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Design and Test of Integrated Device for Ammonia Nitrogen
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Abstract: The treatment of anaerobic digestion effluent has become the bottleneck of large-scale biogas station application
in China. In order to promote the engineering application of ammonia nitrogen stripping and recovery of anaerobic digestion,
an integrated equipment for ammonia stripping and recovery with relative low cost was designed and constructed on-site to
demonstrate its efficiency in real biogas plants, decrease lime dosage and control foam. This device mainly consisted of
three functional units; pretreatment unit, pH value adjustment unit and ammonia stripping and recovery unit. To reduce the
energy consumption, economical reflux circulated stripping method was adopted. A pilot test was carried out by using swine
manure anaerobic-digested effluent at a biogas station of Beijing suburbs, the results showed that pH value of anaerobic
digestion can be reached 10. 5 by adding 22 g lime per liter after four months experiment and optimization, and ammonia
removal rate reached 55.8% when the temperature and gas-liquid ratio were 30.7°C and 960, respectively. Although
adding dry lime powder was easily operated, the dissolved efficiency was relatively low. Pre-dissolved lime slurry can
effectively avoid the defects and reduce the dosage by 7.5 g/L. Moreover, the effective calcium oxide content of lime from
different producers had significant differences. And the performance of lime from different producers in increasing anaerobic
digestion effluent pH value was compared and the lime dosage was also analyzed at different temperatures. Finally, higher

ammonia removal rate could be attained by using this integrated device under ambient temperature and low air-liquid ratio

(0~1000).
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0 Introduction

The anaerobic digestion ( AD) technology is one of
the most effective ways for the realization of the organic
waste reduction, harmlessness and resource utilization ,
due to its advantages of the clean energy production
and the reduction of the greenhouses gases emission.
Therefore, AD plays an increasingly significant role in

') Therefore, the application

organic waste treatment
of AD technology in China has developed rapidly in
recent years. The number of biogas plants for
agricultural waste treatment in China has increased
from 11200 by the end of 2005 to 91 600 in 2012, and
the number of middle and large scale biogas projects
2-3]

has grown from 3 500 to 15 400 in the same year'

However, the growing number and size of biogas
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projects bring the large amounts of AD effluent, which
can not be consumed by the farm land application'*’.
As a result, the sustainable development of the biogas
project will be restricted if the AD effluent has not been
treated effectively™’.

Nitrogen has been widely used in agricultural and

/. During the AD process, most

industrial production
of the organic nitrogen in raw materials converted to
inorganic nitrogen in the form of ammonia nitrogen
remaining in AD effluent'"®'. Thus, the inadequate
utilize of the AD effluent will not only cause an
secondary pollution to the environment, for instance,
affect the ecological balance, but also waste the
nitrogen and phosphorus resources'®”7'.  For this
reason, the effectively treatment of AD effluent along

with the nitrogen recovery can prevent the pollution
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caused by the AD effluent excessive application or
discharge, and realize the efficient resource recycling
as well.

Ammonia nitrogen stripping and recovery is an
efficient technology designed with relative low cost,

. 8-9
convenient [ ] .

simple equipment and operation
Currently, there have been many studies focusing on
the AD effluent treatment with ammonia nitrogen

10-13 .
[ "', however, most studies

stripping and recovery
was in laboratory-scale, pilot validation and large-scale
application has been rarely reported. Although the
laboratory studies are better for the investigation of its
mechanism during the implementing process, the pilot
scale study is still necessary for the guidance of its on-
site application on AD effluent treatment. Since there
are a variety of complex factors in engineering
application process, which will not appear in the
laboratory, such as seasonal temperature changes,
added alkaline agent type, process parameters, and so
on. Above all, this paper presents an integrated device
for ammonia stripping and recovery of AD effluent
based on the analysis and comparison of the various
stripping technologies and their problems exiting in AD
effluent treatment. The pilot scale test and validation
experiment was conducted, the alkaline agent dosage
and the ammonia nitrogen stripping and removal
efficiency factors were analyzed. The results may help
to provide the technical reference for nitrogen recovery
in AD effluent with ammonia stripping and promote its

on-site scale applications.
1 Theory

The ammonia stripping and recovery is a
physicochemical process in which a liquid mixture is
contacted with carrier gas to remove the free ammonia,
by mass transfer from the liquid to the gas phase. The
ammonia in the gas phase is absorbed with acid for
recycling. During these processes, the pH value and
temperature of the liquid mixture are main factors
influencing the ammonia dissociation rate in the
solution. The amount of ammonia that can be stripped
from the liquid is controlled by two thermodynamic
equilibrium equations, Henry’s law equation and

ammonia dissociation equilibrium

equations are as follows''*! .

p=Ke (D)

c

equation.  The

C —b
N =1+ 10 (2)

10 —-(0.090 18 +2729.92/T)

Conn,
Where, p is the partial pressure of the ammonia gas,
Pa; K, is the Henry’ s law constant, Pa+L/mol; c is
moalr concentration in the liquid phase, mol/L; Cy,,
is the concentrations of free ammonia, mol/L; Cyyy, is
the sum of free ammonia and ammonium ion, mol/L;
T is the Kelvin temperature, K; b is the pH value of
the liquid.
100
80|
60

a0t

20

Ammonia dissociation rate/%

7 8 9 10 11 12 13
pH value
Fig.1 Ammonia dissociation rate at different pH

values and temperatures in solution
The ammonia dissociation rate at different pH value
and temperature can be theoretical calculated according
to Eq.(2). As shown in Fig. 1,

dissociation rate increased as well as the liquid’ s pH

the ammonia

value or temperature increasing. However, the liquid
temperature increase often consumes a large amount
energy, which increases the cost significantly'® "',
So, adding alkaline agent often been used to increase
the pH value, in case to promote the dissociation of
ammonia in solution. In general, the ammonia
dissociation rate can be effectively improved with the
increasing pH value of the solution at a certain
temperature. The ammonia dissociation rate can be
92.5% when the pH value reaches 10.5 at the
temperature of 20°C. But, the rate is no longer
significantly changed as pH value continued to rise
more than 10.5. It indicated that the further improve
of pH value above 10.5 has no significant effect on

ammonia stripping efficiency' " ~'>""°"

2 Experimental procedure

2.1 Technological procedure
The integrated device for ammonia stripping and
recovery of the AD effluent mainly includes three

effluent high

pretreatment unit, pH adjustment unit and ammonia

functional units, the AD efficient

stripping and recovery unit. The whole technological
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procedure and structural design are shown in Fig. 2 and
Fig.3. The discharged AD effluent from anaerobic
digester was transported to the pretreatment unit firstly,

followed by the pH adjustment unit and ammonia

functional units of the whole device were automatically
controlled by PLC. Sulfuric acid (H,S0,, 30% ) was
used for the absorption of the ammonia as ammonium

sulphate ( (NH,),SO0,).

stripping and recovery unit. These three main
Integraied device for ammonia nilrogen siripping and recovery of anaerobic-digesied efTluent |
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Fig.2  Technological process of ammonia stripping and recovery

Fig.3  Constitution figures of integration device for

ammonia nitrogen stripping and recovery

1.Fan 2. Exhaust buffer tank 3. Gas flow meter 4. Ammonia

absorption tank 5. Absorbing buffer tank 6. Stripping tower
8. Negative pressure valve 9. Stirrer

12. Inclined tube

7. Pressure limiting valve
10. Hydraulic screen 11. Feeding port

13. “U” type screw conveyor 14. Centrifuge 15,22. Discharge pipe
16. Rinse water tube
19. Outlet

23. Feed inlet

17. pH adjusting pool 18. pH meter

20. Circulating pump  21. Cycle stripping pool

2.2 Pretreatment unit

Based on the basic principle of the ammonia
stripping and recovery process, it is known to us that
improving the initial pH value of the AD effluent to
10. 5 and maintaining in this level by adding alkaline
agent effectively is the key prerequisites. However, a
large amount of suspended solids in the anaerobic
digestion solution can reduce the full dissolution of the
which decreased the utilization

alkaline agent,

efficiency of the adding alkaline agent. Therefore,
excess dosing alkaline agent usually need to full fill the
requirements of the target liquid pH value above 10. 5.
Thus, the reduction of the suspended solids in AD
effluent in order to improve the utilization efficiency of

the adding alkaline agent becomes one of key steps for

controlling the costs of ammonia stripping and recovery
process.

The high efficient pretreatment unit was set to solve
the problems mentioned previously in this integrated
device. And, the combination of hydraulic screen and
centrifugal solid-liquid separator was adopted to reduce
alkaline agent consumption factors in the AD effluent
and improve the alkaline agent utilization efficiency.
Firstly, the large particles in AD effluent can be
remove by the hydraulic screen with the help of the
hydraulic and gravity. Then, the liquid from the
hydraulic screen was transferred to centrifugal solid-
liquid separator subsequently. Small particles solids
can be further removed effectively under the action of
centrifugal filtration. In addition, the buffer capacity of
AD effluent was decreased due to the CO, emission
during the centrifugation process. This is because the
low partial pressure of CO, in the atmosphere promotes
the CO, transfer to air.

2.3 The pH adjustment unit

Generally, the alkaline agent used to improve the
pH value of the AD effluent NaOH,
Ca(OH),, and CaO""*~ " "*="! " In this study, lime

was chosen as the external alkaline agent based on the

include

consideration of cost control and the corrosion of

"8 Another advantage of the addition of

equipment
lime is the reduction of the phosphate, suspended
solids and organic matter in AD effluent with the effect

[8:10.19] * The sediments in the

of synergistic flocculation
pH adjustment unit are rich in phosphorus and humus,
which can be mixed with the discharged solids from the

high efficient pretreatment unit as farmland fertilizer.
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Further research is still needed for knowing whether
there would be adversely effect on the crops growth
with using this kind of fertilizer in relative high pH
value.

In addition, the automatic controlled intermittent
stirrer was settled in this unit for the reason that the
dissolution speed of the adding lime is relatively low
and can be easily floating on the liquid surface, which
may fouling the inner walls of the equipment and
harmful to the device’ s long-term stable operation. As
the same reason, the inclined tube filler was installed
in pH adjustment unit to improve the settling
characteristics of lime suspension, which avoided the
adding lime getting into the subsequent equipment and
finally causing an effect on the equipment long-term
stable operation.

2.4 Ammonia stripping and recovery unit

The foam can be easily produced in the striping
tower while treating anaerobic digested slurry'® ')
and followed by flooding phenomenon. This will not
only have a serious impact on the equipment normal
operation, but also affect the stripping efficiency and
the purity of consequent recovered ammonia product.
The reflux stripping method, has been reported in few

can prevent the occurrence of flooding
(7, 11-12]

studies,
phenomenon However, the reflux stripping
process requires a large gas-liquid ratio!'™ | which
remains a high energy consumption level exceeding the
tolerance range of the farms and biogas plants in low
profit. Accordingly, a reflux circulated stripping
method was adopted in the integrated equipment
developed in this study on the base of the relevant
literatures. With this improvement, the flooding
phenomenon can be avoiding and the low power pump
with low air flow rate can be used for lower energy
consumption relatively.
2.5 Device selection and parameter design
According to LIU’ s solid-liquid separator sieve
selection research'® | total solid content in AD effluent
filtrated by 0. 5 mm and 0. 25 mm sieve have significant
differences compared with 0.7 mm sieve, and the
treatment effect of 0.25 mm sieve is better than
0.5 mm sieve. The research also showed that the solids
removal performance with free settling after sieving is
much better, which means the further treatment after

sieving is an effective way to remove the solids in AD

effluent. Therefore, the hydraulic screen with 0.3 mm
grid gap and the three-column centrifuge was chosen in
this study. The three-column centrifuge was chosen
based on the tabular method' "’ .

According to the target daily treatment capacity of
the device (1 m’/d) , the hydraulic screen dimensions
(length x width x height) is 1.5 m x0.81 m x 1. 8 m.
The type of centrifuge is SS — 600 with 500 mesh
strainer, speed 1 500 r/min. The solid digestate was
transported by a “U” type screw conveyer.

The up-flow sedimentation pool installed the inclined
tube conducted as pH adjusting pool, whose size is:
Im x I m X 2 m, also designed according to the
daily treatment capacity. The flap paddle stirrer has
the advantages like simple structure and suitable for
solid-liquid

operation n situation with

[21-22]

suspension Therefore, the flap paddle stirrer
was selected based on the experiences, the shape of
pH adjustment pool and theory of the solid-liquid
suspension systemm]. The stirring speed  was
50 r/min, and the stirrer work intermittently at positive
and negative direction to prevent solids aggregation in
the edges.

The ammonia stripping and recovery unit is mainly
composed of circulating stripping tank, circulating
pump, stripping tower, etc. (Fig.3).

The aeration-spray tower was adopted in this study,
since a large amount of foam and sediment was easily
produced during the stripping process. The aeration
started from the bottom of the tower when there is a
certain amount of liquid in the tower. Meanwhile, the
liquid sprayed from the top of the tower and then reflux
recycle stripping process started. The main factor
affecting the height of the tower is foam production in

based

production from biogas slurry and the operating mode,

stripping  process.  Accordingly, on foam
the column diameter and height of the tower was @ =
0.6 m and A =3 m. The liquid circulation flow rate is
80 ~ 100 L/min according to the actual operating

condition.
3 Materials and methods

3.1 Materials
After the completion of the device design and experts
justification, a pilot demonstration was structured

(Fig.4) in one biogas plant of Beijing suburb and pilot
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test was conducted during August 2015 to November
2015. The biogas plants, treating pig manure, has two
up-flow solids reactors (USR) which had a capacity of
160 m’.
(37 £1)C and the hydraulic residence time ( HRT)
was 40 d. The physical and chemical properties of the

The digestion temperature was maintained at

AD effluent produced during the experiment are shown

in Tab. 1.

Fig.4 Image of integrated device for ammonia stripping

and recovery from anaerobic-digested effluent

Tab.1 Characterizatics of anaerobic-digested effluent

Parameter Value
pH value 7.3~7.9
NH,’ -N concentration/ ( mg-L~") 800 ~ 1 700
PO3~ concentration /(mg-L~") 5~18
Mass fraction of total solids/% 0.7~1.2
Mass fraction of volatile solids/% 0.3~0.6
Bicarbonate alkalinity ( calculated with
CaC0,4)/ (mg-L-") 5000 ~8 000
Volatile fatty acids/(mg-L~") 600 ~ 1 500

3.2 Experimental procedure

In this paper, the optimization of the alkaline agnet
dosage and the ammonia nitrogen removal efficiency
were studied. The performance of adding the powdery
lime and lime slurry was compared in the pilot test,
and we found that the lime dosage is different among
different lime manufacturers during the experiment.
Therefore, the effective calcium oxide component in
lime from different manufacturers was tested, and the
performance for pH improvement of AD effluent by
adding lime from different manufacturers was analyzed
in laboratory. As described before, the gas-liquid ratio
(the ratio of gas and liquid flow'"") and temperature
are the key factors influencing the efficiency of the
ammonia nitrogen stripping process[s’“_lz‘ ) The
gas-liquid ratio can be adjusted by changing the
blowing time, since the circulated stripping method
was adopted in this study. The influence of gas-liquid

ratio on ammonia stripping and removal efficiency was

analyzed by adjust the blowing gas flow. Three gas-
liquid ratios (640, 800 and 960) were used in this
study, and the gas flow was 80 m*/h, 100 m’/h and
120 m’/h, respectively. In addition, The operated
temperature changed between 0° and 35°C in pilot
test, and temperature’ s influence on the ammonia
nitrogen removal efficiency in this condition was
analyzed.
3.3 Sample collection and analytical methods

During each batch treatment (1 m’), 50 mL
samples were collected from the device inlet, hydraulic
screen outlet, centrifuge outlet and the pH adjusting
tank , respectively. The physicochemical properties of
samples were measured and the addition of alkaline
agent in each batch was recorded. During the stripping
process, 50 mL samples were taken from circulating
pool every hour for the temperature, pH value and
ammonia nitrogen concentration measurement. The
sampling ports the circulating pool and pH adjusting
tank are in the middle. Three repeated experiments
were carried out for the same condition.

The glass electrode was used to measure pH value.
Total solids and volatile solids content were measured

24 . .
1 The concentration of ammonia

by dry method
nitrogen ( NH; -N) and phosphate ( PO, ) were
measured by salicylate — chlorate photometric method

antimony anti points

257

and molybdenum
spectrophotometric method' Hydrogen carbonate
alkalinity ( TIC) and total volatile fatty acid ( VFA)

concentration  was
method /.

determined by  Nordmann

4 Results and discussion

4.1 Alkaline agent dosing optimization
4.1.1 Analysis on the alkaline agent dosing and the
increase of pH value

The powdery lime was used at the initial experiment
stage for taking the simplicity of the practical
application into account. The Fig. 5 shows that an
excess of lime addition was required for the first time.
Part of the added lime reacts with water rapidly,
assembling to spherical, floating on the liquid surface,
which can be easily overflow into the -circulation
stripping pool with the AD effluent from the pH
adjusting tank. Thus, adding lime slurry, prepared by

adding the lime to clean water for solving in advance,
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is selected after the first three tests. The lime dosage
can reduce 7.5 g/L and remain at 40 g/L during the
experiment with the adoption of this method which
effectively avoid the defects of adding the powdery lime
LIU * s study'™, the
performance is better when the hydrated lime slurry has

directly.  According to
been used in dealing with the AD effluent, compared
with adding dry powder, which reduced 4. 49 g/L

alkaline agent addition.
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Fig.5 Lime dosing quantity and adjusted pH values

Although the addition of lime slurry improved
alkaline agent utilization rate and reduced the alkaline
agent dosage, the sediments in the bottom of poor
increased continuously with the accumulation of
alkaline agent dosage. As a result, the alkaline agent
dosage increased with the increase of sediments. The
reason may relate to that the solution mixing was
influenced by the sediments, and further influenced the
dissolution of the added alkaline agent.

This study shown that discharging 300 L sediments
(as symbol | shown in Fig. 5) before adding the
alkaline agent can reduce the alkaline agent dosage
when the alkaline agent dosage is too high. And if the
sediments were not discharge promptly, the dosage will
continue to increase (as symbol T shown in Fig. 5).
Therefore, cleaning the sediments regularly was
suggested in practical application.

The performance of the powdery lime used at the
initial experiment stage, purchased from Beijing
sewage treatment reagent factory (referred to as the
lime 1), was not satisfied due to the low effective
calcium oxide content. Thus, the lime purchased near
the biogas plant was used as the alkaline agent
(referred to as lime 2). The experiment results shown
that the alkaline agent dosage maintained at 22 g/L

when take lime 2 as the alkaline agent, which has

reduced 45% than lime 1.
4.1.2 The performance of the AD effluent’ s pH
increase with lime

The dosage of these two kinds of lime as alkaline
agent for increasing the AD effluent’ s pH value was
obviously different in pilot experiment. Therefore, the
content of effective calcium oxide and the performance
in increasing AD effluent’ s pH value of these two
kinds of lime was further tested and analyzed in
laboratory. The effective calcium oxidation content in
lime was measured by the “TO811 - 1994 method for
the determination of effective calcium oxide in lime” ,
and the results showed the content’ s difference in two
kinds of lime was significant with the mass fraction
being (9.05 + 0.04 )%, (54.77 = 0.31)%,
respectively. Also, the performance of using these two
kinds of limes to improve the AD effluent’ s pH value
was compared in laboratory at room temperature. The
in Fig.6)

performance of lime 2 is much better than lime 1. To

results ( as shown showed that the
improve the AD effluent’ s pH value above 10.5,
adding 43 g/L. lime 1 is required while only 19 g/L
lime 2 is enough in the same condition. Moreover, the
laboratory test results were similar to pilot experiment

results.

pH value

0 5 10 15 20 25 30 35 40 45 50 55 60
Lime dosage/(g-1")
Fig.6  Performance of lime from different producers
increasing anaerobic digestion effluent pH value

The increase of the pH value of AD effluent was to
improve the ammonia nitrogen dissociation rate in AD
effluent during the stripping process. Generally, the
ammonia nitrogen dissociation rate in AD effluent is not
only affected by the pH value, but also the temperature
(as Eq.(2) ). Thus,

performance of this integrated device may be also

the practical application

affected by the environmental temperature in different

seasons. Moreover, according to the experimental

study on the performance of increasing the AD
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effluent’ s pH value by adding these two kinds of lime
and ammonia dissociation equation, the lime dosage
during the ammonia stripping process of AD effluent

with different temperature can be calculated (Tab.2).

Tab.2 Lime dosage at different temperatures

Lime dosage/(g-L™")

Temperature/ C

Lime 1 Lime 2
0~10 43 ~46 23 ~26
10 ~20 39 ~41] 20 ~23
20 ~30 35~39 17 ~20
30 ~40 30 ~35 13 ~16
40 ~45 25 ~30 10 ~12

4.2 Ammonium removal efficiency optimization
The ammonium removal performance and the key
factors of this integrated device were analyzed by the
on-site pilot-scale demonstration. And, the running
performance of the device mainly affected by gas-liquid

ratio and AD effluent’ s temperature.

1600 470
M Effluent

1400 [ After stripping - 60
N & NH:-N removal
7 1200
g 1=
T 1000 3
-5 140 &
= g
E 800 ©
5 130 =
S 600 &
z 20 =
s+ 400
=

200 110

0 : . 0
27.84£1.6 24.04£1.9 12.5£1.5
Temperature/°C

Fig.7 Effect of temperature on efficiency of ammonia

nitrogen removal rate

LI et al. '”’' used the stripping technique to remove
ammonium from coking wastewater, and found that
when the temperature increased from 20°C to 60°C,
the ammonium removal rate improved from 20% to
80% , respectively. The results from the study of
CAMPOS et al. "™ | who investigated the treatment of
leachate by ammonium stripping process, also showed
that the temperature has great influence on the
ammonium removal rate. The pilot scale experiment
was carried out from August to November while the
environmental temperature varies from 0°C to 35°C.
So, the ammonium removal rate of this integrated
device at different temperatures was investigated in this
study, as the results are shown in Fig.7. The
ammonium removal rate is (55.8 +2.2)% at (27.8 +

1.6)C and reduced to (26.7 £0.56)% at (12.5 +
1.5) °C with the same condition (the gas-liquid ratio is

960, and the pH value is 11. 4 +0. 3 at the beginning
of the stripping process). The reason is that the higher
temperatures aggravated the Brownian motion which
promoted the ammonia’ s desorption and further
improved the mass transfer rate of ammonia. So that,
removed more

the ammonia molecules can be

easily ™.

The relatively high gas-liquid ratio is able to
maintain greater impetus of the ammonia molecules in
the gas-liquid two-phase mass transfer process, which
will promote the ammonia molecules transfer to the gas
phase, so as to improve the efficiency of ammonia
removal. Despite the ammonia concentration in AD
effluent varied widely with the change of fermentation
material and temperature in biogas plant, the ammonia
nitrogen removal efficiency increased with the
increasing of gas-liquid ratio (Fig. 8). The ammonia
removal efficiency increased from (46.1 £5.8)% to
(55.8 £2.2)% as the gas-liquid ratio increases from
640 to 960 with the same condition ( the temperature is
(30.7 £2.5)°C and the pH value is 11. 5 £0. 2 at the

beginning of the stripping process) , respectively.

1800 - 80
M Effluent

1600 - [ After stripping 470
o & NH;-N removal
3 14008 160
£ 1200f ¢ g
S 450 3
= g
£ 1000 2
£ —440 ¢
§ 800 - z
g <30 :,_—fr
; 600 z
B —20
o L
= 400

200 - 710
T T T 0
640 800 960

Gas-liquid ratio
Fig.8 Effect of gas-liquid ratio on efficiency
of ammonia nitrogen removal rate
The treatment of AD effluent has become the
bottleneck of large-scale biogas plants application in
China™".

low cost method for wastewater treatment, which also

Although the ammonia stripping process is a

achieved a relative high efficiency in laboratory
studies. However, the cost for AD effluent treatment
by the ammonia stripping technology is still high due to
the limitation of actual conditions of biogas station and
the complex characteristics of AD effluent. Thus, it is
still difficult for this technology to be widely used in
farms and biogas stations with low profit.

GUSTIN et al. "'’ used packed column for ammonia
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stripping and recovery in digested slurry of pig manure
and found that the removal rate of ammonia reaches
55.3% when the temperature is 50°C , the pH value is
10.5 and the gas-liquid ratio is 412. When the gas-
liquid ratio further rises to 1875, the ammonia removal
rate increases to 92. 8% . Furthermore, SUI et al. '’
found that the ammonia removal rate in digested slurry
of pig manure presents 81. 8% with the temperature is
30°C and a similar gas-liquid ratio. Besides, JIANG et
al. " used an overall ammonia stripping and recovery
device for the digested slurry of cow manure treatment
and found that the removal rate of ammonia is only
33.9% in lower temperature (25°C, pH value 10.5,
gas-liquid ratio 2 429).

From the above studies, it is obviously that both the
higher temperature and the higher gas-liquid ratio
capable to promote the ammonia removal effectively,
and the operating cost increased greatly as well. Thus,
in most cases, the ammonia stripping process
conducted in room temperature is still the only choice,
except the specific biogas plants with the combined
heat and power (CHP) which is able to use the waste
heat in power generation for liquid temperature
enhancement to avoid additional cost. This is also the
reason for the investigation of the ammonia stripping
in AD
temperature and low gas liquid ratio (0 ~1 000) in

and recovery effluent with under room
this study.

After the optimization from the pilot study, the
ammonia nitrogen removal rate of this integrated device
is (55.8 £ 2.2)% in the condition that the
temperature and the gas liquid ratio is (30.7 £2.5)°C
and 960, respectively. The ammonia nitrogen removal
efficiency in this study was relatively low as compared
with previous studies. As described before, the reason
may relate to the lower temperature and smaller gas-
liquid ratio used in this study, as well as the adoption
of the lower-cost empty tower. On the other hand, a
positive performance still exists in this study, as the
stripping process was carried out under room
temperature and low gas liquid ratio (0 ~1 000).

Above all, the integrated device for ammonia
stripping and recovery in AD effluent can realize the
whole process in AD effluent treatment, including the
pre-treatment of the AD effluent, pH adjustment and

ammonia stripping and recovery. The utilization of the

adding alkaline agent improved effectively through the
AD effluent * s pre-treatment which promote the
dissolution of the alkaline agent. The relatively high
ammonia removal efficiency was achieved under the
condition of room temperature and lower gas-liquid
ratio, since the cycling stripping method adopted. This
device has good promotional value for ammonia
nitrogen stripping and recovery of AD effluent on-site

application.
5 Conclusions

(1) An integrated device for ammonia nitrogen
stripping and recovery of anaerobic-digested effluent
was designed and validated. The integrated device
mainly includes three functional units, the AD effluent
pretreatment unit, pH adjusting unit and ammonia
stripping and recovery unit. The results from the
laboratory and pilot scaled studies may provide
technical support for the on-site application of the
ammonia stripping and recovery technology on the
treatment and nutrients recovery in AD effluent.

(2 ) There are significant differences in the
performance of the AD effluent ° s pH value
enhancement with limes from different manufacturers.
Thus this factor should be considered in practical
application. In addition, alkaline agent dosage should
be adjusted according to the environmental temperature
change.

(3) The ammonia stripping efficiency increased with
the improvement of the gas-liquid ratio and
temperature , however, improve the gas-liquid ratio and
temperature will also enhance energy consumption. As
a result, all these parameters should be considered

comprehensively with the combination of costs.
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Design and Test of Integrated Device for Ammonia Nitrogen
Stripping and Recovery of Anaerobic-digested Effluent
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Abstract; The treatment of anaerobic digestion effluent has become the bottleneck of large-scale biogas
station application in China. In order to promote the engineering application of ammonia nitrogen
stripping and recovery of anaerobic digestion, an integrated equipment for ammonia stripping and recovery
with relative low cost was designed and constructed on-site to demonstrate its efficiency in real biogas
plants, decrease lime dosage and control foam. This device mainly consisted of three functional units;
pretreatment unit, pH value adjustment unit and ammonia stripping and recovery unit. To reduce the
energy consumption, economical reflux circulated stripping method was adopted. A pilot test was carried
out by using swine manure anaerobic-digested effluent at a biogas station of Beijing suburbs, the results
showed that pH value of anaerobic digestion can be reached 10.5 by adding 22 g lime per liter after four
months experiment and optimization, and ammonia removal rate reached 55. 8% when the temperature
and gas-liquid ratio were 30. 7°C and 960, respectively. Although adding dry lime powder was easily
operated, the dissolved efficiency was relatively low. Pre-dissolved lime slurry can effectively avoid the

defects and reduce the dosage by 7.5 g/L. Moreover, the effective calcium oxide content of lime from
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different producers had significant differences. And the performance of lime from different producers in

increasing anaerobic digestion effluent pH value was compared and the lime dosage was also analyzed at

different temperatures. Finally, higher ammonia removal rate could be attained by using this integrated

device under ambient temperature and low air-liquid ratio (0 ~1 000).

Key words: anaerobic-digested effluent; ammonia stripping; device design; pilot test
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Fig.4 Image of integrated device for ammonia stripping

and recovery from anaerobic-digested effluent
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Fig. 6  Performance of lime from different producers in

increasing anaerobic digestion effluent pH value
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