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Appendix 35 

GE LM6000 Turbine Brochure
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Appendix 36 

GE LMS100 Turbine Brochure
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Appendix 37 

GE 7F.05 Turbine Brochure
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Appendix 38 

Siemens SGT6-5000F Turbine Brochure
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Appendix 39 

Fuel Storage Tank Cost Estimation
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Introduction 

While storage tanks for liquid fuel are one of the most obvious requirements for power plant 

dual-fuel capability, their capital cost is a significant, but not overwhelming portion of the total 

incremental capital cost.  Distillate fuels such as ULSD are generally stored in above-ground, 

field-fabricated tanks made from welded steel plate.  They are surrounded by a concrete 

containment dike sized to handle the full capacity of the tank in the event of leak or rupture.  The 

tank capacity is determined by the hourly burn rate of the power plant and the number of hours 

of inventory deemed necessary to maintain operation during a natural gas curtailment or price 

spike.  The cost of the tank and its spill containment components is seldom reported as a 

breakout for new power plants, so LAI has relied on other public sources for estimates of tank 

cost as a function of capacity and location.  A primary source is the “Petroleum Infrastructure 

Study Final Report’ prepared for the New York State Energy Research and Development 

Authority by ICF Consulting LLC and Applied Statistical Associates in September 2006 (“the 

ICF Study”).  The tabulated costs in the ICF Study are supplemented or confirmed with scattered 

reports of tank costs for new plants and modifications in the public record and a few data points 

from confidential documents available to LAI. 

Fuel Tank Capacity 

As indicated in the research conducted under Task 1 of Target 4, the capacities of on-site liquid 

fuel storage tanks for existing dual-fuel power plants, relative to full load burn rates, varies over 

a wide range.  LAI has determined that a reasonable rule-of-thumb is to provide storage for 72 

hours of full load fuel requirements, although this guideline is subject to variation based on 

application-specific variables such as the availability of near-by off-site storage and delivery 

capacity from fuel dealers and the expected operating profile of the plant.  For a 2x1 7FA CC 

unit, the winter condition fuel burn rate is 4,540 MMBtu/hr (HHV) on ULSD, or 30,600 gallons 

per hour.  A 72-hour supply would therefore be 2.2 million gallons.  Roughly the same math 

would hold for a 2-unit 7F.05 SC station.  For a 2-unit LMS100 SC station, the 72-hour 

requirement would amount to 0.9 million gallons. 
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Fuel Tank Cost Data 

Cost data points for the tanks identified in the ICF Study and for several examples identified by 

LAI are shown in Figure A39-1.  Costs from the ICF analysis are provided in 2004 dollars for 

the New York City area and for the Lower Hudson Valley.  Dates for the other points are 

indicated in the labels. 

 

Figure A39-1.  As-Quoted Tank Costs v. Capacity 
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LAI used the ICF Study data point for capacities from 500,000 gallons to 4,000,000 gallons to 

derive linear best-fit equations for New York City and Lower Hudson Valley tank costs, as 

shown in Figure A39-2. 

 

Figure A39-2.  Regression Analysis on ICF Study Cost Data 
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Land Requirements for Tanks 

Land requirements for fuel storage tanks are estimated based on the following assumptions: 

 Tank effective height (excluding dome top) is 40 ft for volumes from 500,000 gallons to 

4,000,000 gallons 

 Containment dike is square, and wall height is 8 ft. 

Tank diameter (ft), square area containing tank (acres), and square area of dike (acres) are 

plotted in Figure A39-3. 

 

Figure A39-3.  Tank Diameter and Land Requirements v. Capacity 
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Appendix 40 

Mobile Demineralized Water Capacity
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Introduction 

Demineralized water supply is an issue for dual-fuel capability at CT-based generation plants 

because most current model heavy-frame CTs use dry low-NOx burner systems to control NOx 

emissions under current emission rules when firing natural gas, but must use water (or in some 

cases, steam) injection when firing a liquid fuel such as ULSD.  The CT scope of supply for 

dual-fuel capability includes manifolds and burners, as well as forwarding pumps and filtering 

systems to accommodate water injection, but the balance-of-plant scope must provide for 

adequate supply and storage of demineralized water for CT injection purposes.  CC plants 

require demineralized water for boiler make-up purposes on a continuous basis whenever the 

plant operates, but the flow rates for this use are an order of magnitude less than the rates 

required for NOx control injection. 

This appendix provides background for estimating the capital and operating costs associated with 

providing the demineralized water supply required for NOx control for a typical F-technology 

plant with 2 CT units in either SC or CC configuration.  The information on mobile 

demineralizer capacity is based primarily on communications with GE Water & Process 

Technologies.1 

Water Requirements for NOx Control Injection 

Each GE 7FA CT requires approximately 350 gpm of demineralized water for injection when 

operating on ULSD, so the requirement for a 2x1 CC installation is approximately 700 gpm.  The 

CC unit, with a net output of about 651 MW (winter conditions) also requires about 38 gpm for 

boiler makeup.  The water quality specifications for boiler makeup are sometimes more stringent 

than those for CT water injection. 

A 2-unit LMS100 SC installation would require about 135 gpm  for water injection firing ULSD 

under winter conditions, but would require 127 gpm firing natural gas, since most such 

installations use water injection for both fuels.  Hence, demineralized water does not constitute a 

major incremental cost of dual-fuel capability for LMS100 peaking stations. 

Mobile Demineralizer Technology 

Several companies maintain large fleets of mobile demineralizer trailers which can be 

transported to and put in service at a power plant site on an emergency basis or a longer term 

scheduled basis.  GE maintains a 24/7 logistics center to dispatch trailers to where they are 

needed.  Customers usually set up a contract that provides pricing and terms for emergency 

service.  

Each 43-foot trailer contains a string of demineralizer tanks, each with its own specialized anion, 

cation, or mixed bed media to achieve the required reduction in dissolved solids.  Depending on 

the source water quality and final product specifications, a trailer might include a reverse 

                                                 
1 Discussions and communications with Mr. Scott Gorry of GE Water & Process Technologies, 

July 23, 2014 and July 31, 2014.  Websites for suppliers of similar services, such as Evoqua 

Water Technologies (Siemens) and PureTec Industrial Water were reviewed, as well. 
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osmosis unit as well.  Trailers are equipped with propane heating systems to avoid freezing, and 

include filter units and standardized connection flanges for inlet and outlet hoses.  The trailers 

are designed to be hooked up to a 120 volt, 20 amp power supply for lighting and controls. 

Throughput rate for a typical application using good quality city water as raw water input is up to 

800 gpm per trailer, so one trailer is typically sufficient to supply a 2-unit 7F.05 installation.  The 

trailer is limited by raw water quality to a cumulative throughput of from 360,000 gallons at 235 

ppm total dissolved solids (TDS) to 1,425,000 gallons at 225 ppm TDS.  Once the cumulative 

throughput has been reached, the demineralizer units must be recharged and the accumulated 

solids disposed of.  The service provider would set up another trailer and haul the spent trailer to 

its regeneration center. 

Mobile Demineralizer Cost Structure 

Mobile demineralizer service providers typically charge a flat fee per trailer that includes the cost 

of recharging and a set number of days of on-site availability.  There is a daily demurrage charge 

for additional days on-site and a round-trip transportation charge based on the distance from the 

provider’s service center to the power plant site.  Some generators rely on an inventory of stored 

demineralized water to cover one to three days of liquid fuel operation and arrange for 

emergency delivery of a trailer as soon as they begin to draw down that inventory.  Other 

generators may arrange to have a trailer on-site for the entire 3-month winter period.  The 

optimum supply arrangement would depend on the expected frequency and duration of liquid 

fuel operation events, as well as the proximity of service provider regeneration centers. 

GE provided some pricing parameters that it claims are typical of providers in a competitive 

market.  The base charge per trailer was given as $6,000, which includes 10 days “free” of 

demurrage charges.  After that, demurrage would be $600 per day.  Freight was estimated at $55 

per mile, charged in each direction with credit for consecutive exchanges.2 

Plant-Provided Infrastructure 

The generation plant would provide a pad for the trailer with connections from the raw water 

supply source and to the demineralized water storage tank.  Both raw water and demineralized 

water systems would presumably be heat traced as necessary for expected winter design 

conditions.  Hoses for the trailer connections should also be heat traced where appropriate.  GE 

Water recommended a demineralized water storage capacity of 1,000,000 gallons, or about 24 

hours of full load operating requirements for a 650 MW CC unit.  The amount of raw water 

storage required would depend on the source of raw water.  A dependable full-flow connection to 

city water might make raw water storage unnecessary. 

Cost Examples 

Based on information provided by GE Water, LAI developed a simplified model for estimating 

the cost of mobile demineralizer capacity for a 2x1 7FA CC unit and a 2x7FA SC station at a 

                                                 
2 For a full season, the freight charge would be ($55/mile) x  (distance in miles) x (No. of trailers 

used + 2). 
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range of locations.  It is assumed that the boiler make-up requirements for the combined cycle 

examples are provided with a separate system. The Newburgh, NY location has good quality raw 

water at 60 ppm TDS, and it is located 10 miles from a regeneration center.  The Cleveland, OH 

location has poor quality raw water at 235 ppm TDS, and it is located 55 miles from a 

regeneration center.  Petersburg, VA, is an intermediate location with moderate quality raw water 

(85 ppm TDS) and located about 14.5 miles from a regeneration center.  It should be noted that 

other service providers would have regeneration centers at different distances from the locations.  

The examples developed in Table A40-1 below show a range in average costs from $7.73 per 

1,000 gallons to $26.27 per 1,000 gallons.
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Case 1 2 3 4 5 6 

Assumptions:        

Plant Type  2x1 7FA CC 2x1 7FA CC 2x1 7FA CC 2x7FA SC 2x7FA SC 2x7FA SC 

Nominal Capacity, MW  650 650 650 385 385 385 

Demin water use (gpm)        

Firing gas  38 38 38 0 0 0 

Incremental for injection firing oil  700 700 700 700 700 700 

Plant Utilization on ULSD (hrs)        

Maximum annual hours on oil  720 720 720 720 720 720 

Expected annual hours on oil 

(all in winter season)  
240 240 240 120 120 120 

Max consecutive hours on oil  72 72 72 24 24 24 

Site Assumptions:        

General location        

State  NY OH VA NY OH VA 

City or County  Newburgh Cleveland Petersburg Newburgh Cleveland Petersburg 

Distance from Regeneration Center 

(miles estimated by GE Water)  
10.0 55.0 14.5 10.0 55.0 14.5 

Raw water source  City water City water City water City water City water City water 

TDS (ppm) (estimated by GE Water)  60 235 85 60 235 85 
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Case 1 2 3 4 5 6 

LAI Calculations:        

Cost at projected operating level        

Expected seasonal usage for water injection 

(gal)  
10,080,000 10,080,000 10,080,000 5,040,000 5,040,000 5,040,000 

Throughput per trailer, gal 

(85,500,000/TDS per GE data)  
1,430,000 360,000 1,010,000 1,430,000 360,000 1,010,000 

Trailers required per season  7.05 28.00 9.98 3.52 14.00 4.99 

Days in winter peak season  121 121 121 121 121 121 

Total free days, at 10 per trailer  70 280 100 40 140 50 

Demurrage days = greater of 0 or 

( 121 -free days )  
51 0 21 81 0 71 

Cost components:        

Base unit charges at $6,000  $42,300 $168,000 $59,900 $21,100 $84,000 $29,900 

Freight charges at $55/mile x Distance x 

(No of Trailers + 2)  
$5,000 $90,800 $9,600 $3,000 $48,400 $5,600 

Demurrage at $600 per day  $30,600 $0 $12,600 $48,600 $0 $42,600 

Total Cost per Winter  $77,900 $258,800 $82,100 $72,700 $132,400 $78,100 

Effective cost per 1,000 gallons  $7.73 $25.67 $8.14 $14.42 $26.27 $15.50 

Trailers per day at peak usage  0.70 2.80 1.00 0.70 2.80 1.00 

Seasonal stand-by cost (no usage)  $73,700 $78,700 $74,200 $73,700 $78,700 $74,200 
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Appendix 41 

Gas Turbine Performance Parameters
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The tables which follow show key performance characteristics for the GE 7FA CT in a 2x1 CC 

configuration, the GE 7FA CT in SC configuration, the GE LMS100 CT in SC configuration, the 

Siemens SGT6-5000F CT in a 2x1 CC configuration, and the Siemens SGT6-5000F in a SC 

configuration.  Performance data were provided by manufacturer’s representatives, and generally 

represent the most current version of the model, which may be slightly different than the 

performance data used by the Brattle Group in the 2014 PJM CONE Study or by NERA 

Economic Consulting in the 2013 NYISO Demand Curve Reset Study.  In particular, the 7FA 

data provided by GE are for the 7F.05 version, while the 2014 PJM CONE Study was based on 

the 7F.04 version.
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Table A41-1.  General Electric 7FA.05 Combined Cycle 

Manufacturer: General Electric 

Model: 7FA .05  Cooling (CC Only): Evaporative Tower 

Configuration: 2x1 Combined Cycle  Short Name: GE 7FA CC 
 

Conditions 
ISO 

59 F, 60% RH, Sea Level 

Winter Peak Day 

20 F, 50% RH, Sea Level 

Summer Peak Day 

90 F, 60% RH, Sea Level 

Fuel Natural Gas ULSD Natural Gas ULSD Natural Gas ULSD 

Combined Cycle Operation       

GT NOx Control Type DLN Water Inj'n DLN Water Inj'n DLN Water Inj'n 

Post combustion NOx Control SCR SCR SCR SCR SCR SCR 

CC Output (MW) 642 652 668 652 620 650 

CC Heat Rate (Btu/kWh LHV) 5,880 6,505 5,935 6,515 5,965 6,535 

CC Heat Rate (Btu/kWh HHV) 6,514 6,957 6,575 6,968 6,608 6,989 

CO2 Emissions (lb/h) 498,945 733,197 524,082 734,254 488,729 733,788 

CO2 Emissions (lb/MWh) 778 1,125 785 1,127 789 1,130 

NOx Emissions at GT Exhaust (ppmvd) 9 42 9 42 9 42 

NOx Emissions at HRSG Stack (ppmvd) 2 6     

NOx Emissions at HRSG Stack (lb/MWh) 0.049 0.162     

Water Injection Rate (gal/min) 0 700     

Boiler makeup Rate (gal/min) 38 38     

AGC Ramp Rate (MW/min) 80 80     

Turndown Ratio (Maintaining emissions) 28% 30%     

Minimum Fuel Gas Pressure (psig)       

Full Load Operation 425  425  375  

Maximum Load for Fuel Switching (%) 80%      

Time to Complete Switch (Min) 2     

Major Maintenance Accrual:       

Equivalent natural gas hours 1.0 1.5     

Equivalent natural gas starts 1.0 1.5     
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Table A41-2.  General Electric 7FA.05 Simple Cycle 

Manufacturer: General Electric 

Model: 7FA .05  Cooling (CC Only): na 

Configuration: Simple Cycle  Short Name: GE 7FA SC 
 

Conditions 
ISO 

59 F, 60% RH, Sea Level 

Winter Peak Day 

20 F, 50% RH, Sea Level 

Summer Peak Day 

90 F, 60% RH, Sea Level 

Fuel Natural Gas ULSD Natural Gas ULSD Natural Gas ULSD 

Gas Turbine Operation       

NOx Control Type DLN Water Inj'n DLN Water Inj'n DLN Water Inj'n 

NOx Control Level at GT Exhaust (ppmvd) 9 42 9 42 9 42 

GT Output (MW/GT) 216 222 229 224 207 220 

GT Heat Rate (Btu/kWh LHV) 8,745 9,540 8,670 9,450 8,900 9,630 

GT Heat Rate (Btu/kWh HHV) 9,688 10,203 9,605 10,107 9,860 10,299 

Water Injection Rate (gal/min) 0 350     

CO2 Emissions (lb/h) 249,858 366,123 262,456 366,182 243,656 366,264 

CO2 Emissions (lb/MWh) 1,157 1,649 1,146 1,635 1,177 1,665 

Without SCR       

NOx Emissions at Stack (lb/MWh) 0.329 1.659     

With air dilution SCR       

NOx Emissions at Stack (ppmvd) 2 6     

NOx Emissions at Stack (lb/MWh) 0.073 0.238     

AGC Ramp Rate (MW/min) 40 40     

Turndown Ratio (Maintaining emissions) 46% 50%     

Minimum Fuel Gas Pressure (psig)       

Full Load Operation 425  425  375  

Maximum Load for Fuel Switching (%) 85%      

Time to Complete Switch (Min) 2     

Major Maintenance Accrual:       

Equivalent natural gas hours 1.0 1.5     

Equivalent natural gas starts 1.0 1.5     
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Table A41-3.  General Electric LMS100 Simple Cycle 

Manufacturer: General Electric 

Model: LMS100 PA+ Cooling (CC Only): na 

Configuration: Simple Cycle  Short Name: LMS100 SC 
 

Conditions 
ISO 

59 F, 60% RH, Sea Level 

Winter Peak Day 

20 F, 50% RH, Sea Level 

Summer Peak Day 

90 F, 60% RH, Sea Level 

Fuel Natural Gas ULSD Natural Gas ULSD Natural Gas ULSD 

Gas Turbine Operation       

NOx Control Type Water inj’n Water inj’n Water inj’n Water inj’n Water inj’n Water inj’n 

NOx Control Level at GT Exhaust (ppmvd) 25 42 25 42 25 42 

GT Output (MW/GT) 112.1 109.2 112.0 111.1 100.6 96.1 

GT Heat Rate (Btu/kWh LHV) 7,945 8,067 7,922 8,000 8,169 8,329 

GT Heat Rate (Btu/kWh HHV) 8,802 8,628 8,776 8,556 9,050 8,908 

Water Injection Rate (gal/min) 58.2 61.9 63.7 68.3 48.5 52.2 

CO2 Emissions (lb/h) 117,809 152,283 117,325 153,777 108,674 138,438 

CO2 Emissions (lb/MWh) 1,051 1,395 1,047 1,384 1,080 1,440 

Without SCR       

NOx Emissions at Stack (lb/h) 93 152 92 153 85 138 

NOx Emissions at Stack (lb/MWh) 0.830 1.392 0.821 1.377 0.845 1.435 

With air dilution SCR       

NOx Emissions at Stack (ppmvd) 2.5 6.0     

NOx Emissions at Stack (lb/MWh) 0.083 0.199     

AGC Ramp Rate (MW/min) 60 60     

Turndown Ratio (Maintaining emissions) 25% 25%     

Minimum Fuel Gas Pressure (psig)       

Full Load Operation 910  910  910  

Trip Point 250      

Maximum Load for Fuel Switching (%) 85%      

Time to Complete Switch (Min) 2     

Major Maintenance Accrual:       

Equivalent natural gas hours 1.0 1.5     

Equivalent natural gas starts 1.0 1.5     
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Table A41-4.  Siemens SGT6 Combined Cycle 

Manufacturer: Siemens 

Model: SGT6-5000F  Cooling (CC Only): Evaporative Tower 

Configuration: 2x1 Combined Cycle  Short Name: SGT6 CC 
 

Conditions 
ISO 

59 F, 60% RH, Sea Level 

Winter Peak Day 

20 F, 50% RH, Sea Level 

Summer Peak Day 

90 F, 60% RH, Sea Level 

Fuel Natural Gas ULSD Natural Gas ULSD Natural Gas ULSD 

Combined Cycle Operation       

GT NOx Control Type DLN Water Inj'n DLN Water Inj'n DLN Water Inj'n 

Post combustion NOx Control SCR SCR SCR SCR SCR SCR 

CC Output (MW) 688.5 659.7 678.4 653.2 661.6 608.4 

CC Heat Rate (Btu/kWh LHV) 5,894 6,431 5,946 6,370 5,909 6,437 

CC Heat Rate (Btu/kWh HHV) 6,530 6,878 6,587 6,813 6,546 6,885 

NOx Emissions at GT Exhaust (ppmvd) 9 42 9 42 9 42 

NOx Emissions at HRSG Stack (ppmvd) 2 6     

NOx Emissions at HRSG Stack (lb/MWh) 0.049 0.162     

Water Injection Rate (gal/min) 0 252 0 188 0 276 

Boiler makeup Rate (gal/min)       

AGC Ramp Rate (MW/min) 27 27     

Turndown Ratio (Maintaining emissions) 30% 30%     

Minimum Fuel Gas Pressure (psig)       

Full Load Operation 525  525  <525  

Maximum Load for Fuel Switching (%) 90%      

Time to Complete Switch (Min) 10     

Major Maintenance Accrual:       

Equivalent natural gas hours 1.0 1.5     

Equivalent natural gas starts 1.0 1.5     
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Table A41-5.  Siemens SGT6 Simple Cycle 

Manufacturer: Siemens 

Model: SGT6-5000F  Cooling (CC Only): na 

Configuration: Simple Cycle  Short Name: SGT6 SC 
 

Conditions 
ISO 

59 F, 60% RH, Sea Level 

Winter Peak Day 

20 F, 50% RH, Sea Level 

Summer Peak Day 

90 F, 60% RH, Sea Level 

Fuel Natural Gas ULSD Natural Gas ULSD Natural Gas ULSD 

Gas Turbine Operation       

NOx Control Type DLN Water Inj'n DLN Water Inj'n DLN Water Inj'n 

NOx Control Level at GT Exhaust (ppmvd) 9 42 9 42 9 42 

GT Output (MW/GT) 231.6 226.8 231.6 231.1 217.0 205.3 

GT Heat Rate (Btu/kWh LHV) 8,844 9,233 8,819 9,017 9,124 9,557 

GT Heat Rate (Btu/kWh HHV) 9,798 9,875 9,770 9,644 10,108 10,221 

Water Injection Rate (gal/min) 0 124 0 94 0 138 

Without SCR       

NOx Emissions at Stack (lb/MWh) 0.319 1.659     

With air dilution SCR       

NOx Emissions at Stack (ppmvd) 2 6     

NOx Emissions at Stack (lb/MWh) 0.073 0.238     

AGC Ramp Rate (MW/min) 13 13     

Turndown Ratio (Maintaining emissions) 30% 30%     

Minimum Fuel Gas Pressure (psig)       

Full Load Operation 525  525  <525  

Maximum Load for Fuel Switching (%) 90%      

Time to Complete Switch (Min) 10     

Major Maintenance Accrual:       

Equivalent natural gas hours 1.0 1.5     

Equivalent natural gas starts 1.0 1.5     
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Appendix 42 

Determination of Liquid Fuel Inventory Levels
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General 

In LAI’s view there is no “right” amount of backup fuel inventory or storage tank capacity for a 

dual-fuel capable power plant. Optimizing tank size and fuel inventory requires multi-faceted 

mathematical analysis of PPA specific reliability goals, weather conditions, plant-specific criteria 

and transportation replenishment logistics that are beyond the overall scope of the Target 4 

research goals and objectives.  LAI formulated the tank “bogie” for  distillate liquid fuel, usually 

ULSD, which would be utilized by combustion turbines in SC or CC applications as an alternate 

or back-up fuel.1  In developing the “bogie” for constrained locations for PPA review, LAI has 

relied on the results of the Target 2 analysis, but then considered other factors affecting the 

PPAs’ability to realize the benefits of fuel assurance through dual-fuel capability in lieu of 

incremental firm transportation.  Decisions regarding tank capacity and inventory management 

are influenced by a wide range of factors, including grid reliability.  Reliability is the principal 

driver for traditional regulated cost-of-service utilities such as TVA and IESO, and for 

competitive markets developing market rules and penalties to promote generator availability 

when called on by PPAs in the day-ahead or real-time energy market.  Owners’ decisions are 

also driven by expected return on investment, tempered by the impacts of low-probability, high-

impact events.  In performing this analysis, LAI did not address specific financial risk factors 

attributable to PJM’s Capacity Performance proposal or ISO-NE’s two-part settlement 

mechanism designed to induce generator performance. 

For the purposes of this analysis, LAI set a tank capacity/target inventory level for each power 

plant location selected by the PPAs based on a consideration of the pipeline constraint 

frequency-duration characteristics defined in Target 2 applicable to the location, along with an 

assumed winter peak period operation profile (5 days/week x 16 hours/day for CC, 5x8 for SC) 

and identifiable characteristics of the local ULSD delivery infrastructure.2 

Plant Owner Considerations 

The objective of a plant owner is to optimize cash flows consistent with system reliability and 

fuel assurance goals.  In establishing tank size and/or target inventory level for backup fuel, 

owners are likely to consider the following list of factors: 

                                                 
1 An alternative fuel assurance strategy for generators in NEMA / Boston and SEMA would be a 

seasonal peak arrangement for the purchase and storage of one or more cargoes of LNG at the 

Suez Distrigas terminal in Everett. This strategy would surely necessitate the participation of 

multiple generators to overcome diseconomy of scale problems.  This analysis is limited to 

ULSD as a back-up fuel for new SC or CC generators, and does not include LNG alternatives.  

Logistics for existing dual-fuel capable plants, including steam plants using residual oil as 

backup/alternative fuel, are addressed in Section 2 of the report. 
2 The operation profile of the CC is based on the typical dispatch regime of a new CC observed 

in AURORAxmp, as well as a simplifying assumption for the SC. The 5 x 8 operation profile of 

the SC accounts for the real option value of an efficient, quick-start SC in the DA and RT 

markets.  The profile determines the potential daily ULSD consumption during severe winter 

conditions, relative to the maximum daily quantity.  That these profiles match the profiles used 

to quantify annual average natural gas consumption to calculate a credit for avoided IT service is 

purely coincidental. 
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1. Frequency and duration of pipeline limitations on the scheduling of natural gas during the 

peak heating season, January, February and December.  To the extent non-firm shippers 

are exposed to curtailments or interruptions, nominations in accord with the existing or 

anticipated changes to NAESB scheduling protocols may still limit a generator’s ability 

to obtain all or a portion of the daily fuel requirements to meet the expected dispatch 

regime in the day-ahead or real-time market.  Curtailment can be characterized by both 

frequency and duration of curtailment events.  Even without actual curtailment, pipeline 

constraints can make it difficult to schedule gas delivery to match ISO/RTO required 

dispatch profiles.  Under usual wintertime operating conditions, there are no restrictions 

on the scheduling of natural gas if the generator holds a firm entitlement equal to or 

approximately equal to the MDQ.  However, to the extent the pipeline posts an 

Operational Flow Order during a critical event, the generator’s ability to schedule natural 

gas during such an event may be limited due to enforcement of the ratable take tariff 

provisions. 

2. Economics of operation on back-up fuel.  Owners would consider what fraction of the 

winter days is operation on backup fuel likely to be “in-the-money” relative to prevailing 

market energy prices?  To what extent are such days likely to be consecutive?  How 

many hours of equivalent full load operation per day can be expected when dispatched on 

backup fuel? 

3. Delivery lag time for backup fuel delivery.  How many hours are likely to pass between 

ordering replenishment service from a supplier and the arrival of first deliveries?  

Depending on the location and size of available transportation fleets (truck or barge), this 

lag could vary between one day or less and several days or more.  Under normal road 

conditions, the lag time for initiation of delivery by truck is typically about one day.  

Barge deliveries typically have longer lead times but are aided somewhat by the much 

larger volume of deliveries (600,000 to 1 million gallons) as compared with truck 

(typically around 10,000 gallons). 

4. Impact of severe weather events on backup fuel delivery capacity.  To what extent can 

severe winter weather events, particularly snow (for truck delivery) or severe cold (for 

barge delivery) slow down or stop a contracted delivery stream to the plant?  During and 

in the aftermath of a severe storm, truck drivers may not be able to reach oil terminals 

due to lags in plowing and sanding secondary and tertiary roads for 3 or more 

consecutive days.  Barge deliveries may be faced with limitations on movements due to 

marine waterway icing. 

5. Impact of failure to deliver dispatched energy or to offer into market due to unavailability 

of fuel on plant net revenues.  In particular, does failure to generate during a fuel 

constraint event result in a significant loss of capacity revenue or a penalty with similar 

effect? 

Existing dual-fuel capable plants have distillate fuel tank capacities that can range depending on 

location and specific plant conditions from one day of full-load operation to five days or more, as 

shown in Section 2 of the report. 
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Procedure for Determining Tank Capacity/Target Inventory Levels 

Based on a goal of fuel assurance roughly equivalent to firm transportation for natural gas, LAI 

utilized the following approach for each of the identified locations to set an inventory level, 

measured in days of equivalent full load fuel burn. 

1. Identification of the Relevant Constraint – The appropriate constrained pipeline segment 

for the location was selected from among those described in Sections 6 and 8 of the 

Target 2 report for RGDS S0, Winter 2018.  This identification provides the fraction of 

days in the season in which some level of affected generation is likely to occur, along 

with the extent to which such days are clustered over consecutive day events.  Inspection 

of the Frequency-Duration (F-D) results by pipeline in the recommended constrained 

region results in a characterization of frequency duration as “high,” “moderate,” or 

“low.” 

2. Identification of the Relevant ULSD Supplier – The closest substantial distillate fuel 

terminal was identified for each location.  The time lag to initiate deliveries upon 

notification, normal round trip times for trucks, etc., was defined as was a maximum 

daily delivery rate, based on the normal daily fuel burn. 

3. Identification of ULSD Delivery Constraint Events – The likelihood and extent of events 

which could slow down or stop deliveries for more than a 24 hour period was evaluated, 

based on the locations of the depot, the plant location, and the intervening route.  This 

constraint was defined as the time that would be required to clear roads from a severe 

snow fall.  Given the development of the transportation market for ULSD, which has 

resulted in large refinery runs and widespread storage and distribution facilities, there 

should be fewer winter availability and transportation constraints for ULSD going 

forward as compared with traditional No. 2 fuel oil supplies observed in the past. 

4. Set the tank capacity/target inventory level per the following equation: 

TIL = ( DPC + DLC + DCC ) * EDF 

where TIL = Target Inventory Level, days of Full Load Equivalent (FLE) Fuel Burn 

DPC = Demand Persistence Component, days  

= 0 days for no identified constraint 

= 1 day for “Low” F-D of applicable constraint 

= 2 days for “Moderate” F-D 

= 3 days for “High” F-D 

DLC = Delivery Lag Component, days  

DCC = Delivery Constraint Component, days  

= Estimated max consecutive days of ULSD delivery constraint 

EDF = Equivalent Dispatch Factor 

= (5 x 16) / (7 x 24) = 0.476 for CC plants 

= (5 x 8) / (7 x 24) = 0.238 for SC plants 
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Example 1 (Truck Delivery): 

For a location linked to a pipeline segment with a “moderate” constraint F-D pattern, a ULSD 

delivery lag of 24 hours, and a ULSD delivery constraint of 2 days to clear roads after a major 

snowstorm, the target inventory levels for CC and SC applications would be as follows: 

TIL for CC = ( 2 + 24 / 24 + 2 ) * 0.476 = 2.38 days FLE 

TIL for SC = ( 2 + 24 / 24 + 2 ) * 0.238 = 1.19 days FLE 

Example 2 (Barge Delivery): 

For a location with barge delivery facilities linked to a pipeline segment with a “high” constraint 

frequency-duration pattern, a ULSD delivery lag of 7 days, and a ULSD delivery constraint of 10 

days to clear ice in a major cold spell, the target inventory levels for CC and SC applications 

would be as follows: 

TIL for CC = ( 3 + 7 + 10 ) * 0.476 = 9.52 days FLE 

TIL for SC = ( 3 + 7 + 10 ) * 0.238 = 4.76 days FLE 

Note that, in the case of barge delivery, the tank capacity would be increased by the volume of 

one bargeload to facilitate unloading and to avoid demurrage charges. 


