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Our related
research

Online pH analysis

BOD, COD
H2S, NH2 Test

T
= b . ? I h A
API oil Separation wv.d ar flotation (DAF) QL:

, . Aeration Tank
Equalization tank ‘ if_ ' @

Effluent/ 320 m3/h
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'?)“-_“‘-;5' Water Recovery
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Clarification b
o= Sand Filtration (X5)
Storage / Tank Clarification
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* :_ > Sludge recycle-2
Electrolysis Bnk RO (X6)

Catridge filters UF (X10)
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IFAS: Integrated Fixed-film Activated Sludge

MBBR: Moving Bed Biofilm Reactor "
An Internal Circulation (IC) reactor
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Commercial Anti-Fouling Membranes in Water/Wastewater Treatment

Product Name m Membrane Type Anti-Fouling Mechanism Key Applications

FilmTec™ BW30XFR

ORAYMEF™

Hydranautics CPA8-
LD

Aquaporin Inside™

PURONZ® Bio

BioConnect™

DuPont (USA)

Toray (Japan)

Nitto (Japan)

Agquaporin A/S
(Denmark)

Koch Separation
(USA)

SUEZ Water
Technologies
(France)

RO Spiral Wound

RO/NF

RO

FO

MBR

MBR

e Hydrophilic polyamide layer
e Electronegative surface charge

e Zwitterionic polymer coating

e Low surface energy

e Smooth surface morphology
e Neutral charge modification

e Biomimetic aquaporin channels
e Self-cleaning protein layer
e Anti-biofouling PVDF coating

e Nanopore structure

e Modified PES surface
e Bacteriostatic agents

\¥

Seawater desalination,
Industrial RO

Municipal wastewater
reuse, Brackish water

High-fouling
wastewater, Landfill
leachate

Osmotic MBR, Zero-
liquid discharge (ZLD)

Municipal/Industrial
MBR systems

Municipal WWTPs,

Food processing



Product Name

Manufacturer

Membrane

Type

Anti-Fouling Mechanism

Key Applications

NanoH,0°® qfx

InoCep®

LG Chem (Korea)

InoMem (Czech
Republic)

Orelis
Environnement
(France)

RO

Ceramic UF

Ceramic MF

e Zeolite nanoparticle coating
e Super-hydrophilicity

e TiO, photocatalytic layer
e UV-induced self-cleaning

¢ Al,03/TiO, asymmetric structure
e Charge repulsion

Seawater
desalination, Food
& Beverage

Oily wastewater,
Pharma/Biotech

Landfill leachate,
Textile effluents

\V
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ENERGY AND
BIOFUELS

BIOGAS
BIOHYDROGEN

* BIOGAS
* BIOHYDROGEN
e BIODIESEL

¢ BIOETHANOL/
BIUBUTANOL

i

5 Sl 31 03381 b3l 3w f) g 55105 ot O

AGRICULTURAL
PRODUCTS

AND SOIL
AMENDMENTS

CHEMICALS

A 4 )

WASTEWATER
SLUDGE

N

RECYCLING OF
METALS AND
MINERALS

e RECOVERY OF
HEAVY METALS

« RECOVERY OF

VALUABLE PHOSPHORUS

CHEMICALS « RECOVERY OF
TRACE ELEMENTS

e ORGANIC ACIDS

* PHA

¢ BIOSURFACTANTS

¢ BIOPOLYSACCHARDES

——

ADDED VALUE FROM
'WASTEWATER & SLUDGE

BIOGAS PRODUCTION

ELECTRICITY
PRODUCTION

14 .¢.
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Output Scale

Advantages

Challenges

Key References

Bacteria oxidize
organic matter >
Release electrons
- Generate DC
current

Microbial Fuel Cells
(MFCs)

Bacteria produce
H, from organics
- H, used in fuel
cells for electricity

Microbial
Electrolysis Cells

Microbes convert
organics - CHa-
rich biogas -
Combustion in
turbines/engines

mW to W/m?

0.8-30 m® Hy/m3/day

0.5-1.5 kWh/m?3

Direct conversion; Low
sludge production

Higher efficiency than
MFCs; H, storage

Commercial maturity;
Handles high-strength WW

Y¥

Low power density; High
electrode costs

Requires voltage input; H,
handling

Slow process; Sulfur
inhibition

Logan & Regan
(2006), Trends
Microbiol. DOI:10.1016/j.ti
m.2006.10.003

Liu et al. (2005), Environ.
Sci.

Technol. DOI:10.1021/es05
0244p

Appels et al. (2008), Prog.
Energy Combust.
Sci. DOI:10.1016/j.pecs.200

8.06.002



Industrial-Scale Implementation of Wastewater-to-Energy Technologies

m Industrial Status Implementation Examples Power Output

Biogas-to-

Widely Deployed

’ Limited (EU/Japan)

asification ’ Emerging (Pilot Projects)

e Hindal WWTP (Denmark):
5.8 MW

e Stickney Plant (Chicago,
USA): 20+ MW

e Caixa Geral (Brazil): 3.2
MW for 8,000 homes

® Oslo WWTP (Norway): 17
GWh/year

e Suzhou Sludge

Plant (China): 10 MW

e Tokyo Sludge
Center (Japan): Syngas for
turbines

¢ Vancouver Pilot (Canada):

1 ton/day demo

0.5-2 MW per facility

500-700 kWh/ton sludge

0.2-1 MW

High COD requirement
(>3,000 mg/L)

High drying energy; emission
control costs

Tar management; ash
disposal

Yo




Electricity Generation from Wastewater in Iran: Current Status

Technology m Capacity/Output Key Details
ehran South , , e Supplies internal plant power
Biogas (CHP) [4] Operational ~500 kW
gas ( ) . P e EU-Iran joint project (2018)
\<fahan WWTP A.naer(.)bic ‘ Semi-Active Biogas for heating (no grid e Focused on biosolid reduction &
Digestion export) odor control

Lab-scale e Feasibility study for COD removal +
Shiraz University ’ Research Pilot <100 W (experimental) Y Y
MFC energy recovery
07 Under e Phase 1 funded by Chinese partners
VEHLWERRVAYAGAS Biogas + CHP , Target: 1.2 MW (by 2025) e Aims to power 20% of plant
Construction ,
operations
Karaj Research Microbial il Academic e Investigating native bacteria for H,

: Prototype testin
enter Electrolysis Research U <

&

production
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Target Industries

Service Life

Cost (USD/square meter)

Technology

Oil & Gas, Marine

10+ years

80-150

Nano-hybrid coatings

Water & Wastewater Requires continuous 20-50 (per ton of sludge) Green bio-reinjection
reinjection
Refineries Long-term 2000-5000 (per unit) Cold plasma
Energy, Petrochemical 5-7 years 1000+ (comprehensive Al + Sensor
system)
Yo
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HS- 8H,0 — 8H* + 8(OH)" Figure 11. SRB growth monitoring in specific media after 20 days. Control: The specific
medium without inoculation. (a) Surface scratch from corrosion tube, (b) the corrosion
SRB attack tube cuts (c) the soil samples of corrosion area after five days, and (d) after 20 days.

W

Fe —» Fe?*+2¢ / 8H* + 8¢

Biofilm

Sulfanilic acid

Diphenylamine

a-Naphthylamine

Sample 1

Cut

Corroded \6“' - o
Consumption of electrons from —_— surface Sifise LAl Sample 2
steel (Anode) 4H,
(Cathode)

Sample 3

Buried Carbon
Steel pipe
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