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The problem with waste
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The impact of increasing waste

lllegal Dumping

Inadequate capacity
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Current mitigating strategies

Incineration 33 % of waste still dumped
_Composting N » 25.2 % on open landfill

4 % unaccounted for

~ Waste recycle
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Hydrothermal Liquefaction (HTL)

How does it work?

Temperatuore Hydrochar (25-32 MJ/kg)
280-360°C Bio-adsorbent -
Pressure GreenCoal !
90-130 bar

163)

Bio-crude oil (29-40 MJ/kg]

Biodiesel @
Bio-gas J
Light gases: CO, CO,, H,

Nitrogen
atmosphere

Water phase
AAEM'’s
Phenol derivatives 3

Organic feedstock

Decomposition, deoxygenation, depolymerisation » Energy products
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Research Question 1
Effect of changing solvent from water
to primary sewage
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Hydrothermal Liquefaction (HTL)
MSW & Sewage feedstock properties

B Component ___|__Mass% | WVethod

Total Protein 12.2 ASM 078 e

* " Total Fat 3.1 ASM 044

L1l Total Carbohydrates 79.9 ASM 075 —
HHV (MJ/kg) 18.4+0.1 SANS 1928

‘Sjllf]i Moisture 60.93 + 4.19 NREL/TP-510-42621

wasi Ash 5.45+0.2 NREL/TP-510-42622

sanet VOlatile matter 32.74 +2.82 SANS 50
Fixed carbon 2.05+2.14 By Difference

L'l’l NWU " %’
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| Water | Sewage

Bio-crude oil

0.35 Atomic H/C 1.8+0.3 1.5+0.1
’\8 0.30 Atomic O/C 0.4+0.3 0.2 +£0.03
= N-content (mass %) 1.7+0.2 2.2+05
3 0.25 HHV (MJ/kg) 32.1+0.7 32.2 +0.4
E Hydrochar
© 0.20 Atomic H/C 1.02 £ 0.04 1.06 £ 0.01
50.15 Atomic O/C 0.13 £ 0.04 0.1+ 0.05
f; N-content (mass %) 3.4+0.6 3.9+0.3
2010 HHv (MI/kg) 30.4 + 1.6 20.2+0.7
%’0.05 Aq product
L .04

Total phenol (g/L)
0.00 carbon Balance (%
Nitrogen Balance (

ent

lvent
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Research Question 1 - answer
Sewage as solvent does not affect product yield
Sewage as solvent result in better carbon balance
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Research Question 2
Upgrading of hydrochar to GreenCoal
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Upgrading of hydrochar to GreenCoal

Hydrochar and coal preparation

Hydrochar washed with deionised water and HCL
HCL solution (1.96 mL of 32% HCI in 2 L of water)

Filter cake washed with water until neutral pH

Filter cake dried at 60 °C for 24 hours

Hydrochar homogenised using the cone and quartering technique

o Discard coal fines filter cakes from Twistdraal coal mine,
Secunda, South Africa (12um)

o Coal was homogenised using the cone and quartering technique
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Upgrading of hydrochar to GreenCoal

GreenCoal pellet preparation
No binders added

No wax sealant added
No catalyst added

10 mm

10 mm

Stored in air tight container
Cured at 100 °C for 15 hours
Before analysis

Pellet mixtures

cone and quartered
Hydrochar with coal
mixtures with Hand pressed pellets

0-100 mass% hydrochar + 0.75 g mixture
and 0.14 g water
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Upgrading of hydrochar to GreenCoal

GreenCoal pellet properties

2.0 @ Anthracite

1.8 | eHigh ranking Bituminous coal @
1.6 | ®Sub-bituminous coal

1.4 Lignite coal

1.2 | OGreenCoal

O ® MSW
T 1.0
0.8
0.6 o ‘
8': GreenCoal similar
o.o to Sub-bituminous coal!
0.0 0.2 0.4 0.6 0.8

o/C
I
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Upgrading of hydrochar to GreenCoal
GreenCoal emissions performance
1200
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Research Question 2 - answer
A stable GreenCoal pellet can be produced
Hydrochar pellets reduce SOx emissions
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Research Question 3
Upgrading of hydrochar to
a bio-waste adsorbent
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Upgrading of hydrochar to bio-waste adsorbents
Composition of agueous product

Used to produce Concentration (g/L)

guaiacol ~ Vanillyl alcohol 0.06+0.02
Dental sedative . 5 3iacol 0.08+0.05
Nylon — Phenol 0.22
Photography —> Catechol 0.01
Beauty products — Resorcinol 0.28
Vanilla extract — Vanillin 0.04
Leather dyes —> 4-Nitrophenol 0.01
Ca?* 2.7
K* 3.7
Mg?* 0.2
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Upgrading of hydrochar to bio-waste adsorbents

Effect of chemical activation
16

0)
Lowest ash content S
14 @ H%
° N%
12 © Ash
<2 ® HHV
» 10
:
£ 4
E
S 6
@)
4
Unwashed 1N | 0.5M KOH 1.0M KOH 1.5M KOH 2.0M KOH 2.5M KOH
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Upgrading of hydrochar to bio-waste adsorbents
Effect of initial concentration - Phenolics

w v o
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Upgrading of hydrochar to bio-waste adsorbents
Effect of initial concentration - AAEM
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Upgrading of hydrochar to bio-waste adsorbents

Component Concentration Concentration %Recovered
Before adsorption | After adsorption

Vanillyl alcohol 0.06%0.02 0.03
Catechol 0.01 0

Phenol 0.22 0.02
Guaiacol 0.08+0.05 0.03
Resorcinol 0.28 0.1
Vanillin 0.04

4-Nitrophenol 0.01

Ca?* 2.7 1.3
K* 3.7 1.9
Mg?* 0.2 0.1
Na* 0.5 0.2

50%
100%
92%
74%
59%
100%
100%
36%
48%
23%
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Research Question 3 - answer
Effective bio-waste adsorbent for
removal and recovery of phenolic

components
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Research Question 4
Upgrading of bio-crude oil to biodiesel
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Upgrading of bio-crude oil to biodiesel

Dried Novozymes 435 - Methanorveis
Bio-crude oil  Lipase, 10 mass% FA:Methanol T Y
1:3 to 1:28 emperature
27 °C—-60 °C
Residence time
6 — 24 hours

Dried biodiesel Drying at 80 °C Crude biodiesel Remove lipase

fil recovered with by filtration % -
RF
Diethyl ether sl it




Upgrading of bio-crude oil to biodiesel

120

100

80

Conversion of biocrude (mass %)

FA:Methanol ratio no significant effect

12 18

Reaction time (hr)

¢

24

FAME yield of 95.8% at 1:5 ratio
20

2]
e
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1:3

1:5

1:6 1:8 1:10
FA to methanol molar ratio

1:19

Residence time no effect up to 12 hours
FAME yield of 94.6% at 12 hours

Conversion of biocrude to FAME

30

1:28

oll) \wU’

100

90
70
AN

£ Temperature no significant effect

FAME yield of 95.8% highest at 30 °C
EEEEREEE

Temperature (°C)

Bio-crude oil to Biodiesel
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Upgrading of bio-crude oil to biodiesel
Lipase reusability

Conversion of biocrude to FAME

(%)
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Upgrading of bio-crude oil to biodiesel
Lipase reusability
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Research Question 4 - answer
A high quality biodiesel can be produced
from HTL biocrude-oil using lipase
transesterification
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Research Question 5
Upgrading of glycerine product from
biodiesel production to lignin-based

polyurethane foam
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Upgrading of biodiesel glycerine to
polyurethane foam (PUF)

Lignin Organosolv Kraft Lignosulphonate

Ash 2.6+0.2° 20.21+0.0 16.7£0.4
C 57.7+0.7 51.71£0.7 42.8+0.1
H 5.21+0.0 3.7+0.2 4.0+0.1
N 0.840.1 0.2+0.0 0.210.0
O 34.1 32.1 40.2
S 0 4.1 4.5
Na 0.1 6.3 0
Ca 0.4 0 6.6

Co formula® CgHg.103.8(0OCH3)o 3 CgH5.9037S0.3(0OCHz)o9  CoHoO6 2S0.4(0CH3)0.6
MW Cqg unit (g mol™?) 187.7 210.3 246.4

295% Confidence interval based on triplicate analysis. ? The methoxyl content is an estimate based only on
the 31P NMR RII results for syringyl and guaiacyl content

Ry nwu %
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Upgrading of biodiesel glycerine to

polyurethane foam (PUF)

Polyol preparation

1.

vooR W

Adjust pH of glycerine to 8 using 98% H,SO,
Heat glycerine to 160 °C and add lignin (9:1 ratio)

Reaction time of 90 min

Centrifuge at 66.7 Hz for 10 min to separate liquid and solid products

Recover supernatant from ethanol through vacuum evaporation at 30 °C

dy
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Upgrading of glycerine to PUF
A NN N N

Ratio

2.4
1.7
2.1
1.2

ASTM D4272-11
Total hydroxyl content | Primary OH/Secondary OH
mg KOH/g

Lignosulponate polyol 555+ 54
Kraft polyol 491 + 15
Organosolv polyol 436

Crude glycerine polyol 466 + 15
Crude glycerine 758 + 13

\j \ “ ’ Crude glycerlne

2.4

S

1486 1484 1432 1480 14?8 14?6 14?4 14?2 14?0 1463 1466 14-64 1462 1460 1458 1456 1454 1452 1450 1350

ppm
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Upgrading of glycerine to PUF

PUF Formulation  Polymers from

' Kraft-based PUF Lighosulphonate- b
. based PUF 4l

lsocyanate index 105¢

’ ’

Hermanus CM Vosloo? and Idan Chiyanzu®

iy o
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Research Question 5 - answered
Polyurethane foam insulation
material can be produced from the
biodiesel glycerine product using
waste lignin as a an additional
source of hydroxyl groups
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Biorefinery

Bio-crude oil
upgrading

1.2x107 L/hr

18 818 ton/hr
Process gas
8% CH,, 92% CO,

14 056 ton/h
Bio-crude oil W42 ton/hr

HHV: 32 MJ/kg >rizati Polurethane

cHTL Plant : Vanillic acid - 8.2 ton/hr
T: 300 °C i Catechol — 1.4 ton/hr
Rl f it Phenol - 9 ton/hr
Guaiacol — 2.3 ton/hr
Xylose — 48 ton/hr
Acetic acid — 1030 ton/hr

Clean ccl » 31932 ton/hr
OR GreenCoal

P dsorben

28 388 ton/hr
Hydrochar

Discard coal
fines



Biorefinery

Annual Production

Annual bulk market

value
Million S

Biodiesel

GreenCoal

Platform chemicals
Polyurethane foam
Pure CO, gas
Electricity from biogas
Clean water

TOTAL

1.1x10% L
2.8x108 ton
1.1x107 ton
1.8x107 ton

7.751x10%% m3

3.6 TWh
975 GL

o

57
24
262
22
192
9.2

S 365 million

nnnnnnnnnnn
Foundation

nnnnnnnnnnnnnnnnnnnn
‘Support and Advancement



Some references

https://www.compostnetwork.info/policy/circular-
economy/bio-waste-management/

https://zerowasteeurope.eu/2020/09/no-time-to-waste-
incineration-and-waste-to-energy/

https://www.minnpost.com/community-
voices/2021/01/burning-garbage-every-bit-as-dirty-as-it-
sounds/

https://www.ccacoalition.org/ar/node/2280
https://www.britannica.com/technology/sanitary-landfill

https://www.nytimes.com/2018/05/29/climate/recycling-
landfills-plastic-papers.html

https://www.ccacoalition.org/en/activity/organic-waste-
diversion

dy

https://www.colorado.edu/ecenter/2021/04/15/hidden-
damage-landfills

https://envirotecmagazine.com/2014/09/25/study-
quantifies-leachate-from-historic-landfills/

https://www.telegraphindia.com/india/how-india-s-biggest-
sewage-treatment-plant-in-delhi-is-different-from-
others/cid/1694191

https://shipsandports.com.ng/ghana-slams-fines-ships-
sewage-pollution/

https://www.americanrivers.org/threats-solutions/clean-
water/sewage-pollution/

https://www.bbc.com/news/science-environment-
56590219

https://www.hcr-llc.com/blog/the-3-most-common-landfill-
problems-solutions

https://www.farmersweekly.co.za/crops/field-
crops/large-scale-composting-turns-waste-into-
healthy-soil/
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