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SUMMARY 
In this report, different seawater FGD technologies are described and 
compared with Alstom technology. The design parameters of aeration 
systems are investigated. Afterwords a dynamic modeling is established 
to simulate different aeration systems. Based on the simulations, we pro-
pose the results.  

 
SUMMARY IN SWEDISH 

Rökgasavsvavling med Havsvatten (SWFGD) är en pålitlig och effektiv 
process för att avlägsna svaveldioxid i rökgaser från kraftverk och 
industrier. Först beskrivs egenskaper och tillämpningar vid tre 
reningsverk med SWFGD process för havsvatten. En 
literaturundersökning studerar olika tekniker för lufttillförsel vid 
användning i gruda vattenbassänger, även inbegripet bästa praxis från 
liknande användning i andra typer av industrier. Ett antal lovande 
alternativ är därvid valt och jämfört med dagens system. Relevanta 
experimentella data för dessa system har samlats in. En flödesbaserad 
modell är utvecklad för att simulera och optimera luftningsprocessen i 
rökgasreningsverk med havsvatten tillförlitligheten kontrolleras efteråt av 
experimentella data. 
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ABSTRACT 
Seawater flue gas desulphurization (SWFGD) is a reliable and efficient process to re-
move sulfur dioxide in flue gases in power plants and industries. The characteristics 
and applications of seawater treatment plant of three SWFGD process are described 
firstly. A literatual survey looking at different air injection techniques in shallow water 
basin applications are investigated, also including best practice from similar applica-
tions in other types of industries. A number of promising alternatives is then selected 
and compared with today’s system. The relevant experimental data of these systems 
are collected. A rate-based model is developed to simulate and optimize the aeration 
process in seawater treatment plant after its reliability is verified by the experimental 
data.  

Key words: Seawater flue gas desulphurization (SWFGD), Aeration, oxygen 
transfer, Carbon dioxide stripping.  

1. INTRODUCTION 
1.1. Project Objectives 

In SWFGD process, the aeration tank is an essential part of the seawater 
recovery system which fulfills the needs of oxygen transfer and CO2 
stripping to improve the quality of seawater effluent.   
Aeration is an essential part of almost all wastewater treatment systems 
and is usually the major energy consuming process, amounting to 45%-
75% of plant operating costs. 
The task of this project is looking for new aeration systems and aerators 
from different aeration process applications in water treatment industry 
to improve the aeration performances and energy efficiency, reduce the 
investment and operation costs to optimize the process on the basis of 
current aeration system.   

1.2. Project Background 
The SWFGD process is a kind of wet FGD technologies using natural 
seawater as the absorbent to neutralize the SO2 in the flue gas. Since 
Professor Bromley I . A in University of California, Berkeley, proposed 
the feasibility of using seawater to absorb SO2 from stack gas seawater in 
1970s, Norway ABB, Lentjes Bischoff (Germany), Fujikasui and Misubi-
shi (Japan), Hoogovens (Netherlands), Ducon (USA) and some other 
companies have all developed various seawater FGD technologies conti-
nuously. SFGD technology was initially applied at aluminum industry 
and oil refineries in Norway. Trombay power plant of Indian TATA 
Power Corporation was the first Power plant applying seawater FGD 
system at two 500MW units in the world. Since then, increasing fossil-
fired power plants close to the coast installed seawater FGD units in 
Spain, UK, Indonesia, Malaysia, and China, etc.  
Dividing by whether adding other chemicals into the seawater, seawater 
FGD technology has two categories. One is called pure seawater FGD 
process, using the natural alkalinity of the seawater to neutralize the SO2 
absorbed from the flue gas, for instance, the Fläkt-Hydro process devel-
oped by Norway ABB-Fläkt Company and Norsk-Hydro Company. Als-
tom is one of the representatives of this technology. The other uses extra 
added lime or NaOH to adjust the alkalinity for better absorption of SO2, 
for instance, the Bechtel process. American Bechtel Company and Japan 
Fujikasui are applying this technology.  

javascript:void(0)�
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Fläkt-Hydro technology is more mature and widely used than Bechtel 
technology from the word wide because of its simple operating principle 
and high reliability.  
Figure 1 shows the typical Fläkt-Hydro SWFGD Process schematic. 
(Alstom Flue Gas Desulphurization Technology, 2003) The flue gas 
from the dust collector is sent to a heat exchanger GGH by a booster 
fan to decrease the temperature, and then goes to the absorber and 
washed by the seawater from the condenser. The seawater out of the ab-
sorber is acidic with high content of SO32-, not able to discharge into sea 
directly. The acidic seawater goes to seawater treatment plant, mixed 
with fresh seawater from the condenser, and aerated in aeration tank. 
The mixed and processed seawater is discharged to the sea after meeting 
the effluent discharge requirements. The cleaned flue gas goes to the 
stack after GGH increasing the temperature.  
The main characteristics of Fläkt-Hydro Seawater FGD process are: 
• Simple process system 
• No additional chemicals 
• No solid by-products 
• More than 90% SO2 removal efficiency 
• Low investment and operation cost 
• Short construction period 
• Convenient maintenance and operation 
• Suitable to low sulfur content coal or oil 
Environmental effects to the marine are the major considerations with 
all the seawater FGD technologies. A lot of institutes and universities 
have done much research to find out that no negative effects on the ma-
rine environment are detected. 
Seawater FGD system mainly consists of four subsystems: flue gas sub-
system, SO2 absorption subsystem, seawater supply and discharge sub-
system and seawater recovery subsystem.  
Figure 2 describes the chemistry of a seawater FGD system. The chemi-
cal reactions mainly include the Sulfurrelated system (Equations 1, 2) and 
carbonaterelated system (Equations 3, 4). 
Figure 2 shows that it is essential to blow air into the aeration tank in the 
seawater recovery system. This process has the significant technical and 
environmental benefits, including: 

• Oxidation of 3HSO−  and 2
3SO −  into 2

4SO −  (Decreasing COD of 
seawater effluent, Equations 1 and 2) 

• Aerating the seawater effluent results in stripping of CO2 and increas-
ing the efficiency of neutralization (Increasing PH value of seawater 
effluent, Equations 3, 4) 

• Increase Dissolved Oxygen (DO) in the seawater effluent. 
The discharge requiremtns of seawater effluent are shown in Table 1. 
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Figure 1 Tipical Fläkt-Hydro Seawater FGD process Schematic  
(Alstom Flue Gas Desulphurization Technology, 2003) 

 

 
Figure 2 Chemistry of seawater FGD system 

2. SEAWATER FLUE GAS DESULPHURIZATION (SWFGD)-
PROCESS STUDY  

2.1. Alstom SWFGD Technology 
The process characteristics of SWFGD Technology mainly focus on the 
absorber type and aeration system in seawater recovery system. Alstom 
SWFGD system is a typical kind of Fläkt-Hydro technology (Fig. 3 to 6). 
The main equipments are: 
• Flue gas ducts 
• Booster Fan (BF) 
• Flue Gas Dampers 
• Gas Gas Heat Exchanger (GGH) 
• Absorber 
• Seawater supply and discharge 
• Seawater Treatment Plant (SWTP) 
• SWTP Aeration System 
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Figure 3 Alstom FGD Process Flow (Tawee, 2008) 

 
 

 
Figure 4 Alstom FGD Absorber Design (Tawee, 2008) 

 

Table 1 Requirements of Discharge seawater  
(Tawee, 2008) 

Pamameter Unit Inlet seawater Discharge 

COD mg/l O2 0 <2.5 

DO % 50 – 100 70 – 90 

pH / 8.2 6-7 

Sulfate mg/l 2700 2 785 

Temperature ° C T T± (1.5-2) 

Salinity o/oo 33.5 33.5 

Suspended solids mg/l SS < (SS + 1.0) 
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Figure 5 Alstom FGD Water Treatment Plant (Tawee, 2008)  

 

 
Figure 6 Simple operation and maintenance of Alstom FGD  
(Tawee, 2008) 

 

2.1.1. Overview of Alstom SWFGD Technology Application 
As Alstom seawater FGD is cost efficient when applied to oil and coal-
fired power plants using seawater coolant, it is the most widely used 
SWFGD technology in power plants in China. 
The first ALSTOM Seawater FGD process plant started operation in 
1968. Increasing number of units has since been installed in different 
parts of the world. Up to 2010, Alstom Seawater FGD technology has 
been applied in 91 units corresponding to a total capacity of 
32,182 MWe in various industries globally. 51 units in Power plants close 
to the coast in China have installed or planed to install SWFGD system 
by 2010, of which 27 units have employed Alstom SWFGD Technology 
(List of installations- Alstom Seawater FGD). 

2.1.2. Engineering Application in Shenzhen West power plant (3×300MW) 
The first SWFGD process plant was installed in China was in Shenzhen 
West Power plant, Unit 4, in 1999. On the base of Unit 4, the SWFGD 
performances of Unit 5 and 6 were improved and the investment were 
decreased significantly by increasing coverage area of air nozzles and re-
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ducing the aeration tank area. Therefore, every performance index of 
Unit 5 and 6 is better than Unit 4.  
The design of the Seawater treatment plants of Unit 4, 5 and 6 in Shenz-
hen West Power Plant is changed. Unit 4 used shallow aeration with low 
air inlet velocity; Unit 5 and 6 used deep aeration with high air inlet ve-
locity to make aeration tank more compact. The aeration tanks of Unit 5 
and 6 consists of 3 channels, each is 43 m in length and 3 m in width 
(Xiaoke and Tong, 2004). 

2.1.3. Engineering Application in Rizhao Power Station (2×350MW) in China 
In the report, we are mainly looking into the seawater recovery system of 
the SWFGD process. The design specification of aeration tank is de-
scribed in Table 2. 
• Adjust aeration system to control the pH value in aeration tank 
• Increase the head of aeration fan to make sure the fully reaction of  

H+ and O2, achieve the expected mix and turbulence effects of sea-
water, so as to increase the PH value of discharge seawater; 

• Under the rated condition, stop/start the amount of aeration fans ac-
cording to the temperature in time to improve the aeration effect; 

• Check the air nozzels in aeration tank regularly to carry out the main-
tenance and update timely. 

2.2. AE&E Lentjes Seawater FGD Technology 
2.2.1. Main Technical Characteristic 

The core items of the AE&E Lentjes Seawater FGD are the absorber 
and seawater recovery system. The absorber has been designed as an 
open spray tower made of steel. The seawater supplied to the absorber 
adopted the combination of pipe-main system and unit system. The sea-
water from the absorber is discharged automatically by means of gravity. 
The seawater recovery system includes the seawater oxidation tank 
and/or aeration tank. The aeration tank is equipped with highly efficient 
membrane aerators; the number and arrangement (absorber capture effi-
ciency and tank geometry/local conditions) are adapted to suit.  
The main technical characteristics of the project are as follows.  
• Equipped with booster fan and GGH in flue gas system; 
• Absorber is steel spray tower equipped with mist eliminator; 
• The spray seawater is delivered by ways of unit system in absorber; 
• The seawater recovery system adopts the aeration in absorber tower 

in early time and later combined with supplementary aeration in aera-
tion tank 

2.2.2. Engineering Application in Songyu Power Plant (4×300 MW) in China  
Dongfang Boiler Group Co., Ltd introduced Germany AE&E Lentjes 
Seawater FGD equipments, designed and applied the seawater FGD 
process in Xiamen Songyu Power Plant (4×300 MW).  
The process flow of Songyu power plant is designed as Figure 7. 
The main technical characteristics of the project are as follows.  
• Equipped with flue gas by pass in flue gas system; 
• Equipped with GGH; 
• Absorber is steel spray tower; 
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• The spray seawater is delivered by ways of the combination of unit 
system and mains system; 

• The seawater recovery system adopts the medium aeration in aeration 
tank combined with supplementary aeration in absorber tower. 

Table 4-6 shows the seawater side mass equilibrium of Songyu Power 
Plant SWFGD (4×300 MW).  
The PH value of discharge seawater goes up to 6.5 in 70 m of the aera-
tion tank. 
 

 
 

 
Figure 7 Seawater FGD process flow sheet of Songyu power plant 
Seawater recovery system (Jun, 2007) 

Table 2   Device specification of aeration tank in sea-
water recovery system (Xiangjun, 2007) 

No. Item  Unit  Value (Note) 

1 Amount No  1 

2 Structure  / Reinforced concrete 

3 Design total flow rate  m3/h 45000 

4 Seawater from absorber m3/h 7500 

5 Seawater from condenser m3/h 37500 

6 Size (length × width × height)  m 60 × 35 × 3.62 

7 Effective volume  m3 2850 

8 Flow channel No. 4 

9 Design water depth  m 3 

10 Residence time  min 1-6 

11 Aeration strength  m3/h 170,000-340,000 

12 Aerator material / Fiber Reinforced Plastics 
(FRP) 

13 Aerator amount No. 16 

14 Aeration tube material / Fiber Reinforced Plastics 
(FRP) 
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The seawater recovery system consists of seawater tank, oxidation blow-
ers, aeration tank and aeration blowers. 
• Seawater tank 
o Seawater tank is located at the bottom of absorber tower; 
o It is 13m in diameter and 5 m in depth; 
o The function is to receive the seawater discharged from the ab-

sorber tower, and provide the oxidation area for the seawater re-
covery; 

o The seawater tank consists of air pipes, baffle boards, overflow 
pipes, and drain pipes for maintenance; 

o In order to reduce the high load of aeration tank, increase the abil-
ity of seawater recovery, the absorber seawater tank is equipped 
with sir oxidation system; 

o Air pipes (φ150 mm) are made of FRP material and located at the 
bottom of the absorber tower; air pipes outside the absorber 
tower are made of CS material; 

• Aeration tank 
o Aeration tank is the core structure and key process in the seawater 

recovery system; 
o As to the high quality requirement of the discharged seawater, ae-

ration tank is large and deep; 
o Aeration tank consists of 3 water channels; the size of each chan-

nel (length × width × height) is 88.7 m × 5.3 m × 2.6 m; 
o The residence time is long, about 5.1 min. 
o Aeration pipes are made of GRP material and located at the bot-

tom of the tank; 
o Main heads: φ600 mm, φ500 mm, φ400 mm; branch heads: 

φ200 mm; 
o Aerators are made of FRP material; 
o 78 aerators per unit. 

• Oxidation blower 
o The function of oxidation blowers is to provide the pressured air 

for the re-aeration in the absorber seawater tank. 
• Aeration blower 
o Then function of aeration blowers is to provide pressured air to 

aeration tank. 
When the SO2 concentration in flue gas is low, and desulphurization ef-
ficiency is not high, and PH value requirement for the discharged seawa-
ter is not relatively lower, it is better to apply the absorber seawater aera-
tion tank. This aeration system aims to increase DO in discharged 
seawater. However, when the SO2 concentration in flue gas, desulphuri-
zation efficiency and pH value requirement for the discharged seawater 
are all in high level, it is better to apply the aeration tank. This aeration 
system mainly aims to increase pH value and DO in the discharged sea-
water. 

2.3. Fujikasui Seawater FGD Technology (Japan) 
2.3.1. Main technical characteristics 

Japan Fujikasui Seawater FGD Technology is a kind of Bechtel seawater 
process. The process flow is described in Fig. 8.  
The main technical characteristics are as follows. 
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Figure 8 Fujikasui Seawater FGD Process Flow 

 
• No flue gas by-pass in flue gas system; 
• No booster fans and GGH; 
• Add lime or NaOH as absorbent in absorber; 
• Absorber is steel sieve tray tower, equipped with mist eliminator in-

side; 
• Seawater recovery system adopts deep aeration in aeration tank, 

gas/liquid ratio (aeration intensity) is relatively lower, residence time 
is relatively longer; 

• Engineering project effects: desulphurization efficiency: 90%; PH 
value of discharged seawater: 6.0. 

2.3.2. Application of Bechtel seawater FGD technology in Houshi Power 
Plant (6×600 MW) in China 
Houshi Power Plant employed spray absorbers in the SO2 absorption 
system, and did not install the flue gas by-pass, boosters fan and GGH in 
flue gas system.  
The oxidation tank in seawater recovery system in Houshi power plant 
consists of mixing tank, aeration tank and drain tank (Zhizhong and Jun, 
2007). 
o The size (length × width × height) is 65 m ×43 m 

×11 m; the volume is 17100 m3; 
o Three aeration blowers for each unit; 
o Design flow rate for each aeration blower is 11400 m3/h; 
o Head pressure of aeration blower is 90 KPa; 
o Aeration blower power is 560 KW; 
o The designed PH value of discharged seawater is 6.0. 

2.4. Comparison of Different Seawater FGD technologies 
According to the descriptions of different SWFGD technologies and 
their applications in power plants, comparisons of different SWFGD 
technologies are listed in Table 3.  
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3. AERATION PRINCIPLES 
3.1. Basic equations 

1 1 1

L e G LK H k k
= +

×
                                                                    (1) 

KL is the overall liquid film coefficient which takes both gas and liquid 
phase resistances into account (Mueller, James A., 2002). 

*( )L
L L

dC k a C Cdt ∞= −
                                                                (2)                                                    

(20 )
20 1.024 t

L L Tk a k a −= ×                                                               (3) 

3.2. Design Equations 
3.2.1. Standard Oxygen Transfer Rate (SOTR)  

SOTR is the mass of oxygen transferred per unit time into a given vo-
lume of water and reported at standard conditions.  

20 ,20L sSOTR k a C V∗= × ×                                                            (4) 
Where: 
SOTR = standard oxygen transfer rate, kgO2/hr, 

20Lk a = determination point value of KLa corrected to 20 degree,  

,20sC∗ = determination point value of steady-state DO concentration 
corrected to 20 degree and a standard barometric pressure of 1.00 at-
mosphere, mg/L, 
V = liquid volume of test water in the test tank when the aerator(s) is 
turned off. 

3.2.2. Standard Aeration Efficiency (SEA) 
 The SAE is the rate of oxygen transfer per unit power input，which 
may be based on either delivered (DP) or wire power (WP). 

                                          

SOTRSAE
DP

SOTRSAE
WP

=

=
                                                            (5) 

DPWP
e

=                                                               (6)         

The ‘e’ represents the overall efficiency of the aeration equipment, which 
is the product of the individual efficiencies of mechanical equipment. 
Typical efficiencies of the individual components are: blowers (50% for 
older to 80% for newer units), motors (95%), coupling (95%) and gear 
box (95%) (EPA, 1985).     
For diffused aeration, the delivered power of blowers is typically based 
on the adiabatic compression equation, AP, (Yunt, 1979). The equations 
below for power are given under both SI and English units due to the 
difference in units and standard gas flow conditions. 
 



 
 

 

 

 

 
 
Table 3 Comparison of Different Seawater FGD technologies 

Application 
 

Characteristics  

Houshi Power Plant ( Japan Fujikasui) 
6×600 MW 

Shenzhen West Power Plant ( Alstom) 
3×300 MW 

Songyu Power Plant ( Germany AE&E Lentjes) 
4×300 MW 

SWFGD Technology Bechtel technology Fläkt–Hydro technology Fläkt–Hydro technology 

Flue gas system 

Flue gas by-pass: Not installed Flue gas by-pass: Installed Flue gas by-pass: Installed 

Booster Fan: Not installed; induced fan isntalled 
Advantages: simple system, low investment; 
Disadvantages: Not economical. When seawater FGD 
system stops operating, the induced fans work in the ineffi-
cient operating points, consuming more electricity. 

Booster Fan: Installed Booster Fan: Installed before GGH 

GGH: Not installed 
Advantages: Reduce system resistance and disposable 
investment and operation costs. 
Disadvantages: Low SO2 absorption efficiency; high anticor-
rosion requirements on clean flue gas flue and stack; white 
smoke from the stack, deficiency in vision. 

GGH: Installed 
Advantages: Reduce the corrosion in 
clean flue gas flue and stack; avoid white 
smoke from the stack 

GGH: Installed 
Advantages: Reduce the corrosion in clean flue 
gas flue and stack; avoid white smoke from the 
stack 

SO2 absorption system 

Vertical cylindrical, steel, perforated plates tower, with mist 
eliminator installed inside, Two for each unit 

Vertical square,  concrete, packings 
absorber with mist eliminator installed 
inside, One of each unit 

Vertical cylindrical, steel, open spray tower, One 
of each unit 

Advantages: Promote vigorous gas-liquid transfer, no 
clogging risk 

Advantages: larger gas-liquid interfacial 
area; reliable SO2 absorption efficiency; 
Disadvantages: high flue gas resistance; 
clogging risk; more electricity consumption 

Advantages: lower flue gas resistance, simple 
maintenance; 
Disadvantage: Not as good mixing effects as 
packing tower without packing inside 

Absorbent: Seawater and NaOH Absorbent: Seawater Absorbent: Seawater 

Seawater recovery 
system 

Deep aeration in aeration tank; 
Relatively lower Gas-liquid ratio (aeration density); Relative-
ly longer residence time in seawater recovery system 

Inka aeration in aeration tank; Medium 
level gas-liquid ratio (aeration density); 
Relatively shorter residence time in 
seawater recovery system 

Mainly medium level aeration in aeration tank, 
supplementary deep aeration in absorber tank; 
High Gas-liquid ratio (aeration density); Long 
residence time in seawater recovery system. 

Desulphurization 
efficiency (%) 

≥ 95.0 ≥ 95.0 ≥ 95.0 

pH value of discharged 
seawater 

＞ 6.00 ≥ 6.50 ＞ 6.80 

COD (mg/L) of dis-
charged seawater 

＜ 5.0 ≤ 5.0 ＜ 0.5 (increase) 
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3( ) 0.100 ( / ) 1

( ) 0.227 ( ) 1

K

d
s N

a

K

d
s

a

PAP kW G m h
P

PAP kW G scfm
P

  
 = − 
   

  
 = − 
   

                       (7) 

Modern German literature on turbo compressors applies adiabatic com-
pression with a K of 0.2857 for dry air (Yunt, 1979). 

3.2.3 Standard Oxygen Transfer Efficiency (SOTE) 
Oxygen transfer efficiency (OTE) refers to the fraction of the mass of 
oxygen in the injected air stream dissolved into the test fluid under given 
conditions. The standard oxygen transfer efficiency (SOTE) is the oxy-
gen transfer efficiency corrected to standard conditions (20degree water 
temperature, zero DO and 1.00 atmospheres),  

2O

SOTRSOTE
W

=                                                                   (10)                                   

2
0.2315Ow w=                                                                    (11) 

In the English system, taking into account the water vapor at 36 percent 
relative humidity provides a slightly lower value, 0.23 (ASCE, 1991). 
So the above equations, we have 

2

3( / ) 0.2315 1.293 0.30 ( / )O s s Nw kg h G G m h= × =            (12) 

2
( / ) 0.23 0.075 60min/ 1.04 ( )O s sw lb h G h G scfm= × × = (13) 

Then two expressions for SOTE are deduced. 

3

( / )
0.30 ( / )

( / )
1.04 ( )

s N

s

SOTR kg hSOTE
G m h

SOTR lb hSOTE
G scfm

=

=
                                            (14) 

4 PERFORMANCE OF AERATORS 
A literature survey regarding aeration systems and aerators applied in wa-
ter treatment processes within different industries was performed. To or-
ganize this review, it is necessary to introduce some form of classifica-
tion. In this report, the various types of aerators are classified as follows. 
• Diffusion aeration 
• Mechanical subsurface 
• Combined diffusion/mechanical 
• Mechanical surface, and 
• Pumped liquid 

Each group is assessed in terms of its principles of operation, applica-
tions, main factors which influence the performance, and reported effec-
tiveness in various liquids. 

4.1  Diffusion aeration 
In these systems compressed air is introduced by diffusers or other de-
vicsubmerged in the liquid and dispersed in the form of bubbles. The dif-
fusers are subdivided into two types: porous diffusers and non-porous 
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ones. The porous diffuser systems are refered as the fine bubble aeration, 
and non-porous diffuser systems are known as coarse bubble diffusers.  
Fine bubble diffusers typically produce bubbles in the diameter of 2 to 
5 mm, and the bubble size of coarse diffusers is larger than the porous 
diffusers, thus lowering the oxygen transfer efficiency (OTE).  

4.1.1  Porous diffuser system (Fine bubble aeration) 
The porous media consist of ceramics, porous plastics, and perforated 
memberanes. Fine bubble diffusers come in various shapes and sizes, in-
cluding plates, domes, discs, tubes, squares and rectangular panels.  
The plate diffuser is one of the original designs for porous diffusers. 
They are usually 30 cm square and 25-38 mm thick, mostly constructed 
of ceramic media. The design air flow rate is typically 0.09 to 
0.18 m3N/h/m2 of diffuser surface area (Mueller, 2002). 
Currently, the mommon panel in the market uses the perforated polyure-
thane membrane. Figure 9 shows two types of panel diffuers.  

 

 
Figure 9 Two types of panel diffusers (Aquaconsult technical  
data sheet,  2009) 

 

 
Figure 10 Design parameters of panel diffuer (Aquaconsult tech-
nical data sheet, 2009) 
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The T type stainless steel plate, and Q type has PVC profile plate. The 
bubble size they produce in clean water is typically 1mm. The main range 
of application is biological stage in municipal or industrial wwtp. Figure 10 
shows the typical parameters of panel diffuser-Aerostrip in different sizes 
(Auquconsult technical data sheet, 2009).  
There are two shapes of disc diffusers: porous plastic and ceramic media. 
Figure 11 shows the assembly of membrane disc diffuser. 
Applications of membrane disc diffusers: 
• Aeration tanks 
• Sludge holding Tanks 
• Aerobic digesters 
• Sequencing batch reactors 
• Channel aeration 
• Air on/air off processes 
• Membrane bioreactors  

Table 5 shows the some design data of membrane disc diffusers.  
The early tubes, Saran wound or aluminum oxide ceramic, have now been 
followed by SAN copolymer, porous HDPE and more recently, by perfo-
rated membranes. Generally, tube diffusers are beneficial because they 
have tremendous improvement in the capacity to handle the air. In addi-
tion, the tube diffusers are generally the most economically approach for 
mounting into the flue gas desulphurization basins or channels. All the 
tubes, discs, or panels can give similar performance in oxygen transfer if 
put in enough of the product and distribute them properly or apply them 
properly. The real key to the selection of one diffuser or the other is its 
particular air handling capacity, mechanical features, cost for installation, 
etc. Tube diffusers have generally better stress resisting characteristics be-
cause of the ‘hoop stress’ designs. Tube diffuser systems tend to be slightly 
less cost on an installed cost basis over disc diffuser systems.  

Table 4 Reference data of panel aeration equipment performance 
( Aquaconsult technical data sheet, 2009) 

 

Aeration Tank 
Code 

Jeong Eup 
STP, Korea 

WWTP Bad 
Hall, 

AUSTRIA 

WWTP 
Enoitalia SpA, 

ITALY 

WWTP 
Markersdorf, 

AUSTRIA 

Number of tank 
municipal:4 
Industrial:4 

No. 1-2 1 No. 2-4 

Type of diffuser 
T 3,0-18; 
T 3,0-18 

Type P 4.0 
Type P 4.0 

Type P 3.0 T4.0; T3.5; 
T3.5 

Area of Strip 
Aerators (m2) 

38.7 
21.0 

79.8 

79.8 
14.7 

20.9 
42.6 
42.6 

Water Depth 
(m) 5.0 

4.05 
4.05 

3.5m 3.81; 5.09; 
5.09 

Air flow 
(Nm³/h) 

2090 
1230 

837 
837 

572 
Peak:750 

1.005; 1.975 
1.975 

SOTR 
(Guarantee) 

kgO2/h 

186.8 
106.2 

98.6 
98.6 

45.65 
Peak: 57.20 

76.3 
190 
190 

Date of Supply 06/2006 
Tank 1: 2005 
Tank 2: 2007 

04/2006 
08/2005 
06/2004 
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Figure 11 Membrane disc diffuser assembly  
(Sanitaire technical data sheet, 1999) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 5  Design data of porus disc diffuser performance (EDI 
technical data sheet, 2011) 

Diffuser type  

Peak air 
flow 

Scfm/ 
Sm3/h 

Design 
air flow* 
Scfm/ 
Sm3/h 

Design 
DWP** 

kP 

Active 
surface aera 

Net 
operating 

buoyancy*** 

9’’ inch ceramic  
5.0s 
8.5 

1-3 
1.7-5.1 

1.2-4.2  
0.4 ft2 

362.3cm2 
-0.4 lb 
-0.2kg 

9’’ inch  
membrane 
Standard 
capacity 

7 
11.9 

0.5-5.0 
0.8-8.5 

2.0-3.0 
0.4 ft2 

380.9 cm2 
+3.14 lb 
+1.42 kg 

9’’ inch  
membrane 

High capacity 

11 
18.7  

1.0-8.0 
1.7-13.6 

1.1-2.7 
0.4 ft2 

380.9 cm2 
+3.14 lb 
+1.42 kg 

Threaded  
membrane 

7’’inch Micro 

4.0 
6.8 

0.5-2.5 
0.8-4.3 

2.2-2.8 
0.2 ft2 

221.3 cm2 
1.2 lb 
0.5 kg 

Threaded  
membrane 

7’’inch High Cap 

8.0 
13.6 

1.0-4.0 
1.7-6.8 

1.2-2.3 
0.2 ft2 

221.3 cm2 
1.2 lb 
0.5 kg 

Threaded 
membrane 

9’’inch Micro 

7.0 
11.9 

0.5-5.0 
0.8-8.5 

2.0-3.0 
0.4 ft2 

380.9 cm2 
1.5 lb 
0.7 kg 

Threaded  
membrane 

9’’inch High Cap 

11.0 
18.7 

1.0-8.0 
1.7-13.6 

1,1-2.7 
0.4 ft2 

380.9 cm2 
1.5 lb 
0.7 kg 

*Design based on standard permeability-alternate permeabilities available. 
**DWP includes air inlet orifice. 
***Buoyancy: + indicates Up, - indicates Down. 
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Table 6  Design data of tube diffuser performance (EDI 
technical data sheet, 2011) 

Diffuser type Typical airflow 
continuous 

Typical airflow 
membrane DWP 

Diffuser 
length(mm) 

Active 
perforated 
aera (m2) 

Magnum 
0-20scfm 

0-32 Nm3/h 
2.5-5.6 Kpa 2192 to 2360 0.472 m2 

MiniPanel 
Micropore 

0-20scfm 
0-32 Nm3/h 

1.7-4.4 Kpa 2802 to 2970 0.472 m2 

MiniPanel 
Nanopore 

0-10scfm 
0-16 Nm3/h 

1.9-4.8 Kpa 2802 to 2970 0.472 m2 

 
 
 

 
Figure 12 EDI FlexAir TM ' 'T' '  Series (EDI technical data sheet, 2011) 
 
 

 

 
Figure 13 Performance data of EDI Flex Air TM' 'T'  Series  
(EDI technical data sheet, 2011) 
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Figure 14 Coarse bubble diffuser (EDI technical data sheet, 2011) 
 

 
 Figure 15 Design of valved orifice diffuser (EDI technical data  
 sheet, 2011) 
 

4.1.2  Non-Porous diffuser system (Coarse bubble aeration)  
Nonporous diffusers which are also refered as coarse bubble diffuers, 
differ from porous diffusers in discharging air by using larger orifices or 
holes. The common types of nonporous diffusers are fixed orifices, 
valved orifices, static tubes, and perforated tubes. Coarse bubble diffus-
ers are widely applied and are suitable for almost any type of water and 
wastewater application. They were the primary aeration methods in 
wastewater treatment up to the mid of 1970s.  
Then there has been increased interest in fine bubble diffusion aeration 
as a competitive system due to its high oxygen transfer efficiency (OTE) 
because of the economic crisis. 
Fixed orifice diffusers usually have simple openings in pipes or specially 
configured openings in housing shapes. These diffusers produce relative-
ly coarse bubbles (6 to 10 mm) with 4.76 to 9.5 mm diameter holes. 
They are used in grit separation processes, influent and effluent channel 
aeration, aerobic sludge digestion and aeration of certain wastewaters 
that have a propensity to precipitate or easily foul porous diffusers. The 
typical airflow rates range from 9.4 to 47.1 m3N/h (6 to 30 scfm) (Muel-
ler, 2002). Figure 14 shows a type of fixed orifice diffusers. 
Valved orifice diffusers use a check valve to prevent backflow when the 
air is shut off. The orifice sizes are similar to those of the fixed orifice 
diffusesrs. Their typical air flow rates range from 9.4 to 18.8 m3N/h (6 to 
12 scfm). They are applied in grit separation, inlet/outlet channel aera-
tion, and aerobic digestio (Fig. 15). 
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A static tube consists of a stationary vertical tube to deliver bubbles of 
air through drilled holes and interference devices within the tube to shear 
the bubbles when air rises through the tube. The diameter of the vertical 
tubes is 0.3 to 0.45 m. Their typical air flow rates range from 15.7 to 
70.7 m3N/h (10 to 45 scfm) (Mueller, 2002). Static tubes are most often 
used in loogon aeration systems, and occasionally in activated sludge 
processes. 
Perforated hose consists of slits or holes at the top of the polyethylene 
tube to discharge air. This type of perforated tubing is more often ap-
plied in lagoon systems.  

4.1.3  Factors affecting the performance of aerators 
The fundamental parameters affecting oxgygen transfer in aeration sys-
tems have been described in Part 3 of the report. When evaluating dif-
ferent aeration systems, several factors of aerators will affect oxygen 
transfer rates and energy efficiencies. For the diffusion aeration systems, 
these factors are as follows. 
• Diffuser type 
• Diffuser displacement 
• Diffuser density 
• Gas flow rate per diffuser or unit aera 
• Tank geometry and diffuser submergence 
• Wastewater and environmental characteristics 
• Process type and flow regime 
• Process loading 
• DO control 
• Degree of diffuser fouling or deterioration 
• Mechanical integrity of aeration system 

4.1.4  Comparison of fine bubble aeration and coarse bubble aeration 
There are several distinct differences between fine bubble aeration sys-
tems and coarse bubble aeration systems. Coarse bubble diffusers pro-
duce the bubbles approximately 2.0 to 2.2 times the average diameter of 
bubbles generated by fine bubble diffusers.  
There are some applications where coarse bubble or other types of sys-
tems may be employed because of the nature of the waste, temperature, 
or special circumstances and processes but the basic premise holds that 
fine pore aeration technology has a tremedous energy benefit and is gain-
ing almost universal application for energy conservation.  
There are companies (e.g. Tideflex Technologies) who claim to combine 
the fine bubble diffusers and coarse bubble diffusers to optimize the 
oxygen transfer and process mixing performances. The layout of the 
combination aeration system is described (Fig. 16). However, this design 
of this type of combination systsms requires two different air flow rates, 
and air blower units which make the system complicated and probabaly 
not economic and efficient.  

4.2  Mechanical surface aerators 
Vertical shaft surface aerators and horizontal shaft surface aerators will 
be discussed in this part.  
Mechanical surface aeration is widely applied in water and wastewater 
treatment, especially in biological oxidation treatment of municipal and 
industrial wastewater, as well as the activated sludge process.   
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These types usually comprise a turbine on a vertical shaft, which draws 
liquid up from directly beneath, sometimes with the aid of a vertical 
guide tube, and throws it out radially (Fig. 17). They are mainly applied in 
the aeration of shallow tanks and lagoons (Thaer, 1978).  
Figure 18 shows a type of horizontal shaft surface aerator. It can also use 
alternative designs of a cylindrical brush or perforated discs. These are 
frequently used in oxidation ditches. The range of SAE for horizontal 
rotors is 1.5 to 2.1 kg/kWh (2.5 to 3.5 lb/hp-h) (Mueller, 2002). 
Horizontal shaft aerators perform oxygen transfer through a combina-
tion of ripples and surges on the surface of the oxidation ditch or treat-
ment tank, drops thrown into the air, bubble entrainment, and mixing of 
air and liquid within the body of the cage, drum or brush.  
Oxygenation capacity and power consumption increase linearly with 
immersion depth and increase with rotational speed. 
 

 
Figure 16 Arrangement of Combination Aeration System  

 
 

 
  Figure 17 A vertical shaft surface aerator with a quide tube  
  (Hobson   and Robertson, 1977) 
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4.3  Mechanical subsurface aerators 
At least two types of configurations are applied (Fig. 19, 20). They are 
good at low cost mixing but not at efficient aerating. The aspirating aera-
tor demonstrates low aerator efficiency (SAE), ranging from 0.4 to 
0.9 kg/kWh (0.6 to 1.5 lb/hp-h) (Mueller, 2002). They perform well in 
lagoon systems, also in aerobic digesters, post and preaeration systems, 
flow equalization tanks, mixing stratified lakes, ice control in harbors and 
as temporary supplemental aeration in wastewater treatment plants.  

 
Figure 18  Horizontal shaft aerator with radial blades 
(Mueller, 2002) 
 
 

 
Figure 19 Selected aspirator aerators (Mueller, 2002) 
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Figure 20 Selected aspirator aerators (Mueller, 2002) 

 

4.4  Combined diffusion air/mechanical aerators 
They normally consist of a deeply submerged turbine above one or more 
large diameter air outlets so that the shear created by the turbine reduces 
bubble size (Fig. 21).  
Combined compressed air/mechanical aerators can achieve high oxygen 
transfer, and widely used in industry (e.g. industrial fermentation 
processes) but not in agriculture because of the higher capital and opera-
tion costs (requiring two separate power inputs, one for the turbine and 
one for the compressor or blower). However, they enable a greater de-
gree of control than any of the other types which makes them attractive 
for research purposes. 

4.5  Pumped liquid aerators 
This category of aerators consists of a variety of different designs with 
the common feature of a pump that draws liquid from the aeration ves-
sel and delivers it under pressure to an aerating device.  
There are three basic types of pump aerator: 
• Plunging jets, 
• Ejectors or venturis, and 
• Pump and pipe aerators. 
Figure 22 is a schematic of plunging jet aerator. The plunging jet types 
may equiped with either single or multiple nozzles (Fig. 23), and can in-
duce a horizontal flow when used with inclined nozzles. 
The ejector or Venturi type aerators are popular in wastewater treatment. 
Most ejector aerators are installed in a submerged position so that the 
small bubbles flow directly into the bulk liquid (Fig. 24) and a non-
submersible pump is required. Venturi aerators appear to be slightly less 
efficient in water than do the plunging jet types, but approximately equal 
in efficiency in sludge (up to 3.85 kgO2/kWh) (Cumby, 1987).  
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Figure 21 A typical combined compressed air and mechanical  
aerator 

 
Figure 25 is a schematic of Vitox system. This system is designed for 
pure oxygen treatment of sewage sludge with a venturi outside the aera-
tion vessel, and a pipe to return the combined sludge and oxygen flow to 
the vessel. The pipe length is sufficient for a significant amount of oxy-
gen transfer to occur in the pipe. 
The Vitox system is similar to the “Tubular Loop Aerator” (Cumby and 
Slater, 1984), which uses a combination of hydrostatic pressure and tur-
bulent shearing flow in horizontal tubes to promote oxygen dissolution. 
Its efficiency is dependent upon the energy used to reduce bubble size. It 
had already exhibited good aeration performance and offered the advan-
tage of a plug flow reactor, a device that has been used for the treatment 
of industrial and domestic sewage in pumped mains (Bjerkholt et al, 
2005). 
 
 

 
Figure 22 Schematic of lunging jet aerator 
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Figure 23 ' ' Jet-Aero-Mix' '  aerator 

 
 

 
Figure 24 Ejector aerator (Cumby, 1987) 

 
 

 
Figure 25 The 'Vitox'  aerator (Cumby, 1987) 
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Figure 26 'Tubular Loop'  aerator (Cumby, 1987) 

 

4.6 Comparison of aeration systems 
The comparison of different aeration systems shows that diffused aera-
tion systems, in particular fine pore membrane aeration diffuser systems, 
offer tremendous energy savings versus other aeration devices currently 
available. For the same unit power required, the oxygen transferred by 
fine-pore diffusers is typically about twice as great as can be obtained by 
coarse bubble diffusers, jets, turbines, or surface aerators. Actually, re-
gardless of what other aeration mixing systems do, in a normal design 
situation fine bubble aeration will always end up being the lowest energy 
consumption system. 

5 DYNAMIC MODELING AND SIMULATION OF AERATION SYTEM 
A rate-based model is developed to simulate the oxygen transfer and 
carbon dioxide (CO2) stripping process in the aeration tank. The liquid 
phase mixing was assumed to be perfect mixing and treated as a single, 
well mixed tank. The gas phase was described as a tanks-in-series model. 
The number of hypothetical tanks indicates the degree of aeration in the 
aeration tank. We set up a time the liquid flows through each small tanks, 
then we get the residence time of liquid in all these equally sized aeration 
tanks.  
The model was validated by comparing the simulation prediction with 
the real process parameters in the SWFGD in power plants. Afterwards, 
the reported aerator performance and other experimental data in clean 
water and seawater are collected from the literature and applied in the 
model to screen different aeration systems. The evaluation is comparing 
the oxygen transfer, CO2 stripping, energy efficiency, design of tank size, 
water depth, and air flow rate based on the discharge requirements of 
seawater effluent. 

5.1   Dynamic Modeling 
The rate-based model consists of the rates of chemical reactions and 
gas-liquid mass transfer was developed to simulate dynamic process of 
oxygen transfer and carbon dioxide stripping.  

5.1.1 Kinetics of Hydration of CO2 in Seawater 
Carbon dioxide concentration is a function primarily of the total amount 
of dissolved inorganic carbon (CtCO3) present in water (i.e. carbon dio-
xide, carbonic acid, bicarbonate ions, and carbonate ions) and of pH. In 
seawater, carbon dioxide exists in four different inorganic forms: as free 
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carbon dioxide (CO2), bicarbonate ion (HCO3-), carbonate ion (CO32-), 
and true carbonic acid (H2CO3) (Summerflet, et al., 2000). 
The concentration of CO2 dissolved in seawater is given by Henry’s law 
with Henry’s constant (He) being the solubility coefficient of CO2 in 
seawater: 

[ ] [ ]2 2eCO H Y CO=  

Where 
2COY =  the partial pressure of 2CO  in the gas phase; 

The hydration of 2CO  leads to the formation of 2 3H CO , but it may also 

yield hydrogen ions H +   and bicarbonate ions 3HCO − . Therefore, the 

carbonate species are related by the following equilibria: 

2 2 3CO H O HCO H− +→+ +←  

2
3 3HCO CO H

−− +→ +←  

The corresponding equilibrium relationships are defined as 

[ ]
3

1
2

HCO H
K

CO

− +      =  

2
3

2
3

CO H
K

HCO

− +

−

     =
  

 

Where K1 and K2 are equilibrium constants  

[ ]2 3TOC CO HCO− = +    

3

1

(1 )

TOCHCO
H
K

−
+

  =    +

 

5.1.2 Kinetics of oxidation of S(IV) in seawater 

2 2 3SO H O HSO H− +→+ +←  

2
3 3HSO SO H

−− +→ +←  

[ ]
3

3
2

HSO H
K

SO

− +      =  

2
3

4
3

SO H
K

HSO

− +

−

     =
  

 

Where K3 and K4 are equilibrium constants. 
The total sulfite concentration (TOS) in the liquid phase can be 
represented, 

[ ] 2
2 3 3TOS SO HSO SO

−−   = + +     

According to the above equations, the following equations can be de-
duced: 
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[ ]
2

2 2

3 3 4

H TOS
SO

H K H K K

+

+ +
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3
3 2

3 3 4

K H TOS
HSO

H K H K K

+
−

+ +

    =     + +   
 

2 3 4
3 2

3 3 4

K K TOSSO
H K H K K

−

+ +
  =     + +   

 

5.1.3 Oxidation rate in seawater 
Chemical reaction rate of Sulfite in seawater: 

2 2
3 2 4

1
2

SO O SO
− −

+ →  

[ ] [ ] [ ]2

( )
( ) a bd S IV

k S IV O
dt

− = ×  

Where k= the oxidation rate of S (IV). 
a=1.5, and b=0, k=0.005 

[ ] [ ]1.5( )
( )

d S IV
k S IV

dt
− = ×  

[ ]
1

( )

( )

1.51
( )( )

n
S IV L

n
S IV

C t n
S IVC o

d S IV k C dt
+

+ − = ×  ∫ ∫  

( ) ( ) ( )

1 1
S IV S IV S IV

n n n
LC C k C t+ + = − × ×   

Where: n = the number the small tank in the model (n=0, 1,2,3...) 

( )

0
S IV

C =  Initial ( )S IV  concentration in seawater (mol/m3), it is  

( )

0
S IV

C TOS=  

TOS is the ( )S IV  concentration at the inlet of aeration tank, (mol/m3); 

( ) ( ) ( ) ( )

1 1 0( )
S VI S IV S IV S VI

n n nC C C C+ += − +  

( )

1
S VI

nC + = ( )S VI concentration in Number (n+1) aeration tank, (mol/m3); 

( )

0
S VI

C = ( )S VI concentration at the inlet of first aeration aeration tank, 

(mol/m3);  
From the equation above, the ( )S IV  and ( )S VI concentrations in each 
aeration tank are calculated.  

5.1.4  Dynamic modeling of Oxygen transfer in seawater 
The concentration of oxygen in water is decided by both the gas-liquid 
equilibrium relationship, and oxidation reaction. The gas-liquid equili-
brium relationship influences the transfer of oxygen between air and wa-
ter. In turn, the oxidation reaction rate determine the oxygen consump-
tion to oxide the S(IV) into S(VI). Therefore, changes in the 
concentration of oxygen can be effected by gas transfer and chemical 
reaction. 
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( * )A
g L AL AL

dCU k a C C
dx

− × = × −  

,

, 0( * )

A out

A in

C L
A L

AL AL gC

dC k adx
C C U

= −
−∫ ∫  

In which,  

* A
AL

e

PC
H

=  

A
AL

PC
RT

=  

Then, we got,  
,

, ( )

A out

A in

P
A L

A gP
AL

e

dP k a LP UC
H

= ×
−

∫  

In which,  

gU = superficial velocity of the gas 

AP  = the gas pressure in the liquid. 

,A inP  = gas pressure at the inlet of the aeration tank; 

,A outP  = gas pressure out of the aeration tank; 

 As we have, 

( * ) ( )L AL AL A AQ C C N r× − = − +  

, ,( )A in A out
A g

P P
N U A

RT RT
= × × −  

L
L

V
Q

τ =  

V L A= ×  
In which,  

LQ = liquid flow rate in aeration tank, (m/s); 

Lτ = residence time of liquid in the aeration tank, (s); 

 V =  the volume of aeration tank (m3); 
 A =  the bottom area of the aeration tank (m2); 
 L =  the length of aeration tank, (m); 
 T =  temperature of seawater (0C) 
The following equation was deduced, 

,
,

1 1 exp( ) ( )

1 1 exp( )

g A in
AL in L A

L g e
AL

g e
L

L g e

U P L RTC k a r
L RT U H

C
U H L RTk a
L RT U H

τ

τ

 
× + × × − − × × + 

  =
 

+ × × − − × × 
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Where ,AL inC and ALC  are gas concentrations at the inlet of each aeration 
tank and in the aeration tank respectively.  

( )
2

S IVAr C= ×∆  

Therefore, from the above equation, concentrations of O2 in each aera-
tion tank are calculated. 
The ionic equilibrium in seawater: 

2 2
4 3 32 2SO CO HCO OH H M
− − − − + +           + + + = +            

Where M +  (cations - anions) is the total concentration of inertspecies 
(such as Na+, K+, Ca2+, Cl- or SO42-) (Merkel and Krauth, 1999). We as-
sume it is a constant, unchangeable in the model.  
Combine all the equations above, a fourth grade equation of H+ concen-
tration in seawater was deduced. After the H+ concentrations of seawater 
in different places in the aeration tank are resolved, and the PH values 
are obtained.    
Pilot the time (s) and CO2, CCO2, CS(IV), and PH values of seawater in the 
aeration tank, we have the curves of CO2 – t, CCO2– t, CS(IV) – t, PH– t. 
From the four curves, we got four residence times of seawater when 
meeting the seawater effluent discharge requirements for DO, CCO2 

stripping, COD, and PH value respectively. 

5.2 Experimental investigation 
In this part of the research, the experimental data of the aeration systems 
we have studied was investigated. In Apendix 1, the collected data con-
sists of fine bubble aerators (tube shape, disc shape, panel shape) and 
coarse bubble aeration we are using in the current process (GSEE, 2001 
and SSI, 2005).  

5.3 Verification of the model 
The model is used to verify aeration systems. After the data was input in-
to the model, fours curves are piloted (Fig. 27 to 30). We can directly 
read the pH values, CO2, SO3, and O2 concentrations in different times 
and see the trend of different curves. The modeled trend of pH value, 
CO2, SO3, and O2 concentrations are in accordance with the experimen-
tal results.  
We can see that concentrations of SO3 CO2 and O2, and pH values are 
changing after the oxygen is injected into the aeration tank and CO2 is 
tripped from the seawater (Fig. 27, 28). The concentration of SO3 de-
creases from the beginning and the SO3 consumption velocity depends 
on the many factors such as oxidation rate, water temperature, initial SO3 
concentration in seawater, etc. Usually the oidation reaction is very fast 
that the SO3 in seawater is consumed immediately. If the oxygen trasfer 
is slower than the oxidation in seawater, then O2 concentration will de-
crease first before it goes up to the saturation concentration (Fig. 28). If 
the oxygen transfer is faster than oxidation reaction, the O2 concentra-
tion will directly goes up to the saturation concentration (Fig. 30).  
CO2 concentration could increase at first because the CO2 stripping is 
slow than CO2 is created. The pH value of seawater would decrease first 
and increase afterwrds (Fig. 27, 29). 
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Figure 27 Changes of pH value and CO2 concentration 
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Figure 28 Changes of SO3 and CO2 concentrations 
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Figure 29 Changes of pH value and CO2 concentrations 
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Figure 29 Changes of SO3 and CO2 concentrations 
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5.4 Simulations of different aeration systems 
The model is modified after the verification to evaluate performances of 
different aeration systems under certain conditions. The limitations are 
added into the model which is the discharge requiments of seawater ef-
fluent shown in Table 1.  

In coarse bubble systems, 20 C
Lk a° could be written as the function of Ug. 

20 0.70.32C
L gk a U° = ×  

It is concluded that for coarse bubbles (dB>2 mm), kL=(3-4)*10-4  m/s, 
and for fine bubbles (dB<0.8 mm), kL=1*10-4 m/s (Heijnen and Van’t 
Riet, 1984). 
So in coarse bubble aeration systems, we can calculate the KLa, a, and Ug 

if we know one of KLa and Ug values.  
From the previsous experimental data, we carefully selected typical data 
for KLa, Ug of different aeration systems for the modeling simulation. 
The initial input data is listed in Table 7-8.   
Input the initial data into the model. The residence times meeting each 
requirements are shown in the curves. The maximum residence time will 
be the aeration system design time. The data is listed in Table 9-10. 

L LV Q H Aτ= × = ×  

Therefore, 

L LQVA
H H

τ×
= =  

gw U A= ×  

With a known residence time and liquid flow rate, we can deduce the 
bottom areas of the tank at each liquid depth in the tank. Thus, the re-
quired air flow rate and SEA can be calculated. The data is listed in Table 
11-14. 

6. RESULTS 
The comparison and simulation of different aeration systems with differ-
ent oxidation reaction rates are studied and demonstrated in Table 10 to 
14.  
The following results are concluded.  
1. Coarse bubble systems with higher gas velocities perform better than 

those with lower gas velocityies. Therefore, pH values increase faster 
if the system has a higher gas velocity (Fig. 31, 32). 

2. Coarse bubble systems perform much better at CO2 stripping than 
fine bubble systems (Fig. 31, 33). The pH values increase much fast-
er in coarse bubble systems than fine bubble systems. 

3. The water depth in the tank also affects the CO2 stripping perfor-
mance. For the coarse bubble systems with the same gas velocities, 
pH value increases faster in 1m water depth than 2m (Fig. 32).  

4. Fine bubble systems with higher gas velocities perform better than 
those with lower gas velocityies. Therefore, pH values increase faster 
if the system has a higher gas velocity (Fig. 33, 34). 

5. The coverage rate of diffuers in fine bubble system does not influ-
ence much on the CO2 stripping. The pH values increase approx-
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imately in the same pace in fine bubble systems with the same gas 
velocities (Fig. 33, 34). 

 
 

 pH values at k=0.025 (Coarse bubble system)

5.00

5.50

6.00

6.50

7.00

7.50

0 200 400 600 800 1000 1200 1400 1600
Time (s)

p
H

 v
al

u
e

Ug=0.0994m/s 

Ug=0.0746m/s

Ug=0.0497m/s

Ug=0.0380m/s

Ug=0.0260m/s

Ug=0.0170m/s

 
Figure 30 pH calues of coarse bubble systems at k=0.025 
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Figure 31 pH values of coarse bubble systems at k=0.025 
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Table 7 Initial coarse bubble data selected and calculated for Simulation (Alstom SWFGD technology, and AE&E Lentjes Tech-
nology) (Xiangjun Li, 2007) 

Aeration system parameters 
KLa (O2) 
/s (20℃) 

KLa (O2)/ 
h (20℃) 

KL (O2) Ug (m/s) a (m2/m3) Tank bottom area Depth (m) Diffuser number 

Alstom 
FRP tubes 

(A) w=170000 (Nm3/h) 0.0391 12.08 0.0004 m/s 0.0497 97.75 950 m2 3.0 64 

(B) w=255000 (Nm3/h/set) 0.0520 16.05 0.0004 m/s 0.0746 130.0 950 m2 3.0 64 

(C) w=340000 (Nm3/h/set) 0.0636 19.62 0.0004 m/s 0.0994 159.0 950 m2 3.0 64 

AE&E 
FRP tubes 

(D) w=80000 Nm3/h 0.0185 5.70 0.0004 m/s 0.017 46.25 1410 m2 2.0 78 

(E) w=120000 Nm3/h 0.0249 7.67 0.0004 m/s 0.026 62.25 1410 m2 2.0 78 

Perforated 
tubes 

(F) Gs=0.564 Nm3/h 0.0129 4.0 0.0004 m/s 0.0102 32.25 0.066 m2 
1m / 

(G) Gs=1.128 Nm3/h 0.0324 10.0 0.0004 m/s 0.0380 81.0 0.066 m2 

(H) Gs=0.564 Nm3/h 0.0166 5.0 0.0004 m/s 0.0146 41.5 0.066 m2 
2m / 

(I) Gs=1.128 Nm3/h 0.0324 10.0 0.0004 m/s 0.0380 81.0 0.066 m2 

J Gs=3104.64 Nm3/h 0.0538 16.62 0.0004 m/s 0.0784 134.5 11m2 3.5m / 

Table 8 Initial fine bubble data selected and calculated for Simulation (submergenced: 3.45 m)  

Aeration system  
parameters 

Air flow 
(Nm3/h) 

KLa (O2) 
/h (20℃) 

KL (O2) m/s Ug (m/s) a (m2/m3) Activate area Coverage density 

Panel 
diffuser 

(a) 10 diffusers 210 43.28 0.0001 0.0239 1402 2.6 m2 24.3% 

(b) 20 diffusers 420 87.40 0.0001 0.0239 2832 5.3 m2 48.6% 

(c) 10 diffusers 105 23.83 0.0001 0.0120 772 2.6 m2 24.3% 

(d) 20 diffusers 210 48.12 0.0001 0.0120 1560 5.3 m2 48.6% 

Tube diffuser (e) 10 sets AFTS3100 200 43.40 0.0001 0.0135 1407 4.4 m2 40% 

Disc diffuser 
(f) 33 sets 12’’  200 44.73 0.0001 0.0277 1450 2.145 m2 19.5% 

(g) 51sets 9’’  200 43.77 0.0001 0.0311 1419 1.9125 m2 17.4% 
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Table 9 Simulation comparion of different aeration systems in clean water, Reaction rate k=0.005 

Aeration system  
parameters 

T (DO, %) (s) T(COD, mg/kg)  (s) T(pH) (s) 
tL (s) Depth  

70% 80% 90% 12 8 4 6.5 6.8 7.0 

Coarse 
bubble 

A 83 122 201 342 458 723 318 540 801 318 

3.0m B 52 89 162 342 458 723 210 402 639 210 

C 36 68 136 342 458 723 153 327 549 153 

D 186 242 345 342 458 723 684 972 1329 684 
2.0m 

E 138 186 280 342 458 723 471 720 1023 458 

F 254 318 435 342 458 723 705 1008 1371 705 
1.0m 

G 100 144 230 342 458 723 258 462 711 458 

Fine 
bubble 

A 13 28 81 342 458 723 597 873 1203 597 

3.45m 

B 7 14 45 342 458 723 594 873 1203 594 

C 46 81 150 342 458 723 1176 
1500 
(6,76) 

/ 1176 

D 20 45 105 342 460 723 
645 
(6.0) 

1170 
(6.5) 

1500 
(6,76) 

1170 

E 20 44 102 342 460 723 
552 
(6.0) 

1044 
(6.5) 

1500 
(6,85) 

552 
 

F 10 25 76 342 458 723 513 765 1080 458 

G 10 25 76 342 458 723 450 693 993 458 

T (DO) represents the aeration time for the seawater effluent to meet the requirement of DO (80% Satuarted oxygen concentration);  
T(COD) represents the aeration time for the seawater effluent to meet the requirement of COD;  
T(pH) represents the aeration time for the seawater effluent to meet the requirement of CO2 stripping; 
tL represents the aeration time for the seawater effluent to meet DO (80% Satuarted oxygen concentration; SO3 concentration < 8mg/kg; pH value >6.5) 
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Table 10 Simulation comparion of different aeration systems in clean water, Reaction rate k=0.025 

Aeration system  parameters 
T (DO, %) (s) T(COD, mg/kg)  (s) T(pH) (s) 

tL (s) Depth  
70% 80% 90% 12 8 4 6.5 6.8 7.0 

Coarse bubble 

A 88 100 134 72 97 151 336 442 576 336 

3.0m B 64 80 108 72 97 151 246 330 438 246 

C 55 68 95 72 97 151 201 276 372 201 

D 144 176 230 72 97 151 651 837 1077 651 
2.0m 

E 115 140 183 72 97 151 465 603 774 465 

F 187 228 300 72 97 151 837 1077 1374 837 
2.0m 

G 94 115 151 72 97 151 348 456 594 348 

Fine bubble 

A 35 46 67 72 97 151 576 741 951 576 

3.45m 

B 22 32 50 72 97 151 576 741 951 576 

C 61 75 102 72 97 151 1116 1428 / 1116 

D 43 55 78 72 97 151 1116 1428 1500 (6,85) 1116 

E 43 55 78 72 97 151 996 1275 1500 (6,94) 996 

F 32 43 63 72 97 151 447 585 756 447 

T (DO) represents the aeration time for the seawater effluent to meet the requirement of DO (80% Satuarted oxygen concentration);  
T(COD) represents the aeration time for the seawater effluent to meet the requirement of COD;  
T(pH) represents the aeration time for the seawater effluent to meet the requirement of CO2 stripping; 
 tL represents the aeration time for the seawater effluent to meet DO (80% Satuarted oxygen concentration; SO3 concentration < 8mg/kg;  pH value >6.5) 
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Table 11 Calculated performance parameters of coarse bubble systems 
Coarse bubble tL (s) Depth (m) Liquid flow rate (m3/h) kLa (/h) Tank volume (m3) Bottom area (m2) Qs (Nm3/h)/ diffuser Ug (m/s) 

A 747 1 30000 4 6225 6225 0.546 0.0102 

B 285 1 30000 10 2375 2375 1.128 0.038 

C 996 2 30000 4 8300 4150 0.546 0.0102 

D 348 2 30000 10 2900 1450 1.128 0.038 

E 255 5 30000 16.62 2125 425 3104.64 0.0784 

Table 12 Calculated performance parameters of coarse bubble systems 
Coarse 
bubble Qs (Nm3/h SOTR (KgO2/h) SOTE (%) AP (KW) WP (KW) SAE kgO2/ Kwh 

SAE/ 
area kgO2/Kwh/m2 

SAE/ volume  
(kgO2/Kwh/m3) 

A 53195 226.34 1.42 142.35 177.94 1.27 0.00O00 0.00020 

B 40591 215.89 1.77 108.62 135.78 1.59 0.00067 0.00067 

C 35464 301.79 2.84 183.99 229.99 1.31 0.00032 0.00016 

D 24782 263.61 3.55 128.57 160.72 1.64 0.00113 0.00057 

E 119952 321.04 0.89 1432.55 1790.69 0.18 0.00042 0.00008 
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Table 13 Calculated performance parameters of fine bubble systems 
Fine  

bubble 
tL (s) 

Depth 
(m) 

Liquid flow rate 
(m3/h) 

kLa (/h) 
Tank volume 

(m3) 
Bottom area 

(m2) 
Qs (Nm3/h)/ 

diffuser 
Ug (m/s) coverage density (%) 

A 576 3.45 30000 43.28 4800 1391 21 0.0239 24.30 

B 576 3.45 30000 87.4 4800 1391 21 0.0239 48.60 

C 1116 3.45 30000 23.83 9300 2696 10.5 0.012 24.30 

D 1116 3.45 30000 48.12 9300 2696 10.5 0.012 48.60 

E 996 3.45 30000 43.4 8300 2406 20 0.0135 40 

F 500 3.45 30000 44.73 4167 1208 6.06 0.0277 19.50 

G 447 3.45 30000 43.77 3725 1080 3.92 0.0311 17.40 

Table 14 Calculated performance parameters of fine bubble systems 
Activate area/ 
diffuser (m2) 

Diffuer 
number 

Qs 
Nm3/h 

SOTR 
(KgO2/h) SOTE (%) AP (KW) WP (KW) 

SAE kgO2/ 
Kwh 

SAE/area 
kgO2/Kwh/m2 

SAE/volume 
kgO2/Kwh/m3 

0.262 1290 27099 1888.39 23.23 232.40 290.50 6.50 0.0047 0.0014 

0.262 2581 54197 3813.44 23.45 464.81 581.01 6.56 0.0047 0.0014 

0.262 2500 26252 2014.52 25,58 225.14 281.43 7.16 0.0027 0.0008 

0.262 5000 52503 4067.90 25.83 450.28 562.85 7.23 0.0027 0.0008 

0.440 2187 43742 3274.40 24.95 375.14 468.92 6.98 0.0029 0.0008 

0.065 3623 21957 1694.15 25.72 188.30 235.38 7.20 0.0060 0.0017 

0.038 5010 19639 1482.06 25.16 168.43 210.53 7.04 0.0065 0.0019 
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Figure 32 pH values of fine bubble systems at k=0.025 
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Figure 33 pH values of fine bubble systems at k=0.005 
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Figure 34 DO values of coarse bubble systems at k=0.925 
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Figure 35 DO values of coarse bubble systems at k=0.005 
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Figure 36 DO values of fine bubble systems at k=0.025 
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Figure 37 DO values of fine bubble systems at k=0.005 
 
 
6. When the oxidation reaction rate increases, COD decreases, both 

DO and pH values increase faster. However, in the short term, pH 
values decrease slightly, and DO decrease dramatically for coarse 
bubble systems (Fig. 35, 36) and fine bubble systems (Fig. 37, 38). 

7. Coarse bubble systems with higher gas velocities peform better at 
O2 transfer (Fig. 35, 36). As we only model the shallow tank per-
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formance here (1m and 2m), the water depth has no much influence 
on O2 transfer. 

8. Fine bubble systems perform much better at O2 transfer than coarse 
bubble systems (Fig. 35 to 37). DO values increase much faster in 
fine bubble systems (Fig. 36 to 38). 

9. The coverage rate of diffuers in fine bubble system does influence 
much on the O2 tramsfer. The DO values increase much faster in 
fine bubble systems with the same gas velocities and higher diffuer 
coverage rate (Fig. 37, 38). 

10. Different design parameters of coarse and fine bubble systems are 
listed in Table 13-14. In this case, we can see that there are different 
designs of aeration tanks (bottom area, tank volume, water depth) 
for coarse and fine bubble systems, and the calculated SOTR, SOTE, 
SAE, SAE/bottom area, SAE/volume. 

7. CONCLUSION 
The results described how the different factors would affect the aeration 
efficiency. We should take all these factors into consideration when de-
signing the aeration system, including aerator efficiency, aeration system 
capital cost, the area of the aeration tank, gas velocity, aeration energy ef-
ficiency, operation risks, maintenance cost. 
The fine bubble aeration systems require lower gas velocities, so they are 
better at oxygen transfer and energy efficiency than the course bubble 
systems. As it takes longer time for fine bubble aeration systems to rev-
cover the pH value in the aeration tank, so those aeration tank would 
take more space and thus more expensive. Meanwhile, the fine bubble 
aeration systems have higher risk to be blocked in the real operation 
which require higher maintenance cost. 
The coarse bubble systems has advantage at the capital cost and size of 
aeration tank. However, they require higher gas velocities, not as energy 
efficient as fine bubble aeration systems. So the total cost could be high-
er than the fine bubble aeration systems. 
To sum up, when it comes to the real engineering projects, whether to 
choose the fine bubble aeration systems or coarse bubble aeration sys-
tems, it shoud be decided case by case. The model in this report could be 
used as a reference tool to compare the efficiencies of different aeration 
systems. 
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APENDIX Ι  COLLECTED EXPERIMENTAL DATA OF DIFFERENT 
AERATION SYSTEMS 

 

Table 1 Clean water test of Aero-Tube™ (GSEE, Inc., 2001 ) 

Test parameters ASI  

Used Standard ASCE-06 

Test water  Clean water 

Number of Diffusers 1 

Diffuser Code Aero-Tube™ 

Diffuser Shape Tube  

Membrane material 75% Recycled SBR Rubber, 25% Linear Low density 
Polyethylene 

Tank type Square  

Tank size  2*0.61*1.52 

Tank volume (m3) 1.9 

Water depth (m) 1.52 

Immersion depth (m) 1.22 

Test Air flow  3.94 (SCFM) 1.95 (SCFM) 7.78 (SCFM) 

Brao.  742,2mmHg 741,9mmHg 741,7 mm Hg 

Head loss (In.H2O) 12.51 8.43 22.71 

Water temp. (°C) 19.60 19.9 20.10 

C* (mg/L) 9.37 9.26 9.17 

C*20 (mg/L) 
Standard conditions 

9.50 9.45 9.40 

KLaT (/h) 8.59 5.10 17.30 

Kla20 (/h) 8.68 5.11 17.24 

SOTR  0.34 (#O2/h) 0.2 (#O2/h) 0.66 (#O2/h) 

SOTE (%) 8.29 9.78 8.24 

SAEwire/SAE 
6.38 

(#O2/h-HPw) 
8.04 

(#O2/h-HPw) 
5.47 

(#O2/h-HPw) 
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Table 2 Clean water test of tube fine bubble difusers (SSI, 2009 ) 

Test parameters SSI  

Used Standard ASCE-06 

Test water  Clean water 

Number of Diffusers 24 7 

Diffuser Code Snappy saddle 3” (AFTS 3100) 

Diffuser Shape Tube, 91mm 

Membrane material PTFE/fEPDM/EPDM 

Design air flow 2,0-13,0 SCFM (3,4-22 Sm3/h) 

Flow range  0-16 SCFM (0-27 Sm3/h) 

Active surface area 0,440 m2 

Tank type Square  

Tank size  7*4*7,5 

Tank volume (m3) 117,88 127,96 

Water depth (m) 4,21 4,57 

Immersion depth (m) 3,96 4,33 

TDS (mg/L) 1386 1518 - 1376 

Test Air flow (Sm3/hr) 
302,43 
(avg.) 

304.52 
(avg.) 

179.74 
(max.) 

94,42 
(avg.) 

Brao.  991 mbar 970 mbar 

Water temp. (°C) 24.1 24.2 9.1 9.2 

C* (mg/L) 9.39 12.74 12.59 

C*20 (mg/L) 
Standard conditions 

10.36 10.43 10.34 

KLaT (/h) 23.31 7.12 4.25 

Kla20 (/h) 21.15 10.06 5.49 

SOTR  25.83 12.34 7.26 

SOTE (%) 30.83 24.83 27.75 
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Table 3 Clean water test of 9” EPDM Disc fine bubble diffusers  
(SSI, 2005 ) 

Test parameters SSI  

Used Standard ASCE-06 

Test water  Clean water 

Number of Diffusers 105 

Diffuser Code AFD270 

Diffuser Shape 9” Disc 

Membrane material EPDM 

Design air flow 
1,5-3,0 SCFM 
2,5-5,0 Sm3/h 

Flow range  0-7SCFM (0-12 Sm3/h) 

Active surface area 0,0375 m2 

Tank type Square  

Tank size  7*4*7,5  

Tank volume (m3) 140 

Water depth (m) 5 

Immersion depth (m) 4,7 

TDS (mg/L) 502 744 899 1141 

Test Air flow (Sm3/hr) 146,3 210,1 315,0 523,4 

Brao. (mbar) 992 992 992 992 

Water temp. (°C) 17,4 17,5 17,7 17,8 

C* (mg/L) 11,24 11,23 11,21 11,17 

C*20 (mg/L) 
Standard conditions 

10,85 10,86 10,89 10,88 

KLaT (/h) 8,7 12,53 17,96 29,42 

Kla20 (/h) 9,25 13,29 18,97 31,00 

SOTR  14,05 20,221 28,93 47,20 

SOTE (%) 34,68 34,73 33,16 32,56 
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Table 4 Clean water test of 9” TEFLON Disc fine bubble diffusers 
(SSI, 2005 ) 

Test parameters SSI  

Used Standard ASCE-06 

Test water  Clean water 

Number of Diffusers 105 

Diffuser Code AFD270 

Diffuser Shape 9” Disc 

Membrane material TEFLON 

Design air flow 
1,5-3,0 SCFM 
2,5-5,0 Sm3/h 

Flow range  0-7SCFM (0-12 Sm3/h) 

Active surface area 0,0375 m2 

Tank type Square  

Tank size  7*4*7,5 

Tank volume (m3) 140 

Water depth (m) 5 

Immersion depth (m) 4,7 

TDS (mg/L) 1364 1240 1519 1655 

Test Air flow (Sm3/hr) 146,6 207,2 214,8 325,4 

Brao. (mbar) 997 997 997 997 

Water temp. (°C) 19,8 19,7 19,9 20 

C* (mg/L) 10,45 10,51 10,44 10,50 

C*20 (mg/L) 
Standard conditions 

10,56 10,60 10,56 10,64 

KLaT (/h) 9,46 12,95 20,04 32,37 

Kla20 (/h) 9,50 13,04 20,09 32,37 

SOTR  14,05 19,35 29,71 48,22 

SOTE (%) 34,60 33,72 34,07 33,13 
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Table 5 Clean water test of 12” EPDM Disc fine bubble diffusers 
(SSI, 2005 ) 

Test parameters SSI  

Used Standard ASCE-06 

Test water  Clean water 

Number of Diffusers 55 

Diffuser Code AFD350 

Diffuser Shape 12” Disc 

Membrane material EPDM 

Design air flow 
2,5-5,0 SCFM 
4,2-8,3 Sm3/h 

Flow range  0-12SCFM (0-20 Sm3/h) 

Active surface area 0,065 m2 

Tank type Square  

Tank size  7*4*7,5 

Tank volume (m3) 140 

Water depth (m) 5 

Immersion depth (m) 4,7 

TDS (mg/L) 546 685 834 1026 

Test Air flow (Sm3/hr) 76,0 109,2 166,1 274,7 

Brao. (mbar) 1001 1001 1001 1001 

Water temp. (°C) 17,9 18,0 18,1 18,2 

C* (mg/L) 11,44 11,44 11,31 11,12 

C*20 (mg/L) 
Standard conditions 

11,07 11,10 10,99 10,83 

KLaT (/h) 4,49 6,50 9,90 15,60 

Kla20 (/h) 4,72 6,82 10,35 16,28 

SOTR  7,31 10,60 15,93 24,68 

SOTE (%) 34,73 35,03 34,63 32,43 
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Table 6 Clean water test of 12” TEFLON Disc fine bubble diffusers 
(SSI, 2005 ) 

Test parameters SSI  

Used Standard ASCE-06 

Test water  Clean water 

Number of Diffusers 55 

Diffuser Code AFD350 

Diffuser Shape 12” Disc 

Membrane material TEFLON 

Design air flow 
2,5-5,0 SCFM 
4,2-8,3 Sm3/h 

Flow range  0-12SCFM (0-20 Sm3/h) 

Active surface area 0,065 m2 

Tank type Square  

Tank size  7*4*7,5 

Tank volume (m3) 140 

Water depth (m) 5 

Immersion depth (m) 4,7 

TDS (mg/L) 1314 1463 1655 1817 

Test Air flow (Sm3/hr) 76,4 112,5 168,2 276,1 

Brao. (mbar) 998 998 998 998 

Water temp. (°C) 18,4 18,5 18,6 18,6 

C* (mg/L) 11,01 11,02 - - 

C*20 (mg/L) 
Standard conditions 

10,80 10,82 - - 

KLaT (/h) 4,90 7,26 - - 

Kla20 (/h) 5,09 7,52 - - 

SOTR  7,69 11,40 - - 

SOTE (%) 36,36 36,58 34,10 33,68 
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Table 7 Clean water test of 9” EPDM Disc fine bubble diffusers (SSI, 
2005 ) 

Test parameters SSI  

Used Standard ASCE-06 

Test water  Clean water 

Number of Diffusers 55 

Diffuser Code AFD270 

Diffuser Shape 9” Disc 

Membrane material EPDM 

Design air flow 
1,5-3,0 SCFM 
2,5-5,0 Sm3/h 

Flow range  0-7SCFM (0-12 Sm3/h) 

Active surface area 0,0375 m2 

Tank type Square  

Tank size  7*4*7,5  

Tank volume (m3) 140 

Water depth (m) 5 

Immersion depth (m) 4,7 

TDS (mg/L) 1240 1054 760 636 

Test Air flow (Sm3/hr) 77,9 110,7 164,7 270,8 

Brao. (mbar) 997 997 997 997 

Water temp. (°C) 17,9 17,7 17,5 17,4 

C* (mg/L) 11,17 11,22 11,25 11,24 

C*20 (mg/L) 
Standard conditions 

10,83 10,86 10,84 10,81 

KLaT (/h) 5,06 6,72 9,11 13,84 

Kla20 (/h) 5,33 7,10 9,67 14,72 

SOTR  8,09 10,79 14,67 2228 

SOTE (%) 37,46 35,17 32,16 29,70 
 
 


	Summary
	Acknowledgement
	Abstract
	1. Introduction
	1.1. Project Objectives
	1.2. Project Background

	2. Seawater flue gas desulphurization (SWFGD)-process study 
	2.1. Alstom SWFGD Technology
	2.1.1. Overview of Alstom SWFGD Technology Application
	2.1.2. Engineering Application in Shenzhen West power plant (3×300MW)
	2.1.3. Engineering Application in Rizhao Power Station (2×350MW) in China

	2.2. AE&E Lentjes Seawater FGD Technology
	2.2.1. Main Technical Characteristic
	2.2.2. Engineering Application in Songyu Power Plant (4×300 MW) in China 

	2.3. Fujikasui Seawater FGD Technology (Japan)
	2.3.1. Main technical characteristics
	2.3.2. Application of Bechtel seawater FGD technology in Houshi Power Plant (6×600 MW) in China

	2.4. Comparison of Different Seawater FGD technologies

	3. Aeration principles
	3.1. Basic equations
	3.2. Design Equations
	3.2.1. Standard Oxygen Transfer Rate (SOTR) 
	3.2.2. Standard Aeration Efficiency (SEA)
	3.2.3 Standard Oxygen Transfer Efficiency (SOTE)


	4 Performance of aerators
	4.1  Diffusion aeration
	4.1.1  Porous diffuser system (Fine bubble aeration)
	4.1.2  Non-Porous diffuser system (Coarse bubble aeration) 
	4.1.3  Factors affecting the performance of aerators
	4.1.4  Comparison of fine bubble aeration and coarse bubble aeration

	4.2  Mechanical surface aerators
	4.3  Mechanical subsurface aerators
	4.4  Combined diffusion air/mechanical aerators
	4.5  Pumped liquid aerators
	4.6 Comparison of aeration systems

	5 Dynamic modeling and simulation of aeration sytem
	5.1   Dynamic Modeling
	5.1.1 Kinetics of Hydration of CO2 in Seawater
	5.1.2 Kinetics of oxidation of S(IV) in seawater
	5.1.3 Oxidation rate in seawater
	5.1.4  Dynamic modeling of Oxygen transfer in seawater

	5.2 Experimental investigation
	5.3 Verification of the model
	5.4 Simulations of different aeration systems

	6. Results
	7. Conclusion
	References
	APENDIX Ι Collected experimental data of different aeration systems

