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ABSTRACT 

The waste composition and the charging rate of solid 
waste combustors affect the efficiency of the combus
tion process. An understanding of the combustion pro
cess can help designers and regulators, as well as the 
operator, so that the system can be made to function 
at its optimum burning capacity without exceeding its 
combustion capacity. Data from operation of medical 
waste (MW) and municipal solid waste (MSW) com
bustion systems (incinerators) is presented and ana
lyzed. These data show that good combustion, indi
cated by carbon monoxide emissions, takes place over 
a wide range of temperature and excess oxygen concen
trations, and that oxygen deficiencies caused by rapid 
and excessively high heat release rates result in sharp 
increases in emissions of carbon monoxide and trace 
organics, including dioxins and furans. Temperature 
control alone is not sufficient to assure high combustion 
efficiency, since sufficient oxygen must also be assured. 

INTRODUCTION 

Combustion is generally recognized as an effective 
method of processing medical, municipal, commercial 
and many industrial solid wastes into inert ash residues, 
since essentially all organic matter can be destroyed 
and converted to simple gaseous products consisting 
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mainly of nitrogen, oxygen, water, and carbon dioxide 
(C02), 

The gaseous products also carry contaminants such 
as particulate matter, sulfur dioxide (S02)' and hydro
gen chloride (HCI), which can be removed by emission 
control devices. However, organic pollutants, such as 
carbon monoxide and hydrocarbons which were not 
destroyed by the combustion process, are an environ
mental and health concern. 

The most obvious indication of poor combustion is 
smoke. The gases discharged by poorly operated com
bustors may be visible to the eye, especially if they 
contain soot. The word "incinerator" is associated in 
the mind of many people in connection with visible 
emissions. State regulations generally require that in
cinerators be tested periodically for particulate emis
sions. In the interim, opacity measurements are used 
as surrogates for particulate. Opacity is the result of 
both organic and inorganic particulate, hence combus
tion can be a major factor in the production of these 
emissions. Many states require that an opacity (such as 
10%) not be exceeded for a period longer than 6 min 
in any hour. These regulations, in effect, condone the 
puffs of smoke which frequently accompany the loading 
of a new charge into the combustion device. 

Solid waste combustors which are charged periodi
cally are subject to upsets in the combustion process 
during each charging (feeding) cycle. Each new charge 
absorbs heat upon entry, dries, and produces pyrolysis 



gases which ignite and burn as they are driven off, 
releasing heat. The rate of heat release depends upon 
the composition, density, and moisture content of the 
waste. Combustion of these gases tends to consume all 
available oxygen, producing partially oxidized products 
which are burned in the secondary chamber of a two
chamber incinerator, or a downstream location in a 
single combustion chamber. When each charge repre
sents too large a fraction of the combustion capacity, 
sufficient oxygen cannot be supplied in time and carbon 
monoxide is emitted. 

Starved-air control of combustion in two-chamber 
incinerators provides an effective means for limiting the 
heat release in the primary chamber so that the amount 
of air (oxygen) which can be supplied to the secondary 
chamber will be sufficient to complete combustion and 
achieve high combustion efficiency. Control of two
stage combustion requires modulated control of com
bustion air supply, as well as a means of limiting the 
charging rate in accordance with the actual rate of 
heat release. Temperature control alone may not be 
sufficient to assure high combustion efficiency, if oxy
gen depletion can take place even when temperatures 
are maintained. 

Incinerators which are intermittently charged are 
prone to issue some smoke each time that they are 
charged, and risk smoke production many times in a 
single day. The causes of these visible emissions may 
be improper combustion, related to the composition of 
the waste and the charging cycle employed. Smoke 
may sometimes be observed for a few seconds or even 
minutes directly after the charging door has been 
opened and feed waste has been pushed into the inciner
ator, and also when the combustion is disturbed by 
stoking the burning mass. It is these emissions which 
attract attention to the incinerator. 

Failure to maintain a "clear stack" is an indication 
to the public that good combustion is not taking place. 
Although an incinerator may pass particulate emissions 
tests which are performed periodically, the public is 
rightfully concerned that the incinerator be operated 
properly at all times. Opacity monitoring has been used 
for continuous supervision in the past. However, opac
ity monitors are not capable of detecting the low levels 
of emissions which are now required. A more sensitive 
means of monitoring combustion efficiency must be 
provided. 

It is generally accepted that carbon monoxide (CO) 
emissions are an effective surrogate for emissions of 
other products of incomplete combustion. Tests of 
combustors burning gases or atomized liquids show 
that when CO emissions are low, the emissions of other 
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unburned or partially oxidized hydrocarbons are usu
ally even lower [1]. 

The objective of this paper is to provide additional 
data, obtained from tests of medical waste (MW) and 
municipal solid waste (MSW) combustors, to shed ad
ditional light on the causes of incomplete combustion 
and to indicate how they can be avoided by proper 
control and operation of the combustion process. 

COMBUSTION EFFICIENCY 

Combustion efficiency may be defined as the ratio of 
the organic material destroyed, divided by the organic 
material entering the process. The organic material in 
the feed cannot easily be directly measured: however, 
the carbon emitted to the stack in the form of carbon 
dioxide (C02) represents the carbonaceous portion of 
the organic material which was destroyed, and the car
bon monoxide (CO) emitted as the organic fraction 
which was not destroyed. It is convenient to use the 
CO as the indicator of good combustion. For this rea
son CO measurement is usually required during com
pliance testing, and continuous monitoring of CO can 
be used to assure good combustion at all times. 

Combustion efficiency is usually calculated from 
measurements of the carbon which is completely oxi
dized, (C02), divided by the carbon input (C02 plus 
CO), both measured in the same location. 

Thus: 

Combustion Efficiency = (C02) / (C02 + CO) 

The use of this measure of combustion efficiency is 
convenient because both the CO2 and the CO can be 
measured by continuous monitoring instruments. Al
ternately, since the sum of the CO2 plus O2 in the 
products of combustion (assuming no leakage of air) 
totals about 20% by dry volume, O2 measurements 
may also be used as a substitute in the equation: 

Combustion Efficiency (20 - O2 + CO) 

GOOD COMBUSTION PRACTICE 

To assure that the organic materials are actually 
destroyed efficiently by waste combustors, the USEP A 
has developed "good combustion practice" (GCP) 
guidelines [2]. These say that the secondary chamber 
must have sufficient volume to provide a retention time 
of one second at a design temperature of 1800°F, and 



that the gaseous reactants be effectively mixed. State 
requirements vary from those which require actual op
eration to be maintained within a range from 1800°F 
± 200°F (that is, 1600-2000°F) to those which say "at 
least" 1800°F, or an average of 1800°F, but never less 
than 1600°F. The technical support for these require
ments needs additional confirmation. 

In addition to the design temperature requirements, 
the USEP A guidelines have established CO as the sur
rogate for good combustion, with limits ranging from 
50 ppmv to 150 ppmv on long-term running averages, 
depending upon the technology employed. Some states 
require a combustion efficiency of 99.8% for large mu
nicipal waste combustors, the equivalent of 240 parts 
per million by volume (ppmv). 

PRINCIPLES OF WASTE COMBUSTION 

Solid waste combustion systems consist essentially 
of a waste charging means, a primary chamber in which 
the solid components burn out to ash, a secondary 
chamber or region where the volatile combustibles are 
burned out, and primary and secondary chamber air 
supply fans, air control dampers, and control devices 
which modulate the air supply to the various zones of 
admission. The gases are usually cooled by heat recov
ery boilers before the gases are discharged. The prod
ucts of combustion may or may not then be cleaned by 
emission control devices before being exhausted to the 
stack. 

Combustion occurs when oxygen is supplied to com
bustible materials at temperatures high enough to ignite 
the waste and sustain the combustion reactions. Since 
air is used to provide the oxygen, nitrogen is a necessary 
component of the gas streams supplied and exhausted 
from the incinerator. Heat released by the combustion 
process serves to heat up the incoming waste as well as 
the combustion air to the combustion temperatures. 
The temperatures which can be produced in this pro
cess can be calculated by performing a heat balance 
relating the heat released to the rise in temperature 
of the gases provided for combustion, plus the gases 
released by the waste. 

Temperature Rise = (Net Heat Released)/(Mass 

X Specific Heat) 

The Heat Released depends upon the Net Heating 
Value (NHV) of the waste, which is roughly the Higher 
Heating Value (HHV) minus the heat required to evap
orate the moisture in the waste. The mass of gases to 
be heated includes the total combustion air and the 
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mass of fuel which is burned (including the moisture). 
The total combustion air includes the air needed to 
complete combustion plus any additional or excess air. 
The Temperature Rise is thus dependent on the compo
sition of the waste, hence its heating value, and the 
amount of excess air supplied. 

Figure 1 shows the temperatures calculated by per
forming a heat balance of the combustion of solid 
wastes having various heating values in Btu per pound, 
when supplied with different amounts of combustion 
air. A 10% reduction is assumed to allow for the heat 
loss through the furnace walls, and for unburned car
bon remaining in the ash residues. If only exactly the 
theoretical (ideal) or stoichiometric air needed to oxi
dize (bum) all of the waste has been supplied, the high
est (peak) temperature would occur. If less than suffi
cient air (starved air) is supplied, the resulting 
temperature is reduced, and the gases leaving the pro
cess contain combustible gases which may be burned 
in the next stage when additional air is supplied. If 
more than the ideal air (excess air) is supplied, all of 
the heat may be released, but since excess air is present, 
the resulting temperature will be reduced. The amount 
of excess air supplied determines the amount of excess 
oxygen which would remain after combustion. 

The Higher Heating Value (HHV) of the waste 
greatly influences the amount of excess air and the 
excess oxygen remaining at different temperatures. Ta
ble 1 shows the composition of trash, and rubbish, 
refuse and garbage, according to the idealized stan
dards of the Incineration Institute of America (IIA), 
and typical composition of MSW for comparison. The 
IIA standards assume that the moisture- and ash-free 
higher heating value (MAFHHV) is 10,000 Btu/lb. 
The municipal waste, containing today's levels of plas-



TABLE 1 THERMAL PROPERTIES OF TYPICAL 

WASTES 

Hiqher 
combustible Moisture Ash Heating Value 
MIltter (%) ( ') (%) (Btu per pound) 

Type 0 Trash 80 10 a,500 

Dry paper, wood I 

cardboard, plastic, 
rubber. 

Type 1 Rubbish 65 25 10 6,500 

Paper, cartons I 

rags, floor 
sweepings. 

Type 2 Refuse 43 50 4,300 

Rubbish and 
Garbage. 

Type 3 Garbage 25 70 2,500 

Animal and 
veqetable wastes. 

Municipal waste 50 25 25 5,000 

tics has a similar MAFHHV. Medical waste may be 
assumed to consist of about 50% Type 0 and 50% Type 
1 waste, having an average heating value of 7500 Btu/ 
lb. 

The HHV and the NHV greatly influence the amount 
of excess air which must be supplied to achieve desired 
temperatures. Figure 1 shows that to operate with 
starved air combustion in the primary chamber (range 
"P"), 50-70% of theoretical air is needed to maintain 
1400-16oo°F. To maintain combustion reactions at 
1600-18oo°F in the secondary chamber (range "S"), 
125-175% of theoretical air, or 25-75% excess air is 
required, depending on the type of waste. Note that 
much less excess air is required for municipal waste 
(MSW) having a heating value of 5000 Btullb than for 
medical waste (MW) having a heating value of 8500 
Btullb. The main difference in these types of waste is 
their moisture and ash content. 

Figure 2 shows the linear relationship between excess 
oxygen (after complete combustion) and the calculated 
temperature, again assuming 10% heat loss. Type 2 
refuse at 2ooo°F would only have a residual of 3% 
excess oxygen, due to its high moisture content, 
whereas Type 3 waste at 2500 Btullb would need auxil
iary fuel in order to bring the temperature up to 18oo°F. 

Control of Air and Fuel During Combustion 

Under actual operating conditions the rate of heat 
released in combustion varies widely, hence the temper
atures would vary according to the heat release unless 
the air supply is varied. In practice, the temperature 
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resulting from the combustion process is used to control 
the air supply, following the actual heat release. 

When temperature control is used to vary combus
tion air flow, the amount of excess oxygen remaining 
will vary due to variations in the rate of release of 
moisture and volatiles from the refuse. Figure 3 shows 
typical oxygen variations which take place during the 
course of an 8-min incinerator charging cycle, during 
tests of the Consumat two-chamber MSW incinerator 
at Prince Edward Island, Quebec [3]. While the charg
ing ram pushes waste through the open fire door into 
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the furnace, the oxygen excess rises to 13.5% due to 
air entering with the waste. After the fire door closes, 
a flash of combustion occurred, reducing the oxygen to 
about 11%. Later in the cycle, stoking action takes 
place as the lower, upper and ash rams are cycled, again 
causing consumption of oxygen. 

The amount of oxygen available for combustion 
affects the rate at which most of the combustion reac
tion takes place. At lower oxygen levels, more time is 
required to complete the reactions. Since the residence 
time is built into the combustion chamber volume, lack 
of sufficient excess oxygen can result in producing or
ganic emissions. In addition, low excess oxygen makes 
it more likely that pockets of fuel will not be mixed with 
the needed oxygen resulting in incomplete oxidation of 
combustibles. 

Figure 4 shows how the amount of oxygen in the air 
(nitrogen) affects the destruction of pentachlorobiphe
nyl (PCB) at various temperatures. In pure nitrogen 
the quantity of PCB remaining was reduced to I % at 
about l8oo°F, whereas with 2.5% oxygen about l530°F 
achieved this reduction, and in air only l400°F was 
needed [4]. These data typically illustrate the effects of 
oxygen depletion. Other data produced at the Univer
sity of Dayton shows that dioxins and furans are de
stroyed at temperatures as low as 13oo°F, whereas 
hexachlorobenzene requires l7oo°F to achieve 99.9 % 
destruction efficiency in a nonftame environment with 
adequate oxygen. 

The combustion variations which occur during each 
charging cycle present a challenge to designers and 
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operators of incinerators. The problem is to maintain 
the oxygen levels and temperatures under real condi
tions when the waste varies in heating value and other 
characteristics. Most difficult is to provide oxygen at a 
rate sufficient to follow the rapid changes which take 
place when new charges flash into flame and burn, 
especially when the waste is dry and contains a large 
fraction of plastics. Controlling the flash combustion is 
"the name of the game." 

The most effective way to hold back the rate of heat 
release in the primary combustion chamber is to limit 
the supply of oxygen. The resulting temperatures can 
be controlled within a range of, say, l400- l600°F. This 
range minimizes slagging of glassy materials in the 
waste. Figure 1 showed that this temperature range 
may be achieved when only about 25-50% of the theo
retical air is supplied, depending on the heating value 
of the waste. 

Actual Operation of Medical Waste Incinerator 

In order to investigate combustion of solid wastes, it 
is illuminating to look at graphical plots of data ob
tained during actual operation of a two-chamber medi
cal waste incinerator. This system, located at the V A 
Medical Center in Seattle, Washington, was burning 
red bag waste, general hospital trash, and shredded 
commissary waste with high moisture content. A waste 
heat boiler and emission control system are part of the 
system [5]. 

Loading or Charging Rate 

Figure 5 shows the steam generation from the waste 
heat boiler and the loading rate during a typical startup 
of the medical waste incinerator. The loading rate was 



about 700 lblhr during the first load, falling to as low 
as 300 lblhr during the first three hours. A severe 
overload of 1200 lblhr was fed, tapering down to 400 
lblhr. The cumulative rate, or rolling average, shows a 
fairly consistent 500 lblhr loading rate. At one charge 
per 20 min, each charge weighed an average of 150 lb. 
This represents the average contents of each of the 
two-yard carts which were used at this hospital. 

The frequency of charging should ideally be as short 
as practical, but in any case each charge should not be 
more than 25-35% of the hourly charging capacity. 
The volume and weight of waste per charge is built into 
the size of the feed hopper and/or the carts which 
may be used by a cart dumper. Peed cycles which are 
one-third of the hourly capacity are difficult to control 
due to the surge in combustion which results when each 
charge starts to burn. To avoid excessive peaks, it is 
preferable to limit each charge to 10% of hourly capac
ity which corresponds to a 6-min charging cycle. 

Steam Generation 

When a waste heat boiler is part of the system, the 
steam flow can be used as an indication of the heat 
released by burning the waste. The steam output in
creased gradually during the first three hours, then 
stabilized, although the waste was being fed steadily. 
The discrepancy between heat release and steam gener
ated reflects the heat which is absorbed by the refrac
tory walls, and the gradual increase in secondary cham
ber exit gas temperature from about 14000P to over 
2000oP. After conditions were steady, the 2200 lblhr 
of steam at 500 lblhr of feed indicates that 4.4 lb of 
steam were generated per pound of waste. Assuming a 
boiler/incinerator efficiency of 50% , the heating value 
was about 8800 Btu per pound of waste. 

Gas Temperatures and Oxygen Concentrations 

Pigure 6 shows variations in temperatures in the flue 
gases, when temperatures close to those recommended 
by incinerator manufacturers are maintained. The pri
mary chamber temperatures are noted to vary from 
14000P to 17000P while the secondary chamber temper
ature was controlled in the narrow range from 17000P 
to 1830"F. In the same period the oxygen concentration 
measured at the secondary chamber outlet dropped 
from 10% to a low of 2.5% , returning slowly. This 
shows that in spite of maintaining stable temperatures 
the secondary oxygen levels can vary widely. The 
higher levels of oxygen at the boiler outlet, which 
ranged from 13% to 10%, reflect air drawn in through 
the stack, mixing with the hot gases before they enter 
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the boiler. The effect of this air is seen in the tempera
ture of the gases entering the boiler, which range near 
12oooP. This graph points out the importance of mea
suring oxygen at the outlet of the secondary chamber, 
prior to infiltration of air from other sources. 

Primary Versus Secondary Chamber Temperatures 

Pigure 7 shows the variations in temperature at the 
outlets of the primary and secondary chambers during 
a compliance test. New charges were fed every 20 min, 
with two exceptions. During this test, which com
menced after furnace warmup, the primary and second
ary temperatures were much higher than recommended 
because the incinerator was being fed at a prescribed 
average weight charging rate which actually repre-
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sented overloading. The heat content of the waste was 
probably higher than anticipated. 

After each charge the primary chamber exit tempera
ture rises rapidly, peaking and usually driving the sec
ondary temperature to the same peak. The primary 
temperature then drops rapidly, as the fixed carbon 
generates less heat, while the secondary temperature 
remains more stable as volatile gases continue to be 
burned there. When feed cycles were omitted the pri
mary temperature was able to fall back toward the 
preferred upper limit of 2()()()OF. The temperature con
trol system was unable to maintain the limit of 2()()()OF 
because the combustion air fans had no more capacity. 

Variations in Oxygen and Carbon Monoxide 

Figure 8 shows the variations in oxygen and carbon 
monoxide during another compliance test. The CO 
readings fell from an initial 20 ppmv to essentially zero. 
While the oxygen ranged from 5% to about 10% , the 
CO was low, but when the oxygen plunged to 3% a , 
CO "spike" occurred, followed by a second smaller 
spike. This graph illustrates the importance of having 
sufficient oxygen. 

Figure 9 shows the secondary furnace temperatures 
during the same compliance test. The temperature at 
the start was only 1300°F, increasing steadily to 2()()()OF, 
and finally to 2200°F. In spite of this range of tempera
tures, the oxygen stayed relatively steady within a range 
of 5-9% during this period, indicating that the excess 
air did not change much. The slow rise in temperature 
is the result of heat losses to the walls as the refractory 
furnace is being heated. This graph illustrates the com
mon practice of allowing the waste to heat up the incin
erator as opposed to preheating with auxiliary fuel. 
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Since the oxygen was nearly constant, it would appear 
that the flame temperatures were also fairly constant, 
but heat absorption reduced the temperature of the 
gases leaving the flame zone. 

When the temperature went too high, exceeding 
2()()()OF, a CO spike occurred, at the same time that the 
oxygen plunged, as seen in Fig. 8. It is apparent that 
excessively high temperatures relate to excessively low 
oxygen levels. The spikes in CO and temperature may 
both have resulted from an overload, such as that seen 
in Fig. 5. 

Most regulatory agencies now require that 1500°F or 
1600°F must be reached with auxiliary fuel before waste 
may be charged. This requirement is supported by these 
data which show that temperatures as low as 1400°F 
do not seem to cause poor combustion. 

Referring back to Fig. 1, it is apparent that low excess 
air, hence low oxygen, results when temperatures are 
too high, and that CO spikes and poor combustion are 
the result. 

The low CO in spite of the low temperatures indi
cates that oxygen was a more important factor than 
furnace temperature. These data also indicate that tem
peratures above 1400°F were sufficient to obtain high 
combustion efficiency (low CO), and that temperatures 
above 2()()()OF did not prevent a CO spike when the 
oxygen fell too low. 

Operation at consistently low feed rates is depicted 
in Fig. 10, during another compliance test. Here small 
CO spikes are observed during each loading at 20 min 
intervals. The spikes are related to high oxygen levels 
close to 10%. High oxygen levels reflect excess air and 
low furnace temperatures, which may result from un
derfeeding, and/or drawing in an excessive amount of 
air while feeding due to poor control of furnace draft. 
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Tests of municipal waste incinerators, especially the 
extensive testing of the Pittsfield MSW incinerator, 
show that: (a) CO emissions vary with furnace tempera
ture and excess oxygen; and (b) chlorinated dioxins 
(PCDD) and chlorinated furan (PCDF) emissions vary 
with CO, oxygen and temperature. There is an opti
mum range of temperature and oxygen which results in 
the minimum emissions of CO and dioxins and furans. 

Tests of the Pittsfield MSW incinerator were per
formed by varying operating conditions as widely as 
possible in order to observe the full range of furnace 
temperatures and oxygen concentrations, and the cor
responding CO and dioxin and furan emissions [6-8]. 
An important finding is that while CO and PCDD/ 
PCDF fall as temperature rises to about 1600°F, above 
about 1800°F they rise again. This phenomenon can be 
explained by the reduction in oxygen as temperatures 
rise. It is not possible, for heat balance reasons, to 
increase temperature without reducing total air supply, 
resulting in less excess oxygen. Reductions in oxygen 
increase the generation of furans (which have only one 
oxygen link), and also increases the probability that 
even greater oxygen deficiencies will exist in less well
mixed regions. 

Figure 11 shows the effect of secondary furnace tem
perature on CO and total dioxins plus furans 
(PCDD+ PCDF). Minimum CO and minimum diox
ins are both found in the range from 1600°F to 1800°F, 
whereas the lowest levels occur at about 1700°F. 

Figure 12 shows the effect of oxygen concentration 
on CO and total dioxins: lowest dioxins are indicated 
at 7% oxygen, whereas CO was minimum in the 6-
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8% range. Note that below 6% the dioxins increased 
substantially, although the CO levels did not. 

It has been found that dioxins and furans are actually 
generated in the back end of boilers and in electrostatic 
precipitators, where temperatures are in the 400-800°F 
range [9]. At these temperatures the products of inc om
plete combustion, especially carbonaceous organics, 
provide precursors for formation of dioxins and furans, 
when moisture and free chlorine are available. The free 
chlorine is liberated from HCI in the presence of iron 
and copper which serve as catalysts. The addition of 
alkaline sorbents in the furnace has been proposed as 
a method of removing the chlorination sources prior to 
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the temperature regions favorable to chlorinated or
ganic formation [10]. Good combustion reduces the 
carbonaceous materials, thus limiting the production 
of PCDD/PCDF [7, 9]. 

Optimum Oxygen for Minimum Carbon Monoxide 

Versus Temperature 

Figure 13 shows all CO readings from a single test 
of the medical waste incinerator, plotted against sec
ondary chamber outlet temperature. The upper bound 
of the data shows the optimization parabola. Since CO 
spikes are likely, but do not always occur in the same 
magnitude, many points lie under the parabola. The 
Pittsfield MSW data shows a remarkably similar para
bolic random distribution of CO data. 

Figure 14 shows the same data plotted against oxy
gen concentrations. The temperatures corresponding to 
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the CO readings show a wide range from 1300"F to 
2200"F, with a downward inclination with increase in 
oxygen. The wide variation can be accounted for by the 
effect of moisture which displaces excess air in the heat 
balance which determines the temperature. 

The conclusion which must be drawn is that the 
range from 1600"F to 1850°F is the optimum for refrac
tory incinerators. Higher and lower temperatures are 
to be avoided. Lower temperatures, resulting from lack 
of fuel or too much air, can be corrected by reducing 
the air supply, or if necessary, adding auxiliary fuel. 
Higher temperatures, resulting from excess fuel can be 
corrected by reducing the fuel, or by increasing the 
quantity of the gases which are heated by the fuel. 

Combustion Efficiency Versus Oxygen 

Combustion efficiency, plotted against secondary 
furnace oxygen in Fig. 15, based on the medical waste 
tests cited above, shows a sharp optimum at about 
8% excess oxygen. This is also found to be true for 
water-wall MSW incinerators. 

KEEPING COMBUSTION OPTIMUM 

These methods may be applied to the operation of 
two-chamber starved-air incinerators to maintain opti
mum combustion conditions: 

(a) Lock out (delay) feed of the next charge if the 
secondary temperature is too high. 

(b) Shut off primary air prior to opening charging 
door, and increase air slowly after door has closed. 

(c) Modulate primary air to reduce the rate of heat 
release to prevent primary chamber temperature from 
climbing too high. 



(d) Maintain minimum draft in furnace to reduce 
air leakage. 

(e) Add water or steam to primary chamber to re
duce oxygen supply if primary temperature cannot be 
limited otherwise. 

(j) Increase secondary air flow to reduce secondary 
temperature. 

The above actions may take place under the direction 
and control of the primary chamber temperature con
trol, the secondary chamber temperature control, and 
(if provided) an oxygen measuring control at the exit 
of the secondary chamber. 

It is also possible to use the opacity meter as a con
trol, to lock out feed, reduce primary air supply, or 
inject water or steam into the primary chamber, if an 
increase in opacity is indicated. 

The operator can still defeat the controls by over
loading the incinerator so that even with the air control 
dampers wide open the temperatures still rise and oxy
gen falls, resulting in CO spikes. The operator must 
observe the operation, note the conditions which indi
cate excessive feeding, and take action to avoid re
peating overloads. Alarms, which are recorded auto
matically, are probably the best means for disciplining 
operators to avoid overloads. Under-loading is costly in 
auxiliary fuel used to maintain chamber temperatures 
when waste feeding is inadequate, and also results in 
failure to use incinerator capacity. 

CONCLUSIONS 

The data obtained from the extensive testing of a 
medical waste incinerator has been useful in illustrating 
the principles of two-stage starved-air combustion. 
Similar findings are noted in tests of a MSW combus
tion system. It appears that insufficient oxygen in the 
secondary chamber is the main cause of poor combus
tion, and that a wide range of operating temperatures 
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from 1600°F to 1850°F is optimum. Higher tempera
tures were found to be associated with CO spikes, and 
lower temperatures associated with excess air also pro
duced spikes. 

Automatic methods for maintaining these optimum 
conditions are readily available, but operator attention 
is still needed to avoid excessive feeding. 
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