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1.  Introduction 

Document D_000009 provides a detailed introduction to operational conditions and profiles.  This 

document focuses instead on the application of operational conditions and profiles to endurance 

fuel calculations (operational presence) and annual energy usage calculations using the examples 

in DPC 200-1 and DPC 200-2 respectively. 

2. Endurance fuel calculations – operational presence (DPC 200-1) 

DPC 200-1 provides two worked examples for conducting endurance fuel calculations.  This 

document focuses on the operational presence calculations in DPC 200-1; DPC 200-1 also 

includes calculations for economical transit and surge to theater.   

The goal of endurance fuel calculations is to determine the endurance fuel load that the ship is 

required to carry in its fuel tanks. 

2.1. Example 1: mechanical drive use case 

2.1.1. Service requirements: 

The operational presence speed-time profile is provided in Table I.  The operational 

presence time is 240 hours and the default ambient condition profile as depicted in Table 

II is used. 

Table I: Operational presence speed-time profile 
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Table II: Default ambient condition profile 

Percent of time Temperature (°F) Relative Humidity 

25% 10 95% 

50% 59 95% 

25% 100 40% 

2.1.2. Design details 

Electrical power is provided by two of three 3000 kW gas turbine generator (GTG) sets. 

The generator set scheduling table has only one configurating consisting of two GTGs 

online at all times.  Document D_000001 provides guidance for developing a generator set 

scheduling table. 

The ship service electric load for the Condition III and Mission operational conditions as 

calculated from the EPLA (see DPC 310-1, IEEE Std 45.1 and IEEE Std. 45.3) are shown 

in Table III.  The electric load depicted includes margin, service life allowance, and power 

system efficiency; these powers are those that must be provided by the GTGs.   

The ship has a propulsion configuration consisting of a twin shaft mechanical drive driven 

by up to four 15 MW propulsion gas turbines (MTG); two propulsion gas turbines and a 

reduction gear per shaft.  The propulsion system may be operated in one of three modes: 

Trail shaft with one MTG driving one shaft and the other shaft freewheeling; split plant 

with one MTG online on each of the two shafts; and full plant with all four MTGs online.  

The propulsion scheduling table and speed-power curve is depicted in Table IV; power is 

measured on the propeller shaft.  Document D_000002 provides guidance for developing 

a propulsion scheduling table.   

Specific fuel consumption (sfc) data for the MTGs are provided in Table V and are provided 

for the GTGs in Table VI.  Power is measured at the shaft output of the MTG, and at the 

generator output terminals for the GTGs.  The reduction gear is assumed to have a constant 

efficiency of 0.975.  See Doerry and Parsons (2023) for additional guidance with respect 

to MTG sfc, GTG sfc as well as reduction gear efficiency. 

The default plant deterioration allowance of 1.05 is used along with a sea state and fouling 

factor of 1.10 for every speed. Use 0.95 Tailpipe allowance for broad and shallow tanks. 
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Table III: Ship service electric load 

 

Table IV: Propulsion scheduling table and speed - power curve 

 

Table V: Propulsion gas turbine (MGT) sfc curve 

 

Table VI: Gas Turbine Generator (GTG) sfc curve 

 

2.1.3. Calculations 

Table VII shows the calculations for determining the fuel rate for propulsion.  The speed 

and profile % time are taken from Table I.  The propulsion power is from Table IV.  The 

Average Mission Power Profile is the Propulsion Power multiplied by the Sea State and 

Fouling Factor.  The number of MGT online is from Table IV.  The Power per MGT is is 
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Average Mission Power Profile divided by the Number of MGT Online and Reduction 

Gear Efficiency.  The MGT SFC is interpolated from Table V.  When interpolating SFC 

curves, it is best to convert the SFC curves to fuel rate, interpolate based on the fuel rate, 

then covert back to SFC.  See Doerry and Parsons (2023) for details.  The Weighted Fuel 

rate is the Fuel Rate multiplied by the Profile % time. 

Analogous calculations for the electric plant are shown in Table VIII. 

The calculated operational presence fuel rate is the sum of the Total Propulsion Fuel Rate 

and the Electric Plant Fuel Rate: 2858 kg/h + 1210 kg/h = 4068 kg/h 

The operational presence burnable fuel load is equal to the Calculated operational fuel rate 

(4068 kg/h) times the Operational presence time (240 hours) times the Plant deterioration 

allowance (1.05) divided by 1000 kg/metric ton which equals 1025 metric tons. 

If the operational presence burnable fuel load is larger than the economical transit burnable 

fuel and the surge to theater burnable fuel load (in the DPC 200-1 example, this is not the 

case) then the Endurance fuel load is equal to the design burnable fuel load (1025 metric 

tons) divided by the tailpipe allowance (0.95) which equals 1079 metric tons. 

Table VII: Propulsion fuel rate (kg/h) 
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Table VIII: Electric plant fuel rate (kg/h) 

 

2.2. Example 2: integrated power system use case (DPC 200-1) 

2.2.1. Service requirements 

The service requirements are the same as for Example 1. 

2.2.2. Design details 

The propulsion plant consists of two shafts, each with a propulsion motor module (PMM).  

Propulsion power is equally shared between the two PMMs. 

The electrical power system has two 3 MW gas turbine auxiliary turbine generator sets 

(ATGs) and three 24 MW gas turbine main turbine generator sets (MTGs).  At least two 

generator sets are on at all times.  Power is shared among online generator sets such that 

the ratio of the load provided to their rating is a constant. 

Table IX depicts the generator set scheduling table.  The process for creating a generator 

set scheduling table is detailed in document D_000001. 

The ship service electrical loads are identical to Example 1 and are depicted in Table III. 

The speed power curve and PMM efficiency are depicted in Table X.  See Doerry and 

Parsons (2023) for guidance in estimating PMM efficiency. 

The specific fuel consumption for the MTG is as depicted in Table XI.  The ATG specific 

fuel consumption is identical to the GTG from Example 1 and is depicted in Table VI. 

The plant deterioration allowance, sea state and fouling factor, and tailpipe allowance are 

the same as for Example 1. 
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Table IX: Generator Set Scheduling Table 

 

Table X: Speed Power Curve and PMM efficiency 

 

Table XI: MTG specific fuel consumption 

 

2.2.3. Calculations 

Table XII, Table XIII, and Table XIV demonstrate the calculations for each of the 

temperatures in the ambient condition profile.  The propulsion electric load is the Total 

Propulsion Shaft Power multiplied by the sea state and fouling factor and divided by the 

PMM efficiency.  The propulsion electric load and the ship service electric load are added 

to obtain the total electrical load.  The fuel rates for the MTGs and ATGs are obtained by 

interpolating the SFC rates based on the power allocated to each generator set.  See section 

2.1.3 for details on calculating SFC rates.  The weighted fuel rate for a given speed is the 

portion of the time at that speed times the fuel rate at that speed.  The weighted fuel rates 

are summed to provide the operational presence fuel rate for a given temperature.  As 

depicted in Table XV, the operational presence fuel rates for the different temperatures are 
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combined using the ambient condition profile to determine the Calculated operational fuel 

rate. 

The operational presence burnable fuel load is equal to the Calculated operational fuel rate 

(3150 kg/h) times the Operational presence time (240 hours) times the Plant deterioration 

allowance (1.05) divided by 1000 kg/metric ton which equals 794 metric tons. 

If the operational presence burnable fuel load is larger than the economical transit burnable 

fuel and the surge to theater burnable fuel load (in the DPC 200-1 example, this is not the 

case) then the Endurance fuel load is equal to the design burnable fuel load (794 metric 

tons) divided by the tailpipe allowance (0.95) which equals 836 metric tons. 

Table XII: Operational presence calculations for 10 °F  
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Table XIII: Operational presence calculations for 59 °F  

 

Table XIV: Operational presence calculations for 100 °F  
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Table XV: Operational presence fuel rate calculations  

 

3. Example 3: Annual energy usage calculations (DPC 200-2) 

DPC 200-2 includes a fictional example for estimating the fuel consumed by a ship over its 

service life considering two operational tempos (OPTEMPOs) intended to provide a low and a 

high estimate. 

3.1. Operational mode development 

The operational modes should be based on how the ship is intended to be operated from the 

perspective of the fleet owner; each operational mode should have a significantly different fuel 

consumption rate.  The set of operational modes should be sufficient to apply to every day of 

the ship’s service life.  For this fictional ship the operational modes are identified to be: 

• Maintenance and modernization 

• Predeployment training 

• Deployment 

• Major combat operations (MCO) 

3.2. Ship state development 

Where possible, the ship states should align with the ship operating conditions used in the 

EPLA.  Where such alignment is not possible, a new ship operating condition that aligns with 

the ship state should be created and an EPLA performed.  For this example, the ship states 

identified are: 

• Inport – shore (24-hour average for “shore” operating condition) 

• Underway – economical transit (24-hour average for “cruising” operating condition) 

• Underway – surge to theater (24-hour average for “cruising” operating condition) 

• Underway – mission (24-hour average for “functional” operating condition) 

When inport, the ship does not operate propulsion equipment. 

When underway – economical transit, the design propulsion power is 7.1 MW, equally split 

between the two shafts. 
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When underway – Surge to theater, the design propulsion power is 46.8 MW, equally split 

between the two shafts. 

When underway – mission, the ship employs the speed profile depicted in Table XVI.  

Table XVI: Speed profile for underway – mission ship state  

 

3.3. Design details 

The fictional ship has design service life of 15 years; year 1 is assumed to be 2015.  A single 

year-long modernization overhaul is required midway through its service life. 

The fictional ship employs an integrate power system.  The ship service load, determined from 

the EPLA is presented in Table XVII.  Power generation consists of two Auxiliary Turbine 

Generators (ATGs), each with a 3 MW rating and three Main Turbine Generators (MTGs), 

each with a 24 MW rating.  At least two generator sets are online at all times as indicated by 

the generator set scheduling table depicted in Table XVIII.  Power is shared such that the power 

provided by each generator set divided by its rating is the same for online generator sets.  The 

propulsion speed power curve and propulsion scheduling table is depicted in Table XIX.  The 

MTG sfc curve is depicted in Table XX and the ATG sfc curve is depicted in Table XXI. 

For a plant deterioration allowance, use a default 1.05.  For a sea state and fouling factor, use 

a default 1.10 for every speed.  Use the default ambient condition profile depicted in Table II. 

Table XVII: Ship service load for each ship state  
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Table XVIII: Generator set scheduling table  

 

Table XIX: Propulsion speed power curve  

 

Table XX: MTG sfc curve  

 

Table XXI: ATG sfc curve  

 

3.4. Ship state participation table development 

As depicted in Table XXII, the ship state participation table relates the ship states to the 

operational modes.  The operational modes are associated with the rows, and the ship states 



 © 2026 by Norbert Doerry 
 This work is licensed via: CC BY 4.0   (https://creativecommons.org/) 12 

are associated with the columns.  For each operational mode, the columns represent the fraction 

of time the ship is in each ship state.  As such, the values in each row should sum to 1.0. 

The ship state participation table should ideally be based on historical data.  Unfortunately, the 

data isn’t always readily available; in these cases, the modeler should use expert judgement to 

establish the table values.  If possible, sensitivity analysis should be performed to determine 

the sensitivity of the final calculated values to assumptions embodied in the ship state 

participation table. 

Table XXII: Ship state participation table  

 

3.5. Ship deployment and employment profile 

The ship deployment and employment profile assigns the fraction of time spent in each of 

operational modes for each year in the ship’s service life.  It is not unusual to explore multiple 

ship deployment and employment profiles to explore the range of fuel consumption possible 

over the ship’s service life.  In this example, two profiles were developed.  In practice, one may 

consider developing many more.  If historical data is available, then the development of 

Markov chains as detailed by Doerry and Koenig (2017) may enable the production of many 

ship deployment and employment profiles that are statistically similar to the historical data. 

Variations of Markov chains are also possible.  One alternate method applies a pdf to the length 

of time in each operational mode and sets the diagonal elements of the transition matrix to 0 to 

prevent transitioning to the same operational mode; one always transitions to a different 

operational mode.  This technique is useful if each of the operational modes has a characteristic 

length that has some variation, but is different from the other operational modes. 

For this fictional ship, two ship deployment and employment profiles were used: one represents 

a low operational tempo; and the other represents a high operational tempo.  These profiles are 

depicted in Table XXIII. 
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Table XXIII: Ship deployment and employment profiles  

 

3.6. Calculations of fuel consumed by ship 

Once all the design data (including the EPLA) and profiles have been established, then the 

calculations of fuel usage follow the methods described in DPC 200-1.  Initially, the fuel rates are 

calculated for each of the operational modes as depicted in Table XXIV.  

Table XXIV Operational mode fuel rates  

 

As depicted in Table XXV and Table XXVI , these fuel rates are then applied to the ship 

deployment and employment profile to determine the estimated fuel consumed in each year and 

across the ship’s service life.   
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Table XXV Low OPTEMPO fuel consumption  

 

Table XXVI High OPTEMPO fuel consumption  
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