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Noh-sustainable mankind

Only 25 wt% of
what goes into
the pipe comes
out as goods and
services

(Source: World Resource Institute)

Yesterday, waste was a problem.
21/06/2014 Today, it is a valuable resources t 4




Waste deposit worldwide

MSW Fraction Fraction of
eneration of MSW Fraction of other MSW
rate disposed MSW Fraction management
Region (Ton/cap'y) to SWDS incinerated composted (e.q. recycling)
Asia
Eastern Asia 0.37 0.55 0.26 0.01 0.18
South-Central
Asia 0.21 0.74 - 0.05 0.21
South-East Asia 027 0.59 0.09 0.05 0.27
Africa 0.259 0.69 - - 0.31
Europe
Eastern Europe 0.38 0.90 0.04 0.01 0.02
Morthem Europe 0.64 0.47 D24 0.08 0.20
Southem
Europe 0.52 0.85 0.05 0.05 0.05
Westemn Europe 056 0.47 022 0.15 0.15
America
Caribbean 0.49 0.83 0.02 - 0.15
Central America 021 0.50 - - 0.50
South America 0.26 0.54 0.01 0.003 0.46
North America 0.65 0.58 0.06 0.06 0.29
COceania 0.69 0.85 - - 0.15

Adapted from the 2006 IPCC
Guidelines for National Greenhouse Gas
Inventories (Chapter 2).




Some waste Is poorly divertible
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Statistique SUR LES déchets alimentaires

Source

3,6 GTonnes/annee (3.6 billions) de déchets alimentaires sont jetés
chaque année a |'échelle mondiale

« 7% sont recyclé pour autre chose que I'enfouissement (composte)

* Le reste est enfoui dans des sites d'enfouissement (beaucoup de
transport...)

Et si tous ces déchets étaient convertis en ener'gle
« Remplaceraient lenergle utilisée par 31% des ménages aux Etats-Unis

« Réduirait I'équivalent d'émissions des gaz a effet de serre (carbon
offset) de 61 millions d'automobiles

21/06/2014




Large scale:
pyrolysis/gasification/combustion
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Statistique SUR LES déchets alimentaires

Transport
Les déchets sont déplacés mondialement pour ['équivalent de...

- 1,5 millions de fois la distance aller-retour entre la Lune et la Terre
- 10 000 fois la distance aller-retour entre Mars et la Terre chaque année (ne
comprend pas les fausses septiques)

25% de la production mondiale d'essence est utilisée pour le transport des
déchets alimentaires (ne comprend pas les fausses septiques)

C'est |'équivalent d'environ 145 millions d'automobiles en gaz a effet de
serre

21/06/2014




Towards a distributed small scale conversion approach
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. ocal conversion
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PYROWAVE Apparatus
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Segment of waste addressed

« Typical restaurant disposes 26 tons/year

Poorly diverted
— Around 31%-33%

Long term availability




(&» /waste converting process

the quantities:

26 tons 4000 kWh 15.2 tons 5.2 tons 5.2 tons

a— - -.!.!.'l..

Oe=*@» B +4+w=

— 0-0

waste microwave bio-olil bio-gas bio-char
pyrolysis

1kg 0.54MJ, 27M] OM] OM]




Experimental results
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By products

Table 3: Pyrolysis products distribution

Mumber of Product distribution (wt%)
Materials experiments within 90% confidence interval
Solid Liquid Gas
Polystyrene G 19 = 2|71 £ 3|9 = 4
Paper G 286 + T |19 £ 6 |53 £ 5
Meat G 15 £+ 9 (57 £ 7 |28 + 10
Equal mix 2 21 £ 13|57 £ 8 |22 = 5
Restaurant mix 2 11 £ 9 (66 £ 35|23 + 45




products

Table 5: Liquid product water content

Water content | Water content Fraction of
Materials in oil due to water in oil due
[wi%] feedstock to feedstock
Polystyrene 4.80 4.9% £0.1% 100% £ 4%
Paper 55.35 14% + 3% 26% + 12%
Meat f7.75 20% + 1% 60% + 30%
Equal mix — oil 1 84 .00
Equal mix — oil 2 3925
Restaurant mix — oil 1 83.30
Restaurant mix — oil 2 32 .60
Liquid product (native) Liquid product (water remowed)
Materials
M C H 5 N C H 5 o¢
Polystyrens 065 8684 244 000 | 058 91.01 887 000 045
Paper 0.1 1602 970 000|022 4280 263 000 3525
Fleat 0.9 421 11.16 000 | 404 1862 5016 000 2688
Equal mix — oil 1 0.4 343 1106 000 | 250 2144 6906 000 700
Equal mix — cil 2 011 607 1116 000 | 018 998 1837 000 7146
Restaurant mix —oil 1 074 304 1124 000 | 443 23650 6731 000 467
Restaurant mix —oil2 157 56754 1046 000 | 233 8537 1552 000 -322




Chemical identification

Table 9: Liquid product chemical composition (water removed)

Equal mix -0il 1 Equal mix - oil 2 Restaurant mix - oil 1  Restaurant mix - oil 2

Species o Composition (mg/L) Acetic acid 34688-39949 1361-1767 12542-17563 <1792
Toluene =35-10546 4654 2- 55001 nd. =37 18281-25976
Acetic acid 1050 - 1420 3500-28288 <400-2451 Propionic acid 4424-7898 n.d. =531 3337-4688 nd. =896
Touene 2857 - 17376 <4 J98-3785 Ethylbenzene =35-3852 965158- 112056 nd. =37 35832-60015
Propionic acid B2A J121-8185 <200-2821 Styrene 1368-26852 B31039- 631788 840-884 159337-1959973
S 2 Butyric acid =347-983 G059- TAGT 574-847 G55-1273
Styrene 207838 - 380834 1182-1378 5356-30744 Furfural 4701-6733 n.d. 316-681 n.d.
Butyric acid .25 - 525 <@0)  <200-1431 Isopropylbenzene n.d. 4247- 4510 n.d. 1957-3439
Furfural nd. 15305-38172 5321077 Cyclopropylbenzene n.d-102 1980- 2690 32-49 1169-1629
— Isopropyibenzens s (X i -Methylstyrene n.d.-1949 47705 48614 49-53 15364-20844
Cyclopropylbenzene 437 - 846 n.d. 28-308 Propenylbenzene n.d. 2677- 3337 n.d. 1212-1638
a -Methylstyrene 10482 - 20408 n.d. T28-4405 3-Butylbenzene n.d. 872- 1320 n.d. 1269-1873
Propemylbenzene 481 - 1066 n.d. n.d.-58 -Ethylstyrene n.d.-216 492- 695 95-125 328-447
3-Butylbenzene 143 - 321 nd. . Styrene dimer n.d.-2102 54739- 88983 H33-095 17360-19846
5-Methyifurfural nd. I5R2-4847 nd. Levoglucosan G097-8108 n.d. 3758-5T15 n.d.
Oleic acid n.d. nd. n.d. nd.
EE'EI 3 hl. ne Eammﬂq - EEE'EEE ""jl' 13”9":'1'%'321 Styrene trimer n.d.-489 45796- 71001 n.d. 23082-24240
Levoglucosan n.d. S200-0550 206444
Oleic acid n.d. n.d. n.d.-841
Styrene trimer 33650 - 30661 n.d. T2-1815

Table 10: Nitrogen based compounds found in meat derived bio-oil

Chemical ppm

propanamide 390
3-methylbutanamide 462
benzenenitnle 477
hexadecanenitrle 944
9-octadecenamide 959
octadecanamide 262
indole 1190
4-methylpentanamide h28

benzénepropanenitrile 364




Conclusion

* We presented the rationale behind distributed
waste pyrolysis

— Transportation costs, other economies of scale
* \We demonstrated that microwave pyrolysis Is a

suitable candidate technology for distbuted
treatment of waste




the sum of small contributions provides
the foundation of a profitable business

20
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