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Coal-Fired Central Heating Plant	





�
	The Navy shore establishment operates many central heating plants which utilize coal as the primary fuel.  The illustration show a typical configuration for a two-drum Stirling boiler at a central heating plant.  The boiler employs a spreader stoker which is capable of burning a wide range of coals, from high-ranked Eastern bituminous to lignite or brown coal.  The spreader stoker projects fuel into the furnace over the fire with a uniform spreading action, permitting suspension burning of the fine fuel particles.  Heavy pieces fall to the grate for combustion in a thin fast-burning bed.  Both undergrate and overfire air is provided to the water-cooled furnace.  Hot combustion gases pass through the convection bank of water tubes.  An induced draft fan pulls the gases through an economizer, in which the feedwater is heated.  The gases then exit out the stack.  particulates are removed from stack gases through the use of air pollution control devices such as electrostatic precipitators.  Steam is generated by radiant heat from the furnace and convective heat in the convection bank.  The steam is separated in the steam drum and exits the plant at a medium temperature and pressure (e.g., 390 oF and 200 psig) to be used for heating and industrial purposes.





	Definitive designs for oil-fired central heating plants are provided in NAVFAC P-272 , part 2.





	In designing a central heating plant to meet a new energy demand, the procedures provided in NAVFAC DM-3, chapter 8 should be followed.  The procedure provided in this option covers replacement of an existing central heating plant with a new plant based on cost savings.





�FEASIBILITY REQUIREMENTS


�





BENEFITS/DETRIMENTS





	This boiler design has been perfected over a period of 100 years and is, therefore, reliable and predictable.  Coal is a relatively low cost conventional fuel with large reserves throughout the United States.  Detriments associated with the fuel and the boiler plant include:  (1) the “dirty” nature of coal burning which necessitates the use of capital- and power-intensive air pollution control equipment, (2) much higher startup and operation and maintenance costs than other conventional fuels due to greater fuel handling and preparation requirements, and (3) significant ash disposal requirements.





SURVEY DATA NEEDS





Annual energy output of existing plant





Annual fuel usage of existing plant





Efficiency of existing plant





Maximum recorded steam demand





Minimum recorded steam demand





Essential load





Ultimate load





PROCEDURE





1.	Calculate annual energy output of existing plant, based on steam logs or fuel usage.  If fuel record are use:





	Annual energy output (MBtu/yr) = Annual fuel usage (MBtu/yr) x Existing plant efficiency (0.75 to 0.80)





2.	Evaluate fluctuations in steam load based on logs or fuel usage over two or more years.  Determine:





Maximum recorded demand (lb/hr)


Minimum recorded demand (lb/hr)


Essential load (lb/hr)


Ultimate load (lb/hr)





	The essential load is the minim steam load to meet all necessary heating/process requirements at the activity after cutbacks have been instituted.  Determination of this load may be based on steam logs or specific load calculations (see DM-3).  The ultimate load is the estimated demand for steam in future years.  Either the new plant should be sized for this load or provisions should be made for future expansion.





3.	Rated capacity of new plant (lb/hr) = [Maximum observed steam demand (lb/hr) -or- Ultimate load (lb/hr)] x Safety factor (1.0 to 1.5)





4.	Provide more than one boiler in the plant.  For a plant with three boilers of equal size, both of these conditions must be met for each boiler:





Boiler rated capacity (lb/hr) = Plant rated capacity (lb/hr) x 1/3





Boiler rated capacity (lb/hr) ( Essential steam load (lb/hr) x 1/2





5.	Minimum boiler operating capacity (lb/hr) ( Minimum recorded demand (lb/hr) x Safety factor (1.0 to 0.7)





6.	Annual energy input to new system (MBtu/yr) = 	Annual energy output (MBtu/yr) from Step 1


	New system efficiency (0.80 to 0.85)





GENERAL INFORMATION





Boiler sizes available: 1,000 to 150,000 lb/hr


Startup cost:  $30 to $40 per lb/hr steam


Replacement cost:  Same as startup cost


Equipment life:  25 years


Skill level of personnel required:  For central heating plant, skilled boiler plant operator and maintenance personnel





Level of development:





Basic research underway�
�
�
Prototype being tested�
�
�
Operational test and evaluation underway�
�
�
Approved for service�
�
�
Available on market�
(�
�















NATIONAL ENERGY SAVINGS (NES) (in Btu/yr)





� EMBED Equation  ���





ECONOMIC ANALYSIS EQUATION





� EMBED Equation.2  ���


SAMPLE CALCULATION





Assumptions�
�
�
Existing system is an oil-fired heating plant�
�
�
Annual fuel usage of existing plant�
9.83 x 1011 Btu�
�
Efficiency of existing plant�
75%�
�
Maximum recorded steam demand�
125,000 lb/hr�
�
Minimum recorded demand�
20,000 lb/hr�
�
Essential steam load�
85,000 lb/hr�
�
Ultimate steam load�
135,000 lb/hr�
�
Startup cost�
$5.20 M�
�
O&Mexist�
$0.375 M/yr�
�
O&Mnew�
$0.640 M/yr�
�
Change in O&M�
$0.265 M/yr increase�
�
Fuel saved�
No. 6 fuel oil�
�
Energy cost�
$4.14/MBtu (oil), $1.902/MBtu (coal)�
�
Escalation rate�
8% oil, 5% coal�
�
Annual discount rate (R)�
10%�
�



Calculation follow from the procedure section:





Annual energy output = Annual fuel usage x Existing system efficiency





	= (9.83 x 1011 Btu/yr) x (0.75)





	= 7.37 x 1011 Btu/yr





Rated capacity = Ultimate load x Safety factor of new plant





	= (135,000 lb/hr) x (1.1)





	= 148,500 lb/hr*





* Round off to 150,000 lb/hr





Boiler rated capacity = Plant rated capacity x 1/3


	= (150,000 lb/hr) x 1/3





	= 50,000 lb/hr





Boiler rated capacity ( Essential steam load x 1/2





50,000 lb/hr ( (85,000 lb/hr) x 1/2





	( 42,400 lb/hr





Minimum boiler operating capacity ( Minimum recorded demand x Safety factor





	( (20,000 lb/hr) x (0.9)





	( 18,000 lb/hr





	A burner turndown ratio of 3:1 will accommodate the minimum operating capacity.





Annual energy input to new system (MBtu/yr) = 





	Annual energy output (MBtu/yr) from Step 1


	New system efficiency (0.80 to 0.85)





	= 7.37 x 1011 Btu/yr


	0.8





	= 9.21 x 1011 Btu/yr





FUEL SAVINGS (MBtu/yr) =





	9.83 x 105 MBtu/yr - 9.21 x 105 MBtu/yr





	= 6.20 x 104 MBtu/yr





NES (MBtu/yr)=





	= 6.20 x 104 MBtu/yr





FUEL COST SAVINGS ($ / yr) = 





	((9.83 x 105 MBtu/yr x $4.14/MBtu) - (9.21 x 105 MBtu/yr x $1.902/MBtu)) = $2.32 M/yr





SIR =





� EMBED Equation  ���





�
�
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