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Research Areas

| - Cyclic Adsorption/Reaction Processes

IA- Cyclic Adsorptive Processes
IB- Process Intensification/Multifunctional Reactors

Il - Product Engineering
lIA- Perfume Engineering & Microencapsulation
lIB- Aroma Chemicals and Drug Precursors
lIC- Chemical Reaction and Polymer Engineering

lll - Environmental Science and Engineering
llIA- Aquatic Systems

IlIB- Processes for Pollution Control

IV - Chemical Engineering Thermodynamics
IVA- Separations in Aqueous Media
IVB- Enzymatic Processes in Non-Aqueous Media
IVC- Molecular Modelling and Molecular Simulation

V - Catalysis and Materials

VA- Nanostructured Carbon Materials and Catalysts
VB- Environmental Catalysis and Related Technologies
VC- Catalytic Technologies for Sustainability -



Environmental Science And Engineering
Research Areas © LsRE

® Aquatic Systems
—Environmental Assessment and Monitoring of Surface Waters
—Hydrologic Modelling Using HSPF

—Water Quality Modelling Using BASINS Watershed Tool (Better Assessment
Science Integrating Point & Non-Point Sources) retner 0,

® Processes for Pollution Control o imion
—Use of Environmental Friendly Technologies for Water /. -,
and Air Decontamination
U Biological Oxidation Processes
O Sorption/Biosorption using Natural Materials
O Solar Driven Advanced Oxidation Processes
U Solar Driven Electrochemical Oxidation Processes

O Combination of Physical, Biological, Chemical and
Membrane Processes

—Wastes Valorization for Methane Production by Anaerobic
Digestion
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Solar Driven AOPs Research Topics

Elimination of Emerging Pollutants from Water and Wastewaters using
Solar Advanced Oxidation Processes

® Microorganisms
® Oxanions
® Cyanobacteria
® Cyanotoxins
Domestic Wastewater Reuse
©® Emergent Pollutants
® Pharmaceutical
® Antibiotics
® Fragrances

Autonomous
Pilot Plant With CPCs

® Fenton
©® Solar/Artificial Photo-Fenton
® TiO, or TiO,/H,0, Photocatalysis
©® Homogeneous
©® Heterogeneous
©® TiO, Photocatalytic Paints
EAOPs
® Anodic Oxidation with
Electrogeneration of H,0,
® Electro-Fenton (EF)
® PEF and SPEF

AOPs/EAOPs Lab-Scale Prototype

------

|l ]®

BDD - Boron-Doped Diamond anode
C-PTFE - Carbon-PTFE air-diffusion cathode
EC - Electrochemical Cell

PS — Power Supply

CPC - Compound Parabolic Collector

SS — Solar System

SP - Sampling Point

V1, V2 - EC feeding valves

TC - Temperature Controller
AP — Air Pump

0,-C - Dissolved Oxygen Controller
0,S-D d Oxygen Sensor




Solar Driven AOPs Research Topics

Treatment of Industrial Wastewaters using Combined Chemical and @ LSRE
Biological Oxidation Processes S

Industrial Wastewaters
® Landfill Leachates
® Textile
® Cork Boiling and Bleaching
® Pharmaceutical Solar Pilot Plant with a Combined
® Aquaculture
©® Pesticides
® Winery

e 3

Indoor Air Decontamination using trogeneous Solar
Photocatalytic Processes (VOCs and Microorganisms)

_am I ' 20
— ’o,.".‘— :

Lab-Scale ¥ Pilot-Scale Continuous
Continuous Flow S Flow Tubular
Tubular Photoreactor with CPCs

Photoreactor




Applications of Photocatalysis/Market

Photocatalysis
for Industrial
Emissions
Treatment (1%)

Easy to Clean
Effect

Anti-fogging
Effect

Self-Cleaning
Effect

Global Market Consumer

for
Other . (household)
& Photocatalytic
Poissalyes Products (2%) Produ ctz products

(10%)

Light
($848 million)

Antibacterial
Effects

Water
Cleaning

Data of 2009

Construction
Materials

(87%)

Water
Cleavage

Air Cleaning

ObservatoryNANO, Briefing n°.10, Chemistry & Materials, Application of Photocatalysis, February 2011

Despite the Potential for this Clean Technology for those Emissions, it has
Not Reached a Mature Level for Out-of-Niche Applications



® Leachate from Sanitary Landfills;
® Multistage Treatment System for Mature Leachates;

® From Lab-Scale to Industrial Scale;

¢® Prototypes;

® Nitrogen Removal by Activated Sludge Biological
Treatment

& Nitrification Reaction

& Denitrification Reaction

® Conclusions



Leachate from Sanitary Landfills

WATER CYCLE IN SANITARY
LANDFILLS

Collegtion Evaporation
drain EV

Ry, Precipitation P Ry

] 5
Fitted tip Exploited tip
Infiltration |

Effluent E

H. Billard, Centre de stockage des d’echets Exploitation, 2001.

LANDFILL LEACHATE CLASSIFICATION vs. AGE

RECENT INTERMEDIATE OLD
AGE (YEARS) <5 5-10 >10
pH <65 6.5-15 >75
COD (mgL™) > 10000 4000 - 10000 <4000
BODyCOD >03 0.1-03 <0.1
ORGANIC 80% VOLATILE Sﬁg&?c\fﬁ; HUMIC AND
COMPOUNDS FATACIDS (VEA) Lo e FULVIC ACIDS
HEAVY METAL LOW - MEDIUM - LOW
BIODEGRADABILITY ~ IMPORTANT MEDIUM LOW

E.S.K. Chian, F.B. DeWalle, J. Environ. Eng. Div. (1976) 411—431.




Multistage Treatment System For Leachates

1
Leachate Treatment Plant at |
1
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| Leachate Treatment Strategy
Sanitary Landfill I
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Multistage Treatment System For Leachates
SANITARY LANDFILL LEACHATE

1st 2nd

BIOLOGICAL COAGULATION BIOLOGICAL
PROCESS Ao P PROCESS

v BIODEGRADABLE ORGANIC
FRACTION DEGRADATION v RECALCITRANT ORGANIC v 3:;:,:??ﬁ:2:$::;:‘£
v HUMIC ACIDS REMOVAL FRACTION DEGRADATION

v AMMONIUM OXIDATION DEGRADATION
(NITRIFICATION) v SUSPENDED SOLIDS REMOVAL v BIODEGRADABILITY  NITRATES REMOVAL

ENHANCEMENT
v ALKALINITY REMOVAL (DENITRIFICATION)

Title: Method of Treating Leachate, Phototreatment
European Patent nr. 14161588.0  Reactors and Respective Use
Applicant:. EFACEC ENGENHARIA E SISTEMAS,

A EA
Universidade do Porto
Faculdade de Engenharia

FEUP

S.A.

Oefacec Authors: Isabel Maria Alexandre Saraiva, Maria
Amélia Ferreira da Fonseca, Tania Filomena Castro
Valente Silva, Rui Alfredo da Rocha Boaventura,

Vitor Jorge Pais Vilar




Lab-Scale-Biological Oxidation

PSC OSC SMC  ASS
()]

Sensors Controller

Stirring
motor

AN

NaOH HCI

Aquisition Data System

Front Panel

Respirometer |

® Pump

® Aeration

Reactor Vessel

Legend:

AD - Air Diffuser PD — Peltier Device

ADP — Acid Dosing Pump pH — pH sensor

ASS — Air Supply Source PP — Peristaltic Pump

AT — Aspiration Tube PSC - pH Sensor Connector
BDP — Base Dosing Pump RT — Return Tube

OD - Dissolved Oxygen Sensor SMC - Stirring Motor Connector
OSC - Oxygen Sensor Connector  SP — Stirring Paddle



Lab-Scale-Biological Oxidation

Stoichiometric
- i . tio:
Nitrification ratio
7.14
DO . K. Alkalinity
Group rzll)l?e pH,_ | range (1]1:0/2) (02) (V/SS NH(‘}) /'1)\IAS mg NH,"-N | mg CaCO,
0
8 (mg/L) [ 8 & gvssh )| \mg NH;—N
It 8.73 1.35 219 | 203 3542 5.4:0 4
controlled
I
Effectof pH | 7.5-85 | 818 [ 19201 126 | 25 | 102 | 146 2741 5.120.3
6575 | 7.02 1.83 1.94 6.4 11.6+0.4 5.540.2
875 | 0.5-1.0 | 0.53 2.76 343 3842 4.6403
Effect of DO Not 873 | 1.020 | 135 | 25 | 2.19 20.3 3542 5.440.4
controlled
891 | 2.0-40 | 3.07 2.30 38.0 3042 4.9+0.4
8.91 1.26 15 | 2.92 0.7 2.6+0.1 4.0+0.7
T N 8.92 i 099 | 20 | 3.25 225 21.340.7 4.140.2
Temperature | controlled | ¢ ;s 053 | 25 | 276 | 343 3842 4.6£0.3
8.59 0.41 30 | 3.48 38.1 3042 4.9+0.4




Lab- Scale-Blologlcal Oxidation
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Lab-Scale-Biological Oxidation

Stoichiometric ratio:

Denitrification s N
V J
H —_— Kgesn. Methanol Alkalinity
Group Biomass rgnge pH, | T(C) (/L) mg NO,-N mg CH,;OH mg CaCO;
g VSS.h mg NO,-N mg NO,-N
. 25 8.90 1.38 13.940.3 2.18+0.05 4.4+0.1
Effect of 50 85-90 | 8.90 30 3.34 13.540.2 1.69+0.06 3.4+0.1
Biomass 100 8.82 4.46 9.4+0.3 1.02+0.05 3.23+0.03
6.5-7.0 | 6.77 3.72 5.540.1 1.72+0.08 3.540.1
7.0-75 | 7.15 2.86 15.8+0.2 1.59+0.09 3.4+0.1
0
Effect of pH 50 7.5-80 | 7.86 30 3.4 19.4+0.7 1.63+0.09 3.240.1
8.0-8.5 | 8.04 2.92 17.5+0.4 1.67+0.07 4.0+0.1
85-90 | 8.90 3.34 13.5+0.2 1.69+0.06 3.4+0.1
- 7.42 20 2.00 1.440.1 4.3+0.2
Effect of 50 75-80 | 7.78 25 2.70 11.140.3 2.19+0.06 3.6+0.1
U el i 7.86 30 3.04 19.4+0.7 1.63+0.09 3.240.1
IV Phosphate 7.86 3.4 19.4+0.7 1.63+0.09 3.240.1
) 50 7.5-8.0 30
addition 7.85 2.10 27+1 1.6+0.1 3.2+0.1




Lab-Scale-Biological Oxi

NO,-Nred. (mg NO,-N/g VSS)
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SSV =4.0 g/L; T = 30°C; Sludge Age = 21 days
® Nitrification Cycle of 18 hours + Denitrification Cycle of 6 hours;
¢ Complete Removal of Ammonium ions;
¢ Almost Complete Removal of Nitrites;

® Methanol was Added as External Carbon Source for the
Denitrification Reaction;

© Low Values of Alkalinity after the Biological Treatment;




Lab-Pilot-Pre-Industrial Scale Photoreactors

Lab-Scale Pilot Scale Pre-Industrial Plant

////////




Multistage Treatment System For Leachates

Biological
Tank (3.5 m3)

J

Recirculation

C lati
oagulation Tank (2.5 m3)

Tank (3.0 m3)

5 LEACHATE AFTER
LEACHATE AFTER v N/ LAGOONING MS,
LAGOONING ;2 ;2 v, @ @
i L ao | TlIY
BT 5x1250 W
2 s UV-Vis Lamps
POINTS
O EV, I o)
<t RP u u
Viz |
\_I'\_I\.I\.I\_f
® CPCs (39.52 m?) Vau

DP, | DP, | DP; | DP, | DPs | DPg BIOTREATED
EFFLUENT

AL L LT L LT
ALLLL L L L L

1
-
1
1
NEDFMI H,0, H,SO, NaOH  CH;OH AC

V), Vo — FEED LEACHATE VALVE FROM AERATED
LAGOON

V3, Vi, Vg e Vs — SAMPLING POINTS VALVES (BT)
Vs, Vge V; — BIOTRATED EFFLUENT VALVES

V,— BIOTRATED EFFLUENT TRANSFILLING VALVE
MH — H,0, METER AND CONTROLLER FROM BT TO CT OR RT

nnnn!! nnnn!!
SR bd s
S h bbb s

MO — DISSOLVED OXYGEN METER AND Vyo— DISCHARGE VALVE (BT)
CONTROLLER Vi — SLUDGE SAMPLE POINT VALVE OF RT OR BT
AC — AIR COMPRESSOR EV, - ELECTROVALVE (CPCs) Vi MP—Ph METER AND CONTROLLER V12— FEEDING VALVE (CT)
BT - BIOLOGICAL TANK EV, - ELECTROVALVE (RT) MS, - MECHANICAL STIRRER (BT) Vi3, Vise Vis — CLARIFIED LEACHATE VALVES
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Multistage Treatment System For Leachates

1st Biological Coagulation Photo-Fenton 2nd Biological
Oxidation Sedimentation Reaction Oxidation
T=25C H,0,=127 mM T=27°C
OD=1-2mg/L Quy =10 K, /L 0D < 0.1 mg/L
1400 E\E\E % 7 % 1200
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] \$\.\.\ E\EE/E\E\EE/E*EH & 5= :EHBH ‘%\i 7'77'/%77777773: gjg\ L1000
$$II\./II \/\/\ o i \E =
1000 A o = |. % / ¥ ea\ §
\<B (] :: (5] \EE 800 a0
- \ L " E
< 8001 @ § e =
£ \ o u L600 o
= % ¥ ¥ N =
9 600 A \ oy . . [} o
o & . —bD-N-NO, o o
e \ = - 79 \ L400 S
+ 400 4 €>\$ " N- NO - . go
\ ~<% N-NH ' %‘“ e n £
200 % e% 2 \ 200 Z
$\$ v \ addition of methanol
5 9 b w@ e
0 I\EB/EP/EB\EP’@‘EP’ED?:"@’G?‘@’EP ®\€P7@€: IHBI T T T T T I I T $I T /\:} T $ @ @ ’_/ 7%‘$7®7 O
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 29 30 31 32 33 40 60 80 100 120 140 160 180
Q Q Time (hours) Q high treatment time due to the
long biomass adaptation period
Humic acids Biodegradability Denitrification:
precipitation enhancement © 3.4 mg NO;-N/(h.gVss)
®  Methanol consumption of 2.4
mg CH,0H/mg NO;"-N
After all treatments, the wastewater presents the following
characteristics: > which are in agreement with
= COD =105 mg O,/L the discharge limits imposed by
= BOD; =13 mg O,/L the Portuguese Legislation
= Total Nitrogen = 14 mg N/L (Decree-law no 236/98)
= S$0,% =900 mg/L




Industrial Plant

i Facility sized to treat 20 m3/day of sanitary landfill
: leachate after aerated lagoon

Project AdvancedLFT
Partnership FEUP/EFACEC
(funded by QREN)




Industrial Plant
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Industrial Plant
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Industrial Plant

SIEMENS
Qefacec

o) 1 ey »
e SO, . 403 S




New Solar/UV Photoreactor Prototype
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Conclusions

©

Multistage Treatment System for the Treatment of Mature Leachates,
achieving a Final Effluent with a COD Below 150 mg O,/L and Total
Nitrogen Below 15 mg N/L ;

Biological Oxidation System: i) Biodegradable Organic Fraction Removal;
ii) Nitrogen Content Removal Through Nitrification/Denitrification
Reactions; iii) Alkalinity Removal,;

Coagulation/Sedimentation: i) TSS removal; ii) Humic Acids Removalj; iii)
Increase Leachate Transmissibility;

Photo-Oxidation (Photo-Fenton): i) Degradation of the Recalcitrant
Fraction of the Leachate (mainly Fulvic Acids); ii) Improve Leachate
Biodegradability; iii) Oxidation of Nitrogen Organic Compounds to
Ammonium, Nitrates or Nitrites;

Biological Oxidation System: i) Biodegradable Organic Fraction Removal;
i) Nitrogen Content Removal Through Nitrification/Denitrification
Reactions;

Nitrification/Denitrification Reactions Rates Depends Significantly on the
Leachate Temperature and pH.
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EPOA/CIPOA

The conference topics will include:

Fenton;

Photo-Fenton;

Photocatalysis;

Ozonation;

AOPs/Biological Oxidation;
AOPs/Membrane;

Electrochemical Processes;

Process Monitoring and Control;
Solar-Driven Applications;

Pilot Plant Scale Applications;

AOP Applied to Contaminated Soil and Air;
AOP Applied to Water Disinfection;

AOP Applied to Wastewater Decontamination.
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