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Ammonia Recoveryin High Strength
Wastewater

1. Introduction

ThermoEnergy/CASTion has designed a unique, proprietary process that recovers ammonia from
municipal wastewater centrate or filtrate streams and chemically converts it to ammonium sulfate.

/T {¢A2Y Q& ! YY2VY A AP WSRvEIS CbBtrolled\\EMOsphérd Separation
Technology (RCAST') as the primary treatment method to separate ammonia from the wastewater. This
technology platform has been customized by CASTion over the last 25 years to meet a wide variety of
industrial and municipal wastewater applications including ammonia removal. The RCAST system is
combined with ion exchange (IX) as a final polishing step to remove most of the remaining ammonia in
the centrate. The IX component was developed over the last 10 years by ThermoEnergy. The ARP’
technology is an effective and inexpensive alternative to more expensive enhanced biological nitrogen
removal processes and it has significant benefits as a treatment technology including lower greenhouse
gases, lower energy consumption and better wastewater treatment plant operating efficiencies. This
document summarizes the effectiveness of ThermoEnergy// | { ¢ ARPYpbfckss in removing
ammonia from a large municipal wastewater treatment plant.

2. Ammonia Recovery Process Pilot Test Stands

Testing on the Centrate was performed I G/ | { ¢ &
Worcester facility. CASTion has three pilot scale test
stands: an IX unit,a 126 RCAST andl oné¢ L[ 5
with associated tanks and instrumentation. For the
RCAST units, vacuum was produced by a water
motivated venturi enhanced with a mechanical
vacuum pump to maintain a consistent -29 inches of
mercury in the RCAST” vessel. Note that the o 51 ¢
RCAST pilot scale system is approximately 1/3 the size
of a full-scale ARP® system for a large municipal
wastewater treatment plant. Photographs of the pilot
test stands and a process flow schematic of theo n €
pilot test stand are shown in Exhibis 1, 2, 3 and4.

Exhibit1Y /! { ¢ A
RCAST Test Stand
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Exhibit 2Y IV {¢A2Y onég Exhibit 3: IX test Stand
with IX cylinders in foreground.
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3. Methods

Two Pilot Tests were performed on the Centrate in 2008. The centrate was obtained from the centrate

well next to the dewatering building at wastewater treatment plant and trucked the same day to

IV {¢A2yQa 22NDSaGSNI Tl OAtAle o wSiNEpilotidstinduly 20080 NI ya FS
was to demonstrate the effectiveness of the RCAST technology in removing ammonia. The July test was
on250gallonsof OSY (iINF GS 6KAOK 6l a AYOINRRdIdzOSR AyiG2 GKS oné
every two minutes and tested with an ammonia specific ion probe, SM 4500. The second pilot test in

November was on 4,000 gallons of centrate. Thetestwasrun2 Yy (i K SASTGyatém inednjunction

with a 3.5 cubic foot lon Exchange vessel. This test demonstrated:

1. The effectiveness of the ARP process train consisting of RCAST and lon Exchange in removing
ammonia.

2. Automation and process control techniques.

3. Validation of previous analytical data and methods. Samples were taken every two minutes and
split. Half of the sample was tested with/ ! { ¢ Ao syedféc probe to measure ammonia. The
other half of each sample was sent to a third party lab for testing to verify the accuracy and
precision of the specific ion probe data and test for additional items. The full set of analysis is
shown in Exhibit 11.

4. Historical Pilot Test Data

ThermoEnergy/CASTion has conducted a large number of tests on the ARP” system. In 2008 alone over
100 bench-scale and pilot tests were performed. From this historical data base, a standardized synthetic
sample was developed to model the performance of the ARP” system at full-scale and under typical
wastewater treatment operating conditions. Standardized ARP system tests isolated key operating
parameters and their performance over a range of conditions expected in industrial and municipal
applications of ARP. The standardized filtrate/centrate sample was prepared from food grade
ammonium bicarbonate, sulfuric acid, sodium hydroxide, and de-ionized water. The standardized
performance tests were compared to a variety of leachate, agricultural wastewater, filtrate and centrate
samples to determine consistency of results.

5. How ARP® Works

ARP involves the conversion of aqueous soluble ammonium ions to aqueous soluble ammonia gas prior
to introduction to the RCAST system. The RCAST system liberates the soluble ammonia gas from the
wastewater by increasing the temperature and lowering pressure of the wastewater. The liberated
gaseous ammonia is entrained in a sulfuric acid solution and converted to highly soluble and stable
ammonium sulfate. The produced ammonium sulfate solution can then be concentrated via a standard
CAST system based on multi-stage vacuum assisted flash distillation.

Typical municipal centrate ammonia concentrations ranging from 500-1000 ppm can be reduced to less
than 100 ppm by RCAST. Additional ammonia removal from the centrate can be obtained through the
use of lon Exchange Resin. Subsequent pH adjustment of the RCAST treated centrate converts the
remaining soluble ammonia gas to soluble ammonium ions. The converted ammonium ions can then be
removed by cation exchange. The final ammonia concentration can be reduced to less than 1 ppm.
TMEN and CASTion have developed a proprietary ion exchange regeneration technique that allows the
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highly concentrated ammonia bearing regeneration waste to be recycled for reuse as regenerant while
removing and recovering the ammonia.

The gas phase ammonia removal rates of the RCAST system are related to the wastewater pH and
temperature, the wastewater circulation flow rate and pressure, and the vacuum maintained on the
process vessel. Optimum ammonia removal efficiencies can be achieved by controlling these
parameters. It should be noted that the RCAST does not act as a mass transfer device, like a scrubber,
but rather takes advantage of the physical and chemical properties of ammonia in water to facilitate
removal. Eighty percent or more of the ammonia can be removed from the wastewater during the
RCAST step. The remaining ammonia can be removed by post pH adjustment and lon Exchange.

While centrate pH, temperature and residence time are the most important parameters affecting
ammonia removal rates other parameters can impact ARP wastewater ammonia removal and recovery
including:

e Distillate water production and ammonium sulfate concentration
e Sulfuric acid concentration, temperature and flow rate

e Condenser cooling water temperature and flow rate

e Initial ammonia concentration in the wastewater

e Other dissolved gasses in the wastewater

e Otherionic contaminates in the waster

5.1. pH

As discussed above, ammonium in a wastewater must first be converted to ammonia gas by raising the
pH with the addition of sodium hydroxide to remove it from the solution. The relative amount of
ammonia and ammonium is determined by the solution pH as shown in Exhibit 5 and Table 1. At a pH of

%::m Exhibit 5:Theoretical
» Curve presenting
100 percent of Ammonia
and Ammonium as a
80 function of pH
= 60
= 40
= 20

6 1 8 q M 1 12 13 |
solution pH
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9.3, half the ammonia will be in the form of the ammonium ion.

Table 1: CASTion Experimental results of pH versus conductivity showing ammonium-ammonia shift at
100° F on a synthetic sample

pH 9 9.5 10 10.5 11 12

Kmax/k 7.00 2.90 1.60 1.19 1.06 1.01

The graph of this function has four horizontal asymptotes. The maximum amount ammonium
converting to ammonia approaches 100% at pH 11. Our experimental results confirm that optimum
ammonia removal is obtained at a pH 11.5 for the expected municipal centrate temperature range of
90-115° F. The higher than predicted pH is a function of adding additional sodium hydroxide to
contribute the additional OH ions for the conversion bicarbonate to carbonate contained in the
centrate.

5.2. Temperature

The centrate ammonia removal rate in the RCAST is dependent on the centrate temperature. The
removal rates based on the synthetic standard sample processed inthe M H € wwfitH tdmPeratures
from 90°F to 109°F are shown in Exhibit 6.

Eighty percent of the ammonia is removed in about 19 minutes at 90°F as shown in the first graph.
Raising the temperature to 100°F increased the removal rate by more than 27% resulting in 80%
removal in 15 minutes as shown in the second graph. Raising the temperature to 109°F increased the
removal rate by 121% resulting in an ammonia removal of 80% in approximately about 9 minutes as
shown in the third graph.

Most dewatered filtrates and centrates have temperatures within the optimum operating range of the
ARP’ process. Mesophyllic anaerobic digesters and sludge dewatering units typically discharge in the
temperature range of 90° to 110° Fahrenheit.
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Exhibit 6: Ammonia removal rate curves at 90°F, 100F°and 109°F using the standard synthetic.
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A 10 gallon sample of synthetic standard with an ammonia concentration 817 mg/liter, pH 11.8 and a
temperatureof 115°Fg F & G Sa G SR 2y (KS ronodia comdertrftion was deduce Sty d
160 mg/liter in less than 9 minutes. This represents an 80% reduction of ammonia as shown in Exhibit 7.
Extending the RCAST test for an additional 2.5 minutes resulted in a 90% removal of ammonia. The
ammonia removal rate decreases with concentration as shown in the graph below. Additional ammonia
removal beyond 90% might not be economical with the RCAST. Further ammonia reductions can be
obtained by ion exchange.

6. System Operation: Batch versus Continuous and Semi-
Continuous Flow

The ARP’ system can be operated batch, semi-continuous or continuous mode to achieve the desired
ammoniareductiond I a SR dzLRR2 Yy (1 KS OthddStypies2dted bhbv virifiddsab & G & ©
operation where a quantity of synthetic sample was introduced into the system and circulated until the
desired results were achieved. In the semi-continuous mode a charge is introduced periodically into the
RCAST and circulated until the target ammonia concentration is reached. The treated charge is then
discharged and replaced. Unlike biological processes, the retention time is measured in minutes and can

be continuously and automatically varied to obtain specific ammonia concentrations while maximizing

energy efficiency based upon changing input concentrations.

¢tKS
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The treated charge can then be pH adjusted and ion exchanged to obtain additional ammonia removal if
required. In the continuous mode a steady centrate flow rate is introduced into the RCAST so that a
target ammonia concentration is maintained.

Exhibit 8 illustrates this mode of operation.

A synthetic sample with an ammonia concentration of 947 mg/liter and pH of 11.7 was continuously
processed at 2 liters/min and 100° F. The result was an ammonia removal rate of 1454 mg/min with an
effluent ammonia concentration of 220 ppm resulting in an ammonia reduction of 77%. Effluent
concentration is proportional to the feed flow rate, pH and operating temperature and pressure.

Continuou Flow pH 11.7 1000F-
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Exhibit 8: Continuous mode Ammonia Removal, at 0.5 gpm and 100 F, pH 11.7

7. Scalability

¢Sada 2y GKS mMHEéE FTYR oné w/!{¢ (GS&i BaddbnfHesds A f f dzi
tests and the 1.2 million gallon per day centrate flow rate at wastewater treatment plant will require 6

RCAST unitswithdpc € A Y A Y UsSEXTAbR MNpFedaritsIdata FremSdmdinuous operation of both

0KS MHE FTYR oné GSad adryRa GFNBSGAYI |+ wnn LWL |
the two systems. In theory, physical scalability between the two systems would be proportional to the

cube of the vessel radius the due conical volume of the sprayed centrate in the RCAST. This relationship
predictsthatao n €  wsholldhéve a flow rate 15.625 times largerthanam H €  w Tedts{or®

synthetic samples indicate a 10:1 increase in flow rate. It is hypothesized the deviation from theory is

due to variations in energy input, spray head velocities and operating pressures. Adjustments in the two

systems should result in a higher scaling factor closer to the theoretical value.

10
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8. Centrate Pilot Tests

Two Pilot Tests were performed on the centrate in 2008. The centrate was obtained from the centrate

gStt ySEG G2
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was transferred into storage tanks. The first pilot test in July 2008 was to demonstrate the effectiveness
of the RCAST technology in removing ammonia. The July test was on 250 gallons of centrate which was
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ammonia specific ion probe based on conductivity. The second pilot test in November was on 4,000

ghtft2ya 2F OSYyidNI(Sed ¢KS (Sad 6Fa NMzy 2y G(GKS

Exchange vessel. This test demonstrated:

1. The effectiveness of the ARP process train consisting of RCAST and lon Exchange in removing
ammonia.

2. Automation and process control techniques.

3. Validation of previous analytical data and methods. Samples were taken every two minutes and
aLd Al o lFEF 2F GKS alyLXt$S sgra GSaiSR 6A0K
other half of each sample was sent to a third party lab for testing to verify the accuracy and
precision of the specific ion probe data and test for additional items. The full set of analysis is
shown in Exhibit 11.

Both centrate samples were taken from the centrate well adjacent to the dewatering building. There
was a wide variance of ammonia concentration in the two samples. The July sample had an ammonia
concentration of 529 ppm as NH;-N. The November sample had a low ammonia concentration of 150
ppm as NHs;-N. The November sample was fortified with additional ammonia bicarbonate to obtain a
concentration was 675 ppm as NHs-N.

5.4. July Pilot Test

The goal of the test was to determine if the target ammonia concentration could be met while
periodically injecting centrate over time in a semi-continuous flow. The sample was opaque with a
strong polymer odor with some visible particles. The sample was not filtered or softened before testing.

One run over 28 minutes was conducted using centrate from the plant. The centrate pH was increased
by the addition of sodium hydroxide prior to introducing it to the RCAST system. The pH was
maintained from 11.2 to 11.4. The calculated average flow rate based upon the semi-batch process was
6.2 gpm. The operating temperature was maintained from 102°F to 104°F. Initial concentration of
ammonia in the centrate was 529 ppm as NH3-N. The average ammonia concentration of the treated
centrate was 83 ppm as NH3-N. An ammonia reduction of more than 80% was obtained over the entire
test run. Data from this test is shown below in Exhibit 10.

The scaling factor calculated from this test was 12.4 or 24% closer to the theoretical scaling factor of
15.65.

12
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Exhibit 10: Ammonia concentration over time under semi-O2 y (i A y dz2 dza T f

RCAST test system.

5.5. November Pilot Test

The goal of the second pilot test in November was to demonstrate the effectiveness of the entire ARP
process train including the RCAST and IX units in removing ammonia in a fully automated operation; and
produce ammonium sulfate product for analysis. The centrate sample had a less pronounced polymer
odor than July sample and contained substantial solids and hair. The test results were confirmed by an
independent third party laboratory. Analysis by the independent laboratory of the centrate tested is

shown below in Exhibit 11.

Exhibit 11: Analysis of Centrate Sample
Raw sewage as supplied - Alkalinity, Nh4, BOD, COD, Nitrate, Nitrite, Phosphate, TKN, and
TSS
Alkalinity 578 mg/L
Ammonia 154 mg/L
Biological Oxygen Demand non detect mg/L
Chemical Oxygen Demand 227 mg/L
Nitrate 1.26 mg/L
Nitrite 0.05 mg/L
Total Phosphorous 7.2 mg/L
Total Kjeldahl Nitrogen (as N) 160.8 mg/L
Total Suspended Solids 60 mg/L

13
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8.2.1 RCAST Results

The sample was run through the RCAST system in a semi-continuous automatic mode controlled by a
PLC. The PLC also controlled the addition of sodium hydroxide to maintain a constant pH in the solution.

Over twenty minutes, the system processed four sample charges of 25 gallons each. Every 2 minutes a
sample was taken and divided in half. Half of each sample was retained by CASTion. The other half of
each sample was sent to an independent certified laboratory for analysis. The sensitivity of the analysis
is represented by bars on the data points. A reduction of 86% of the initial ammonia concentration was
obtained at the RCAST unit. Exhibit 12 presents the test results for the RCAST unit.

250

o

o

S
T Soh o T e S R
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Exhibit 12 Centrate semi-continuous test with CASTion data in black and Certified
Laboratory data in colors.

8.2.2 lon Exchange

Ammonia entering the ion exchange unit from the RCAST was at a concentration of 93 ppm and after
the ion exchange unit the ammonia concentration was 0.63 ppm. The entire ARP system with RCAST and
ion exchange was able to reduce the ammonia concentration by 99.88%.

9. Conclusions

Based on data from the July and November pilot tests on the centrate samples the following conclusions
can be made:

Ammonia Removal: The RCAST unit can attain a greater than 80% reduction in ammonia
concentration and reach concentrations of less than 100 ppm without the use of ion exchange.
The use of ion exchange can be used to reach concentrations less than 1 ppm if required. The
total ammonia reduction of the combined process ARP system can exceed 99.8%.

14
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Automation and Process Controls: The ARP system was able to run fully automated through
the programmable logic controller.

Scalability: ¢ KS oné w/ ! {¢ &I a $HfBKS 2m kLﬁ\IE\KD/S!é{édt Méf¢£bé § A
theoretical value of 15.625.
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