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Presentation Notes
Thank you for this opportunity to talk about ConocoPhillips’ most recent liquefied natural gas plant. Like our original plant in Kenai, Alaska,  Darwin represents many industry firsts.  The new technologies applied here were driven by owner requirements, governmental agencies, and local conditions, such as gas quality and environmental factors.The application of these improvements could not have been implemented without a strong licensor - contractor relationship and a progressive owner advocating creative solutions.  These relationships have been built through the ConocoPhillips-Bechtel LNG Collaboration.  This team designs and builds LNG plants using the ConocoPhillips Optimized Cascade process.  In addition, the Collaboration jointly staffs and funds a Product Development Center focusing on improving the process and project implementation.  Many of the improvements at Darwin were first developed by the Product Development Center.Point out some of the equipment



Bayu-Undan Development 
Phase I: Offshore gas recycle project 

• Condensate and natural gas liquid recovery 
• Gas reinjection 
• 400 million barrels condensate 
• 3.4 trillion cubic feet of gas 

Phase II: Gas Commercialization 
• Natural gas pipeline to shore  
• Darwin LNG plant 
• US $1.5 billion development 
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Presentation Notes
The Bay-Undan field development is an integrated upstream and LNG project.  The Bayu Undan field contains 400 million barrels of condensate and 3.4 trillion cubic feet of natural gas.  During phase I of the project development, offshore production facilities were installed to allow the field to produce condensate and natural gas.  The condensate and natural gas liquids were extracted from the produced fluid and the gas was reinjected into the field for later marketing.  Production, which began in early 2004, is currently 70,000 bpd.Phase II was developed concurrently.  This portion of the project includes the 26” diameter, 500 kilometer long pipeline and a 3.7 million tonne per annum LNG plant.  The total Phase II investment was 1.5 billion US dollars.  LNG is sold to Tokyo Gas and Tokyo Electric, who are also partners in the development. ConocoPhillips is the majority owner and operator, with Eni, Santos, and INPEX each holding a share.OwnersConocoPhillips (56.7%, operator); Eni (12.1%); Santos (10.6%); INPEX (10.5%);Tokyo Gas Ltd. and Tokyo Electric Power Co., Inc. (10.1% combined)



Kenai, Alaska 

Presenter
Presentation Notes
Kenai was the initial plant to employ the ConocoPhillips Optimized Cascade process.  It was the first in the industry to supply LNG to markets in the Asia Pacific region.  and for forty years it has served customers reliably and safely.  Until Kenai, all LNG plants used steam turbines to drive the large refrigeration compressors required.  Kenai was the first to use gas fired turbines to drive these compressors. Since 1999, seven additional trains using the Optimized Cascade process have started up and one is currently under going commissioning in Equatorial Guinea.  Each of these plants have included improvements on the basic technology used at Kenai. However, ConocoPhillips own Darwin plant may have employed the most significant change – the use of aeroderivative turbines for refrigeration service.



Darwin Design Requirements 

• Reliable plant design  
• Short and certain schedule 
• Cost certainty 
• Safe and efficient 
• Low carbon dioxide emissions 
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The Darwin LNG plant, like all major projects, and particularly capital intensive LNG projects, had a few key goals that were fundamental to achieving project success.  Any capital intensive business requires a reliable plant design that ensures high plant availability and maximum production.  This allows the capital to be amortized over the greatest sales volume and over the shortest amount of time. With LNG, expensive ships, terminals and downstream users also require high utilization rates to amortize their costs.  A reliable plant is needed to achieve that high utilization.A short and certain schedule is also desirable.  Short durations allow the plant to reduce the period of cumulative cash outlays and advance positive cash flow and speed payback of the investment.  In the case of LNG, a credible schedule presented to the markets grows the commitment of all parties toward speedy resolution of sales and purchase agreements, contracting, financing, and ship building obligations.  Once the commitments are made, achieving the schedule is critical to meeting the needs and expectations of downstream buyers and users.A strong global economy and higher energy prices have increased utilization rates for basic industries and manufacturing.  Many projects of all types are facing rapid price escalation due to material and labor shortages.  Less experienced labor and project management have lead to both delays and cost increases that have destroyed anticipated shareholder value.  These delays have left LNG ships underutilized and product demand unmet. Executive management is also intolerant of budget overruns, as they reduce the resources available for other viable projects. In addition, when a plant is delayed, the owner has lost the opportunity to sell LNG – often when the market is in tight supply and LNG  prices are bid higher.  Particularly in late 2005 and early 2006, plants with extra cargoes available reaped the benefits of high demand.All operations and construction projects demand a safe and efficient work place.  Results are a function of the focus safety receives from the construction and operations leadership and management.  At ConocoPhillips Our work is never so urgent that we can not take time to do it safely.Emphasis on the environment, including green house gas emissions, have become a critical consideration in the design and specifications for projects.  In Australia, carbon dioxide emissions have become a major consideration in acquiring project permits from government entities.  For Darwin, reducing emissions was a critical factor in the design and equipment selection for the plant.



Discovery to LNG 
1995 

June 2003 

Feb 2006 

Bayu-Undan field discovered 

Delineation drilling 

First LNG cargo loaded  
    (32 months from notice to proceed) 

Feb 2004 

Bechtel given notice to proceed 

Bayu-Undan began production 

Recycle gas project approved 2000 

LNG sales agreement heads of agreement signed 2002 

LNG marketing begins in earnest 1999 
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Any large upstream project can take a long time between field discovery and commercialization, particularly in new producing provinces.   LNG projects add a level of complexity with the need to coordinate the plant, ships and markets.  Darwin LNG was quickly developed from the time of the first field discovery to LNG production.  First discovery occurred in 1995 and was followed by two years of field delineation.   By 2002 the recycle gas project was approved and first production from the field began in February 2004.In the meantime, the LNG project progressed.  In the Pacific basin in particular, LNG marketing is often on the critical path to final investment decision. In late 1999, LNG marketing began in earnest and by June 2003 it had advanced sufficiently that Bechtel was given the notice to proceed on the onshore facilities.  By February 2006, the plant was commissioned, started up, and the first cargo was loaded.  A thirty-two month construction period for a grass roots LNG plant is world class performance.  



Darwin LNG Features 
• 3.7 million tonne per annum capacity 
• Optimized CascadeSM LNG process 

– Two-in-one turbine design 
• Inlet gas in carbon dioxide and nitrogen is high  
• Based upon ConocoPhillips-Bechtel Collaboration 

– Bechtel performed design and EPC 
– Lump sum turn key approach 

• Completed ahead of schedule and on budget 
• LNG marketed to Tokyo Gas and Tokyo Electric 
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The Darwin facility includes a 3.7 million tonne per annum plant utilizing the ConocoPhillips Optimized Cascade process.  Among other features, this process includes the two trains-in-one design, which splits all major compressor loads into to two parallel , 50% machines.  This improves operational reliability, availability and flexibility.The inlet gas at Darwin contains relatively large amounts of carbon dioxide and nitrogen, which affects the process design. Special facilities were included to remove the nitrogen and a large amine system was required for CO2 removal.The project execution strategy included a lump sum, turn key contract with Bechtel for the engineering, procurement, construction, commissioning and startup.  A lump sum turn key approach to large scale projects in Australia is rare.  However, the ConocoPhillips-Bechtel collaboration has a reputation for delivering projects on time and on budget.  The Darwin plant met its cost target and was operational ahead of schedule.The LNG from Darwin is sold to Tokyo Gas and Tokyo Electric under long term contracts.  ConocoPhillips relationship with these companies goes back 40 years to the commitments made and met at Kenai.  Kenai has never missed a cargo in almost 40 years of operation.



The Optimized CascadeSM Process 
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The Optimized Cascade Process is a proven process.  Like all liquefaction projects, inlet gas is first treated to remove acid gases, all water and mercury through processes commonly found in gas processing around the world.  But the heart of the Optimized Cascade process is three pure refrigerant cycles of propane, ethylene and methane. The gas is then cooled, condensed, subcooled and flashed through these interconnected refrigeration circuits.  Each circuit uses turbines to drive compressors to circulate refrigerant, with propane condensed with air cooling, ethylene condensed with propane and methane flash vapors returning to the front end of the plant.  In the Optimized Cascade process, typically two, 50% machines are used for each service.  This allows continuing operation of the plant when any one compressor is shut down for planned or unplanned maintenance or other upset.   
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Overall Plant Production Efficiency >95% 
Operating Range (% of design) 
• Full Plant  80 – 105% 
• One Turbine Offline 60 – 80% 
• Three Turbines Offline* 

*At least one turbine on each cycle must be operating 
30 – 60% 

• Plant Idle 0 – 30% 
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The key to the process is the turbine compressors.  The selection of these turbines are crucial in determining the primary elements of the plant:  Its size, efficiency, and availability.  Historically, owners of the Optimized Cascade process have selected GE Frame 5 turbines that are well proven throughout industry.  The earlier rame 5 is used at Kenai, where it has been an incredibly reliable workhorse.  This reliability is a key feature in convincing owners to select the Frame 5.   Using the two trains-in-1 one process, six total Frame 5D’s are needed for a nominal 3.5 million tonne per annum plants in a 2-2-2 configuration.  In Trinidad and Tobago, Atlantic train 4 used a 3-3-2 configuration (that is 3 propane, 3 ethlyene and 2 methane compressors) to achieve a 5.2 MTPA capacity.The successful “Two-Trains-In-One” approach shown is one of the key factors contributing to the highest reliability (Production Efficiency) in the industry. The idea is to use parallel 50% capacity units for rotating equipment,, while providing common 100% capacity process equipment. The turbines require periodic maintenance and can be susceptible to shutdowns.  Despite these events the plant can continue to run, without time consuming process shutdowns and restarts.When a compressor shuts down, the plant immediately reduces to 50% rate, is stabilized, then the inlet rate can be increased while the compressor loads are shifted and rebalanced.  Once restabilized with one turbine/compressor set offline, production can be maintained from 60 to 80% of design capacity, depending on which unit is shut down.In fact, Atlantic LNG has upgraded from Frame 5C to Frame 5D, without shutting the plant down.



Darwin Firsts 
• Aeroderivative turbines for refrigeration 

– Water injection for low NOx 
– Media based evaporative cooling for power augmentation 

• Integrated nitrogen rejection facilities 
• Process heat supplied from turbine exhaust 

– Amine regeneration 
– Molecular sieve regeneration 
– NGL recovery system 
– Inlet gas pre-heater 

• Propane sub-cooling integration 
• Loading and vapor lines of vacuum insulated pipe 
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In 1969, the Kenai, Alaska plant was the first plant to serve the Asia Pacific region and the first plant to use gas fired turbines for refrigeration service in an LNG plant.  Darwin extends the innovation by being the first LNG plant to use aeroderivative turbines to drive the refrigeration compressors.  To satisfy local emission constraints, the turbines were provided with water injection for NOx control.  Evaporative cooling was included for use during hot periods to supplement power and maintain plant production, when high temperatures would otherwise have reduced power available and LNG production.The inlet gas content at Darwin is about 4% nitrogen.  To reduce the amount of nitrogen in the product and reduce the volume of recycle in the methane circuit, a nitrogen rejection unit was used on the methane flash gas.To further reduce carbon dioxide emissions and eliminate the need for direct fired heaters, all process heat is provided by waste heat recovery units connected to the turbine exhaust.  Process efficiency was improved and compression requirements reduced by installing propane subcooling.  Typically, air or water are used to desuperheat and condense the propane refrigerants.  At Darwin, air was also used to subcool the propane and the inlet gas was used to further subcool the stream.Lastly, the lines on the 1300 meter long jetty were insulated with vacuum insulated pipe.  The Collaboration had used VIP on early projects, but not as extensively or on as lines as large as those at Darwin.  The installation and operation of those lines has proved very successful.



Advantages of Aeroderivatives 
• Low fuel consumption 

– Lower fuels costs, more LNG  
– Less carbon dioxide emissions 

• High availability 
– Turbine replacement in a few days, rather than weeks 

• Lower weight 
– Less handling equipment 

• Two shaft machines provide operating flexibility 
– Excellent starting torque 

• Startup under settle out conditions 

– Wide speed range provides flexibility  
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Aeroderivatives have many characteristics that make them a good choice for many uses, including LNG plants.First they are more fuel efficient than industrial machines.  This results in lower fuel costs and leaves more reserves to be produced into higher value LNG.  The need to reduce carbon dioxide was also a key driver for aeros.LNG plants are still very capital intensive projects.  As I have discussed, the economics of capital intensive projects pust a high premium on the plant uptime or availability.  Major overhauls or engine change outs for aeroderivatives are much faster than for heavier industrial machines.  The lower weight also reduces the size of the equipment required to handle the turbine.Two shaft machines provide excellent starting torque, eliminating the need for large variable frequency drive motors.  The turbines also provide excellent turndown and flexibility by operating over a large speed range.



Advantages of Aeroderivatives in 
the Optimized Cascade Process 

• Available turbine sizes match those used in process 
• Short scheduled maintenance periods 

– Plant continues to operate with one or more units down  
• Plants operate well at 0 to 100% of capacity 

– Turbine maintenance can be opportunistic 
• No starting motors required 

– Small power generation requirement  
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In addition to the inherent advantages of aeroderivatives, the machines’ characteristics match up well with the ConocoPhillips Optimized Cascade process.  First, for the two-trains-in-one design the required turbine size is 30 to 45 MW for a 3 to 5 million tonne per annum plant.  This matches well with the size of aeroderivatives available and proven for use in mechanical drive.Aeroderivatives tend to require short, periodic maintenance.  The two trains-in-one process can continue to operate at reduced rates during these periods.  In addition, the process allows plant throughput to be quickly ramped down before maintenance and ramped back up afterward.Because of the flexibility provided by the two trains-in-one, the maintenance can be performed opportunistically.  For instance, when the plant throughput is reduced for reasons other than turbine maintenance – such as upstream supply reductions, plant maintenance, or market issues.  When maintenance must be completed and such opportunities do not exist, shutting down a unit does not result in the entire plant being shut down.Lastly, as I have mentioned, the aeroderivatives do not require the large variable frequency drive starting motors that large frame machines need. The Optimized Cascade process has a relatively small electric power requirement compared to other LNG processes.  The combination of the process and aeroderivative keeps the total electrical power island small.  



The Darwin Process 

Presenter
Presentation Notes
The major change to the Optimized Cascade process applied in Darwin is the addition of a nitrogen rejection unit.  The inlet gas at Darwin is  about 4% nitrogen.  A nitrogen rejection unit meets three main golas: It reduces the nitrogen shipped with the LNG, It minimizes the size of the methane recycle, and It provides fuel off the recycle stream of appropriate heat content for the turbines.The methane rich stream is then returned to the main portion of the methane cycle.



Representative Turbine 
Performance 

Values are representative 

 
 

Turbine 

 
 

Shaft 

 
Power  
(kW) 

 
 

Efficiency 

Fuel 
Consumption 

(Indexed) 
 

 
Scheduled  
Downtime 

 
Frame 5D Dual 32,580 29.4% 100 2.6% 

LM2500+ Dual 31,364 41.1% 72 1.6% 

LM6000 Dual 44,740  42.6% 69 1.6% 

Frame 7E Single 86,225 33.0% 89 4.4% 

Frame 9E Single 130,100 34.6% 85 4.6% 
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This slide shows a comparison of turbines being used or are proposed to be used by the LNG liquefaction industry for refrigeration compression..  The figures are representative and may differ depending on options selected, such as emissions control systems and maintenance philosophy.The dual shaft units have the advantage of being more flexible with regard to speed and load.  They also startup without a large starter motor.  The total power required for the plant is a function of the desired plant size and the unit size is dependant on the use of the two-trains-in-one philosophy.  The fuel consumption is indexed to the 5D units.  You can see that the last four units are more fuel efficient than the 5D, but the aeroderivatives are much more so.  The Frame 7 consumes about 25% more fuel than the LM 2500+.Lastly, the scheduled maintenance tends to be less for the small units.  This reates primarily to the shorter duration required for engine replacements or overhauls.



Impact of Ambient Temperature 
on LM2500 Turbines 
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The turbines used at Darwin are the LM2500+.  This is about an 8 MW upgrade to the previous version of this machine – the LM 2500.  GE is now making available the LM2500+G4.  This unit boosts power a further 3 MW and can replace the 2500+ in existing plants. 



Turbine Performance 

Frame 7 Power

Frame 7 Heat 
Rate

LM6000 Power

LM6000 Heat 
Rate

50

60

70

80

90

100

110

120

0 10 20 30 40 50 60
Inlet Air Temperature (C)

Power and Heat  Rate Index (ISO=100)

Aeroderivatives are more sensitive to ambient conditions 
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Aeroderivatives have a few disadvantages.  They need to be closely monitored for maintenance and wear..Also, the power output of an aeroderivative is more sensitive to ambient air temperature than a typical Frame machine.  Although boosting power in an arctic climate, most LNG plants are located in warm to hot areas.  In these areas, power falls off more rapidly than with industrial machines.  Later I will discuss inlet air evaporative cooling, which can recapture virtually all of this difference in dry areas, albeit with some additional capital and operating costs.In addition to reduced power, aeroderivatives also suffer a greater loss in fuel efficiency at higher temperatures.Lower inlet temperatures also lower hot section temperatures, which improves availability.



Darwin Ambient Conditions 
 

Coincident hot and dry conditions occur frequently 
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Explain graphA significant portion of the time in Darwin has warm temperatures, but low relative humidity.  These conditions are excellent for the addition of inlet air evaporative cooling.  The benefit of this addition is magnified when using aeroderivatives.  This method can reduce the inlet air temperature about 10 degrees Celsius or more, which results in an almost 10% increase in power.  This leads to higher plant production and greater LNG sales.    Obviously the additional LNG and revenue is always appreciated.  But there is a secondary advantage of more constant production levels -  it also improves utilization of the LNG cargo ships and regasification facilities.



Future Improvements 

• Upgrade to LM2500+ G4 
– Additional 10% power 
– Less sensitive to high ambient conditions 

• New turbine possibilities 
– LM6000 

• Additional inlet air cooling strategies 
• Use in floating LNG 
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Small changes in technology offer less risk than larger step outs and therefore are more accepted by owners, contractor, buyers, and financiers.  We are anxious to see the LM2500+ G4 further proven to take advantage of addition power.  The LM6000 has been considered for use in our plants for over 10 years.  Now that aeros are proven in LNG service, the LNG community will probably be more accepting of the LM 6000.  Additionally, more complex inlet air cooling methods can be a used based on the positive results from Darwin. Now that the operating precedent is set for aeroderivatives using inlet air evaporative cooling, the accepted operating envelope for related technologies can be expanded further as the perceived risk is less.  Inlet fogging and inlet air chilling are two additional technologies available.Lastly, the light weight compact machines are ideal for marine service.  Combining aeroderivatives with other gas technologies and operating experience developed by ConocoPhillips upstream operations, will grow industry confidence in floating LNG facilities.



Aeroderivative Plant 
Configurations 

 
Turbine 

(No. x Model) 

Number of Turbines 
By Service 

(Propane/Ethylene/Methane) 

Nominal 
Train Size 

(MTPA) 
6 x LM2500+ 2 / 2 / 2 3.5 

8 x LM2500+G4 3 / 3 / 2 5 

6 x LM6000 DLE 2 / 2 / 2 5 

9 x LM6000 DLE 3 / 3 / 3 7.5 
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The joint ConocoPhillips – Bechtel Product Development Center has created a number of plant designs with various capacities and turbine configurations.  Some of the more relevant ones using aeroderivatives are shown here.  The base Optimized Cascade template is to use the 2-2-2 turbine configuration.  But other configurations have been developed that use more machines and provide even greater reliability and flexibility.  The aeroderivative designs range in capacity from 3.5 to 7.5 MTPA.  Actual capacity is a function of the conditions associated with any particular project.



First Year Performance 

• First LNG two months ahead of schedule 
• Few issues during turbine startup 
• LNG production in 2006 exceeded target 
• Plant production efficiency exceeded 95% 

since turnover 

Presenter
Presentation Notes
The plant was started up successful with the aeroderivatives proving to be quite reliable during startup and operations.  First plant LNG was about two months ahead of schedule.2006 LNG production exceeded target by more then 20% and LNG plant production efficiency was very high for the first calendar year.STOPThe mandatory inspection was at the plant and resulted in a 7 day of total plant shutdown to carry-out the inspections.  Direct Plant Operating Efficiency is off nameplate and takes in account all unplanned and planned down-time, this follows the corporate policy/metrics on how to measure plant uptime and DLNG has reported this efficiency since TCCC.  



Summary 
• Darwin LNG has met the goals 

– On time 
– On budget 
– Reliable 
– Efficient 

• New technology deployed at Darwin and 
extensions of them are available for future plants 
– Aeroderivatives 
– Inlet air humidification 
– Nitrogen rejection units 
– Propane sub-cooling integration 

Presenter
Presentation Notes
The key to any LNG project is to deliver the results promised to markets, shareholders, and management.  The Darwin plant was completed ahead of schedule.  In addition, the times from field discovery to first LNG and the start of plant EPC to plant startup were among the fastest of any greenfield LNG plant.  The project was also on budget – a key measure of success, particularly with the cost escalation experienced over the last few years.The new technologies deployed in Darwin have proven effective, which will facilitate their implementation in future projects by enhancing acceptance from owners, financiers, independent engineers, and LNG markets. The plant and new technology have proven to be reliable.  Further extensions of these technologies are also available.



Thank You 

Presenter
Presentation Notes
I would like to thank Cyrus Meher-Homji, a Bechtel Fellow, who authored most of this work.Thank you for your attention and the opportunity to share this success.
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