Fuel Types	
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	To determine the type of fuel best suited to operate your industrial equipment, determine





(	energy needs





(	available fuel types





(	most cost effective fuel





(	environmental issues with the use of different fuel types








	Before you purchase a new boiler or other piece of industrial equipment, it is important to determine the type of fuel the equipment will use.  This ETB is an overview of fuel types availiable, energy content, cost, and environmental costs.  It is intended as a general overview for the base personnel who need to make policy decisions on fuel types used.  There are basically four primary fuels available for space heating, water heating, and power production.  These are oil, natural gas, coal, and biomass.  Electrical energy, derived from an independent source can also be considered a fuel depending on the application.  These fuels differ in cost, availability, suitability for a given application, and environmental impact.  Each fuel is described below.





Oil:  Oil, or petroleum-based fuels, provide the majority of energy used in the United States.  In the production of petroleum fuels, crude oil is refined into a number of potential liquid fuels.  Bunker or heavy oil, fuel oil, diesel, gasoline, kerosene, and aviation fuel, are all produced in the refining process.  Because these fuels are in liquid form, they are easy to store and transport.  As a result, their primary use is for transportation.  For a given energy content, petroleum based fuels are usually the most expensive of the “fossil fuels”. 





Natural Gas:  Natural Gas is a mixture of various hydrocarbon gases, the predominate being methane.  It is clean burning and versatile, being used for space and water heating, industrial process heat and as a fuel for gas fired engines.  Because it is clean burning and relatively inexpensive, it has become a fuel of choice for end-use heating applications in the United States.





Coal:  Coal is the cheapest of the fossil fuels.  It is the most abundant fuel in this country and is the fuel that provides most of the electrical energy in the United States.  Its use as a primary fuel source for commercial or industrial applications has declined in the past because of difficulties in obtaining clean combustion, reducing particulates emitted during the combustion process, and handling the fuel and ash.





Biomass:  Biomass refers to the material that makes up plants.  As biomass contains organic carbon, it can often be directly burned as a fuel, such as in a wood fired heater.  Biomass is also used as feedstock in the production of refined fuels, such as alcohol or methane.  These are sometimes termed “biofuels.”  Difficulties in handling raw biomass fuels, and their low heat values have limited their use in industry.  Refined biofuels can offer the convenience of natural gas or petroleum fuels with the advantage of being a renewable resource. Presently however, biofuels are more expensive then the non-renewable options.





Electricity:  Electricity can be produced by the consumption of one of the above primary fuels in an electrical generating facility.  It can also be produced by nuclear, hydroelectric, solar, or wind power.  Electrical power is an intermediate step in the utilization of another form of energy.  It is used to provide lighting, turn motors, and operate computers for example.  Electrical power is also be used to provide primary heat for water, space heating, or industrial processes; however, one of the primary fuels can usually provide this heat at less cost. 








	The energy content of most primary fuels is expressed in British Thermal Units or Btus.  One Btu is the amount of energy needed to raise one pound of water one degree Fahrenheit.   It is a fairly small quantity of energy.  As a result, a multiplier of one thousand or one million is sometimes used to provide more appropriate units.  Thus, MBtu refers to one thousand Btus and MMBtu refers to one million Btus.  





	Electrical Energy is usually measured in kilowatt hours or kWh.  One kWh equals 3412 Btu.





	Energy stored in the above primary fuels is released by burning or fuel combustion.  The principal by-products of combustion of these fuels are carbon dioxide and water vapor.  Other secondary  byproducts include carbon monoxide, nitrogen oxides, sulfur dioxide and others.  The secondary byproducts are pollutants and are known to have detrimental effects on the environment.





	The energy content of the primary fuels is usually expressed as the heating value of the fuel in Btus per pound of fuel.  Two different heating values exist.  The Higher Heating Value (HHV) refers to the total amount of energy that could be achieved through complete fuel combustion and bringing all the combustion products down to room temperature, recovering the energy of condensation of the water vapor.  Fuel is generally sold with reference to the HHV.  Equipment efficiencies in the United States generally are based upon the fuels HHV.





	The Lower Heating Value (LHV) does not include the latent energy in the condensation of  the water vapor.  Condensation of water vapor mixed with the other products of combustion produces acids that are incompatible with most metal furnaces and flues.  Therefore, the flue temperature is usually kept above 300(Fahrenheit so that condensation does not occur.  The amount of recoverable energy is then the LHV.   In general the LHV is approximately 90% of the HHV.





	You can purchase boilers and other heating equipment to run off any of the fuels listed above.  Some mechanical equipment can be designed to run off of natural gas or diesel fired engines or even steam turbines instead of electricity.  When choosing a fuel for your application(s), consider the following:





Cost of fuel in your area


Availability of fuel in your area (are you assured a constant supply)


Suitability of fuel for your application


What are the environmental regulations in your area


Delivery costs (Will you need to build more electrical or natural gas lines?  Will you pay for fuel oil delivery? etc.)


Can heat/cooling/electrical energy be delivered from another plant?


Can cogeneration play a role in supplying needed energy?�



�
�
Various Fuel Types and Energy Content�
�
Fuel�
Typical Energy Content (HHV)�
Higher Heating Value (Btu/lb)�
�
No 2 Fuel Oil�
	142,000 Btu/gal�
	19,400 Btu/lb�
�
No 6 Fuel Oil�
	148,000 Btu/gal�
	18,600 Btu/lb�
�
Natural Gas�
	1040 Btu/cu ft�
	23,100 Btu/lb�
�
Methane�
	1013 Btu/cu ft�
	23,900 Btu/lb�
�
Propane�
	2569 Btu/cu ft�
	21,700 Btu/lb�
�
Coal�
	14,000 Btu/lb�
	14,000 Btu/lb�
�
Lignite�
	10,000 Btu/lb�
	10,000 Btu/lb�
�
Biomass (softwoods)�
	9,000 Btu/lb�
	9,000 Btu/lb�
�
Biomass (Ethyl Alcohol)�
	83,910 Btu/gal�
	12,770 Btu/lb�
�
�
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