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Ammonia Separation via (solar?) Membrane Distillation
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> Focus

Removal and valuable material production from
ammonium from waste streams.

Application area: wastewater treatment plants, biogas plants,

biorefineries, industry with
highly organic- or N-polluted wastewater
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> Objective

* Recovery and utilization of ammonia as:
Energy vector (fuel, thermal storage).
Chemical (fertilizer, protein recovery, CO, storage,
pre-treatment (bio-based industry) etc.)
* Reduction of disposal costs and waste water production
(circular economy)
« Ultrapure water / distillate production
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Ammonia Separation via Membrane Distillation

AEE INTEC
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Produkt: Ammoniumsulfat Hydrophot

membran _
Only ammonia in free form (NH,) passes the membrane - pH > 8 and/or temperature

Produkt: Ammoniak gasférmig

« Ammonia is condensed/reacted in a liquid * Vacuum in permeate side

solution «  Ammonia is collected in gaseous
« Water > ammonia water (other uses) form (,wet')

 Acid 2> AS, AN, Urea, etc. (fertilizer)
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Moderador
Notas de la presentación

As said before only volatiles can pass thru the membrane. So, ammonia in water streams is present in water streams as an ion or as a gas, they are actually in a pH and temperature equilibrium, so the higher the pH and the Temperature the more ammonia is in gaseous form and only then the ammonia can trespass the membrane. 

Now another nice thing about MD is that it some flexibility when it comes to the form the ammonia can be recovered, remember in previous slides we saw that depending on the paplication we might need the ammonia in a prefered form. Well, to create this vapour pressure difference we can use different configurations. For example in DCMD we, as said before, use 2 streams at different Ts. And this allows us to recover the ammonia in a  liquid stream, we can for example produce a ammonia water solution or make it react with an acid like sulfuric, nitric or phosporic acid producing and produce a salt that can be used as a fertilzer. Or even with CO2 and trap it or produe Urea. 

In vacuum MD what we do is to aply vacuum on the permeate side this allows us to obtain a gaseous stream of ammonia. We have explored both configurations at AEE.


MD projects @ AEE INTEC

Ammonia-to-Power Nutricoal

o

sEfficient extraction of NH;-NH,* from

* Efficient extraction of NH; in a
slaughterhouse liquid streams by means of

VMD/DCMD

gaseous from waste liquid

streams by means of VMD =9 el g
. . o < lsg =Production of a AS solution to be sprayed in
* Power + Heat generation via SOFC § # .2 | . P y.
2% g 8 carbon activated coal from solid residues
fuel cell -y ZA N S Y N |
S g - ' U N (bones, etc.): fertilizer with slow release.
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Permeate Pressure Imbarl
g Ammonia-to-Heat Storage i R NN Thermaflex
ThermaFLEX

sEfficient extraction of NH; in a o , - ,
=Efficient extraction of NH; and fertilizer production

from WWTPs pilot by means of DCMD

gaseous from liquid streams by
means of VMD

=Use: Thermochemical storage "|ntegration in District Heating Hub
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Moderador
Notas de la presentación
We have been pretty active in the membrane distillation for ammoia removal business, at AEE so far we had four National projects. We have tested theese two configurations ive explained using very different waste streams mainly waste streams and we have explored the potential application of the recovered ammonia in 3 very different applications: 

As a gaseous fuel for generating power and heat in a SO fuel cell
To produce a rich liquid ammonium sulfate stream that could be used as fertilizer 
And as a reducing gaseous stream to charge a thermochemical cycle for high temperature (>600C) storage

Today i will focus on the latest results of the thermaflex project where we managed  to operate a pilot plant continously 24/7 and we are using to study and optimize the long term operation of such a system


Ammonia-to-Power
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= Streams:
—  WWTP centrate water (<1 g/l) - CF: 500
— Digestate (max 6 g/l) > CF: 83 Target

—  Urine (max 8 g/l) > CF: 62 Ammonia gas to be fed to a SOFC (VMD)
= 40 kg/day of ammonia

Ammonia-to-Power System

=  50% selectivity = 500 g/I (!)

Niedere
Temperatur/ Ammoniak (NH) Elektrische
Abwarme Energie
e e SOFC
Thermische Energie/ Cl _ cwegend
Abwirme der SOFC f ; ~ 3 umwel:—und unergmt? logie ; “ ..

CZ)

Konzentrierter
Abwasserstrom mit geringer
Ammonium-Konzentration

. © BMK / jack-coleman.com
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Moderador
Notas de la presentación
Was macht das System:
AEE Intec VMD
AVL List SOFC

Ammoniak(Gas)-Gewinnung mittels MD und �energetisch Verwertung in Brennstoffzelle

Das Ammonia-to-Power Verfahren wird derzeit in einem laufenden Forschungsprojekt  A2P gemeinsam mit der AVL List und der TUG Graz entwickelt. 

Das Ammonia-to-Power Verfahren sieht vor mit dem VMD Verfahren Ammoniak gasförmig abzutrennen und dann als Brennstoff einer Brennstoffzelle zur Verfügung zu stellen. Der Ammoniak wird in der Brennstoffzelle verstromt, die Abwärme der Brenstoffzellen kann wiederum als Antriebsenergie für das MD- Verfahren, zum erwärmen des Abwasser, genutzt werden.

Unser Institut ist die Entwicklung des VMD Verfahrens verantwortlich, von AVL List und der TUG wird die Brennstoffzelle entwickelt.




Ammonia-to-Power
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Journal of Membrane Science S
Volume 614, 15 November 2020, 118399 "4

Vacuum membrane distillation multi-component
numerical model for ammonia recovery from
liquid streams

D.M. Scheepers MSc. * P&, A). Tahir MSc. =, C. Brunner ?, E. Guillen-Burrieza PhD * & =

Operation parameters influence in the VMD performance

Total Flux [kg/m2h]

20

= NH4+ concentration, Temperature, Vacuum pressure,
Flow rate

= Low vapor pressure differences increase S but at the
cost of the Ammonia flux

= Big trade-off between Selectivity and Ammonia flux

= 50% very unlikely at these concentrations...
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Moderador
Notas de la presentación
What did we learn? Well as i said before, for us to maximize selectivity and ammonia flux was the main objective. So we could increase the selectivity by reducing the vapour pressure difference (because we could hibnder the water flux) but we were also hindering the ammonia flux. Unfortunatelly we found that in this configuration there is a big trade off between these 2. Another clear outcome of the modal is that to reach a S of 50% is very unlikely at these ammonia feed concentrations.



Ammonia-to-

AEE INTEC

Journal of Membrane Science
Volume 614, 15 November 2020, 118399

Power

Vacuum membrane distillation multi-component

numerical model for ammonia recovery from

liquid streams

D.M. Scheepers MSc. * P&, A). Tahir MSc. =, C. Brunner ?, E. Guillen-Burrieza PhD * & =

New strategies:

Decoupling water and ammonia flux
Functionalized membranes

Optimized operating parameters, low T operation
What is the real SOFC requirement?

stable performance?

....partly proven in DCMD....VMD to come 2022!

Total Flux [kg/m2h]
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Moderador
Notas de la presentación
What did we learn? Well as i said before, for us to maximize selectivity and ammonia flux was the main objective. So we could increase the selectivity by reducing the vapour pressure difference (because we could hibnder the water flux) but we were also hindering the ammonia flux. Unfortunatelly we found that in this configuration there is a big trade off between these 2. Another clear outcome of the modal is that to reach a S of 50% is very unlikely at these ammonia feed concentrations.



ThermaFLEX project MD results

.

m
ThermaFLEX

* Objective: remove NH, from WWTP digestate
supernatant with a net benefit

Point of integration

* Reduce N/DN basin = target removal 99% Anaerobic | L Speratan Membran- Ammons re
* Produce a fertilizer (AS solution) Digester (DcMD)
»~40 m3/day ~ <1 g/I N-NH, = ~30 kg NH,/day 1

e Challenges: Sludge e i

* Highest product concentration and removal possible.
* Fouling/cleaning (?)

* Reduced Opex: chemicals

* From lab to pilot

* Continuous operation 24/7

2 m? 4 m? 14 m?

Very scalable plate modules of different sizes
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ThermaFLEX

2

In the lab: optimize performance (2 m? module): 2 m ‘
» Artificial water (AS) ‘ | =
* Played with operational parameters:

e velocity, pH, T, acid dosing, etc. ]
*Increased Selectivity by a factor of 7 w/o pEiSgig il

reducing the ammonia flux and decreasing

specific thermal consumption (STEC) accordingly =
* Reached 100% selectivity (improved operational

conditions) in lab scale

* Mathematical model for performance
optimization
* Chosen optimized conditions for PILOT

QUK
ﬁﬁﬁﬁﬁ
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ThermaFLEX project MD results
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Improved by a factor of 7!!
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ThermaFLEX project MD results
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ThermaFLEX
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Pilot plant at ARA Gleisdorf (centrate water < 1 g/):
* We are now operating in continuous mode for > 72 h

Conductivity [mS/cm]
= -
o ol

steady 5 - .
* Water capacity ~ 1 m3/day, 14 m? membrane area 0 mL | | ‘ | H ‘ ‘ | ‘ ‘ ’ |
Performance average values are the same: 0 - Tifnseg(;min] o o
* Recovery of ammonia > 95% e
* Removal of ammonia > 99% SU— N—
* Ammonia in effluent: 4-2 mg/I -
Continuous operation (T operation < 40°C): -
* Permeate ~ 30 g/l AS . . i
*16 kWh,, /kg-NH, (~*19 kWh,, /kg-N)
* More than 2 weeks w/o cleaning necessity =08
* Cleaning: citric acid less than 2 hours (not optimized) .

time [h]
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Business Case — thermal energy freely available

WWTP

Anaerobic . Supernatant Mer?bra_m' Ammonia free
Digester > Centrifuge g Destillation retentate
(DCMD)
Sludge NH. as fuel
€ 120 000,00
€ 100 000,00
£ 80 000,00 /
5,2 Jahre 7,4 Jahre
£ 60 000,00 ‘/.s\_.
£ 40 000,00 /
€ 20 000,00 -
ROI /
€ 0,00 : : : & — . . . . . .
0.lahr 1.Jahr 2.lJahr 3.lahr 4. 5. sz 8. Jahr 9. Jahr 10.Jlahr 11.)ahr 12. Jahr 13. lahr 14. Jahr
£ 20 000,00
-€ 40 000,00
£ 650 000,00
£ 80 000,00

y =-29,16x% + 12662x - 65869

vy =7,0478x% + 9701,9x - 66212

Modullebensdauer:
Membranflache:

5a
Standard

Modullebensdauer:
Membranflache:

AEE - INSTITUT FUR NACHHALTIGE TEGHNOLOGIEN

3a
+50%
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Moderador
Notas de la presentación
Die Blaue Linie zeigt das „Optimal“ Szenario. 
D.h. alle Zielkosten und Technischen Eigenschaften (wie z.B. Membranmodullebensdauer, Selektivität) werden wie definiert erreicht.

Die rote Line zeigt beispielhafte eine Abweichung , 
Hier wird die vom Hersteller zugesagte Membranmodullebensdauer von 5a nicht erreicht, Hier Lebensdauer 3a
Ebenso wird angenommen das die angepeilte  Selektivität des VMD nicht erreicht wird und eine um 50% größere Membranfläche benötigt wird.

Die Analyse wird für besonders relevanten Technischen Parameter durchgeführt.
z.b. wie wirkt es sich aus wenn die SOFC Stack über die Lebensdauer degenerieren. Etc.

Ziel dieser Analyse einerseits herauszufinden welche Technische Parameter besonders die System Ökonomie beeinflussen haben und damit das ist der WESENTLICHE Punkt  auch zu Überlegene in welchen Bereichen es besonders wichtig ist Forschungs- und Optimierungsschwerpunkte zu setzen sind!!







Task 62 — Solar Water Decontamination and Disinfection

Systems (Subtask B)
 Membrane solar photocatalytic systems for industrial wastewater

a" treatment and reuse.

asnc sz Oolar driven new thermochemical technologies (low-medium
temperature up to 300°C for specific industrial wastewater treatment.

* Design of new solar collectors for hydrogen production and industrial
water decontamination and disinfection.

sm * |ntegration of water decontamination and disinfection technologies driven

SOLAR HEATING & COOLING PROGRAMME

NTERNATONALENERGY AGENCY with solar energy with membrane separation technologies for recovery of
nutrients and products/wastes with added value.

 Comprehensive description of the state-of-the-art and potential applications
of solar water decontamination and disinfection systems in industrial
water management.

SUBTASK B

Solar Water Decontamination and
Disinfection Systems

Source: CIEMAT
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IEA SHC Task 62 — Solar photocatalytic generation of H,

AEE INTEC

Isabel Oller, CIEMAT

Solar photocatalytic generation of hydrogen
(decarbonisation systems) Solar photocatalytic generation of hydrogen

-16 Pyrex glass tubes (inner
Diameter 28.45 mm, outer
diameter 32.0 mm, length

1530.0 mm) mounted on a R — \\

25

| ——Industrial wastewater

fixed platform tilted 37

204 —m— Municipal wastewater

(local latitude). =
- Total area irradiated of : B, . =
2.1 m? e Ky 5
- Total irradiated volume of T /C
1424 L. j:
=1
o~

- Total slurry volume of 25 L
- Catalyst loading in the range

of 0.2-1 g/L. |
160
o (= Q, kJ/L
ﬁ %q_ - _ v) H, production vs. energy accumulated into the photoreactor
i = ' C‘H\O* +[z2I—E\IH.O Fm;fzf_a'ﬁ”r > xCO. +; 2x—-z+=— |H. m%éi‘ (305-550 nm) as a function of the type of real wastewater used.
S ) £ i 2 _,.-’ ) 25 Lof 0.2 g-L"' AUW/TIO, slurries..
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Solar photo-electrochemical waste water treatment

AEE INTEC

> Target

Development of a solar reactor for efficient photo-
electrochemical H2 production and simultaneous waste
water treatment under direct sunlight:

e Simultaneous removal of several waste water compounds
(solvents, organic pollutants etc.), removal rates > 50%

* Waste water components as electron donors for H2 production

* Increase of system efficiency Solar-to-Hydrogen ratio by 25%

AEE — INSTITUT FUR NACHHALTIGE TEGHNOLOGIEN

> Approach

Optimization of catalyst morphology

ldentification of limiting processing steps in contaminant removal
to optimize decomposition

Optimizing process parameters (voltage, pH, decomposition rate)
Novel rheology for optimized mass and energy transfer

Reactor development as CPC system with concenrated sunlight
intensity

Source: AEE INTEC 2,

SolarFuelsNow | 23.11.2021



Coupling waste water treatment with H2 production

AEE INTEC

: : ||
= Several studies on photo-electrochemical waste water ‘ i ‘

treatment and simultaneous hydrogen production " e
= \Waste water components as electron donors for H2

production e ", \
= Examples of single componentes under research u, 20 \ Y,

CO, + H,0 or H H,O orH*

— Saccharides (cellulose from paper industry, WWTP)

— Phenols (refineries, pulp industry, agriculture)
— Organic acids
— Ammonia

" Solar-to-Hydrogen in current research: 5-15% (roeb ., etal, 2020)

Urbain F, Smirnov V, Becker JP, Lambertz A, Yang F,

Ziegler J, et al. Multijunction Si photocathodes with tunable
photovoltages from 2.0 v to 2.8 v for light induced water
splitting. Energy Environ Sci 2016.
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Moderador
Notas de la presentación
Roeb M., Brendelberger, S., Rosenstiel, A., Agrafiotos C., Monnerie, N., Budama, V. und Jacobs, N. (2020): Wasserstoff als ein Fundament der Energiewende



Novel process engineering approach to increase Solar-to-
Hydrogen ratio

Multi-component waste

waters:

- Vegetable
production/Glass house
-pharmaceutical waste
water
Pulp&paper (EDTA)
microplastics

Advantages based on improved reactor design:
High mixing of viscous streams, even catalyts particles (or coated
internals)
Better light penetration — enhanced path light -> catalyst
Short reaction times due to intensifed mass and energy transfer
Decoupling of residence time and particle velocity
Continuous process — net flow/residence time control based on
available sunlight
Shorter reaction times
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AEE - Institut fur Nachhaltige Technologien (AEE INTEC) Dr. Bettina Muster-Slawitsch
8200 Gleisdorf, Feldgasse 19, Osterreich b muster

aee.at

. . 03112 5886 471
Website: www.aee-intec.at

Twitter: @AEE_INTEC
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