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Efficiency variations in small hydrocarbon fueled generators  
 
First, a note about efficiency itself when used to measure any apparatus capable of 
doing work.  It is an often misused term and frequently only given qualitative use, like 
“High Efficiency” to describe some piece of equipment.  Then the question becomes, 
how high?  There are frequently no good answers.  To an engineer efficiency is an 
inherently quantitative measure.  We will attempt to put numbers on that question for 
typical emergency backup generators expressed as simple percentages. 

More formally, efficiency is the dimensionless ratio of the output to the input of a defined 
process operating within a closed system boundary.   Slightly more informally, for a 
portable gasoline generator, it would be the ratio of the quantity of electrical energy it 
generates divided by the quantity of chemical energy contained in the gasoline it burns; 
both expressed in common dimensions and units.  The ratio then being dimensionless 
may be expressed as a simple percentage. 

Of particular interest are the differences of efficiency of small generators that might be 
used as home backup power sources during a power failure.   

 

Volumetric Energy Density of various Hydrocarbon fuel sources 

For reference, standard volumetric energy content are listed for four fuel types 
commonly used in small emergency electrical power generators.  These relations 
express how many equivalent Kilowatt-Hours of electrical energy are contained in a 
specified volume of some particular hydrocarbon fuel.  These represent the theoretical 
nominal thermodynamic content of the fuel, and will be used for calculation of efficiency 
ratios.  

• Energy in Natural Gas by Volume at 60 F, 1 Atm, = 39 MJ/cu M3 = 10.8 KWh/M3 
• Energy in Gasoline by Volume = 34.2 MJ/L = 9.5 KWh/L 
• Energy in Propane by Volume = 26 MJ/L = 7.2 KWh/L 
• Energy in Diesel by Volume = 35.8 MJ/L = 9.94 KWh/L 

A selection of overall generator efficiency values were derived from the manufactures 
stated-data, and using the standard energy densities for each fuel type as shown 
above, efficiency ratios were calculated.  Generator makes and models were picked 
from popular brands and sized to represent likely units that might be selected by 
homeowners as emergency electric power backup.  Some units are portables and 
others were small fixed units.  An attempt was made to represent each of the four 
popular fuel types.  The list is not extensive, but it was found that other similar models 
exhibited efficiency characteristics with few differences.   

The following efficiency figures of merit represent the overall conversion efficiency of the 
generator unit based on the thermodynamic energy in specific fuels consumed to the 
electric energy produced.  The values shown represent a percentage of conversion into 
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useful electric energy for various percentages of loading relative to rated load (nominal 
continuous maximum electrical load).  Most reputable manufactures give conversion 
rate data for selected discrete loading, although not all manufacturers supply as much 
data.  The following data was pieced together from manufacturers’ literature and overall 
efficiency percentages were calculated and appended.  The granularity of the data is 
limited to what was supplied by the manufacturer. 

 

Kohler 8RESV 8 KW Natural Gas Generator 

100% rated load: 3.9 m³/hr (136 cfh)     19.0% Efficient 
  75% rated load: 2.7 m³/hr (95 cfh)       20.6% 
  50% rated load: 2.0 m³/hr (69 cfh)       18.5% 
  25% rated load: 1.5 m³/hr (53 cfh)       12.4% Efficient 
 

Generac RG022 22 KW Natural Gas/Propane Generator (Operated on Propane) 

100% rated load:   13.7 L/hr (3.6 G/h)    22.3% Efficient 
  75% rated load:   10.9 L/hr (2.7 G/h)    21.0% 
  50% rated load:     8.2 L/hr (2.1 G/h)    18.6% 
  25% rated load:     7.8 L/hr (1.4 G/h)     9.8% Efficient 
 

Generac SD015 15 KW Diesel Generator 

100% rated load:   5.6 L/hr (1.47 G/h)     27.0% Efficient 
  75% rated load:   4.6 L/hr (1.22 G/h)     24.6% 
  50% rated load:   3.5 L/hr (0.92 G/h)     21.6% 
  25% rated load:   1.9 L/hr (0.50 G/h)     19.9% Efficient 
 

Honda EU7000is 5.5 KW Gasoline Generator (Inverter-Generator) 

100% rated load:   3.0 L/hr (0.79 G/h)    19.3% Efficient 
  25% rated load:   1.1 L/hr (0.28 G/h)    13.2% Efficient 
 

Champion #100165 7.5 KW Gasoline/Propane Dual Fuel Generator (Operated on 
Gasoline) 

50% rated load:     2.9 L/hr (0.76 G/h)    13.6% Efficient 

 

For Reference: Modern Electric Utility Power Plant (Operated on Bituminous Coal) 

100% rated load:     ~8 KWh/Kg (~7.3 MWh/Ton)    ~43% Efficient 
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Conclusions 

While there are many factors in the selection of a generator, this discussion is focused 
on the relative efficiencies of the units across their operating range, which is a 
consideration that demands greater attention.  This is particularly significant where 
liquid fuels are being used and the user is responsible for manually refueling the 
generators, along with the logistics of maintaining an adequate supply of fuel on hand 
during times of duress. 

One interesting observation is that the volumetric variation in energy density across 
various fuel types is less significant than both the variation of efficiencies across 
operating range and the power conversion architecture used.  Additionally there is only 
a modest variation in mass energy density of various liquid fuel types.  General 
variations in overall efficiency across fuel type are most notable only with Diesel, but are 
mostly due to the improved thermodynamic (Carnot) component efficiency of a Diesel 
engine, not the inherent energy content of Diesel. 

The conclusions drawn will emphasize considerations that may not be readily apparent 
to the operator at first glance and either tends to be glossed over in manufacture’s 
literature or is not adequately treated in secondary party reviews  

1. Better energy efficiency minimizes portable fuel logistics significantly. 
2. Efficiency at low load levels is significantly worse than at or near rated load. 
3. Too large a generator relative to the load significantly lowers the real-world 

operational efficiency, especially when operating a generator at 25% rated 
capacity or less. 

4. Operation below 25% of rated capacity gets progressively worse and approaches 
zero at no load. 

5. Of hydrocarbon powered generators, only Diesel generators have both higher 
and flatter efficiencies across the load range. 

6. Inverter-generators have improved efficiency only at lower load ranges, not at or 
near rated output, where they suffer a slight efficiency loss over convention units. 

7. Gasoline/Propane dual fuel generators suffer a small loss of efficiency over 
single fueled units even for the higher specific energy fuel being used. 

8. Emergency power generator efficiencies pale in comparison to large utility power 
plant efficiencies.   

One final note - emergency generators tend to be operated to power appliances with 
unpredictable duty cycles, like refrigerators, furnaces, and other appliances that tend to 
be turned on and off pseudo randomly.  This will mean that the generator will be 
operated at discrete varying ranges of its rated output and therefore at varying 
efficiencies.  Each user’s operational duty-cycle schedule should be considered as well 
before sizing his unit. 


