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Abstract

Temperature profiles and cycle times in a large-scale medical waste incinerator installed in a re-
ferral hospital were used to assess the performance and functionality of incinerator. The study
was conducted using data collected from 8 cycles per days for 67 days. For proper combustion and
destruction of toxic components in the primary chamber and destruction of pollutants and toxic
components in the flue gas, it is desired to reach the maximum temperature in the chambers faster
and maintain this maximum temperature for an extended time interval. The primary and secon-
dary temperatures T1 and T, respectively, were recorded at an interval of one minute for different
cycles. Different amounts of wastes with varying proportions of sharps and other wastes were
loaded into the incinerator and temperature profiles recorded. The analysis shows that the incin-
erator works at primary temperature less than the required recommended by manufacturer while
the secondary chamber operates between 600 and above 950°C, although higher temperatures up
to 1020°C were observed. The average load preparation time was observed to be 14.6 minutes,
while the chamber preheating time before daily initial loading was 25.45 minutes. Both tempera-
ture profiles were observed to have similar shapes for all combustion cycles studied, except when
incinerator malfunctioning occurred. The average cycle time was established to be 32.7 minutes
and 28.97 minutes based on time to drop to 550°C after the maximum temperature and loading
time intervals, respectively, although longer cycle times were observed. Temperature drop in both
combustion chambers as a result of waste charging was observed in the interval of 5 minutes. The
chamber heating rate was observed to decrease exponentially with time during both preheating
and incineration operation.
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1. Introduction

Incineration is an important technology for the treatment and decontamination of medical waste, involving
high-temperature (800°C to 950°C) dry oxidation process that reduces organic and combustible waste to inor-
ganic, incombustible matter with a significant reduction of waste volume and weight. The study investigated the
performance of the large scale medical waste incinerator based on temperature profiles and cycle time [1] [2].
The area of study was MNH which admits 350,000 patients per month and generates and incinerates on average
900 kg of infectious waste daily. Medical waste collected and measured was categorised into sharps waste and
other wastes. Sharp waste contained needles, syringes, blades, sutures or other sharp instruments while other
wastes contained pathological waste (human tissues, organs and body fluids), infectious waste (containing pa-
thogenic organisms), pharmaceutical waste (drugs, vaccines expired or spoiled), genotoxic (radioactive films
and fluids), and pressurized containers [3].

Monitoring of temperature is essential for understanding the performance of incinerator in terms of destruc-
tion efficiency, emissions control [4] and identification of process malfunctions. This is because, based on tem-
perature profiles, it is possible to establish average cycle time for waste incineration, maximum temperatures
reached during each cycle, chamber heating and cooling rate, proportion of sharps waste required to attain high-
est temperatures, etc.

2. Literature Review

Medical waste is defined as any waste which consists wholly or partly of human or animal tissue, blood or other
body fluids, syringes, needles, suture or other sharp instruments; which unless rendered safe may prove hazard-
ous to any person coming into contact with it, excretions, drugs or other pharmaceutical products, swabs or
dressings and any other waste arising from medical, nursing, dental, veterinary, pharmaceutical or similar prac-
tice, investigation, treatment, care, teaching or research, or the collection of blood for transfusion, being waste
which may cause infection to any person coming into contact with it.

Medical waste management system is a procedure of managing waste from a point of generation, segregation,
transportation, storage and treatment and final disposal. Being a referral hospital, MNH handles tons of infec-
tious medical waste per year. The medical waste management process such as handling, segregation, mutilation,
disinfection, storage, transportation and final disposal are vital steps for safe and scientific management of med-
ical waste [3] [5].

The WHO suggests that hospitals should provide plastic bags and strong plastic containers for infectious
waste. The mixtures of infectious medical waste and sharps waste are treated at MNH. Safe disposal of health-
care waste improves working conditions, reduces pollution, reduces accidental injuries, increases public safety
and reduces the chance of transmission of infectious disease [6] [7].

Studies in other countries indicate that the generation of medical waste requiring incineration is critical [3] [7]
[8]. Medical waste generation in Tanzanian hospitals has been measured and identified to be high. For example,
the rate of medical waste generation was about 2250 kg/day in Amana and 2500 kg/day in Ligula hospital. The
waste generation rate per patient per day is also high about 1.8 (Amana) and 2.0 (Ligula) kg/patient/day, as re-
ported by [3]. The daily medical waste generation rate has been observed to fluctuate randomly. According to
the study conducted at the MNH, on average hospital generates 948 kg/day which is equivalent to 0.5 kg/patient.
day or 0.947 kg/bed/day. Other study conducted Dar es Salaam city showed that the hospital with better medical
facilities (Aga Khan)was observed to have higher waste generation rates of up to 1.3 kg/patient/day, than other
hospitals like Temeke hospital (0.15 kg/patient/day), Hindu Mandal (0.37 kg/patient/day), Amana (0.26 kg/ pa-
tient per day) [9].

The rate of generation of medical waste is proportional to number of beds and also number of patients. At
MNH, the rate could be lower than 0.947 kg/bed/day due to the fact that MNH wards can admit more than 1200
patients/day. However, to compare different hospitals it is advised to use actual measurements of waste gener-
ated disregarding the number of beds and patients [3]. The generation rates reported consider only infectious
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waste despite the fact that hospitals generate both infectious and non-infectious wastes.

Another way of expressing the medical waste generation in the hospital is the sectional overview, that is,
waste generation per section of the hospital. In most hospitals, the dominant trend (in descending order) is large
amounts of waste in the surgical, gynaecology, orthopaedic and medical sections which produce smallest
amounts [10]. Such an overview will assist hospital management to direct their waste management resources in
the critical areas.

A large scale double chamber incinerator (with air pollution control devices, temperature control, flame igni-
tion transformer and burners) is used at MNH. The lifting equipment has a capacity of 120 kg with maximum
load bin of 75 kg. On incineration machine, during primary combustion process, some of the products of com-
bustion are given off as combustible gases such as carbon monoxide. When these combustible gases reach the
secondary combustion chamber they meet a further supply of air from the air blower and secondary burner, and
undergo secondary combustion in the secondary combustion chamber, raising the temperature even higher, and
reducing the gases to stable compounds such as carbon dioxide.

The combustion of healthcare waste under controlled conditions uses equipment that operates at temperatures
on the order of 900°C - 1000°C, and that includes air pollution control equipment as well as other components to
manage the emissions from the unit to prevent disease transmission [11]. These units generally include a second
chamber (known as double chamber incinerator) which essentially provides the necessary conditions (tempera-
ture, time, and turbulence) to achieve complete combustion and to keep the concentration of undesirable com-
pounds to a minimum [12]. The auxiliary fuel for these types of incinerators is diesel whereby, the incinerator is
operated in a batch mode [2]. The study involved establishment of temperature profiles during different combus-
tion batches.

A properly designed incinerator uses minimal fuel with shorter incineration cycle time. The temperature con-
trol system is required when the temperature increases beyond the set value, the fuel supply stops and waste can
be burnt using material inside primary chamber. In case the temperature drops below set value, the fuel solenoid
valves will be activated switching burners and rising the temperature again. Thus, temperature measurement
provides a useful control variable for the incineration process.

3. Methodology
3.1. Design Features of the Assessed Incinerator

Standard fire bricks of approximately 230 mm x 115 mm x 75 mm and capable of withstanding temperatures of
at least 1300°C have been used to construct the refractive walls of the primary and secondary chambers [13] [14].
The MNH incinerator consists of primary chamber and secondary chamber each designed to operate using oil
burners and an opening on top, for waste feeding and a chimney for smoke outlet, respectively. The automatic
feeding bin is incorporated within the machine. The secondary burner is connected to the chimney as shown in
Figure 1. The incinerator is used to destroy all clinical waste, pharmaceutical waste, radiology waste and
pathological waste.

The waste is loaded on primary chamber and final combustion of gases takes place at secondary chamber.
Also if a temperature of secondary chamber goes higher than the set value 850°C the operator has to switch on
the small water pump which produces spray of water to cool down the flue gases. Both chambers are incorpo-
rated with temperature controller which displays the combustion temperatures on each cycle. The maximum
temperature was about 900°C in secondary chamber and about 850°C in the primary chamber. The incinerator
was operated to burn about 70 kg of medical waste per cycle.

3.2. Large-Scale Incinerator Temperature Set Points

The temperature set points of MNH incinerator are shown in Table 1. There are three temperature controller
namely primary temperature controller, secondary temperature controller, and flue gas temperature controller.
Their set temperature values are 650°C, 850°C and 250°C respectively.

In order to attain perfect incineration, the following conditions must be fulfilled: temperature must be high
enough, turbulence in combustion gas mixture should be high and held at this condition for long time (3Ts) [2].
Time is an important aspect for incineration because it will have a great impact on incineration efficiency and
fuel consumption. The two temperatures were recorded simultaneously against incineration time at intervals of



V. E. Matee, S. V. Manyele

0.5 minutes (initially) and 1 minute (later). Table 2 shows the sample data recorded, for the preheating periods.

This paper uses statistical analysis to identify the variables which affect the performance of incinerator.

3.3. Quantities of Medical Waste Loaded

Table 3 shows the sample data on waste loading rate for sharps and other waste, for which the compositions X
and Y (kg other waste/total waste and kg sharps waste/total waste) were determined. The data shows also the

maximum temperatures recorded for each of the cycles carried out in one day.

Cycles where the load preparation time (LPT) was not recorded refer to cases where the machine triggered
error and the cycles had to restart. The time between waste loading (At,) is the true cycle time for the incinerator,

Table 1. MNH Incinerator temperature set value.

symbol Prlma::rgntterr;?:rrature Secondczgzt:gwgerature Flue g::egsntt?g”;errature Draught controller
on panel
TC,OP TC,A;, TC/A, TCOP TCA, TCA, TCOP TCA; TCsA, DC,OP DC/A; DCA;
Sezopco)i”t 650 100 770 875 850 880 250 350 370 002 2 15
S o SO S g g e dugit
onfoff  proved inhibit high/low open spray off plznt shut shoulq be within
own this range
Table 2. Sample data collection datasheet for temperature profiles.
T Day 1 Day 2 Day 3 Day 4
(min) T, T, T, T, T, T, T, T,
0 222 764 80 250 198 197 189 562
0.5 240 773 85 270 198 198 209 586
1 254 778 90 403 198 206 234 607
15 266 783 89 448 198 229 259 623
2 276 787 90 474 198 266 282 635
25 287 791 99 497 198 306 302 642
3 295 795 117 524 198 345 319 649
35 302 798 138 550 198 380 346 655
4 309 801 162 575 198 413 364 660
8.5 344 824 294 653 311 590 405 683
9 346 826 300 655 330 602 407 683
10 349 828 305 658 341 611 409 685
11 351 830 310 661 351 618 411 688
12 352 831 317 667 366 627 413 687
20 364 847 341 690 409 660 438 670
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Table 3. Summary of incinerator operation data for 8 consecutive cycles conducted in one day.

Start Stop Aty LPT W, W, W, X Y Trmaxt Tmaxz
215 51 29.5 14 45 10 55 0.818 0.182 780 934
51 80 29 4 60 9 69 0.867 0.130 764 898
80 108 28 - 50 11 61 0.820 0.180 746 919
108 138 30 14 55 10 65 0.846 0.154 843 951
138 174 36 14 52 10 62 0.839 0.161 907 922
174 212 38 17 60 10 70 0.857 0.143 896 948
212 273 61 12 60 10 70 0.857 0.143 961 957
273 301 28 - 60 10 70 0.857 0.143 952 959
Average 34.9 12.5 55.25 10 65.25 0.845 0.155 856 936

values of which will be compared to those from temperature profiles. The time before 21.5 minutes is the
chamber preheating time, during which there is no waste load in the primary chamber. This time interval was
used to study the burner heating capacity and to establish the average preheating time.

3.4. Sample Size

In this study, the data on temperature profiles was collected for about 67 cycles including maximum tempera-
tures, weight of sharps waste and other waste incinerated. The primary and secondary temperatures, T, and T,
respectively, were recorded simultaneously at an interval of one minute for up to 67 cycles. Different amount of
wastes with varying proportions of sharps and other wastes were loaded into incinerator and recorded. At the
end of incineration the weight of the ashes collected was determined. Also, the cycle time was established from
each incineration cycle.

4. Results and Discussion
4.1. Description of Temperature Profiles

The incineration process starts with preheating of both chambers, during which the temperature increases from
either room temperature (starting with a cold chamber) or some higher value depending on the initial tempera-
ture of the chamber. In Figure 1, the primary chamber started at around 222°C while the secondary chamber
started at 764°C. This is followed by loading of the waste into the chamber, which raises the primary chamber
temperature further reaching the maximum value of about 800°C. On the other hand, the secondary chamber
temperature will also increase to reach the set value, after which the burner will be switched off automatically,
and on again when the temperature has dropped. This is shown by fluctuating temperature values around the set
point of 900°C. Depending on the nature of the waste loaded (quantity and compaosition) the cycles will differ in
duration (cycle time discussed later) and also in the peak or maximum temperatures reached (based on T,
curves). In one day, about 8 cycles are conducted treating about 950 kg. Always, T, is higher than T, unless
there is a fault in burner operation system.

4.2. Poor Performance Incineration Profiles

The temperature profiles illustrated on Figure 2 reveals that there was poor incinerator performance because of
malfunction of secondary burner. Problems were evident starting with the 80" minute, whereby, the secondary
temperature dropped to 478°C and increased to 877°C while the cycle was not yet complete. The changes in
secondary chamber temperature continued irrespective of the incineration cycles for the rest of the day indicat-
ing malfunctions of incinerator. After the 3 cycle, the incineration cycles were conducted at lower temperatures
in both chambers, which can lead to air pollution. The poor performance was attributed to tripping of the power

control system.
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Figure 1. Sample daily incineration temperature profiles.
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Figure 2. Poor temperature profiles for selected day.

The faster rise in temperature in the secondary chamber after starting the primary burner can be attributed to
the content of plastics in the safety boxes, infusion set, pharmaceutical bottles loaded in the primary chamber
which pyrolyze faster and flow to secondary chamber for final combustion. In a properly functioning incinerator,
when the primary burner creates heat in the chamber, the gases increases the chamber temperature and combus-
tion takes place. As the hot gases leave primary chamber, the combustion in the secondary chamber is highly
improved thus leading to higher temperature. Thus for the case of MNH incinerator depicted in Figure 2, the
secondary temperatures are slightly lower than primary chamber indicating malfunction of secondary burner and
blockage of passage of gases into the secondary chamber.

4.3. Plots of Primary Chamber Temperature Profiles for Each Cycle

Each time the new waste load is charged into the chamber, both temperatures decrease and after few seconds the
primary temperature rises again to maximum and the falls again, as the cycle is completed. The temperature rise
depends on the amount of sharp waste loaded into incinerator. The study reveals that in some cases the primary
temperatures increases excessively to 900°C indicating that more sharps was introduced into the primary cham-
ber, which is also an indication of poorly functioning temperature control system. The cycle time of incineration
process was determined by recording the duration of a complete cycle from first loading to another loading.

)
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Loading of waste lowers the temperatures for about 2 - 5 minutes and when combustion increases the tempera-
ture rises on both chambers. The horizontal axis in Figure 3 to Figure 5 is the time recorded during actual in-
cineration cycle, excluding preheating time for the first cycle. As indicated on Figure 3, there were few cycles
with longer cycle time of up to 60 minutes, whereas most cycles took between 26 - 38 minutes. This indicates
different waste quantities and compositions were being incinerated. According to Figure 3, it is evident that
T1-Cy, T1-C, and T,-C; were operated at temperature below 800°C whereas the remaining cycles were operated
between 850°C to 950°C.

Figure 3 reveals that curves of temperature profiles are similar for primary chamber, indicating that all incin-
eration cycles undergo the same processes, but with varying speed or duration. However, a closer examination
of the temperature profiles shows that there is a wide variation in maximum temperatures as well as variation in
time to reach maximum temperature, as discussed below.

During combustion cycles, it was observed that the maximum temperatures were being reached after a dura-
tion which varied from one cycle to another. This is attributable to waste properties such as moisture content and
composition. Figure 4(a) shows the temperature profiles for the primary chamber with a wide variation in time
to reach maximum temperature for cycles with maximum temperature above 850°C. The great similarity in the
shape of the curves is still noted, with a right-hand skew due to cooling after the waste load is completed.

Regardless of the maximum temperature reached, the profiles shows the shift in the time to reach maximum,
as shown in Figure 4(b), for cycles with maximum temperature below 800°C. It should be noted in Figure 4(a)
and Figure 4(b) that, during the first 1 - 5 minutes after loading, the temperature drops slightly due to cooling
effect of the waste and also due to escape of hot gases when the chamber waste-charging door is opened.

Figure 1 to Figure 4 indicates that there is a wide range of maximum temperatures observed in the primary
chamber during incineration cycles. Figure 5 shows the differences in maximum temperatures reached during
different incineration cycles (C3, C8 and C8) on the same day, but reaching the maximum temperature at the
similar time starting from loading of waste, about 10 minutes. While this does not affect the cycle time, it is a
criteria for good incinerator performance. High maximum temperatures were observed when the waste loaded
had low moisture content, contained more sharps waste, and are properly segregated at the source and also when
the burners were in good working conditions. The primary chamber attained different maximum temperature
during daily operations and also from day to day due to changes in the waste characteristics. Figure 5 shows
that the maximum temperature could vary from 750°C to 950°C.

4.4. Determination of Cycle Times Based on Temperature Profiles

After the waste is completely destroyed in the primary chamber, the temperature drops slowly from the maxi-
mum value towards the room temperature if no waste is loaded. Between consecutive cycles, temperature does
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Figure 3. Primary chamber sample temperature profiles indicating

different cycle times.
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not fall completely, but at about 550°C, the new load should be charged and the temperature will drop and start
rising again. Figure 6 shows the distribution of temperatures recorded during waste charging, for 75 cycles. It
was observed that most of the time, charging of the waste is done at lower temperatures, with an average tem-
perature of 448°C. The model value was however, higher, at about 485°C, although still considered to be lower.
Moreover, the distribution shows that the loading temperature was negatively skewed (Sk = —1.04), indicating
that there are times when loading take place while the chamber is still at a very low temperature. This kind of
operation resembles the small scale incinerators which start by loading the waste into the chambers, closing the
door and then starting the secondary chamber burner followed by the primary burner. The door is not opened
until all the waste is destroyed.

By observing the cooling temperature profiles, which are similar in shape except the time to reach 550°C, it
was possible to establish the cycle times, spread of which was analyzed as shown in the histogram, Figure 7.
The average cycle time for 50 cycles was observed to be 29 minutes, with a standard deviation of 9 minutes. The
shape of the probability density function is close to normal, slightly skewed towards the right (Sk = 0.62), for

25
20
Mean =447.69
Std. Dev. =77.144
N=75

154

Frequency

104

T T I 1 T T
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Temperature at the time of loading (deg-C)

Figure 6. Probability distribution of the primary chamber tempera-
ture at the time of waste loading.
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Figure 7. Distribution of the cycle time data based on time to reach

500°C during cooling.
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which extended cycle times of up to 59 minutes were observed. This was attributable to wet or poorly segre-
gated waste being loaded in the primary chamber. The minimum cycle time observed under this category was 10
minutes.

Table 4 shows the comparison between the statistical analyses of the cycle time data based on the two meth-
ods employed in this study. The differences can be attributed to the fact that loading takes place after the tem-
perature has dropped below 550°C, hence longer values than the cooling method.

Based on this definition, 64 cycles were assessed, giving an average cycle time of 32.7 minutes, with a stan-
dard deviation of 10.9 minutes. The probability density function was close to normal, as the loading time was
based on machine settings, as shown in Figure 8. However, the minimum cycle time was 13 minutes while
longer cycle times of up to 68 minutes were observed leading to higher positive skewness. Such a variation in
time between loading events, revealed by the statistical parameters, shows that the machine operations is not
proper.

Table 4 compares the statistical analyses of the cycle time data based on two different definitions, that is,
time between loading events and time to reach 550°C during cooling session, both of which gives similar results.

4.5. Chamber Preheating Temperature Profiles

Before waste is loaded into the primary chamber to start the daily incineration routine, the chamber is always
preheated to higher temperatures. Due to different chamber sizes, while the primary and secondary burners are
the same, the final preheating temperatures are higher in secondary (650°C - 700°C) than in the primary chamber

20
Mean =32.72
154 Std. Dev.=10.937
N=64
& L~
s
= 104 /
I~
2
= /
54 /
0 T 1 T
10 20 30 40 50 60 70

Incineration cycle time (min)

Figure 8. Probability density function of the cycle time data based on
intervals between waste loading events.

Table 4. Comparison of the statistical analysis of the cycle time data.

Statistics Time between loading Time to reach 550°C

Number of cycles 64 50

Mean 32.72 28.97

Std. Deviation 10.94 8.95

Skewness 1.019 0.618

Kurtosis 1.548 1.870
Minimum 13 10
Maximum 68 59
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(350°C - 450°C), as shown in Figure 8. It is also noted that the starting temperatures are not necessarily the
same for both primary and secondary chamber, and depends on the initial temperature conditions before starting
the process. Figure 8 shows further that despite the differences in initial preheating temperatures, the burners
were operating with fluctuating heating rate, or the chamber thermal properties vary widely with waste charac-
teristics, such that the rates of temperature rise were observed to be different. Moreover, the final preheating
temperatures are different for each incineration day for both T, and T,. The final temperatures reached during
preheating in secondary chamber is high compared to the data recorded for the primary chamber, due to the fact
that the size of secondary chamber is smaller than that of the primary chamber where large volume of waste has
to be accommodated.

Since the temperature rise during preheating is related to empty chambers without any waste present, the
variations in data represents burner performance fluctuations. Based on profiles in Figure 9, it is evident that the
temperature rise stops at t = 10 minutes in both chambers indicating that this should be the maximum preheating
time. If loading takes place at this time, the first cycle time will be reduced leading to minimized daily incinera-
tion time and hence reduced fuel consumption.

Figure 9 shows the variations in the pre-heating times for ten different incineration days. The shortest pre-
heating time of 8.5 minutes and longest preheating time of 43 minutes were observed, giving an average value
of 25.45 minutes.

4.6. Primary Chamber Heating Rate during Incineration

The differences in burner heating rate during chamber preheating can be attributed to burner service require-
ments, cleanliness of the firing parts, cleanliness of the fuel used, and presence of absence of ashes in the pri-
mary chamber. Figure 11 shows the variations of chamber heating rate (based on the rate of change of tempera-
ture, dT/dt) for four selected days. This data was collected when the chamber is empty before loading the waste.
It is evident that the heating rate profiles are different, with peak values at different incineration times. In two
cases, the highest heating rates were observed at the beginning of the preheating period (Day 1 and Day 16)
while the other two the peaks for maximum heating rate were observed later (Day 13 and Day 15). This infor-
mation signals to the technicians that the burners require services more often.

It can be seen that from t = 10 minutes, the rate of increase in temperature has dropped almost to zero, signi-
fying that the preheating time of 10 minutes is long enough to minimize the cycle time and save fuel, as stated
above.
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Figure 9. Chamber preheating temperature profiles (for the mean preheating time of 25 min).
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The overall rate of change in temperature during incineration for selected days was studied to identify which
phase undergoes faster temperature change, and also to assess the burner efficiency. The rate of change of tem-
perature with time is the parameter which describes the burner capacity against chamber size and waste type, but
can also indicate changes in burner efficiency with time. The burner capacity vs. chamber size was studied from
the primary chamber preheating times for selected days. In the primary chamber, however, the rate of change of
temperature with time was low due to large size of chamber and presence of waste load. The maximum rate of
change in temperature in primary chamber was studied for each incineration cycle. Figure 12 shows the ob-
served maximum values in the 40 selected cycles, arranged in descending order. The heating rate varied between
80 and 160°C/min. Statistical process control techniques will require plotting a control chart to enable detection
of the decrease in the burner efficiency, indicated by the decrease in heating rate, outside the lower control limit,
for example one standard deviation below the mean value (not shown in Figure 12).

Due to fluctuations in the heating rates observed during the incineration cycle, the average values for 40 cy-
cles are plotted against incineration time in Figure 13, giving an exponential decay curve (Equation (1)):

T _ 3y 1)
dt
with a good fit (R? = 0.9832). This implies that, initially, while the chamber is at lower temperature, the heating
rate is higher, and decreases as the temperature rises with time. The heating rate reaches the minimum when the
maximum temperature is reached in the chamber. Based on data presented in Figure 9 to Figure 11, the expo-

nential function exists during the chamber preheating time.
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Figure 13. Average heating rate in the primary chamber for 40 in-
cineration cycles.

4.7.Load Preparation Time and Temperature Drop during Waste Loading

The MNH incinerator allows for load preparation time before end of the cycle is reached. Before loading into
the chamber, the waste is lifted by operators and loaded into the bin, which is the dropped automatically into the
chamber. The time available for load preparation is a key factor in the incinerator performance as it allows
proper mixing of the waste (sharps and other waste) and correct weight being charged. Knowledge of this pa-
rameter forms a critical training item for the new operators, since it calls for responsibilities in keeping the ma-
chine running and performing the task. A sample of 60 cycles was analyzed, giving the average time of 14.6
minutes, with a standard deviation of 6.61 minutes, as shown in Figure 14. The data is however skewed to the
right (Sk = 1.6) indicating that higher durations for load preparations were observed. This can be attributed to
operator skills and performance problems, as well as machine malfunctioning. The minimum load preparation
time of 3.5 minutes and maximum of 42 (longer than the average cycle time) minutes is an indication of opera-
tional problem.

When loading waste into incinerator, the temperature in both chambers decreases for about 1 - 5 minutes de-
pending on waste composition and moisture content. Based on data collected in this study, by noting the tem-
perature at the time of loading and then tracing its decrease to the minimum before it starts to raise again, it was
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possible to plot the data for various cycles (N = 75 cycles), as shown in Figure 15, for the primary chamber
only.

Figure 16 shows the probability distribution of the temperature drop data in primary chamber during incin-
eration due to waste loading studied for 75 cycles. The established average temperature drop was 48.6°C, which
is on the higher side, with stronger fluctuations between different cycles, with a standard deviation of 37.5°C.
The probability density function for the temperature drop due to loading of the waste was observed to be posi-
tively skewed (Sk = 1.37) indicating that there are cases where the temperature drop is too high to affect the op-
eration of the incinerator. The effect of excessive temperature drop (up to as high as the maximum recorded
values of 200°C) will lead to higher fuel consumption, since energy is required to raise the temperature again
using burners. Moreover, extended cycle time leads to high fuel consumption.

20
154
- Mean = 14.62
) =\ Std. Dev. =6.611
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Figure 14. Load preparation time distribution for different incinera-
tion cycles.
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Figure 15. Decrease in primary chamber temperature due to waste loading.
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Figure 16. Probability distribution of the temperature drop data in
primary chamber during incineration due to waste loading.

5. Conclusions

Monitoring of temperature is essential for understanding the performance of double chamber incinerator. This is
because, based on temperature profiles, it is possible to establish average cycle time, effect loading on chamber
temperatures, functionality of the burners based on actual temperature and heating rate, effectiveness of the
chamber preheating, etc. These results generally give picture that, when more pathological waste is loaded into
incinerator the temperature is not as high as when more sharp waste was loaded, proper combination of waste
types (sharps waste and other waste) is crucial for attaining higher temperature and faster rise in the incinerator
chambers. Based on this study, it has been established that the temperature profiles for both chambers should be
of the same shape for all incineration cycles; with differences only in peak values and time to reach maximum
temperatures otherwise a technical problem is indicated.

The average cycle time based on intervals between loadings was observed to be 32.7 minutes and 28.97 min-
utes for the data based on time to drop to 550°C after the maximum temperature. Longest cycle times indicated
that there is a problem in burner functionality or in waste segregation. For pathological wastes incineration time
is high as more time is required to burn the waste. If the wastes comprise of mainly sharps waste and other
laboratory waste the cycle time will be shorter. The heating rate in the chamber was observed to decrease with
time as the chamber temperature increased during incineration.

The chamber preheating rate based on rate of increase in temperature was also a parameter that can be used to
assess the burner performance. The average chamber preheating time was observed to be 25.47 minutes, while
the average load preparation time was 14.6 minutes. The trend analysis will help hospital engineers and techni-
cians to observe and understand any abnormalities of the incinerator that need special attention. Proper planned
preventive maintenance schedule has to be established to improve equipment life and avoid unplanned mainte-
nance activity.
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