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2015 Aquastatdata

Industrial waste water
Industrial water 16%
consumption
3%
Agricultural Water
consumption

38%

Municipal waste water
8%

Municipal water
consumption
3%
Agricultural water
drainage
32%

W Agricultural Water consumption m Agricultural water drainage

W Municipal water consumption Municipal waste water
m Industrial water consumption m Industrial waste water

Global water use

Waste Water treatment
Facility

Sewage Sludge
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2,500 L]

Other Effectively used

Conversion to fuel, etc,
2000
B Use on green farms

Construction materials
{use as cement)

Construction materials
{excluding use as cement)

Landfill and ather disposal
Recycling rate (%)

g
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Amount of sludge generated (1,000 dry tons)
S
£

Treated Sludge can be used for various agricultural, construction or energy
applications. However, landfilling and incineration remains prominent.
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So, What are the drawbacks to “sewage sludge* present use?

- Growing waste management issues

- Hindering policies and regulations for carbon disposals
- Increasing price of disposal

- Wastage of potential resource

- Pollutants considerations

Landfill or Buried dumping Incineration Dumping into Water bodies
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Pre-
processing

Energy Content -
11.10 — 22.10 MJ/K{g

Absence of oxygeg

12 -60°C

Anaeroblc
Digestion

Excess Air
—_—

800 -1150°C

Combustion
(Incineration}

Absence of axyﬁen |

Pyrolysis

300 -900°C

Partial oxidation

—_—

Gasification

7 -30days

l

5 —45min

—_—
—

— Ash
— ]

Bic-gas
(CHas, CO2)

Flue gas
(H2Q, CO2)

Heat

Blo-Char

— Bio-oil

0.1— 0.3sec

—_—
—)l Blo-Char
s— "

Bio-gas
{CHa, CO2z)

B850 -1000°C

Steam, COz, Oz and/or air

Synthesis gas
(CO, Ha, CHa, CO2)

—_—
—_

| Tar

Tar and Bio-ail Reformingto Syngas

Syngas and Bic-oil Reforming / conversion to liquid Transport fuels or chemicals
Bio-char gasification to syngas or combustion for heat energy
Heat/ Bio-gas and Syngas thermal conversion using turhines, boilers and engines for Electricity

First principle of circular economy: “Waste is either a resource, food, energy or money......
“zero waste and pollution”



Pre-Processing of Sludge

Sludge thickening, dewatering and drying process

Sludge Thickening — similar to sedimentary tanks for increasing solid contents by removal of some liquid fraction
Sludge Dewatering — Use of mechanical or chemical assisted system to reduce water content

Sludge Drying — Use of thermal treatment to obtain granular sludge that can be easily handled
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Biological process for biogas production

Technology Social and Environment
. Benefits Benehis
O Globally accepted and technologically - Sutabily for slucge with high moisture - Low carbon emission

= = -local employment creation prospects
- High energy content of biogas

, . - Use of residual product as fertilizers
- Potential for combined heat and power

m atU re . plants Limitations

Snahons - Polluting odor in the vicinity

- : : - Requires appropriate tfreatment to avoid
L 1 fi
e st health hazards to the public and

B i Og aS (60 J— 70% meth an e) - High organic pollutants from process P e

- Conversion efficiency remains low

L

O Energy content of biogas 13 — 21 MJ/kg=3 ANAEROBIC DIGESTION
O Potential to offset 50% energy requirement R—
i Future Research Focus
RiSk Of nOn-Uti”S&tion Or flaring Of blogaS -Eliminates Transportation and disposal

cost - Enhancing Biogas vield and quality

- Sustainable profits with sale of fertilizer,

- Reducing reaction time

Profitability dependent on scale - Various pre-treatments and post-

L

treatments techniques
- Reducing costs

Limitations
- High capital and maintenance cost

U

Improvement of digestion rate

0 Enhancement of biogas yield and quality

Current research focussed on various chemical, mechanical and thermal pre-
treatment methods to enhance digestion rate and yield.
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O High temperature oxidation for heat and

Technology Social and Environment
Benefits Benefils
1Al H - Mature and well known technology - Potential of co-utilization with other solid
electrICIty generatl On _ Heat and electricity generation potential fuels fc_)r reduc:-irng GHG
- Negligible organic pollutant from flue gas ;(Eglixg?éz?é?hon of pollutant capture
d Technologically mature process T o e ot e
g y p - Sludge with high moisture content is not

suitable, dewatering is required. - COz, NOx and SOx emission

- Waste ash would require disposal or reuse '.F.'Ublic cu_(_:ceptc:bilii'y chu_!lenge especially
siting facility near residential areas

U

Flue gas cleaning facility

O Operation challenges — moisture and ash

Economics
content Senenis Future Research Focus
- Usage of existing infrastructure
- - - - - Co-firing with other solid fuels provides = Ash slagging., sintering and corrasion
O Moisture = inefficiency and low heating value e issues

- Energy saving potential for sludge - Ash reuse prospects
treatment plants

o - Heavy metals emissions
Limitations

O Ash slagging = inefficiency and reactor - High Gost of lus gas cleaning technology PEeuns S lCae i e o e

processing drying techniques
- High cost of ash disposal

- Strict pollutant control on technology

maintenance

1 CO-utilization with coal or biomass

Current research focussed on pre-treatments, optimisation of combustion parameters,
catalysts usage, minimisation of pollutants formation, and heavy metals retention in ash to
Improve combustion suitability and minimise deterrent factors.



Pyrolysis
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Inert atmosphere thermal decomposition for
bio-oil, char and gas.

Not a technologically mature process

Bio-oil with ~ 33 MJ/Kg heating value
Negligible pollutant and heavy metal emission
Operation challenges — moisture and char
content

Moisture = inefficiency, low oil quality.

Char = Ash catalytic cracking, disposal or use

In circular economy

Technology

Benefits
- Zero waste process with oil, char and gas vield.

Social and Environment

Benefils

- Minimal te fi this technol 2
- Utilizes both raw and digested sludge i R e e

- Potential for liquid fuel or chemical production
Limitations

- Sludge with high moisture content is not

suitable, dewatering is required.

- Complex reaction

- Technology use still at infancy stage

- Lower emissions and heavy metals

release in comparison to incineration
Limitations

- The use of char as heavy metal store

would require expensive downstream
treatment for disposal, re-use or storage.

Economics

Benefits

- Only large scale plants are economically
feasible

Future Research Focus

- Experimental condition optimization for
improving quality of oil and gas yield
- Low carbon economy potential for energy

industry - Harmless use and disposal of char

generated

- Economic and energy efficient pre-
processing drying fechniques

Limitations
- Expensive technology with high capital and
nunning cost.

- Economic viability is subject to lots of
uncertainties

Current research focussed on pre-treatments, optimisation of pyrolysis parameters to
enhance bio-oil and gas yield, catalysts, minimisation of pollutants or heavy metals
emission, downstream use of yields to ensure profitability and efficiency of technology.
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Technology

Benefits

Social and Environment

- Highly energy efficient technology Benefits

- Potential for liquid fuel or chemical production - Minimal w.as‘te from this technology.
from syngas. - Lower emissions and heavy metals

i - Self-sustaining technology release
for gaseous yield. e e

- Organic pollutants in exhaust.

O Partially oxidized thermal decomposition

- Sludge with =30% moisture content is not -
suitable, drying is required. - Heavy metals emissions

O Not a technologically mature process L e AT
Synthesis gas with ~4 — 12 MJ/m3
O Pollutants formation — H2S, NH3, SOx &

L

Economics Future Research Focus

NOx

O Moisture = inefficiency, tar formation.

O Ash = clinker formation, heavy metal

emissions, disposal or use

Benefits
- Large scale plants are favored economically

- Low carbon economy potential for energy
industry

Limitations
- Expensive technology with high capital and
operational cost.

- Experimental condition optimization for
improving quantity and quality of gas

- Tar minimization and removal

- Ash slagging. sintering and corrosion
issues

- Emission reduction techniques

- Economic and energy efficient pre-
processing drying techniques

Current research focussed on pre-treatments, optimisation of gasifier parameters to
enhance syngas and H2 yield, catalysts and minimisation of tar, pollutants and heavy metals
emission to ensure profitability and efficiency of technology.
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 Environmental limitations of sludge disposal requires its use as a resource

e Further work in sludge characterization, co-utilization of sludge, operating

condition optimization required.
« High moisture and ash content are the main obstacle.

» Use of catalysts, coupling of various technologies and co-use of sludge with other

fuel types are high potential routes for future commercial scale-up.

* In-depth feasibility, technical, economic, social and life cycle assessment required

for establishing suitability in the low carbon circular economy.



!I-‘ University of
Nottingham

A
UK | CHINA | MALAYSIA




P
UK | CHINA | MALAYSIA

Questions???

. = Gl
i |




