
Extending theExtending the
Runtime of StandRuntime of Stand--by by 

Diesel GeneratorsDiesel Generators
Using Natural GasUsing Natural Gas



Allow for brief periods of continuous Allow for brief periods of continuous 
operationoperation
Limited by size of diesel fuel storage Limited by size of diesel fuel storage 
tankstanks
Designed for intermittent power Designed for intermittent power 
losseslosses

StandStand--by Diesel Generatorsby Diesel Generators



Utility diminished during extended power Utility diminished during extended power 
failures failures 

StandStand--by Diesel Generatorsby Diesel Generators

Duration of Duration of 
outage can outage can 
exceed capacity exceed capacity 
of fuel storage of fuel storage 
tanktank



Fuel Storage TanksFuel Storage Tanks

Large tanks needed to Large tanks needed to 
increase runtime increase runtime 
beyond typical 24 to 48 beyond typical 24 to 48 
hourshours
Complex spillComplex spill--
containment and containment and 
monitoring systems monitoring systems 
Increased cost and Increased cost and 
space requirementsspace requirements



Liability IssuesLiability Issues

Liability for environmental contamination Liability for environmental contamination 
resulting from an accidental spill resulting from an accidental spill 

More fuel = more liabilityMore fuel = more liability

Minimize onsite storage capacity to Minimize onsite storage capacity to 
decrease liability exposuredecrease liability exposure



Runtime vs. Fuel StorageRuntime vs. Fuel Storage

Example: Generic 500 kilowatt diesel Example: Generic 500 kilowatt diesel 
generator with a 500 gallon fuel storage generator with a 500 gallon fuel storage 
tanktank
Fuel rates at 50%, 75% & 100% loadFuel rates at 50%, 75% & 100% load
Fuel rapidly exhausted at and above 50% Fuel rapidly exhausted at and above 50% 
loadload



500 kWe Generator500 kWe Generator
500 Gallons of Diesel Storage500 Gallons of Diesel Storage

13.3 hrs 13.3 hrs 37.5 gph 37.5 gph 500 kWe 500 kWe 100%100%

17.5 hrs 17.5 hrs 28.5 gph28.5 gph375 kWe375 kWe75%75%

21.0 hrs21.0 hrs23.7 gph23.7 gph250 kWe250 kWe50%50%

Run TimeRun TimeDiesel ConsumptionDiesel ConsumptionKilowatts Kilowatts Load % Load % 



Larger generators typically have larger Larger generators typically have larger 
quantities of fuel stored onsitequantities of fuel stored onsite
Additional capacity offset by higher rates Additional capacity offset by higher rates 
of consumption of consumption 
Example: 1500 kilowatt generator with a Example: 1500 kilowatt generator with a 
2000 gallon diesel storage tank2000 gallon diesel storage tank

Runtime vs. Fuel StorageRuntime vs. Fuel Storage



1500 kWe Generator1500 kWe Generator
2000 Gallons of Diesel Fuel2000 Gallons of Diesel Fuel

19.0 hrs 19.0 hrs 104.8 gph 104.8 gph 1500 kWe 1500 kWe 100%100%

24.0 hrs 24.0 hrs 82.1 gph82.1 gph1125 kWe1125 kWe75%75%

34.0 hrs34.0 hrs58.1 gph58.1 gph750 kWe750 kWe50%50%

Run TimeRun TimeDiesel ConsumptionDiesel ConsumptionKilowatts Kilowatts Load % Load % 



Prevents refueling of storage tanks in time Prevents refueling of storage tanks in time 
to prevent loss of emergency powerto prevent loss of emergency power

Fuel Delivery Issues Fuel Delivery Issues 

Delivery delayed Delivery delayed 
for hours or days for hours or days 
after a natural after a natural 
disasterdisaster



Deliveries often resume on a priority basis:Deliveries often resume on a priority basis:
Local, state and federal agenciesLocal, state and federal agencies
HospitalsHospitals
Other critical facilitiesOther critical facilities

Fuel Delivery Issues Fuel Delivery Issues 



Natural GasNatural Gas

Widely availableWidely available
Transmission and distribution independent Transmission and distribution independent 
of gridof grid
Infrastructure resistant to natural disasters Infrastructure resistant to natural disasters 
““UnlimitedUnlimited”” supplysupply



The BiThe Bi--FuelFuel OptionOption

Pipeline supplied natural gasPipeline supplied natural gas
No engine modificationNo engine modification
No reduction of power outputNo reduction of power output
50% to 75% less diesel consumed50% to 75% less diesel consumed
Generator can operate on 100% diesel if Generator can operate on 100% diesel if 
requiredrequired



Installation and OperationInstallation and Operation

Installation of low pressure gas line close Installation of low pressure gas line close 
to generatorto generator
““Gas TrainGas Train”” reduces pressure reduces pressure 
Air/gas mixer supplies natural gas to Air/gas mixer supplies natural gas to 
engine engine 

Installed upstream of turbocharger airInstalled upstream of turbocharger air--
inletinlet



Installation and OperationInstallation and Operation

Air/gas mixture distributed to cylinders Air/gas mixture distributed to cylinders 
via engine air intake systemvia engine air intake system
Compressed by piston, mixture is Compressed by piston, mixture is 
ignited when diesel injector is activatedignited when diesel injector is activated
Lean condition of mixture prevents Lean condition of mixture prevents 
prepre--ignitionignition



Installation and OperationInstallation and Operation

Gas flow controlled according to Gas flow controlled according to 
engine/generator load levelengine/generator load level
Gas controlled either mechanically or Gas controlled either mechanically or 
electronicallyelectronically
Control of diesel injection for both diesel Control of diesel injection for both diesel 
and biand bi--fuel modes handled by OEM speed fuel modes handled by OEM speed 
control governor control governor 



Typical BiTypical Bi--Fuel ComponentsFuel Components

Gas filterGas filter
Gas pressure regulatorGas pressure regulator
ElectricallyElectrically--operated gas shutoff valveoperated gas shutoff valve
Control PanelControl Panel
Engine sensorsEngine sensors



Typical BiTypical Bi--Fuel ComponentsFuel Components

Gas train sensorsGas train sensors
Wiring harnessesWiring harnesses
Air/gas Air/gas mixer(smixer(s))
Manual shutoff valveManual shutoff valve
Gas power valve / flow control valveGas power valve / flow control valve



Typical BiTypical Bi--Fuel ComponentsFuel Components

Control panel monitors:Control panel monitors:
Manifold air pressure and temperatureManifold air pressure and temperature
Exhaust gas temperatureExhaust gas temperature
Intake vacuumIntake vacuum
Gas supply pressureGas supply pressure
Engine vibration Engine vibration 



Typical BiTypical Bi--Fuel ComponentsFuel Components

Dedicated sensors monitoring required Dedicated sensors monitoring required 
parametersparameters

Determine when to activate or deactivate biDetermine when to activate or deactivate bi--
fuel operation fuel operation 
Depends on engine load level, gas supply Depends on engine load level, gas supply 
pressure and/or engine performance levelspressure and/or engine performance levels



Generator Performance with BiGenerator Performance with Bi--FuelFuel

On par with OEM specsOn par with OEM specs
Operating parameters within OEM Operating parameters within OEM 
published limitspublished limits

Automatically switches to 100% diesel in case Automatically switches to 100% diesel in case 
of outof out--ofof--limit conditionlimit condition

Fuel mode switch has little or no impact on Fuel mode switch has little or no impact on 
output or stabilityoutput or stability



Generator Performance with BiGenerator Performance with Bi--FuelFuel

Meets or exceeds 100% diesel levels for:Meets or exceeds 100% diesel levels for:
StabilityStability
Power outputPower output
Transient load responseTransient load response
Block load acceptanceBlock load acceptance



Extending Generator Runtime with Extending Generator Runtime with 
Natural GasNatural Gas

Use of natural gas allows generator to Use of natural gas allows generator to 
consume diesel at a significantly lower rateconsume diesel at a significantly lower rate
50% to 75% of diesel can be replaced with 50% to 75% of diesel can be replaced with 
natural gasnatural gas

Each gallon of diesel fuel displaced requires Each gallon of diesel fuel displaced requires 
130 standard cubic feet of natural gas 130 standard cubic feet of natural gas 



500 kWe Generator Using 70% Natural 500 kWe Generator Using 70% Natural 
Gas w/ 500 Gal. Diesel Storage, Gas w/ 500 Gal. Diesel Storage, 

Unlimited Gas SupplyUnlimited Gas Supply

44.4 hrs 44.4 hrs 11.25 gph 11.25 gph 500 kWe 500 kWe 100%100%

58.5 hrs 58.5 hrs 8.55 gph8.55 gph375 kWe375 kWe75%75%

70.4 hrs70.4 hrs7.10 gph7.10 gph250 kWe250 kWe50%50%

Run TimeRun TimeDiesel ConsumptionDiesel ConsumptionKilowatts Kilowatts Load % Load % 



Extended Runtime vs. Load %Extended Runtime vs. Load %

+ + 50 hours @ 50% load50 hours @ 50% load
+ 41 hours @ 75% load+ 41 hours @ 75% load
+ 31 hours @ 100% load+ 31 hours @ 100% load



1500 kWe Generator Using 70% Natural 1500 kWe Generator Using 70% Natural 
Gas w/ 2000 Gal. Diesel Storage, Gas w/ 2000 Gal. Diesel Storage, 

Unlimited Gas SupplyUnlimited Gas Supply

63.6 hrs 63.6 hrs 31.44 gph 31.44 gph 1500 kWe 1500 kWe 100%100%

81.2 hrs 81.2 hrs 24.63 gph24.63 gph1125 kWe1125 kWe75%75%

114.7 hrs114.7 hrs17.43 gph17.43 gph750 kWe750 kWe50%50%

Run TimeRun TimeDiesel ConsumptionDiesel ConsumptionKilowatts Kilowatts Load % Load % 



Extended Runtime vs. Load %Extended Runtime vs. Load %

+ 81+ 81 hours @ 50% loadhours @ 50% load
+ 57 hours @ 75% load+ 57 hours @ 75% load
+ 45 hours @ 100% load+ 45 hours @ 100% load



ConclusionConclusion

Power failures can persist for daysPower failures can persist for days
Emergency power can be lostEmergency power can be lost……

due to insufficient onsite diesel fuel storagedue to insufficient onsite diesel fuel storage
and/or the inability to replenish an exhausted and/or the inability to replenish an exhausted 
supplysupply

Natural gas can be safely and reliably used Natural gas can be safely and reliably used 
to extend the runtime of existing diesel to extend the runtime of existing diesel 
generators through the use of mature bigenerators through the use of mature bi--
fuel retrofit technologies  fuel retrofit technologies  




