into two parts: Out Of Kingdom (OOK) contract and In Kingdom (IK) contract. The two contracts are awarded to two different legal entities and linked with ‘bridging agreement letter’ that obligate the OOK contractor to complete the IK contract. In fact, the IK contractor is a subsidiary of OOK contractor but it is registered as a separate entity in Saudi Arabia for legal issues. Engineering and Procurement activities are under the OOK contract whereas the Construction activates are under IK contract. [1]
3.2 Which one to select ?
The decision criteria in contractor selection play an important role in the delivery of construction project [1]. There are many criteria for selecting EPC or EPCM. In this paper we will explore risk sharing criteria. 


Oil and gas project are technically complex their execution is difficult and risky. Understanding the risks and their implications is an important element for the successful implementation of these projects. [7][10]

The EPC contract is usually priced using the fixed price method whereas the EPCM uses the cost reimbursable method [2][12]. In the cost reimbursable contract, the risk is uniform during the project life cycle and do not depend on the project stage. However, this is not the case in the fixed price contract. For example, changing the scope of work during design stage has different effect than in the construction stage. [10] 

The main difference between the EPC and EPCM is in the risk distribution between owner and contractor [10].  In EPC contract, the allocation of most of the risk is to the contractor. The contractor will put higher contingency to account for these risks, therefore  the cost of EPC is usually higher than the cost of EPCM [4]. On the other hand, the owner in EPCM assumes most of the risks as he is the responsible for the approval and review of the engineering, procurement and contraction processes. The owner actually the one who derives the project. [3][12] During the construction, the owner will have multiple contracts with construction contractors, subcontractors and suppliers. By doing so, the owner is actually transferring the risk to these contractors. In addition, he will have a competition on small-scale contracts. 
In EPCM contract, the owner emphases on the reducing the high cost associated with EPC option although he will have complicated contractual relationships and possible delays in the schedule. [2][11]


As you notice risk sharing has a direct impact on both the cost and schedule of the project.  The cost in EPC is higher than in EPCM but the time is shorter. Therefore, owner should compromise between the two. 


Owner is also recommended to find ways to reduce both cost and schedule of the project. One way to do that is through the implementation on Management Information Systems (MIS). Construction industry is both information-intensive and information-dependent and each time the information is exchanged, the project time is extended and the more resources are consumed [5]. EPC companies are knowledge intensive organizations in both technical and managerial fields as they involve people with different experience in many previous projects. The challenge is how this knowledge can be transferred to implement the specific tasks in the project. Collecting the information and creating a data-base is one important method to transfer the knowledge. [6] The role of MIS is to using the technology to manage the collocation, saving and sharing of these information. This important for the project performance as information have both money and time impacts on the project. 
Conclusion

In this paper, we have showed that many mega projects are expected in the next years due to increase demand for oil and gas as sources of energy. We have discussed contracting issues related to these projects. General and detailed contracting strategies were presented. More emphasis were given to the EPC and EPCM contracts since they are the two common types used today in the oil and gas projects. 
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