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ABSTRACT

By operating their ships efficiently, the US Navy Atlantic and Pacific Fleets have the opportunity to stretch budgeted fuel dollars, to apply to fleet readiness worth an estimated $60-$90 million per year as well as additional training.

The objective of shipboard energy conservation is to make U.S. Navy ships more fuel efficient to help stretch the fuel budget dollars as far as possible and also make them more environmentally friendly.  This goal has been the cornerstone of machinery/hull R&D and fleet operational improvements.  In support of this quest, the NAVSEA Incentivized Energy Conservation (ENCON) Program has been established, which primarily focuses upon fleet and ship operational improvements.

For example, in FY ’99, the ENCON Program results show that, combined fleet total cost avoidance was $26.3 million.  Recent rise in fuel cost and with NAVSEA’s new ENCON initiatives and continued training, the goal of cost avoidance of $60-$90 million can be achieved.

Since the 1980’s, the Ship Energy Conservation Assist Team (SECAT) visited over 100 surface ships with steam, gas turbine and diesel propulsion plants.  SECAT demonstrated that fuel savings of 10–15 percent aboard diesel and gas turbine ships, and 15-30 percent aboard steam ships are attainable by steaming in concurrence with the energy savings strategies and techniques included in the NAVSEA Shipboard Energy Conservation Guide [1].  With the Navy ships fuel budget currently  over $600 million a year, these initiatives provide a great opportunity to reduce a large percentage of operational costs by operating ships efficiently.

Lessons learned from the NAVSEA efforts in the 1980s proved that ship’s crew must be incentivized to accomplish fuel consumption savings.  To this end, the ENCON instruction [2], signed by CNO, allows CINCs to provide cash awards to ships up to 40 percent of the fuel savings they achieved.  Of the remaining savings, the instruction allows 10 percent for NAVSEA for additional fleet training and basic administration of the program, and 50 percent be used by CINCs to improve ship readiness including urgent areas such as maintenance and repair.  Responses by the initial Incentivized ENCON Program participants (high fuel consumption rate ships) were positive.  Many ships attained large amounts of fuel savings, and have been enticed by the cash awards.  Due to the positive reception by ship commands, and the large amount of fuel cost avoidance ENCON provided, the Program has been extended to all active U.S. Navy Atlantic and Pacific Fleet ships, effective first quarter of Fiscal Year 2000.

This paper will provide brief discussions on the ENCON Program, Program elements, and suggestions to institutionalize a similar program for ships operated by Military Sealift Command, US Army, US Coast Guard, and National Oceanographic Atmospheric Administration.  
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BACKGROUND

This is a success story that started in early 1980s when NAVSEA’s Energy Office was formally established (56YE) and the Ship Energy Conservation Assist Team (SECAT) concept was developed.  The SECAT team visited over 100 surface ships with steam, gas turbine and diesel propulsion plants.  SECAT demonstrated that fuel savings of 10–15 percent for diesel and gas turbine ships, and 15-30 percent for steam ships are available by steaming in concurrence with SECAT energy savings strategies and techniques, published in the NAVSEA Shipboard Energy Conservation Guide [1].

Shipboard Energy Conservation, however, was eliminated in 1989, partly due to cheap fuel prices.  In 1993, this author wrote an ASE paper [6] to urge senior authority to restart the Energy Conservation Program because the Gulf War caused fuel prices to increase many folds; and there were new and more vocal concerns for global warming.  The paper discussed the Incentivized Energy Conservation (ENCON) idea and provided a plan for an ENCON Program.   Consequently, NAVSEA 05Z (ex 03Z) established the ENCON function and a detailed plan was submitted to CNO for approval.  CNO signed an instruction [2] and a pilot ENCON Program was started for the Pacific Fleet (PACFLT).  Ships that were participated in the pilot program attained significant fuel savings, and they were enticed by the cash awards.  Due to the positive reception by ship commands, and large amount of fuel cost avoidance ENCON provided, the Program was extended to all active PACFLT ships in FY 97.

With the success in PACFLT, a pilot ENCON Program was commenced in 1997 for the Atlantic Fleet (LANTFLT).  The program was well received by VADM Giffin III, Commander Naval Surface Ships Atlantic Fleet, and a very supportive article, which was published in Virginia Pilot, Navy Times and Washington Times [6], illustrated his support for the program.  Due to the positive reception by ship commands, and the large amount of fuel cost avoidance ENCON provided, the Program was extended to all active LANTFLT ships in FY 2000.

INTRODUCTION

Why save fuel? The Navy’s Surface Fleet consumed over $600 million of fuel last fiscal year.  This represents a significant expense to the operational budget.  Ships can reduce fuel usage by 10-30 percent through procedural and operational modifications.  This provides the Navy millions of dollars in cost avoidance and allows their ships to conduct more underway operational and maintenance training.  Fuel price fluctuations and our growing dependence on foreign oil are also important factors in our national defense.  The following list provides additional answers to this important question:

· Increased ship range

· Additional fuel for ops training

· Reduced machinery maintenance burden

· Less frequent fuel replenishment

· Reduced heat stress in machinery spaces

· Reduced water consumption

· Altruistic concern for the environment

· Presidential Order - reduce emission by 30% by year 2010 as compared to 1990 level

· Help ships win SECNAV Energy Award and DOE National Energy Award

An important consideration is that the overall fleet underway fuel consumption rates have been on the upward trend as shown in Figure 1.  This figure shows that by reducing the rates by 15 percent, the potential to reach FY 1991 level is attainable.

To demonstrate fuel savings potential, I have listed below, as an example, the dollar values for fuel savings accomplished by the top performing ships during one quarter in FY 99.

TOP PERFORMER OF THE CLASS

CONSTELLATION (CV 64)
$1,385,000  

PELELIU (LHA 5)

$ 314,000     

BONHOMME RICHARD (LHD 6)$ 408,000

WHIDBEY ISLAND (LSD 41)
$ 46,000

MOUNT VERNON (LSD 39)
$ 34,000

AUSTIN (LPD 4)

$ 48,000

MOUNT WHITNEY (LCC 20)
$ 81,000

CURTIS WILBUR (DDG 54)
$ 152,000

FIFE (DD 991)


$ 540,000

HUE CITY (CG 53)

$ 218,000

FORD (FFG 54)


$ 87,000

SACRAMENTO (AOE 1)

$ 104,000

MONONGAHILA (AO 178)
$ 57,000

As you can see, the USS FIFE (DD 991) achieved incredible savings in 3 months, $540,000.  When I was conducting an ENCON Seminar at the Naval Base in Everett, Washington, I asked the CO how his ship accomplished such large savings.  He stated that first and foremost, he is committed strongly to energy conservation for his ship.  During the subject three months period, the ship was on a drug interdiction mission in an undisclosed area off the U.S. and Mexican west coasts.  While on this mission the CO ordered engineering to secure all main engines and conducted drift operations, as conditions permitted which was most of the time.  He ordered all hands contribute to ship efficiency and used the ENCON strategies and techniques provided in the Energy Guide.  This example shows that, a strong command commitment can result in greater energy efficiency aboard ships.

We have developed a 6-minute video [8] that provides an overview on the ENCON Program. This video, titled “ENCON Incentivized Energy Conservation Program”, includes testimonials by several ship Commanding Officers and Chief Engineers, and Vice Adm. Henry C. Giffin III, Commander Naval Surface Ships, Atlantic Fleet.

FY ’99 PERFORMANCE

In FY ’99, the ENCON calculations show that, combined fleet total cost avoidance was $26.3 million ($16.4 million by PACFLT and $9.9 million by LANTFLT).  This is less than the goal of achieving the estimated cost avoidance of $60-$90 million a year.   What is meant by cost avoidance is that, the fleets would be able to operate their ships more underway time with the same fuel budget.  Thus, fleet readiness has been improved by permitting more exercises underway with the fuel available as a result of the ENCON program.

With the full implementation of the ENCON Program elements, combined with NAVSEA’s new initiatives described in the following paragraphs, I believe the cost avoidance goal of $60-$90 million a year can be achieved.

ENCON PROGRAM ELEMENTS

The following paragraphs discuss briefly the elements of the Incentivized Energy Conservation Program, which has the acronym ENCON.  These elements are all necessary parts for a successful implementation of the ENCON program:

1. Fuel Usage Reporting - The ENCON program was designed such that no additional burden would be imposed upon sailors for reporting fuel consumption.  Therefore, the existing Navy Energy Utilization Reporting System (NEURS) for ships is used for monitoring fuel usage.  As required by OPNAV Instruction 4100.11B, ships must submit a monthly NEURS report.  TYCOMs receive the NEURS data from ships and in turn they provide this data to NAVSEA for quarterly ENCON monitoring and fuel consumption rate calculations.  This NEURS data is also submitted to NAVSEALOGCEN, Mechanicsburg, PA and archived in their ship’s 3-M system. NAVSEA develops an annual NEURS report that includes total fleet (LANTFLT & PACFLT) fuel consumption and ships under MSC. 

2. Award Calculations - In order to measure a ship’s performance, a baseline to compare against needed to be established.  The BASELINE is calculated from the 3-year historical NEURS average fuel rates in bbls/hr for Underway (UW) and Not Underway (NUW), for the 3-year period immediately preceding the current fiscal year.

During any given quarter, we determine ACTUAL fuel rates in bbl/hr from the quarterly UW and NUW fuel usage and operating hours, reported by the ships monthly via NEURS.  The fuel saving for the quarter is then calculated by the following simple formula:

FUEL SAVED (bbls) = [UW BASELINE - UW ACTUAL] x UW Hours + [NUW BASELINE - NUW ACTUAL] x NUW Hours

AWARD = Up to 50% Fuel Saving (bbls) x Fuel Cost ($33.60 per barrel in FY ‘99)

We prepare a quarterly fuel performance report for each fleet.  The report includes fuel usage data, calculations of fuel savings, and makes recommendations to the CINCs for the ship cash awards.

3. Fuel Oil Meters - Fuel oil meters (FOM) are very important tools for shipboard energy management.  They provide fuel consumption data for utilization in the Ship Energy Conservation Assistance Program (SECAP) software by the ship’s force to develop and maintain their fuel consumption curves.  Fuel consumption curves are discussed in the next paragraph and a detailed discussion of SECAP is provided later in this paper.  The FOM provides instantaneous fuel flow in Gallons per Hour for each propulsion engine or boiler, as well as fuel totalizer function for inventory and voyage calculations.  They provide engineering with the tools to individually monitor fuel usage for each power plant.  With FOMs, the Chief Engineer can be alerted to unusual high fuel consumption rates.  He than can take immediate action to find out what is causing the high rates to avoid energy waste.  MACHALT 370 installation has been completed aboard all steam ships.  The MACHALT 370A package has been developed for gas turbine and diesel ships and installation has been completed aboard over 65 percent of the ships.  NAVSSES manages this MACHALT program, and FTCPAC/FTCLANT performs the installations. 

4. Fuel Consumption Curves - Fuel curves are a powerful analysis tool for effective energy management aboard ships.  Ships should develop their baseline curves and post them in the CCS for frequent monitoring purposes.  They should frequently compare fuel rates to monitor ship performance.  Any time a ship is steaming at steady state, operators should determine the consumption and plot it on the baseline curves for the current alignment to determine whether the ship is above or below the baseline.  Fuel curves, therefore, can alert operators to adverse machinery trends and help them to determine effects of different machinery alignments.  They help the crew to identify performance differences of major components and assess the efficiency of the whole plant.  This is such a key concept that NAVSEA has invested significant effort to develop a software package (acronym SECAP) and make it available to every ship on a CD-ROM to provide them with the tools to develop and use fuel curves. 

Figure 2 is a typical example of fuel curves for ship speed versus gallons per hour on a DDG 51 class ship.  Each curve represents a different machinery alignment. The top curve is for the Full Power mode, which represents operation with both shafts and two engines per shaft.  The middle curve is Split Plant mode, which represents operation with both shafts, one engine per shaft.  The bottom curve is the Trail Shaft mode, in which one engine is operating on one shaft and the other shaft is trailing.  The vertical distance between these curves at any particular speed is the fuel savings. Operating with the most economical machinery alignment often involves the acceptance of some degree of reduced plant redundancy, since it requires securing non-essential components.  In general, the minimum machinery alignment (number of properly operating machinery on line for a particular speed) represents the very best fuel consumption rate a ship can achieve.

If, for every data point on the Figure 2 curves, one divides the consumption rate in gallons per hour by the ship speed in nautical miles per hour, the unit hours cancels out, and a gallons per nautical mile value is obtained.  Plotting these values generates the typical bathtub shaped corresponding family of curves shown in Figure 3.  What these curves show is that if you either increase or decrease speed beyond a small range band (optimum range), the overall transit fuel consumption will increase.  In this case, for the top curve that range is 16-18 knots.

Using these curves we can calculate the fuel savings potential by operating with the most economical alignment for an assumed transit of 1,000 nautical miles.  For example, lets assume this ship elects to proceed at 30 knots for the first 900 nautical miles at Full Power alignment, and 8 knots for the second 100 nautical miles at Trail Shaft Plant Alignment.  This ship’s total fuel consumption for the transit would be 151,000 gallons (160 GPNM x 900 miles +70 GPNM x 100 miles).  If this ship elects to proceed at 14.5 knots at Trail Shaft mode for this voyage, the fuel consumption for the transit will be 62,000 gallons (62 GPNM x 1000 miles).  The fuel savings using optimum transit speed of 14.5 knots in the trail shaft mode would be 89,000 gallons.  This suggests that, “Hurry Up and Wait” scenarios should be avoided.

5. NAVSEA Shipboard Energy Conservation Guide - A NAVSEA Shipboard Energy Conservation Guide [1] was developed to promote shipboard energy conservation by providing practical, easy to use techniques for ships to save fuel.  The guide is arranged to present energy conservation strategies in four major categories:

· Efficient ship operations and fuel saving strategies.

· Energy conservation strategies during planning for ship’s operations.

· Energy efficient propulsion systems guidance for gas turbine, diesel and steam ships.

· Self-energy usage analyses, measurement of fuel rates, development of fuel curves and exercise machinery alignment discipline. 

6. SECAT Training - NAVSEA established the Ship Energy Conservation Assist Team (SECAT) visits concept in the early 1980, and has been continuously conducting them through the current fiscal year.  The purpose of SECAT team visits while underway at sea, has been to assist ships in fuel curve development and implementing energy conservation strategies and techniques included in the Energy Conservation Guide.

The SECAT team conducts underway training on a non-interference basis.  The team executes several speed runs at various plant alignments.  The data is collected normally during the night so that Engineering can maintain shaft control during data collection.  SECAT establishes baseline fuel curves for various plant alignments and optimum transit speed curves.   In addition to fuel curve development, teams have quantified specific fuel saving opportunities, providing potential annual savings available for the ship, and conducted hands-on training on the SECAP computer program discussed in the next paragraph.  The SECAT methodology was printed in the ASNE Journals [3]&[4] and the ASE Symposium [5].

7. SECAP Software (CD-ROM) - In order to implement SECAT training faster, NAVSEA has developed a self-help computer software.  This software, known as, Ship Energy Conservation Assistance Program (SECAP) has been distributed to all ships in CD-ROM format.  It can be downloaded form the web site (www.seaworthysys.com).  SECAP includes step-by-step procedure of how to conduct test runs for various plant alignments.  It includes a module to generate fuel consumption curves.  Additionally, the SECAP CD-ROM includes a Word file of the Shipboard Energy Conservation Guide, baseline fuel rates for each ship, and a module for Optimum Ship Transit Planning (OSTP).

The OSTP provides chief engineers and/or ship operators the ability to quickly determine what would be the best transit speed and alignment to go from point A to point B for a given time and distance.  The OSTP utilizes the fuel consumption curve data generated by SECAP to determine fuel consumption costs for a given distance and transit time or speed.  The module allows personnel to input a specific transit distance, intended transit time/speed, and current fuel cost per gallon, to determine the most economic plant alignment and speed for any given transit time and distance.  Additionally the projected fuel consumption in barrels, as well as the corresponding total fuel cost is determined.   Projected fuel consumption and cost is calculated for each alignment of a given data set and compared to each other as well as to operation at the optimum transit speed to determine potential fuel savings.   The OSTP module received with great enthusiasm by the ship command, engineers, and main propulsion assistants during ENCON Seminars and Workshops, where we teach them how to use the SECAP and OSTP software.

8. ENCON Seminars & Workshops - 
ENCON Seminars and Workshops sessions are conducted at each U.S. Naval Base, for ship commands while they are in port.  This cost-effective format disseminates ENCON strategies to a large audience in a relatively short time frame.  The purpose of the Seminar is to familiarize the ship command with energy savings strategies and techniques.  The Seminar is intended for senior personnel who can affect the overall operation of the ship and provide the leadership for a strong commitment to the reduction of fuel consumption rates.  The purpose of the Workshop is to provide hands on training for Chief Engineers, Main Propulsion Assistant and Oil Kings on the utilization and implementation of SECAP fuel curve development, and use of the OSTP module.

9. Energy Awareness Video - NAVSEA has developed a 6-minute video [8] that provides an overview on the ENCON Program. This video, titled “ENCON Incentivized Energy Conservation Program”, includes testimonials by the several ship Commanding Officers and Chief Engineers, and Vice Adm. Henry C. Giffin III, Commander Naval Surface Ships, Atlantic Fleet.

This video was disseminated to all ships with a recommendation to ship command that it should be included in the ship’s new crew indoctrination program.  This will ensure that all hands are aware of the Incentivized ENCON program and that they have a participating role in the ship’s effort to save energy and receive cash awards.

NEW INITIATIVES

There are many ideas and initiatives provided by ship force, contractors, and NAVSEA engineers.  Some of these initiatives are currently under development and others are under consideration for next fiscal year if funding is available.  All these ideas have a similar purpose, which is to enhance energy conservation awareness and keep sailors continuously involved with the program, because ENCON is an all hands evolution.  The following paragraphs briefly describe the new initiatives:

1. Video Training - We are currently developing a SECAT video to demonstrate and interactively conduct training for the engineering personnel.  This video will show how to operate the ships more efficiently and save fuel.  The intend of this video is to become part of the ships indoctrination program for the new crewmembers, as well as continuing education for current crew.

2. ENCON Web Site - Develop a NAVSEA Web site that contains all ENCON related data, ENCON Guide, updated information, and news.  Again, the goal is to keep energy awareness on people’s mind 365 days a year.
3. ENCON Pocket Guide - This is a color formatted book with many energy saving ideas presented in an attention grabbing, comic book fashion to keep crew’s interest, provide wit, convey the ENCON message to the crew, and provide continued awareness.

4. Electronic Billboards – The purpose of this initiative is to enhance energy awareness among Navy personnel stationed ashore and shipboard, to provide quotes, worthy news, etc. on ENCON.  This may be monitored via the Internet from NAVSEA Headquarters.

5. EOSS Revisions - In the past we had ship’s engineers that were reluctant to practice energy saving strategies because the Engineering Operating Sequencing System (EOSS) manual did not include such strategies and techniques.  Engineers adhere to the EOSS very rigorously for their routine operations.  We have tasked NAVSSES Philadelphia to revise EOSS to allow ships to use energy saving techniques listed in the ENCON Guide.

6. ENCON Institutionalization – The best way to convey the ENCON message is to institutionalize ENCON in Surface Warfare Officers School (SWOS) to provide first hand training to Prospective Commanding Officers (PCO) and Chief Engineers (PCHENG).  We have established a 2-hour ENCON class that was conducted in FY 97&98.  In FY ’99, however, with the reduction of overall PCO/PCHENG program, the ENCON class was eliminated.  The instructor who had taught ENCON is providing about a 5-minute introduction of the program, so that students are aware that such a program exists.  OPNAV and NAVSEA need to take this issue to reestablish ENCON class in SWOS.

7. Electronic Automatic Boiler Control Training - The existing pneumatic Automatic Combustion Control (ACC) systems are currently being removed from steam ships because they have become obsolete and unreliable.  In place of pneumatic ACC, a new state-of–the-art electronic Automatic Boiler Control (ABC) system is currently being installed.  This new ABC system demonstrated that fuel savings of about 6-8 percent can be achieved by judiciously operating the new ABC system.  A training program needs to be established to continuously educate the ship personnel for the proper operation of the new ABC system.  NAVSSES Philadelphia came up with this initiative.  If we can secure funding in FY 2001 we will develop this training.

8. Battle Group Operation Module -During a Seminar in Yokosuka, a CO suggested that we include battle group optimum transit speed operation.  He believes that there are opportunities for the battle group to conduct the transit in optimum efficiency.  This can be achieved by normalizing each ship class fuel consumption curves and including in the SECAP.  Then, the SECAP can provide calculations using the formula in the ENCON Guide to determine a weighted average of optimum transit speed for the battle group.

CONCLUSIONS/

RECOMMENDATIONS

In FY ’99, the ENCON calculations show that, combined fleet total cost avoidance was $26.3 million.  This is much less than the goal of achieving estimated cost avoidance of $60-$90 millions a year.

Upon full implementation of the current ENCON elements and the training, and when the new NAVSEA initiatives are fully developed and implemented, coupled with incentive awards, potential energy saving of $60-$90 million a year can be achieved.  Recent increase in fuel cost also will help to accomplish this potential.  It is therefore recommended that OPNAV & NAVSEA continue to provide strong support for the fleet to realize these savings and provide additional training for better fleet readiness.

The Incentivized ENCON program developed by the NAVSEA can also be adopted for ships under Military Sealift Command, U.S. Army, U.S. Coast Guard, and National Oceanographic Atmospheric Administration.  It is recommended that these commands pursue a similar program to save fuel on their ships.
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Data from CD-NSWC, Phila. report dated Sept 1993, 
USS John Barry (DDG 52) Fuel Performance Trials.
Displacement = 8,420 tons
Data corrected to 100o F
Average kw load = 2600 kw = 380 gph.

Split

Full

Trail

Full Power Operation

Split Plant Operation

Trail Operation

SHIP SPEED, Knots

FUEL CONSUMPTION, Gallons per hour

DDG 51 CLASS
SHIP TOTAL FUEL CONSUMPTION CURVES (GAL/HR)

1043.6

804.8

769.4

1007.6

1377.8

1038.2

1334.6

1329.2

2111.6

1881.8

2513

3122.6

2987.6

4485.8

5723.6

6087.2



DDG51(GPNM)CURVE

		9.8		9.8		9.8

		12.23		12.23		12.23

		13.9		13.9		13.9

		15.2		15.2		15.2

		16.54		16.54		16.54

		18.4		18.4		18.4

		19.67		19.67		19.67

		22.1		22.1

		22.6		22.6

		26.1		26.1

		26.6		26.6

		27.6		27.6

		29.6

		31.2

		31.7



Data from CD-NSWC, Phila. report dated Sept 1993,
USS John Barry (DDG 52) Fuel Performance Trials.
Displacement = 8,420 tons
Data corrected to 100o F
Average kw load = 2600 kw = 380 gph.

Split

Full

Trail

Full Power Operation

Split Plant Operation

Trail Operation

SHIP SPEED, Knots

FUEL CONSUMPTION, Gallons per nautical mile

DDG 51 CLASS
SHIP TOTAL FUEL CONSUMPTION CURVES (GAL/N.MILE)

106.4897959184

82.1224489796

62.9108748978

72.4892086331

90.6447368421

62.76904474

72.5326086957

67.5749872903

95.5475113122

83.2654867257

96.2835249042

117.3909774436

108.2463768116

151.5472972973

183.4487179487

192.0252365931




_1011528579.xls
DDG51(GPH) DATA

		Knots		Full Power Operation		Split Plant Operation		Trail Operation

		9.8		1043.6		804.8

		12.23						769.4

		13.9				1007.6

		15.2		1377.8

		16.54						1038.2

		18.4				1334.6

		19.67						1329.2

		22.1		2111.6

		22.6				1881.8

		26.1				2513

		26.6		3122.6

		27.6				2987.6

		29.6		4485.8

		31.2		5723.6

		31.7		6087.2
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DDG51(GPNM) DATA

		Knots		Full Power Operation		Split Plant Operation		Trail Operation

		9.8		106.4897959184		82.1224489796

		12.23						62.9108748978

		13.9				72.4892086331

		15.2		90.6447368421

		16.54						62.76904474

		18.4				72.5326086957

		19.67						67.5749872903

		22.1		95.5475113122

		22.6				83.2654867257

		26.1				96.2835249042

		26.6		117.3909774436

		27.6				108.2463768116

		29.6		151.5472972973

		31.2		183.4487179487

		31.7		192.0252365931
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Data from CD-NSWC, Phila. report dated Sept 1993, 
USS John Barry (DDG 52) Fuel Performance Trials.
Displacement = 8,420 tons
Data corrected to 100o F
Average kw load = 2600 kw = 380 gph.

Split

Full

Trail

Full Power Operation

Split Plant Operation

Trail Operation

SHIP SPEED, Knots

FUEL CONSUMPTION, Gallons per hour

DDG 51 CLASS
SHIP TOTAL FUEL CONSUMPTION CURVES (GAL/HR)

1043.6

804.8

769.4

1007.6

1377.8

1038.2

1334.6

1329.2

2111.6

1881.8

2513

3122.6

2987.6

4485.8

5723.6

6087.2
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Data from CD-NSWC, Phila. report dated Sept 1993,
USS John Barry (DDG 52) Fuel Performance Trials.
Displacement = 8,420 tons
Data corrected to 100o F
Average kw load = 2600 kw = 380 gph.

Split

Full

Trail

Full Power Operation

Split Plant Operation

Trail Operation

SHIP SPEED, Knots

FUEL CONSUMPTION, Gallons per nautical mile

DDG 51 CLASS
SHIP TOTAL FUEL CONSUMPTION CURVES (GAL/N.MILE)

106.4897959184

82.1224489796

62.9108748978

72.4892086331

90.6447368421

62.76904474

72.5326086957

67.5749872903

95.5475113122

83.2654867257

96.2835249042

117.3909774436

108.2463768116

151.5472972973

183.4487179487

192.0252365931
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FY98 Fleet Rate: 23.2

Actual, FY89 to FY99
             Cumulative Average,
             FY89 to FY99

FISCAL YEAR

UW BBLS/HR

FIG. 1:  COMBINED AVERAGE FLEET UNDERWAY 
FUEL CONSUMPTION RATES FOR ACTIVE U.S. NAVY SHIPS
(DOES NOT INCLUDE MSC OR USN RESERVE SHIPS)
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