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ISSUE

Great efforts have been made to develop techno
recovering nutrients from wastewater treatment
(WWTP). The majority of studies, however, has al

ogies for
nlants
med to

produce products for use in soil-based agriculture, which often

PRODUCT ASSESSMENT

It was found that less than one-third of hydroponic fertilizers* can
currently be recovered. Recovery of appropriate potassium and
nitrate fertilizers, which account for more than 60 % of the total
nutrient amount used in soilless cultivation, remains limited (Fig. 2).

do not satisty the requirements of soilless cultivation systems,

such as hydroponics.

OBJECTIVE

= Assessment of nutrients recovered on a pilot or large-scale

from municipal wastewater for

hydroponic usage.

= Make suggestions for alternative recovery approaches based
on a WWTP nutrient balance to improve the recovery rate of

hydroponic fertilizers.

REQUIREMENTS OF NUTRIENT SOLUTIONS

In hydroponics plants are suppliec
a nutrient solution, that is precise

with water and nutrients via
y prepared according to

specified crop-related recipes by the following criteria:

Macro elements*
Ammonium monohydrogen phosphate
Ammonium nitrate
Ammonium sulfate
Calcium chloride

B Calcium ammonium nitrate

M Calcium nitrate

M Calcium sulfate??

M Magnesium nitrate

B Magnesium sulphate?®
Monoammonium phosphate

M Monocalcium phosphate®

B Monopotassium phosphate?

M Nitric acid
Phosphoric acid

B Potassium bicarbonate

M Potassium chlorideV

M Potassium nitrate’?

M Potassium sulfate®

M Triple superphosphate®

M Urea'¥

M Urea phosphate

others

KH,PO,

RECOVERABLE

RECOVERABLE

Micro elements
B Ammonium molybdate
M Borax
M Boric acid
M Copper chelate'?
M Copper sulfate1-?
M Disodiumoctaborate tetra hydrate
M Ferric chloride®
M Ferrous sulfate®
M Iron chelate?
M Manganese chelate
M Manganese chloride
M Manganese sulphate!?
Ml Sodium molybdate
M Zinc chelate'?
M Zinc chloride
M Zinc sulfate

"’ Non-WWTP influent

2 Only labscale experiments

) Byproduct of a recovery process
4 Product quality not appropriate

Fig. 2: Recoverability of fertilizers commonly used in hydroponics’-2

OTHER RECOVERY APPROACHES

Because most of the non-recoverable nutrients are highly soluble,

= Full supply of macronutrients (N, P, K, S, Ca, M

g, Na) and

extraction in liquid form as a multi-nutrient tertilizer by membrane
processes is likely to be an interesting option for both technological

micronutrients (Fe, Zn, Mn, Cu, B, Mo) in specific ratios,

= Usage of high soluble and plant-available nutrients and energetic reasons. For this purpose, however, nutrient ratios In

= High level of purity.

Nutrient Balan
100 10 13 10
8 13 10

00}
o

(0))]
o

14
9
8

AN
o

Fertilizer Amounts [%]

N
(@)

o

Ion Balance

- N N
Ul o Ul
A

=
o

Ul

Mg S
N-NH4 P

Nutrient Ions [charge eq./L]

N-NH4: p

o

N-NH4 P

N-NH4 P N-NH4 P

ce
10 14

Nutrient Species

Calcium nitrate solid
Potassium nitrate
Magnesium sulphate
Manganese EDTA

Zinc EDTA

6 Copper EDTA

Calcium chloride anhydrous
Monopotassium phosphate

Iron DTPA/EDDHA or HBED
10 Monoammonium phosphate
11 Borax

12 Sodium molybdate

13 Magnesium nitrate solid

14 Potassium sulphate

Cations
N-NH4
Mg
Ca
K

Anions
P
S
B N-NO3

N-NH4 P N-NH4' P

Herbs Melon

Cucumber Lettuce

Eggplat

Fig. 1: Fertilizer amounts and ion ba
crops cultivated in soilless systems?

Strawberry Sweet pepper Tomato

lance of nutrient solutions for

the feedstock should be as close as possible to the requirements.
Based on these considerations, sludge liquor is one promising feed.

To maximize recovery, however, the pretreated main

stream should

be used, which necessitates a rethinking ot current WWTPs (Fig. 3).

Liquid, main stream

® Raw wastewater

O Effluent primary clarifier

@ Influent biological treatment
© Effluent WWTP

Liquid, return stream

® Thickening supernatant
O Sludge liquor

® Back flow

Sludge

Primary sludge
Secondary sludge
Combined sludge
Thickened sludge
Digested sludge
Dewatered sludge
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Eggplant
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Sweet pepper
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Fig. 3: Nutrient-Ratios (NPK) in wastewater and nutrient solutions?3

CONCLUSION

Initial data obtained from:

Hence, additiona

research into the recovery of main nutrient
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compounds as liquids from wastewater, including plant trials,
is critical. Not only to improve the recovery rate of hydroponic
fertilizers, but also to meet the market’s increasing fertilizer
demand. This can support WWTPs gradually transition from
disposal facilities to resource providers.
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