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1. Pearl GTL: a world-scale project

When completed, Pearl GTL will be the world’s largest GTL plant. It is the single largest energy project within the borders of Qatar, as well as Shell’s largest equity investment ever.

Pearl GTL is a fully integrated upstream/downstream, world-scale project in Ras Laffan Industrial City, 80 km north of Doha, Qatar. It will have the capacity to produce 140,000 barrels a day (b/d) of GTL products – gasoil, naphtha, kerosene, normal paraffin and lubricants base oils – as well as 120,000 barrels of oil equivalent a day of ethane, liquefied petroleum gas (LPG) and condensate. 

The project is currently in full swing both offshore and onshore. Offshore activities include drilling wells, and constructing offshore platforms and pipelines. Onshore construction, involving more than 40,000 workers, is gaining momentum as the plant takes shape.

Upstream, the project involves the offshore development of a North Field block to produce around 1.6bn cubic feet a day of gas. The offshore scope includes 22 development wells, two unmanned wellhead platforms in about 30 metres of water and two 30-inch pipelines running about 60 km to shore. Onshore gas-processing facilities will treat the sour, rich wellhead gas to produce a clean (sulphur-free), lean gas feedstock for the GTL plant and treated ethane, LPG, condensate and pure, elemental sulphur as a by-product.

In its enormous scale and complexity, the onshore project is equivalent to some of the largest oil refineries in the world.

Work on the project began in February 2002, with a scoping study agreed between Shell and Qatar Petroleum. The study was completed in June 2002 and a few months later basic front-end design started in parallel with commercial negotiations. A development and production-sharing agreement was signed in July 2004. Following completion of FEED and submission of the final development plan in May 2006, project authorisation was granted in July 2006.

2. Technology development
The origins of GTL technology date back to 1913, when German scientists discovered the probability of mixtures of higher hydrocarbons, oxygenated compounds and water being produced through the catalytic reaction of hydrogen (H2) and carbon monoxide (CO). Two chemists, Dr Franz Fischer, and his Czech-born partner, Hans Tropsch, developed a unique chemical process to produce synthetic fuels (synfuels) from coal in the 1920s. In 1923, Fischer and Tropsch published the first findings of their results of producing syngas from coal and converting to hydrocarbons using an alkali-iron catalyst. They continued with their R&D throughout the 1920s, experimenting with different catalysts, pressures, temperatures and reactor designs. Their work provided the foundation for subsequent Fischer-Tropsch (FT) technological advances in the US, South Africa, the Netherlands, the UK and Norway, among other countries.

In response to the world’s growing demand for energy Shell initiated research in this area in the early 1970s to develop alternative sources for transportation fuels. These efforts resulted in the creation of the Shell proprietary GTL Technology: the Shell Middle Distillates Synthesis (SMDS) technology.

Proprietary Shell GTL technologies have been developed for each of the three basic steps of the SMDS technology:

· Production of synthesis gas (syngas, a mixture of CO and H2) by partial oxidation of natural gas with pure oxygen in the Shell Gasification Process (SGP).

·   Synthesising the syngas by passing it through the Shell Heavy Paraffin Synthesis (HPS) multi-tubular, fixed-bed reactors loaded with a proprietary FT cobalt catalyst to form the raw FT product (FT wax).

· Converting and fractionating the FT wax into the desired product slate in the Heavy Paraffinic Conversion (HPC) unit using mild catalytic hydrocracking. 
Shell developed and proved this technology in a series of steps. 

In 1973 the first GTL products were produced in Amsterdam at just a few grams per day.

Some 10 years later Shell built a pilot plant also in Amsterdam which produced some 3 bbl/d

Some 10 years later again Shell started up Bintulu in Malaysia, the first commercial plant and a giant leap forward scaling up to 14,700 bbls/d. It has taken some years to master this plant but reliability is now 99% and it has had uptimes of over a year. 

Pearl GTL is a capacity scale-up by a factor of 10. It should be noted though that whilst capacity goes up 10 times, the equipment is only up scaled by up to four times compared to Bintulu, with many pieces of equipment scaled-up by much less. Pearl GTL will just have more pieces equipment to reach the nameplate capacity. 

3. Contracting strategy and ‘One project, one team’
To counter constraints in the engineering, procurement and construction (EPC) contracting business, including a shortage of capacity  in many areas and rising prices, a contracting strategy was applied aimed at giving access to a wider range of contractor resources and creating competition, while retaining close control over the areas where proprietary technology is involved. The approach involved a number of separate, lump-sum EPC contracts for the offshore scope and for most of the onshore scope; while activities in the core GTL area and the closely integrated utilities are being conducted under a reimbursable contract by the FEED contractor – a joint venture between KBR and JGC - which is also the project-management contractor (PMC) for the total onshore scope of the project.

From the start, Shell and Qatar Petroleum have promoted a ‘One Project, One Team’ ethos on the project, encouraging all the companies involved to work together in a cooperative fashion. 

The Chief Executives of the contracting companies have now met in Qatar with Shell and Qatar Petroleum project managers four times at ‘CEO summits’ to discuss how to deliver the project safely, on time and to budget, and at the right quality. The most recent meeting was in January 2009.

At the meetings the Chief Executives have agreed three charters, which are displayed prominently at project locations:

· HSE charter: Worker welfare, training, leadership, communications, life critical activities

· Productivity charter: “Higher productivity is to our mutual benefit. Improvement of productivity requires our mutual efforts”

· Cooperation charter: Supporting the commitment to “One Project, One Team” through cooperation, sharing ideas and resources 

At each summit the CEOs walk around the project site to demonstrate their commitment to safety, quality and productivity to their workers. Some CEOs have stayed overnight at the Pearl Village where workers are housed.

4. Worker welfare
In total more than 40,000 people are working on Pearl GTL today, drawn from over 50 nations. Early in the project it was identified that looking after the construction workers was a priority, and hence a residential area, the Pearl Village, was constructed. This facility is equipped with extensive recreation and commercial facilities allowing workers to play sport, watch the cinema, as well as places of worship and shopping facilities.

 The town mayor and his team ensure that standards are set across the village, social events are held and good communication takes place, not least to reinforce the safety message. 

It has been crucial to ensure every single worker is fully aware of the safety standards expected on site. For this reason a safety training centre has been built in the Pearl Village. Safety training involves induction for everyone, but also specific skills training around life critical activities. 

Further to this, a behavioural safety programme called Incident and Injury Free has been launched involving everyone on site to ensure everyone goes home safely every day. Reinforcing safety, but also quality and productivity, a nine-day supervisor leadership training course has been established targeting the 5,000 supervisors on Pearl GTL to ensure they are effective leaders.

The results as at February 2009 with over 140 million hours worked are excellent with incident frequencies below industry average. 

5. Flawless start-up 
Achieving a smooth transition from construction to commissioning and start-up, followed by ramp-up to full capacity and achievement of the operational performance set out in the project economics is a challenge for any large oil and gas project. To meet the challenge, Shell is using the lessons learned from Bintulu. A number of proved industry best practices and proprietary Shell methodologies are also being deployed. These include:

· Standardising the preparation of commissioning, start up and production processes;

· Full and rigorous implementation of Flawless start-up methodologies through all project phases; and

· Implementation of operational-excellence programmes before start up.

To prepare for the intended Flawless start-up, all project staff have been trained and provided with tools that would enable them to detect defects that are normally hidden. Central to the Flawless start-up programme is the systematic application of lessons learned. An extensive flaw database, containing lessons learned by Shell over more than 10 years on all kinds of projects – including the Bintulu GTL project – complemented by the experience of the contractors involved, has been applied through all project phases. Over 3,000 flaws are systematically scanned for. These concepts have also been applied deep into the supply chains in response to the overstretched markets where quality assurance is under pressure. 

To put thorough testing plans in place, detailed commissioning and start-up testing programmes aimed at achieving a faster start-up are being defined. These cover specific items of equipment, as well as entire systems, and include testing on benign fluids such as water before the introduction of hydrocarbons. To understand system design and functional integrity, the performance requirements and characteristics of each system are defined in an asset-information database. Structured reviews for all conceivable operating conditions are carried out to assure the functional integrity of each system. A high-quality, multi-purpose dynamic simulator has been developed to allow verification of design-control strategies, pre-tuning of controllers and identification of critical dynamic tests in commissioning. This simulator will also be used to train panel operators. The asset work register  defines all the critical activities that must be performed during the lifetime of the project to ensure safe and reliable operation. It also includes the asset reference plan, which describes the turnaround cycles. The asset work register sets out the required procedures and routines, including job aids, checklists and step-by-step work instructions. 

Recruiting and training quality staff is essential to success. Because of the breadth and scale of its activities, Shell is able to attract the required numbers of competent staff with relevant experience from recently completed projects, existing operational units, technical centres and from Bintulu. Continuity of core staff is essential and several project team members will remain in the permanent organisation well into the operational phase. Recruitment of experienced operational staff has begun and around 400 operators and technicians have already been recruited, trained and mobilised to site.

6. GTL products 
Pearl GTL will be the world’s largest source of gas to liquids products, each with qualities that appeal to different consumers. 

GTL Base oils:  The starting material for the manufacture of finished lubricants that keep vehicle engines, gearboxes and transmissions operating smoothly. Shell has been making high-quality base oils for lubricants commercially since 1993 at our first GTL plant in Bintulu, Malaysia. They are used in the highest quality Shell automotive lubricants and Pearl will significantly increase their availability.

GTL Gasoil: Used in a range of applications in the fuels industry as it is a diesel type fuel. GTL gasoil will be blended into the global supply chain, increasing the global diesel pool. There is also potential to use GTL gasoil to create speciality applications such as GTL Fuel. GTL Fuel is a synthetic fuel that can be used in conventional diesel engines. As it is cleaner burning than conventional diesel it can significantly lower local emissions that affect air quality — for example, in heavily congested cities. GTL Fuel is also used as a component of Shell V-Power Diesel in selected countries in Europe and in Thailand.

GTL Kerosene: A versatile product that can be used for cooking, lighting, dry-cleaning and as jet fuel. In February 2008 an Airbus A380 flew from Filton in the UK to Toulouse in France using a blend of GTL Kerosene and conventional kerosene in the first commercial trial of the new fuel. GTL Kerosene lowers emissions that affect air quality and has a higher energy density per kilogram than conventional kerosene. That means a GTL Kerosene-fuelled aircraft may be able to carry slightly less fuel to fly the same distance. The weight reduction has the potential to improve fuel economy and could lead to a small reduction in CO2 emissions.

GTL Normal Paraffin: Used in the production of detergents such as washing powder and soap. GTL Normal Paraffin is the only GTL product virtually identical to its oil-derived counterpart. However, companies extract normal paraffin from kerosene at their detergent factories using costly extraction equipment. Since normal paraffin is only 15-20% of kerosene by volume these factories usually have to be near a refinery, which can take back the remaining kerosene. GTL Normal Paraffin therefore offers detergent manufacturing companies both cost and location advantages.

GTL Naphtha: Made of the shortest chains of five to nine carbon atoms, and used as a feedstock for chemical plants that produce the building blocks for the plastic products people rely on in everyday life. GTL Naphtha has a much higher paraffin content that standard naphtha, which means that plastic manufacturers can make more plastic from each litre of GTL Naphtha they use.

