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Abstract: The process of aerobic biostabilization (AB) has been adopted for treatment of the organic
fraction of municipal solid waste (OFMSW). However, thermal gradients and some side effects in
the bioreactors present difficulties in optimization of AB. Forced aeration is more effective than nat-
ural ventilation of waste piles, but “hot and cold spots” exist due to inhomogeneous distribution of
air and heat. This study identified the occurrence of hot and cold spots during the OFMSW biosta-
bilization process at full technical scale. It was shown that the number of hot and cold spots de-
pended on the size of the pile and aeration rate. When the mass of stabilized waste was significantly
lower and the aeration rate was two-fold higher the number of anaerobic hot spots decreased, while
cold spots increased. In addition, the results indicated that pile construction with sidewalls de-
creased the number of hot spots. However, channelizing the airflow under similar conditions in-
creased the number of cold spots. Knowledge of the spatial and temporal distribution of process
gases can enable optimization and adoption of the OFMSW flow aeration regime. Temperature
monitoring within the waste pile enables the operator to eliminate undesirable “hot spots” by mod-
ifying the aeration regime and hence improve the overall treatment efficiency.
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Figure S1. Temperature changes in the pile A1, day 1.
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Figure S2. Temperature changes in the pile A1, day 4.
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Figure S3. Temperature changes in the pile A1, day 14.
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Figure S4. Temperature changes in the pile A1, day 20.
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Figure S5. Temperature changes in the pile Al, day 28.
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Figure S6. Temperature changes in the pile Al, day 35.
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Figure S7. Temperature changes in the pile Al, day 41.
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Figure S8. Temperature changes in the pile Al, day 50.
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Figure S9. Temperature changes in the pile Al, day 60.
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Figure S10. Temperature changes in the pile A2, day 1.
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Figure S11. Temperature changes in the pile A2, day 11.
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Figure 512. Temperature changes in the pile A2, day 17.
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Figure S13. Temperature changes in the pile A2, day 25.
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Figure 514. Temperature changes in the pile A2, day 32.
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Figure S15. Temperature changes in the pile A2, day 38.
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Figure 516. Temperature changes in the pile A2, day 47.
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Figure 517. Temperature changes in the pile A2, day 57.
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Figure S18. Temperature changes in the pile B1, day 9.
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Figure 519. Temperature changes in the pile B1, day 16.
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Figure 520. Temperature changes in the pile B1, day 22.
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Figure S21. Temperature changes in the pile B1, day 31.
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Figure S22. Temperature changes in the pile B1, day 41.



Materials 2022, 15, 3300 24 of 169

(a)
E 2| E 2 r
5 £
2 1] 21 —
0 T T T - G
-4 -3 -2 -1 0 1 2 3 4
(©) width, m () width, m
£ 2 £ 2
Z g
© 1 @ 1
0 | 1 I 0 | | 1
-4 -3 -2 -1 0 1 2 3 4 -4 -3 -2 -1 0 1 2 3 4
width, m width, m
t, °C
10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
(e)
1S
2 B
2 0
-50 -45 -40 -35 -30 -25 -20 -15 -10 -5 0
(f) width, m
€
= 2
(®)]
U - G
0 5 10 15 20 25 30 35 40 45 50
width, m

Figure S23. Temperature changes in the pile B1, day 57.
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Figure 524. Temperature changes in the pile B1, day 64.
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Figure S25. Temperature changes in the pile B2, day 1.
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Figure 526. Temperature changes in the pile B2, day 8.
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Figure S27. Temperature changes in the pile B2, day 16.
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Figure S28. Temperature changes in the pile B2, day 24.
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Figure 529. Temperature changes in the pile B2, day 36.
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Figure S30. Temperature changes in the pile B2, day 43.
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Figure S31. Temperature changes in the pile C1, day 1.
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Figure S32. Temperature changes in the pile C1, day 9.
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Figure S33. Temperature changes in the pile C1, day 16.
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Figure S34. Temperature changes in the pile C1, day 28.
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Figure S35. Temperature changes in the pile C1, day 35.
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Figure S36. Temperature changes in the pile C1, day 42.
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Figure S37. Temperature changes in the pile C2, day 1.
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Figure S38. Temperature changes in the pile C2, day 9.
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Figure S39. Temperature changes in the pile C2, day 21.



Materials 2022, 15, 3300 41 of 169

(b)

(a)

width, m width, m
| | I, . -c
10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
(e)
€ |
-..‘_:-" | |
2
3 | |
-50 -45 -40 -35 -30 -25 -20 -15 -10 -5 0

height, m
SN

w

o

w

(&)

LN

o

A I
(&)

[6)]

o

o
(]
—
o
—_
(¢}
N
o
N
[}

width, m

Figure 540. Temperature changes in the pile C2, day 28.



Materials 2022, 15, 3300

width, m

t,°C

10 156 20 25 30 35 40 45 50 55 60 65 70 75 80

f width, m
]
b
2
2
0 5 10 15 20 25 30 35 40 45 50
width, m

Figure S41. Temperature changes in the pile C2, day 35.
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Figure S42. Temperature changes in the pile C2, day 42.
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Figure 543. O2 distribution in the pile A1, day 1.
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Figure 544. O2 distribution in the pile A1, day 4.
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Figure 5$45. O2 distribution in the pile A1, day 14.
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Figure S46. O2 distribution in the pile Al, day 20.
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Figure S47. O2 distribution in the pile Al, day 28.
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Figure S48. O2 distribution in the pile Al, day 35.
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Figure 549. O2 distribution in the pile Al, day 41.
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Figure S50. O2 distribution in the pile Al, day 50.
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Figure S51. O2 distribution in the pile Al, day 60.
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Figure S52. O2 distribution in the pile A2, day 1.
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Figure S53.

02 distribution in the pile A2, day 11.
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Figure S54. O2 distribution in the pile A2, day 17.
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Figure S56. O2 distribution in the pile A2, day 32.
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Figure S57. O2 distribution in the pile A2, day 38.
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Figure S58. O2 distribution in the pile A2, day 47.
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Figure S59. O2 distribution in the pile A2, day 57.
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Figure S60. O2 distribution in the pile B1, day 1.
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Figure S61. O2 distribution in the pile B1, day 9.
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Figure S62. O2 distribution in the pile B1, day 16.
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Figure S63. O2 distribution in the pile B1, day 31.
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Figure S64. O2 distribution in the pile B1, day 41.
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Figure S65. O2 distribution in the pile B1, day 50.
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Figure S66. O2 distribution in the pile B1, day 57.
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Figure S67. O2 distribution in the pile B1, day 64.
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Figure S68. O2 distribution in the pile B2, day 1.
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Figure S70. O2 distribution in the pile B2, day 16.
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Figure S72. O2 distribution in the pile B2, day 36.
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Figure S73. O2 distribution in the pile B2, day 43.
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Figure S74. O2 distribution in the pile C1, day 1.
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Figure S75. O2 distribution in the pile C1, day 9.
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Figure S76. O2 distribution in the pile C1, day 16.
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Figure S77. O2 distribution in the pile C1, day 28.
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Figure S78. O2 distribution in the pile C1, day 35.



Materials 2022, 15, 3300 80 of 169

(a) (b)
g2 » . 2 .
£ £ v
31 2y g — .
= = ‘
0 T 0 T T
-4 -3 -2 -1 0 1 2 3 4 4 -3 2 -1 0 1 2 3 4
© width, m ) width, m
e 2 s ) e 2 8’ _
B 1 i % g 1 S =
< o < o |
0 1 O I 1
-4 -3 -2 -1 0 1 2 3 4 4 -3 2 -1 0 1 2 3 4
width, m width, m
02, %
012345678 9101112131415161718192021
(e)
1S
£ 2
R
© 0
-50 -45 -40 -35 -30 -25 -20 -15 -10 -5 0
i) width, m
1S
= 2
R <
g O 5 N | |
0 5 10 15 20 25 30 35 40 45 50

width, m
Figure S79. O2 distribution in the pile C1, day 42.
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Figure S80. O2 distribution in the pile C2, day 1.
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Figure S81. O2 distribution in the pile C2, day 9.
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Figure S82. O2 distribution in the pile C2, day 21.
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Figure S83. O2 distribution in the pile C2, day 28.
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Figure S84. O2 distribution in the pile C2, day 35.
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Figure S85. O2 distribution in the pile C2, day 42.
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Figure S86. CO2 distribution in the pile Al, day 1.
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Figure S87. CO2 distribution in the pile Al, day 4.
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Figure S88. CO2 distribution in the pile Al, day 14.
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Figure S89. CO2 distribution in the pile Al, day 20.
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Figure S90. CO2 distribution in the pile Al, day 28.
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Figure S91. CO2 distribution in the pile Al, day 35.
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Figure S92. CO2 distribution in the pile Al, day 41.
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Figure S93. CO2 distribution in the pile Al, day 50.
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Figure S94. CO2 distribution in the pile Al, day 60.
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Figure S95. CO2 distribution in the pile A2, day 1.
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Figure S96. CO2 distribution in the pile A2, day 11.
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Figure S97. CO2 distribution in the pile A2, day 17.
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Figure S98. CO2 distribution in the pile A2, day 25.
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Figure $99. CO2 distribution in the pile A2, day 32.
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Figure S100. CO2 distribution in the pile A2, day 38.
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Figure S101. CO2 distribution in the pile A2, day 47.
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Figure S102. CO2 distribution in the pile A2, day 57.
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Figure S104. CO2 distribution in the pile B1, day 9.
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Figure S105. CO2 distribution in the pile B1, day 16.
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Figure S106. CO2 distribution in the pile B1, day 31.



Materials 2022, 15, 3300

108 of 169

(a) (b)
£ 2 / ) ,f”" c2
- > -
5 N 5
21 N 21
G T T 0 T T
-4 -3 -2 -1 0 2 3 4 -4 -3 -2 -1 0 1 2 3 4
(d) width, m
E 27 -\ -
21 , .
0o S .
4 -3 -2 -1 0 1 2 3 4
width, m width, m
c02,%
012345678 91011121314151617 1819
(e)
£ | | ! | | |
2
20 | ! | | | | | |
-50 -45 -40 -35 -30 -25 -20 -15 -10 -5 0
® width, m
€ —
= 2 = i IR
=) L !
2 0 \ ;
0 5 10 15 20 25 30 35 40 45 50
width, m

Figure S107. CO2 distribution in the pile B1, day 41.
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Figure S108. CO2 distribution in the pile B1, day 50.
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Figure S109. CO2 distribution in the pile B1, day 57.
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Figure §110. CO2 distribution in the pile B1, day 64.
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Figure S111. CO2 distribution in the pile B2, day 1.
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Figure S112. CO2 distribution in the pile B2, day 8.
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Figure S113. CO2 distribution in the pile B2, day 16.
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Figure S114. CO2 distribution in the pile B2, day 24.
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Figure S115. CO2 distribution in the pile B2, day 36.
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Figure S116. CO2 distribution in the pile B2, day 43.
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Figure S117. CO2 distribution in the pile C1, day 1.
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Figure S118. CO2 distribution in the pile C1, day 9.
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Figure S119. CO2 distribution in the pile C1, day 16.
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Figure S120. CO2 distribution in the pile C1, day 28.
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Figure S121. CO2 distribution in the pile C1, day 35.
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Figure S122. CO2 distribution in the pile C1, day 42.
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Figure S123. CO2 distribution in the pile C2, day 1.
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Figure S124. CO2 distribution in the pile C2, day 9.
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Figure S125. CO2 distribution in the pile C2, day 21.
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Figure S126. CO2 distribution in the pile C2, day 28.
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Figure S127. CO2 distribution in the pile C2, day 35.
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Figure S128. CO2 distribution in the pile C2, day 42.
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Figure S129. CO distribution in the pile Al, day 1.
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Figure S130.

CO distribution in the pile Al, day 4.



Materials 2022, 15, 3300

132 of 169

(a) (b)
2 2 Z
£ j = y
£ , £
g $
ey K -
0 0 i | 1
-4 -3 -2 -1 0 1 2 3 4 -4 -3 -2 -1 0 1 2 3 4
width, m () width, m
2 2 N
£ £
£ £
% 1 . ,.% 1- ) L
= K
0 0 |
-4 -3 -2 -1 0 1 2 3 4 -4 -3 -2 -1 0 1 2 3 4
width, m width, m
CO, ppm
0 100 200 300 400 500 600 700 800 900 1000
(e)
E | |
% 2<{- B . N
g 0 - | |
-50 -45 -40 -35 -30 -25 -20 -15 -10 -5 0
(f) width, m
€ ! |
% 2
0 5 10 15 20 25 30 35 40 45 50
width, m

Figure S131. CO distribution in the pile Al, day 14.
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Figure S132. CO distribution in the pile Al, day 20.
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Figure S133. CO distribution in the pile Al, day 28.
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Figure S134. CO distribution in the pile Al, day 35.
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Figure S135. CO distribution in the pile Al, day 41.
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Figure S136. CO distribution in the pile Al, day 50.
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Figure S137. CO distribution in the pile Al, day 60.
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Figure S138. CO distribution in the pile A2, day 1.
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Figure S139. CO distribution in the pile A2, day 11.
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Figure S141. CO distribution in the pile A2, day 25.



Materials 2022, 15, 3300 143 of 169

(a) (b)
2 2 '
£ £
0] : [0} _
c IS B <
0 0 T
-4 -3 2 -1 0 1 2 3 4 -4 -3 -2 -1 0 1 2 3 4
(©) width, m ) width, m
2 2 '
£ £ /
[0] — [0}
c R — < o = T
0 0 i
-4 -3 -2 -1 0 1 2 3 4 -4 -3 -2 -1 0 1 2 3 4
width, m width, m
CO, ppm
0 100 200 300 400 500 600 700 800 900 1000
(e)
E. 2 | |
&0l
01 _— 1 \
< .50 -45 -40 -35 -30 -25 -20 -15 -10 -5 0
) width, m
E_ 2 | |
2 0 T T ! 1
< 0 5 10 15 20 25 30 35 40 45 50
width, m

Figure S142. CO distribution in the pile A2, day 32.
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Figure S143. CO distribution in the pile A2, day 38.



Materials 2022, 15, 3300 145 of 169

2
E
1
2
0
-4
2
E
51
2
0
4
width, m width, m
‘ CO, ppm
0 100 200 300 400 500 600 700 800 900 1000
(e)
E.. 2 | L | v T
% ;' ‘ T “«.»\- y
-6 0 L N | [ " e -
< .50 -45 -40 -35 -30 -25 -20 -15 -10 -5 0
width, m
€ , () |
2 0 y — -
< 0 5 10 15 20 25 30 35 40 45 50
width, m

Figure S144. CO distribution in the pile A2, day 47.
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Figure S145. CO distribution in the pile B1, day 1.
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Figure S146. CO distribution in the pile B1, day 9.
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Figure S147. CO distribution in the pile B1, day 31.
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Figure S148. CO distribution in the pile B1, day 41.
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Figure S149. CO distribution in the pile B1, day 57.
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Figure S150. CO distribution in the pile B1, day 64.
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Figure S151. CO distribution in the pile B2, day 1.
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Figure S152. CO distribution in the pile B2, day 8.
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Figure 5153. CO distribution in the pile B2, day 16.
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Figure S154. CO distribution in the pile B2, day 24.
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Figure S155. CO distribution in the pile B2, day 36.
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Figure S156. CO distribution in the pile B2, day 43.
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Figure S157. CO distribution in the pile C1, day 1.
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Figure S158. CO distribution in the pile C1, day 9.
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Figure S159. CO distribution in the pile C1, day 16.
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Figure S160. CO distribution in the pile C1, day 28.
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Figure S161. CO distribution in the pile C1, day 35.
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Figure S162. CO distribution in the pile C1, day 42.
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Figure S163. CO distribution in the pile C2, day 1.
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Figure S164. CO distribution in the pile C2, day 9.
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Figure S165. CO distribution in the pile C2, day 21.
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Figure S166. CO distribution in the pile C2, day 28.
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Figure S167. CO distribution in the pile C2, day 35.
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Figure S168. CO distribution in the pile C2, day 42.



