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Abstract

This research aims to study electrical energy providing from waste by combustible waste and
non-combustible waste to solve the problems of municipal solid waste management. Research study
includes physical and chemical elements of waste, heat from combustion waste with bomb
calorimeter, and the production of methane from non-combustible waste by two-stage anaerobic
digestion. The result indicated that waste in Municipality Promlok was an average amount of 3.47 tons per
day, with organic waste 41.67 percent by weight, and plastic 25.83 percent by weight. The waste can be
classified as the combustible waste, non-combustible, and trash with 43.33, 48.33 and 8.33 by weight of
waste, respectively. The composition of combustible waste consisted of moisture (36.94 %w/w), total
solids (63.06 %w/w), and volatile solids (19.02 %w/w). Those of non-combustible waste were 77.79 %w/w
moisture, and 22.21 %w/w total solids. The non-combustible waste was mixed with methane-producing
inoculum for biogas production. The effect of non-combustible waste loading (3, 5, 7, 9, and 11 %w/w) on
the performance of hydrogen and methane production via two-stage anaerobic digestion was investigated.
Two-stage anaerobic digestion of non-combustible waste of municipality Promlok was found maximum
hydrogen, and methane production for 3 (%w/w) substrate loading has the largest concentration of 3
percent municipal waste. The methane production was 114.76 m’™-CH,/tonne-VS, with a heating energy
potential of 418.63 kWh/day. At the same time, the electric production potential of combustible waste
was 2,729.62 kWh/day.

Keywords: heating energy; energy; municipal solid waste
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Figure 1 Solid waste sampling procedure
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Table 1 Experimental design for hydrogen and methane production by using two-stage anaerobic

digestion system.

Hydrogen production

Methane production

% Municipal waste | % Inoculum

% Hydrogenic effluent

Working volume (250 mL)

% Inoculum

Hydrogenic effluent (mL) Inoculum (mL)

3 20 20 80 50 200
Experiment

5 20 20 80 50 200

7 20 20 80 50 200

9 20 20 80 50 200

11 20 20

80 50 200

% Distilled water % Inoculum

% Hydrogenic effluent

% Inoculum | Hydrogenic effluent (mL) Inoculum (mL)

Negative control

80 20 20

80 50 200

% Volatile solid % Inoculum

Positive control

% Hydrogenic effluent

Working volume (250 mL)

% Inoculum

Hydrogenic effluent (mL) | Hydrogenic effluent (mL)

2 100 20

80 50 200

Table 2 Analytical methods

Parameters

Methods

Reference

Total solid

Baked at 103-105 degrees Celsius

Volatile solid

Baked at 550 degrees Celsius

APHA 1998 [6]

Alkalinity Titration method
Total volatile fatty acid Titration method
Carbohydrates Anthrone test
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Table 3 Compositions of municipal waste

Compositions of % by weight/day

municipal waste 1 2 3 il 5 6 7 A
Fruit and vegetable 41.67 | 4155 | 4134 | 41.68 | 41.78 | 39.98 | 40.59 | 41.23 | 0.68
Paper 833 | 856 | 839 | 875 | 9.00 | 852 | 8.44 8.57 0.23
Plastic 25.83 | 24.98 | 24.32 | 24.51 | 25.30 | 26.11 | 25.87 | 25.27 | 0.70
Clothing 500 | 4.69 | 499 | 523 | 466 | 510 | 529 4.99 0.24
Wood 6.67 | 6.67 | 7.30 | 650 | 6.45 | 7.02 | 6.45 6.72 0.32
Rubber 0.83 | 0.85 | 0.65 | 095 | 0.87 | 093 | 0.83 0.84 0.10
Leather 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 0.00 0.00
Glass 333 | 355 | 3.62 | 349 | 345 | 3.65 | 3.60 3.53 0.11
Metal 250 | 237 | 265 | 278 | 225 | 298 | 245 2.57 0.25
Stone and bone tile | 250 | 2.60 | 250 | 245 | 212 | 231 | 2.65 2.45 0.18
Foam 333 | 356 | 354 | 330 | 398 | 3.28 | 3.77 3.54 0.26
Total percentage 100 100 100 100 100 | 100 100 100 0.00

Table 4 Characteristics of combustible waste and non-combustible waste

Concentration (%w/w)
Parameters
Combustible waste Non-combustible waste
Moisture 36.94 77.79
Total solid 63.06 22.21
Volatile solid 19.02 -

A1531AT1E K 09F USENOUVD VLT LI
Tndflguszneudonsenne wanadn dern 18 eng
wils uarlvsdussdUsenoundn daranuiu
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Ve (total solid, TS) ¥e8ay 63.06 Tnatwiin
mauv’ﬁa%smaﬁwm (volatile solid, VS) Saway
19.02 Tnevmiin voitlnllgmnzausonis
lumamdsuanuseusisnissuoutuaass

71m85 (Bomb calorimeter) 1 83 1AS1¥% 049A

Usznevvesvesfiwnlnsiladlgdssnousedn walst
w1115 wagldidussrusenounan Taedan
amuudesas 77.79 Tagthmiin Avesudsisvian
Yoz 2221 Tnevhwiin vosenlndldldmungay
st lundnuiadnugssaarsuuuliannidans
Funou
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Table 5 Hydrogen production potential of non-combustible waste

pH fermentation
% Municipal Time (day)
Production H, process
waste
1 2 3 4 5 6 7 8 9 10 Before After
Bio-gas (mL)| 0.55 4.82 10.02 | 15.09 | 19.69 |27.53 | 28.52 | 29.85 | 31.33 | 32.98
3 Hydrogen 5.99 6.98
1.93 16.88 35.13 52.88 | 69.00 | 96.50 | 99.94 | 104.61 | 109.82 | 115.59
(mgH,/gVS)
Bio-gas (mL)| 0.01 5.05 12.68 19.78 | 2591 | 34.24 | 35.22 | 36.65 | 38.04 | 39.69
5 Hydrogen 5.98 6.38
0.02 10.61 | 26.66 | 41.58 | 54.49 | 72.01 | 74.07 | 76.87 | 80.00 | 83.46
(mgH,/gVS)
Bio-gas (mL)| 0.00 4.52 12.93 | 20.09 | 26.67 |34.33 |40.64 | 42.37 | 44.30 | 46.44
7 Hydrogen 5.88 6.41
0.00 6.78 19.42 30.17 | 39.90 |51.56 | 61.04 | 63.67 | 66.55 | 69.76
(mgH,/gVS)
Bio-gas (mL)| 0.00 3.98 12.27 19.70 | 26.06 | 31.70 | 36.60 | 43.26 | 50.69 | 50.69
9 Hydrogen 5.87 5.99
0.00 4.58 14.33 23.02 | 30.44 |37.03 |42.76 | 50.53 | 59.22 | 59.22
(mgH,/gVS)
Bio-gas (mL)| 0.00 a7 14.55 2391 | 31.48 |37.12 | 42.27 | 48.92 | 56.36 | 56.36
11 Hydrogen 5.80 5.89
0.00 4.55 13.90 22.85 | 30.09 |35.48 | 40.40 | 46.76 | 53.87 | 53.87
(mgH,/gVS)
% Municipal | Total solid [Volatile solid| Alkaline | Carbohydrat Volatile fatty acids (mg/L)
waste (g/ke) (g/ke) (mgCaCOy/L)| e (g/L) Acetic Propionic | Iso butyric | Butyric | Isovaleric | Valeric
3 2.03 1.88 2013.00 851.26 496.69 83.07 18.52 660.91 43.08 19.01
5 4.04 3.57 3158.00 760.58 207.39 42.28 7.36 242.46 6.32 6.72
7 5.41 447 3485.00 753.00 174.36 36.74 6.57 208.12 6.39 4.95
9 592 491 4696.00 958.15 180.08 37.53 4.56 208.65 4.10 5.24
11 551 4.46 4598.00 736.69 211.61 45.40 7.08 243.77 5.61 6.12
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Table 7 Methane and heating energy production of non-combustible waste by using two- state

anaerobic digestion system.

CH,4 Heating energy production Heating energy production
% Municipal s . .
(m’/tonne- (kWh per tonne of (kWh per tonne of volatile solid :
waste volatile solid) volatile solid) Efficiency 40 %)
3 114.76 1,156.80 462.70
5 97.53 983.10 393.20
7 82.46 831.20 332.50
9 85.23 859.10 343.60
11 38.90 392.10 156.80
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Table 6 Methane production potential of non-combustible waste

% pH fermentation
Time (day)
Municipal Production CH4 process
waste 1 5 10 15 20 25 30 35 40 45 Before | After
Bio-gas cumulative
3.58 | 52.09 | 95.25 | 127.65 | 156.25 | 183.73 | 209.26 | 240.64 | 268.04 | 294.82
CHg (mL)
3 6.69 7.76
Cumulative CH,
1.39 | 20.28 | 37.07 | 49.69 | 60.82 | 71.52 | 81.45 | 93.67 | 104.33 | 114.76
yield (mL/gvs)
Bio-gas cumulative
5.28 | 101.83 | 183.55 | 226.25 | 259.30 | 291.03 | 321.10 | 358.40 | 389.63 | 417.61
CH, (mL)
5 6.38 7.6
Cumulative CH,
1.23 | 23.78 | 42.87 | 5284 | 60.56 | 67.97 | 74.99 | 83.70 | 91.00 | 97.53
yield (mL/gvs)
Bio-gas cumulative
599 | 119.89 | 220.37 | 271.76 | 311.33 | 348.44 | 382.79 | 425.34 | 462.51 | 494.30
CH, (mL)
7 6.41 7.49
Cumulative CH,
1.00 | 20.00 | 36.76 | 4533 | 51.94 | 58.13 | 63.86 | 70.95 | 77.16 | 82.46
yield (mL/gvs)
Bio-gas cumulative
7.05 | 172.26 | 349.00 | 418.32 | 462.34 | 502.36 | 539.25 | 584.95 | 623.45 | 656.86
CHg (mL)
9 5.99 7.45
Cumulative CH,
0.91 | 2235 | 45.28 | 54.28 | 59.99 | 65.18 | 69.97 | 7590 | 80.89 | 85.23
yield (mL/gvs)
Bio-gas cumulative
7.06 | 178.79 | 447.77 | 545.06 | 599.87 | 646.49 | 686.11 | 733.03 | 776.31 | 813.96
CH, (mL)
11 5.89 7.43
Cumulative CH,
0.34 | 8.55 21.40 | 26.05 | 28.67 | 30.90 | 32.79 | 35.04 | 37.10 | 38.90
yield (mL/gvs)
% Municipal waste | Total solid (g/kg) | Volatile solid (g/kg) | Alkaline (mgCaCo3/L) | Carbohydrate (g/L) |Total volatile fatty acids (mg/L)
3 0.05 3.29 14,358.00 1,685.57 1,321.28
5 0.06 3.33 14,358.00 1,541.71 512.54
7 0.05 3.06 13,857.00 1,421.09 437.14
9 0.05 3.04 14,357.00 1,429.55 440.16
11 0.05 2.69 15,323.00 1,706.00 519.60

nunlelalossludad 25 osAivard o
(isoperibolic at 25 degree Celsius) 1A 811191
Frethandadia diminlaiAu 1 ndu e
NHINUANMUS U WUIezRn sl laanusali
WA 6.61 Wnzasentandy vise 1.84 Aladnd
Fluwenlansy
4.4 AnEAINNITIANAIIUAUSDUVDS
WwAUIanshulan
Joyadninnuidnvesinauialudmio

YASAI5ITUIIY WUIWnAUIaNsrdlanidnsui1vey
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U saaufiveil snauve unAuIauASAS 555151
USny 7 4 suauAeu sunoiiles Sanin
UATASSITUINY RATUAIUEISITUTALLA INTLAS
wAsuNg 84 (Vjvina1m) Tl wa. 2555-2559 weiua
wsvalaniweglud eanua 5,727,132 Alanda
wU s duvezenlualle 2,707,360 Alansy @115
namdundsnuanudeu 5,010,782 Alatnrdalus
sial vozwnlyalllle 3,019,772 Alansu @1unse
namdundsnuanudeu 768,507 AlaTaddalume

U (397 8)
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Table 8 Potential of heating energy production from non-combustible waste and combustible

waste of Promlok Municipality

The amount of non- CH, Heating energy
Year | combustible waste | (m’ CH, production Heating energy production (kWh/year)
(kg/year) /year) (MJ/year)
2555 603,615.12 15,239.59 548,625.30 153,615.08
2556 566,703.08 14,307.67 515,075.98 144,221.27
2557 613,240.04 15,482.59 557,373.38 156,064.55
2558 620,707.02 15,671.11 564,160.11 157,964.83
2559 615,506.72 15,539.82 559,433.57 156,641.40
Total 3,019,771.98 76,240.79 2,744,668.34 768,507.13
The amount of Heating energy production
Year combustible waste (kg/year) MJ/year kWh/year
2555 541,167.87 3,577,119.62 1,001,593.49
2556 508,074.58 3,358,372.97 940,344.43
2557 549,797.04 3,634,158.43 1,017,564.36
2558 556,491.52 3,678,408.95 1,029,954.51
2559 551,829.22 3,647,591.14 1,021,325.52
Total 2,707,360.23 17,895,651.12 5,010,782.31

* 1 Megajoules to Kilowatt-hours = 0.2778; * Energy content 36 MJ/m? CH, [16]

i oLed sUSuamer s T US i
3,138.16 nlansuseTy uuaduvezinnlngilalle
1,650.67 Alansusotu vuzilwlwile 1,483.49
Alansuseiu vevenndldldaansandmduiimu
0.115 gauiarwnseeflaniuveudaszive
Ananmndsuaudou 418.63 Alataddaluwie
Yu pzinlusilaaunsandndundsnuanusou

2.729.62 Alatardalusotu

5. @gduazandsne
5.1 ANAALENBIAUSTNAUNINIEAINLAL

CHER I LEHEIARY
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