Incinerator Analysis Spreadsheet

by Walter R. Niessen, P.E., B.C.E.E.

The heat and material balance (H&MB) spreadsheet can be exploited to analyze relatively complex combustion and heat recovery scenarios.  The spreadsheet file “Incinerator-Metric.xls” is an example designed to analyze an incineration system comprised of a primary and secondary chamber, a waste heat boiler and an air heater. The series of four H&MB sheets and two, post-combustion analysis routines have been cascaded as follows. Note that input data requirements are as before: in RED.

Primary Furnace – where the combustion system parameters are input (under and over-fire air as a percentage of theoretical air, underfire air preheat temperature, ambient temperature and humidity, assumed heat loss, percent of feed ash that is carried over in the flue gas, the minimum secondary chamber temperature set point, the choice between fuel oil or natural gas as the secondary chamber fuel, the boiler exit temperature and the residue discharge temperature. Note that “SAME” can be entered as the residue discharge temperature if the residue leaves at the primary furnace exit temperature. The enthalpy change from feedwater to steam is also entered (obtained, for example, from the STEAM program). 

Air preheat can be achieved either by heat exchange with the gas leaving the boiler or with steam. For heat exchange with the furnace gas, a “guess” of the ultimate flue gas leaving temperature must be entered into cell L4. The sheet calculates the error between the enthalpy change of the flue gases and the enthalpy of the incoming air and displays the result in cell L5. The analyst then changes the “guess” until acceptable convergence is obtained. Alternatively,  steam air preheat methods can be evaluated (cells N7:P16). Here, the steam enthalpy and the condensate enthalpy are input and the steam consumption for preheat is calculated. If the steam preheat is to be used, the boiler exit temperature should be entered into cell L4.
Below the sketch of the system, there is provision for input of the feed. There are two approaches for this:


Method 1 (the default)  The total feed in kg/hr is entered into cell M25. Then, the user goes to the Feed Composition tab and clicks over to the sheet where several waste categories can be called up by entering their code into cells A9-A23 and their weight percent in the mixed waste fed to the incinerator in cells C9-C23.  The estimated as-fired percent moisture is entered into cells E9-E23. Data for each category are drawn by the sheet from the table at the bottom of this sheet for use in a moisture balance and, also, for entry into the Primary Furnace waste input sheet in proportion to the percentages and the cell M25 total feed rate. See the discussion of the Moisture.xls sheet to see how this sheet “works.” The heating value used in the Primary Furnace sheet for each feed stream can be as estimated by the Chang, Boie or Dulong estimation algorithms based on waste chemistry. The choice is made by entering the desired source into cell M20.  The default is Boie. Alternatively, the analyst can “write over” the estimate formula.

Method 2  Data for each feed can be entered into the Primary Furnace table by “writing over” the formulas in the cells that refer to the Feed Composition sheet. Be sure and delete these formulas for all of the elements if you are entering data directly so that information isn’t being pulled into the analysis that doesn’t belong there. Note that you should enter the reference to cell C41 into cell M25 to pull up the total feed rate from the summation of input material in the feed table.

The Primary Furnace sheet’s new outputs include the flue gas O2  at the primary and secondary chamber outlets (cells H4 and H5), The primary chamber outlet temperature (H7), the steaming and residue rates (H10 and H11), and the secondary chamber fuel firing rate in the box G14:J17. The volumetric flow rate from the secondary is shown in cell D16. The other characteristics and content of the Primary Furnace sheet are as in the basic H&MB sheet. Note the ash melting temperature and ash fusion heat entries in cells C135 and C136.


Oil Fuel and Gas Fuel – where the flue gas characteristics, flame temperature, air use, heat content etc. from combustion of the two secondary chamber fuels are developed.  Note that if a liquid waste was to be used as the “auxiliary fuel,” one could enter the appropriate chemical and heat content information for the waste into one of these sheets instead of the natural gas or oil data and the integrated sheet would then call on the waste, as needed, to achieve the target secondary chamber temperature.


Mixed Gas – where the enthalpy needed to bring the primary chamber effluent to the secondary chamber target is divided by the available enthalpy per unit quantity of gas (or oil) between the fuel’s flame temperature and the secondary chamber target temperature to develop the fuel consumption rate.  Then, the flue gases from the fuel with the primary chamber effluent are combined.

Dry Bottom – where the sheet allows one to calculate the water use rate to bring the inlet gas flow at the discharge temperature from the air preheater (if steam air preheat is used, this reference should be re-directed to the boiler exit temperature) to a target temperature given in cell K19 using water at an inlet temperature shown in cell E6. Adjust the liquid water rate in cell D5 until the enthalpy difference in cell F21 is negligible. Guidance on the direction of the water rate estimates is given below the Enthalpy Difference cell. The changes in the gas composition are shown. This spreadsheet is useful to estimate water use in a “dry scrubber” type acid gas control system.

Acid Gas – where the analyst can look at two options for control of HCl, SO2 and HF:

Method 1 - Percent Removal  A goal of a fixed percent removal of acid gases (the same for all three gases) is set in cell D8.


Method 2 – Outlet ppm A goal of a fixed ppm for the sum of HCl and HF is set in cell D12 and, in cell D13, the associated SO2 reduction as a percent of the percent reduction in the halogen acids.  For example, for 100 ppm HCl + HF, one might assume that SO2 will be reduced by 90%. The relative absorption of alkali for the two halogen gases can be considered by setting cell E40 which allows HF removal to be a factor times the HCl removal. 1.1 is the default.
The sheet gives the outlet gas composition and the consumption of NaOH and lime for both control strategy alternatives. For the two alkalis, their purity is entered in cells D4 and D5.

