Novafert

D1.2 - Inventory of available recycled
products per region and type of waste

Author(s): Nimisha Edayilam, Erik Meers (UGent,
lead beneficiary) Ana Robles (UVIC),
Donal Kinsella, Patrick Forrestal (Teagasc)

Version: Final version

Quality review: Donal Kinsella (Teagasc), Ana Robles
(UVIC)

Date: [31/08/2023]

Dissemination level: Public (PU)

Grant Agreement N°: 1071060835

Starting Date: 01-09-2022

Duration: 36 months

Coordinator: Prof. Erik Meers, Ghent University

Contact details: erik. meers@ugent.be

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not
necessarily reflect those of the European Union or the European Research Executive Agency (REA). Neither the
European Union nor the granting authority can be held responsible for them.



Novafert

Executive Summary

A comprehensive examination of available information on alternative fertilisers at the EU level
is required in order to achieve synchronisation among the existing datasets. This current
deliverable D1.2, titled 'Inventory of available recycled products per region and type of waste,’
serves a user-friendly database encompassing 76 alternative fertilising products. These
products are derived from six secondary raw materials: treated manure, digestate, sewage
sludge, wastewater, biowaste, and biological byproduct.

The initial framework for amalgamating the technological and fertilising products data was
formulated by TEAGASC. Each consortium member gathered information through their
extensive networks, ongoing EU projects (e.g., NITROMAN, WALNUT, NUTRI2CYCLE, etc.), and
nutrient recovery platforms and databases (e.g., the Nutriman Farmer Platform). The
comprehensive report was submitted as D1.1. Furthermore, UGENT established communication
with the sister project Fer-Play to facilitate a comparative analysis of the information they had
gathered concerning recovered fertiliser value chains.

UGent collected and structured all pertinent information to create an open-access and well-
organised database.
This database encompasses the following components:

1. Technology maturity and readiness level.

2. Output material (product)

3. Processing conditions proved the effectiveness of converting crude input material into

safe, high-quality fertilising products.
4. Available CAPEX and OPEX: production costs.
5. Available legal status (regional/national/EU).

The analyses included the following primary technology categories: (i) thermochemical nutrient
recovery, (ii) P precipitation, (iii) physical-chemical nutrient recovery, and (iv) biological nutrient
recovery methods, such as composting and anaerobic digestion. Each primary technology
category included a compilation of well-established technologies from various regions,
displayed in blue. This database provides an extensive portrayal of the current state of the art
for several alternative fertiliser products while revealing knowledge gaps that require attention
for the advancement of their utilisation. The overview will be available for all stakeholders to
assess. It will also contribute to forthcoming project endeavours, such as data acquisition for
life cycle assessments.

The database, which is handled by UGent, is public and available via the project
website https://www.novafert.eu/inventory/, and it can be readily updated during the project
period as needed.

The database has also been added to this deliverable as Annex 1.
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D1.2 - Inventory of available recycled products per region and

Annex 1

Database of technology & Product in Europe

Novafert

type of waste

Technology
Imaturity and
Country |CAPEX OPEX [Market l(eme)
[Physical-chemical nutrient Pig sturry, solid ofpig. or trench, to remove
1/recovery Bio drying di biomass o dried solid fraction [Treated manure Ispain Jiraction,poultry manure 765-85tyear partof Imanure  Consid | manure
((Microfiltration coupled to
d freeze Imanure. Liquid fraction pig is further
2|recovery rubber [Treated manure Ispain Jsurry 712t year concentrated through a freeze concentration technology mc10
CMC 10, or CMC 15 ftis ever
recognised as a synthetic fertiiser
[Physical-chemical nutrient substitute, losing the status of
3|recovery rubber [Treated manure lBelgium Pig manure, co product 9 €680000 5.76 €/m? slurry. Seen as animal manure Seen as animal manure animal manure
which
(bacteria, fungi, protozoa, etc) convert fresh organic matter under controlled
[Thermochemical nutrient pig slurry, biodried solid in oxygen
alre [combustion Biochar, Hydrochar & Ash lash [Treated manure ISpain, Finland Jiraction 906-15tyear fich (organic matter) compost. 13
Thermochemical nutrient lBMC Moerdik
recovery lBiochar, Hydrochar & Ash lash INetheriands lPoultry manure 9
o pig y /gh MF.Then,
IPhysical-chemical nutrient e h MF)and
5|recovery IMembrane contactor Iscrubber [Treated manure Ispain Pig surry, solid fraction 72t/year sulphate solution is obtained as product. mc1s
from the d
[Enzymatic hydrolysis of . which e
Imicroalgae [Treated manure Spain [Manure 90.16tyear obtain biostimulants M1
IMix of composted poultry
IThe Imanure and composted pig is used),
INetheriands,Poland,  [manure, Chicken manure, Inthe final stage, high
IComposting [Treated manure [France cattle manure 9 pathogens, g d Imanure  Consid I manure cmc10
Organic fertlizer obtained by means of an innovative - hydrodynamic cavitation
technology
IManure heating-dispersing. humates. . an ecologi
technology. t, digestate & other biomass liguid fertiiser - AGROLINUA'S [Treated manure lPotand (Cattle manure: 9 with fulvicand ds,rch in micro- and I Considered as animal manure Considered as animal manure
After S/Lseparati treated recover
nitrogen from it The liuid fraction flows to the sripper where ammonia i stripped CMC 10, 0r CMIC 151f it s ever
outto th recognised as a synthetic fertlser
[Physical-chemical nutrient lBelgium, Belgium, The sulphate. Exhaust digestate s richin potassium and identified as liguid potassium 13¢/kg, based substitue, losing the status of animal
recovery Jse [reeated manure INetherland liquid fracton of pig slurry 9285ty fertiser €220000:550000 01 0.9 €/kgN 100 ¢/tonne
CMC 10,0r CMIC 151f it s ever
recognised as a synthetic fertlser
[France, Belgium, The substitue, losing the status of animal
Jse [reeated manure INetherlands pigslurry wouy 1 manure
e [Ammonium water [Treated manure [Belgium nayy
lPout.ar odvanced
recovery & sulphote reated monure lBeigium Vi of manure orgonic wostes  development stoge.
recovery Jsc lBetgium liquid fraction of manure s
lPhysical-chemical nutrient
ery lpenas process Jsc [ Maize sitage & poutry
[Physical-chemical nutrient [Ammonium sulghate (recovered from NH3
recovery Jon-farm scrubbing Jse & Jemissions) ted manure JBatgium
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Technology
imaturity and
Country i i i i ipti |capex opex Market _|national regulatory cmc)
436863 EUR/
tonne (for
conventional
pyrolyss) 56
579 EUR/tonne Yes, but often it mixed with manure
(for microwave and I Yes, butoften oM 14 pyrol
Pyrolsis siochar, Hydrochar & Ash Biochar [Teated manure France pouttry manure soid) 70304yy Slow pyrolysis of poultry manure. omer pyiolysisl  manure than thas t be seen as animal manure. _ materials
y iochar, Hydrochar & Ash iochor ted monure loermany cotte g 765ty m pelleised (o e dung
The PK ertiisr i derived from hydrated ash o incinerated poulry manure. Poulry
manureisobtained rom poulry farms i the Netherlands meeting EU compliances or
animal production. The material s produced from the ash of ininerated poultry
manure and water. Main nutrients are phosphorus and potassium. The frtilser has a
Thermachemical nutrient neutraliing value due o the presence of hycrated burntlime and the frtisercontains
recovery P-products rom ash [reated manure Jash trom 570001 fyear ry and micro- utrients. M1
[Physicalchemical nutrent 2018
12]recovery digestate & other biomass iauid fraction of manure (fter separation) | Treated manure Iretand (Catte manure EUR/tonne  Considered as animal manure Considered as animal manure
20-
1, digestate & other biomass sold fraction of manure ( fter separation) EUR/torne  Considered as animal manure Considered as animal manure
[Physcalchemical mutrient
ietd dewatering and drying & other biomass Iz loermany uid manure
lnysical
recovery stable other biomass reated monure lelgium s
lPhysicatchemicatnutrient
recovery e a o reated monure lgermany e recovery other streams 9
[Physical-chemical nutrent B hase, P-cancentrate, N concentrate
ferroOrgonic FETBHEF system |ammonium sulphote reated monure B
[Physical-chemical nutrent
loeamix housing system & other biomass guid monure rreated manure e etherionds row morure from colves s
[Physcalchemcal mutrient
recovery Jeconter centrfuge other blomass iguid monure rrcated monure loermany Soidfrction and corifed iquid s
the
lquid part of the manure, with minerals s separated from the solid manure, iuid
fracton send to fotation uit and then to paper fiter wherelfte ver organic CM10,or CMIS it ever recognised
Physicalchemical nutrient materialsare fitered aut, Then it goes through reverse osmoss where membrane 25 synthetic ertiser substute,
13)recovery e [reated manure s fitraton sep: water from the Considered as animal manure dered
i o letiing and
14]recovery Jranuiation olan reated manure inlan hicken manure,
olan Peruna- o juureslannort reated manure infan chicken manure,
olan Ravinnepuikko reated manure ntan
olan Kanankakka reated manure nlan
olan reated manure infan
olan Marja-ja reated manure nlan
olan Peruna- o juuresannoie reated manure nlan
o173 reated manure infan
lAvo 31155 rested manure nian
lArvo 4-162 reated manure inian
lArvo 4131 reated manure inlan
[Physicalchemical nutrient
15|recovery s scrubber e INovarbo ino 3:0-3 [rested manure Firiand hicken manure
s i [Novarbo Aino 103 [reated manure Firiand
Ser 00 [Treated manure Firiand
e [Bioan Ravinneneste Treated manure Finland, The Netheriands
[Physial-chemical nutrient
16]recovery IMAe rector P-products phosphate [reated manure Germany catte dung. 7150y MAP Reactor filed with perlte for the adsorption of nitrogen in off gases of TCR.
The Syretsystem automaicall defines and lowers the
oH of the sturry. the pH,as thisis
balanced product
o
transformed to
hysicalchemical nutrent thep pplcaton, when the slurry
17|recovery o N recovery as ammonium [reated manure enmark g strry B penetrates the soil
o o @ Jnicken manure from The installedstripping prototype recovered 80% o thenitrogen from the lauid fracton
18|recovery digestate & other biomass [reated manure spain poutty farm, s of the pig manure
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[Technology
maturity and c
[Secondary raw material _|Country i [capex lopEx Market cmc)
Predpitated phosphate salts can be
legally used as  fertiser in the
REVAWASTE crystalsation Pig manure digestate, Advanced Netherlands, Belgium, Germany,
rocess biomass struvite soain France, Denmark and the UK Yes 2
1.SLseparation of the manure. This
humidity of th i y
Pig slurry, etc). 2. Hydrothermal carbonisation. The operation takes place in the iquid
phase. 3.SLseparation of the il
ITreated manure from catte,pig. carbonised media. 4. Treatment of the liquid fraction and dewatering - drying of the  for reating 78 000 130200 Specicregulation at national level of €M 14 pyroliss and gasification
har, Hydrochar & Ash Iydrochar e Jand pouttry 8 solid fracton. tonnes/yr ¢/ ome ¢jtonne the Member-states not found materials
Vivianit i formed to a greater or lesser extent in aerobic digesters, especially if some.
/TP for
example) or to control the formation of H2S in the biogas.
Fe (lor
separation
Therefore, in the case of the manure as raw material, the production process would
imply the previous anaerobic digestion of the manure, s, but often it's mixed with manure
[Physical-chemical nutrient [Treated manure from catte,pig he proced. of viianite and ts digested 10,000 €/tonne  and than it has to be seen as animal
21recover P-products [ivianite: ey land pouttry 5 sludge are sl atalow TRL level (potential)  manureNo. w2
[Physical-chemical nutrient
22|recovery petetising Pelietised brofler manure. reland eroiier manure 9 250,0001year
Digestate 4
which convert
carbon
dioxide and other gases in small portion. After a period of time in the digester, the
remaining organic materialis taken ot from the reactor and is what s called dgestate When an end-point for products derived
0207 EURftonne from animal by-product will be determined
st biomass luntreated 1 Digestate eu any pre- treatment. ™ 11€/tome under the ABPR, yes.
0207 EUR/tonne
biomass |untreated (raw digestate without animal manure |Digestate ey s ™ Yes, when fulfling FPR requirements
st biomass [Digestate Digestate Belgium Digestate of catte surry.
No, but tay is waiting or a reply from
the EU Commission after a set of
explanations provided by the Italian
government as per request of the
Commission itsef taly provided
these explanations on Sept 2022,
Thereisno  Regulatory references: - Decree Law
marketvalue,  21/2022 converted into Law n 51 of 20
however,a  may 2022 THis states that the
potential digestate can be considered
substitute value equivalent to fertizers under certain
related to of69¢€/tof  conditions. On these conditions, the
digestate digestateas  EC requested some explanations
management  suchcanbe  provided on Sept. 2022. - Ministerial
storage tanks = 0.5 and use inthe  applied. Post  Decree February 25, 2016 General
€/; pushed fleld =2.5:3 ¢/t treatmentand  technicalcriteria and standards for
solid/liauid relted to eventual the regional regulation of the
separators =02 pushed solid-  marketingof  agronomic use of vestock manure
Livestock manure alone resultof an 0.5 €/t complex  liguid separation finished and wastewater, as wellas the
[amounts to ca 1,400 106 postireatment  =05-1€/t.  products could production and agronomicuse of N, at U level it not considered
[tons/year n EU. - Organic fraction np 2 stabilized plants membrane  lead to market _ digestate. Published i the Official  fertiezer. Regulatory reference:
raction of municipal waste 140 membranes, treatments  values equalto. Gazette April 18, 2016,No. 90,5.0.  REGULATION (EU) 2015/1008 OF THE
IMainly Ialy, but also EU {106 tons/year in EU. - Number and a mineralfraction represented by nutrients in mineral form and other more or less  stripping) = 1.5-2.5 v Agricutural AND OF THE
st biomass Digestate in general Jof biogas plants n EU ca 20,000. soluble mineral compounds e oaen fertiizers d JUNCIL of June 5, 201
methane) s subsequently burned in a combined heat and powe
(CHP) and results
ina renewable energy source in the form of heat and electricity. The fermented biomass
lForm & other biomass IDigestate IDigestate lBeigium Digestate pig surry E] (ond can be used on the farm as orgonic ertizer
reactor. In
order to retrieve the liquid phase of the digestate, a phase separation process s
required. he di | The CAPEX include
drum, screw prss, the costfor the
centrifuge, and p use of 4EUR/tonne
solid and liquid  (which s (transport for 15
fractions. Furthe lguid fraction such km distance) 4
[Physical-chemical nutrient as a organiclimited) and for  EUR/tonne Yes, 3
2alrecovery st biomass iquid fracton of digestate. pigestate Belgium Joigestate 180 Mty compounds. storage (spreading cost) 5 €/tonne country. 2019/1009 s met cmcaands
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[Technology
Imaturity and
[Product sub category [secondary raw material _|Country [capex lopex [Market )
areactor.In
order to retreve the liuid phase of the digestate, a phase separation process is
equired. It separates the liuid phase from the solid fracton of the digestate. Several
" chemicals
" digestate 0 this database, th
[compost. Digestate. Beigiom digestate. methods. wa 10€/tome  country 2019/1009 5 met cMcaands
blomass Digestate. [Digested catte and pig sturry 7120y solld fracton of the digestate.
he
[Physicakchemical nutrient
25|recovery |ammonium sulphate solution Digestate. vy
[The Netherlands,
Digestate i Iigested ca 285.85300y cmeo
[The Netherlands,
|Ammonium nitrate oigestate. elgum, Poland 851y e o
The amre e e tchor ser
[physical-chemical nutrient whole digestate o liquid Digestate (or
recovery i lscr digestate _|oigestote e etheriands fraction 9 from 1 to 500 ton/hour
i raction of 30% dry m
Reverse Osmosis (RO): 4 RO,
Evaporator/ Stripper/ Seul
nan evoporator.
apour
Avacuum lowers the boling
The evaporator further produces a Potassium
sulphote by scrubbing the vapour cor of
v est Vineral- and Potassium-concentrate, NA3-water, 125,000, 250.000 RO cleaned n the RO water polisher and the ion exchanger t ochieve the right qualty
recovery oo hote, Cleon obi Ioigestate therionds e s for discharge into surfoce woters
[Pyrolsis [Biochar, Hydrachar & Ash Blochar Digestate. France Sollid fracton of digestate 0304ty After $/Lseparation. Slow pyrolyss of sold fraction o digestate. cmcaa
erystalization taking
[The crystallization of nitrogen advantage of ts nutrent
[and phosphorus in the form of content. Thi lows to iy inthe
Imagnesium ammonium digestate (an undeniably scarce 16 EUR/tonne
lphosphate . the form of a comp 16EUR/tomne  (CAPEX And End of waste declaration
lhexahydrate it P-products Isruvite bigestate. spain [Digestate from pig manure 7 an be used in agricuture (CAPEX And OPEX) OPEX) 250 £UR/tonne _(Grondstofverkaring OVAM, Belgium) cmer2
1. Dewatering o the digestate. 2. reciptation of calcum phosphates n the liquid
fraction obtained in the dewatering, by aising the pH and adding Ca2+ 3. Setting,
dewatering, N
d alo inthe solid
dewatering,
P precipitation it P-products b ferti Digestate. Iigested ca Plot suy mn
Iuesys process Pproducts fahi4pos Digestote eigiom Digestote 9 Range 0.1-2.5 tons/day
precipitated phospha
lrecipiation struvite & other P-products IDigestate IDigestore s es/year ves
29|recovery lorying i P-products h fertiiser (cal) |Digestate [Digested catte sturry 1y drying of the wet P fertilizer
1 2
combustion.
aless soluble
" Forthis
Thiscan
ashes. Dissolution of the ashes in an acid medium and subsequent recovery. It also
he ashes, as well 2 the Fe and Al
present
techniques, thus purifying the final product. P recovery yields between 70.and 98%. b)
Thermal treatment of the ashes. Nutrients can be recovered from ashes by high Austria, Denmark,Finland, Germany.
Po, cd and Sweden have specific regulations
and heavy for biomass ash. Not found for
cu, a digestate ashes or other Member.
[combustion [iochar, Hydrachar & Ash Jash pigestate. [Spain Fintand oigestate: 805-15tyear liquid alloy. P recovery yilds betuween 80 and 98%. ATSLIME  3038Me/year WA states Yes s
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[Technology
maturity and consl B — b N L .
i |cAPEX loPEX [Market (cmc)

logy Product sub category Secondary raw material _|Country

Spreading costs:
5 EUR/tonne
For be , such as garden Transport costs: Yes (if meetinf the standards set by £U
waste. Practically, some AD plants compost their raw digestate, while other compost 510 EUR/tonne Yes (requirements differ from one  Regulation for fertlising products
the solid fraction of the di i d (1520 km away) 050 EUR/tonne country to another) 2019/1009) cMCc34s

|composting |compost , digestate & other biomass Composted digestate Digestate Digestate

Vivianite i formed to a greater or lesser extent in aerobic digesters, especiall if some.
hosph 1in WWTP for
example) or to control the formation of H2 in the biogas. Its formation can also be:
promoted from the addition of Fe (1l or i) and subsequent separation (mainly
magnetically) of the mineral from the digested sludge. The procedures to promote the
production of vivianite and its recovery from a digested sludge are stil at a low TRL 10,000 €/tonne
Digestate level,

|Anaerobic digestion of several
lorganic and biodegradable
|wastes. it P-products [Vivianite Digestate

(potential)  No No mc12
[sewage sludge, biodegradable The principle of operation of the technology s based on a controlled electronic

waste, selected animal by- exothermic reaction, which takes place with the participation of a certified WapCal®
33|Physic i i e |Granular/Pelletised & Powder Organo-mineral fertilizer OrCal®CM12 lPoland. lproducts s reagent

e
Currently,in the sewage biological treatment methods. In of the
treatment plant belonging o process, deposits are formed, which are the basis for the production of fertiizer. After
Wodociagi Biatostockie Sp. z 0. 0. dehydrating them to approx. 20% d.m. are directed to the dryer. The sludge is dried on
around 4,000 tonnes of Granbial heating trays at a temperature of approx. 205+270°C. The temperature of the granules
organic fertilzer are produced  after drying is approx. 100°C. The dried sludge is discharged to a storage silo and then

9 annually o storage boxes.

Capacity up to 1 Mg/h and

[sewage sludge, ashes from biofertiliser productivity from Capex; 5 minzt

Biochar, Hydrochar & Ash BIOROL Natural Fertiliser [Poland lbiomass comb 9150400 kg/h (1,06 min €)

|Ashes from incinerated dried

|Activated sludge wastewater
treatmen |Granular/Pelletised & Powder |Granbial lPoland

sludge from sewage treatment Recovery of phosphorus from both bones and ash from sewage sludge incineration.
lplants and products resulting Bacteria are used for this purpose. These bacteria are used to change the properties of
stre P-products Phosphorus [sewage sluds [Poland from of bones. phosphate raw materials. The bacteria make it easier for plants to absorb them. om12

convert the low plant available phosphorus compound in the ash (Ca3(PO4)2) to the
aNaPO4. the heavy metal content.The
core process encompasses feeding ash to a rotary kiln where tis mixed with sodium
s (e.6. Na2C03) and a red 1, pref M3

|AshDec thermochemical
3 process Biochar, Hydrochar & Ash |Ash Isewage sludge (Germany Isewage sludge 7 15.000 t per year

The begins with of the
wastewater. The currents from the WWTP used for the production of struvite are the
presents the hig! and ammonia
the WWTP. are introduced whit
addition of magnesium chloride and sodium hydroxide. The addition of magnesium
for

struvite. The amount added will be a function of the magnesium concentration present

inthe reactor and in the feed, and in accordance with the Mg/P molar ratio. The dosing

of the soda is carried out to raise and maintain the pH at an optimal value to favour the

erystalization and precipitation. To favour the fuidization of the struvite in the.

crystallizer, air is also introduced through the lower part of the reactor. After some time

with the crystallizer in “production” mode, part of the struvite formed must be Yes, according to EU Regulation 2019/1005.

sewage sludge 8 extracted. €61sMm 183€/tonne 350 €/tonne ot in Spain From: 16/06/2022 cmc12
The innovation of PHORWater s that faces the problem from less to more. Moving

[The crystallization of nitrogen
land phosphorus in the form of
magnesium ammonium
phosphate

38|Phosphoru precipitation hexahydrate [struvite & other P-products Istruvite Ispain

PHORWater - biological
rocessess and struvite scaling
[Phosphoru precipitation process struvite & other P-products struvite [sewage sludge

from the optimization of the integral management to increase phosphorus availability
and decrease uncontrolled precipitation of phosphorus, to a
ISpain [ Waste water sewage 6 10Kg/day recovery reactor.

v simple-operational P

a thermochemical process designed to convert the low plant available phosphorus
compound in the ash (Ca3(P04)2) to the highly plant available compound CaNaPO4
while reducing the heavy metal content.The core process encompasses feeding ash to a
rotary kiln where it is mixed with sodium compounds (e.g. Na2C03) and a reducing
agent, preferably sewage sludge. The material is treated at around 900 °C for 15-20 min,
Sodium ions fonsin d aNaPO4.
[sewage sludge ash 8 30,000t/year compounds.

39|Phosphoru precipitation

Struvite & other P-products phophate [sweden

12

Vivianite is the main iron phosphate mineral that forms during the digestion of sewage
sludge. e recovered from the sludge after digestion using
a “This has been ona d on a pilot

of sewage
40recovery sludge Struvite & other P-products [Vivianite
Membrane systems
(Microfiltration coupled to
d freeze

o fa separation process to
i

£ project).
sewage sludge 3 recover vivianite from the digested sludge by means of magnetic separation. Notin Spain Yes, according to EU regulation 2019/ CMC 12

Liquid fraction of fish sludge collected in recirculating aquaculture system is treated
Liquid fraction of Fish sludge with ultrafiltrat d
a1recovery [Scrubber soultion & mi Nutrient-rich concentrate [Spain Jfrom Ras 4

concentration into nutrient rich concentrate
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[Technology
maturity and iser idered ' i
Secondary raw material _|Country. level i ipt capex lopex [Market i (eme)
Solid fraction of fish sludge. is reated by
Biodrying |compost Biodried sold fraction Isewage siudge ISpain from Ras 7 biodrying
115 ¢/tonne Not required by the EU Regulation
Average:7  Yes,in taly from 1998. Actual law s 2019/1009,thoughitis by several national
|composting |compost ) italy £l €tome the DJgs 75/2010 laws all over Europe. e
sludge. Vivianite (paramagnetic)can be recovered from the sludge after digestion using
ona pit
i by magnetic a 10,000 €/torne Yes, according to EU Regulation 2019/1005.
4a]recovery lseparation products |vvianite 6 of (potentiall _ Notin Spain From: 16/06/2022
The raw materil used in tis
project was slagutherwhouse
watewater. The amo
nutrients contained in the
wastewater of each
slaughterhouse depends a loton
the type of animals slaughtered,
the protocols followed in the.
slaughterhouse, etc
This concrete application n the
selected slaughterhouse
revealed a poor Nand P
compositon of the concrete
stream treated, which does not
necessarily need to be the same  Wastewater from a
asinot from The enriched reclaimed water fufils
Thus, in this case, the "zero wastewater n a single tank, while delivering an effluent n ine with legal requirements all requirements set by the
Kilometre" approach was for discharge. The SBR has a treatment capacity of Som3 per day, and afterwards goes corresponding applicable legisiation,
i (s8R) Enriched reciaimed water (rich n N (especially Jected, througha . wh i i.e.,the Council Dirctive on May 21t,
asrecovery [Scrubber- i and ) [ Waste water i i 9 felds with the enriched ultafitration and reverse osmosis) takes place. flow to be reated 109191/271/8€C
The effluent produced is free of system s based on
pathogens and rich in nutrients, anew
showing 99.99% of £ Coli eroundbreaking
removal, 69% of total N recovery, system combining
80% of total Precovery ant ow-
of Krecovery. energy efficent
The average content of Nin
RichWater® effluent was about Bioreactor (MBR)
36ame/L treatment,a
RichWater® technology obtained module for mixing
in 2020 the Environmentl the optimal
Technology Verification (ETV), fertgation water
which s 2 guarantee on the connected to the
technology performance. ETV to-date
has been conducted by an irrigation
external and independent technology and an
verification body, the Institute  The RichWater®” advanced
for Ecology of La gthe  monitoring
 which ~ op
e including soil
upto driven fertigation. The MER has been designed for a 150m3/day  sensors to
flow, and it work P, butalso other  guarantee
[Physicak-chemical nutrient [Spain (Andalusia region, q = Mg and 3 femand-driver
recovery system [ Waste water 6 removed. and pathogenfree
Treated effluent from the Roldin-Balsicas wastewater treatment plant i reclaimed
then
[Secondary wastewater Districtof Cultvation
treatment ith ulrafilration, ), ctrus trees (30 %), frufttrees (4 %) and greenhouses (7 %). Greenhouses cover
Jactve carbon and reverse: [spain (Murcia region about 1,300 ha of rrgated land, with about 96 % of that surface devoted to pepper
Josmosis (DW) 2. Secondary lborders Andalusia to the ;
East -, Roldén flowers. i
47]recovery Jwith brine (RW) [serubber- [ Waste water I municipaity) lUrban wastewater i
reuse established in the majority of
[Spain (Murcia region - The wastewater treated at Montills WWTP, by means of a prolonged low-load aeration existingregulations,like RD 1620/2007 and
lborders Andalusia to the process and subsequent secondary decantation, is sent to a decantation pond in sector the new Regulation (EU) 2020/741, must
aring| East -, Roldan 1 of the CR TINTIN. This pond has a useful capacity of 9,143.45 m3, being used for e applied as long as reclaimed water from.
aglrecovery Scrubber soulic Waste water I municipaity) 6 inrigating a surface of 650.53 hectares. municipal sewage treatment plants s used
OPEX for struvite
production s 202
kely (183 €/1) and
for AN, 891 K€y
(460 €/0). Also, this
nutrent recovery
process has other
benefits regarding Regarding
wwrp operational
performance,  costs of nutrient
Murcia Este fullscale projection which translate in recovery
willproduce 1100ty of struvite: OPEXsavings for  technoloies,
and 1937ty of ammonium the instalation.  OPEX for struvite
[An elutriation process fullscale nitrate (21%w), which accounts They come from  production is
\wa implemented, ina for 425% of P recovery and 11% of improving sludge 202 ke/y (183
reversibie configuration, to N recovery (8.45% as AN) of total dewaterabilty,  €/t) and for AN,
lextract and concentrate. Pand N present in wastewater avoiding 891 ke/y (460
[phosphates before they enter influent, under a favorable. uncontrolled P €/t),being the
[anaerobic digestion, were scenario of high bio-P removal precipitation  main costs NHO3
luncontrolled P precipitation and 9.1 me/Lof Piotin WWTP  Depending on of the WWTP, problems,and  and zeolites (N
starts causing operational influent. or 3 3 recovery) and
[problems. Phosph: prices of 350and 410 €/tof  recovery unit, Jates in higher lowi tobiological  NaOH (P
lconcentrate in the supernatant [Spain (Murcia region struvite and ammonium nitrate, N recovery reactors. Overal, recovery) over The recovered struvite and ammonium
lof primary thickeners can feed lborders Andalusia to the revenues would be of 385 k€fy  ammonium in high concentrations allowing high N recovery rates. Altogether, UFE  a positive margin _ other chemicals nitrate were characterised o accomplish
the P recovery unit for struvite [Recovered N and P - struvite, ammoniur nitrate £ast -, Murcia and 794 kely, ENRICH flexible and 0f 322 kefy would and energy the legisiative requirements for new
as|Phosphoru precipitation Jproduction, struvite & other P-products. Jand siudge [Waste water [municiaiity) |urban wastewater 60 117 Me). maximises nutrient recovery beachieved.  consumption. fertising materials (EU 2019/1008)
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Technology
Imaturity and
|secondary raw material _|country i |capEX opex Market ork? licmo)
struvite
production (75 ke End of waste declaration
for elutiation 0-1,000 (Grondstofverkiaring Ovam, Belgiur),
Pilot plant has a capacity of process) and 1.39 €/tonne (100 Precpitated phosphate saltscan be
20m3/d (recovery of 10 kg/c), M€ for ammonium €tonneas Iy used as a fertilser in the
butits easy to scale up a full oH most probable  Netherlands, Belgium, Germany,
50 ater process Istruvie 8 other P-products struvite [Waste water Spain |waste water 7 scale reactor ontrol. Mg salt i dosed according to the selected molar dosage ratio Mg/P. (totalof 615 M€) 6-42€/kgP  value] France, Denmark and the UK emC12 comliant avez
€100000 35 pilot
unitfor
Kestruvie urban ,the  demonstration
urine).
of kstruvite is characterized
n addition, o apply K- cAPEXor the
concept of
dimensions (so that they can be easily recovered). The formation of fine crystals s the  economy of
P-products Kk struvite [Waste water lUrban waste water 3 most frequent problem during precipitation applications scales) aehgp 200 €ftonne M2
Upto17ha
located insid agriculture
and aquaculture related applications
| Wastewater (sewage, centrate 2.000m3 of
Wastewater-based algae bio- [Spain (Andalusia region, - [and pig manure) + marine microalgaecultures.
(wWwag) [Waste water |water s
13000 m2 High Rate Algae Pond. a a
[(4RAP) and tertiary treatment 250 m2 planted fiter enhancing
lcomposed of 250 m2 planted h Irrigation reused with a solar
Fiter with natural materia for
lenhancing phosphorous anaerobically digested and biomethane is produced by an innovative biogas upgrading.
Irecovery. Irrgation water is Spain (Andalusia region, system
ained and reused P-products lPhosphorus [Waste water lurban wastewater 6
[proven antifungal, antibacterial six
manths without collapses, at productvties higher than 70 t/hasyear, with power
lcultvated using wastewater. lower than 5 /m3,and of
lculture conditions and into wastes. Up to 10t /hasyear and 2 tP/hasyear willbe recovered at biomass.
loperational aspecs of production cost below 1.0 /k
Imicroalgae production will be The harvesting process will allow recovering more than 95% of produced biomass, with
loptimised, and the yield and 2 1hWh/m3. Mild
effciency of large-scale . without
lproduction systems. aly
Wastewater and marine water © the utilsation
il be used to achieve Spain (Andalusia region, [Urban wastewater + marine of non-safe solvents being disregarded.
inable processes iostimulant [Waste water Jwater 7 ttps:/fwww.algaenauts.eu/
[Mebrane systems (UF, Ro) Liquid fraction from WWTP in Liguid raction of WWTPin
[Physical-chemical nutrient lcoupled with freeze lthe transformation industry of treated with ultafi wl o
Salrecovery lconcentration [Waste water pain 4 freeze concentration into nutrient ich concentrate.
Solid fraction from WWTP in the
Jiransformation industry of fish Solid fraction of
Iiodrying +, digestate & other biomass Biodried solid fraction [Waste water pain (squacutture) 7 by biodrying.
lUrban
e h |Ammonium-richirigation water, Ammonium land sewage
S6lrecovery [Waste water lBelgium studge 51,500 L WW/day5
have
(Wuetalm “Phosph from
Vivanite as an H i
[Physical-chemical nutrient il 10,000 €/tonne
57recovery lcrystatisation P-products [Vivianite [Waste water Industral waste water in theirchildhood. (potential) O ves avez
[ Wastewater from milk
58| i itation of P using cations IDai [Waste water reland 6126718 year
[Ostara's Pearl phosphorus
59| recovery P-products struvite [waste water ireland Jurban wastewater s
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[Technology
maturity and c
[Secondary raw material | Country |CAPEX |oPEX [ Market (cme)
[Physical-chemical nutrient
60recovery |Gas scrubber [scrubber & [Biolan Ravinneneste. Blowaste Fintand Iseaweed liquid. Additional nutrients mixed o the liquid
Side be treated (N0
” et 14272011 ble other raw dded and the mix
61recovery Jgranuiation Biolan Ravinnepuikko Biowaste Fintand Iseaweed s pelletized
[Granular/Pelletised & Powder iolan Blowaste [Seaweed, eather meal
[Seaweed, feather meal, meat
Biolan Havu- a rodolannote Blowaste
[Granular/Pelletised & Powder [Biolan Kanankakka Blowaste [seaweed
iolan Blowaste. [Seaweed
[seaweed, Meat and bone meal,
|Granular/Pelletised & Powder Jiotan Blowaste blood meal,seaweed
[Seaweed Meat and bone meal,
iolan T Biowaste blood meal,seaweed
Meat and bone meal, blood
IBiolan it a taimilannaite Blowaste meal, seaweed
folan Blowaste [Seaweed, feather meal
The stages of the process are: 1. Physicalseparation of improper materials
Oryingof Pyrolyss of
the pretreated BW and separation of the biochar from the restof the products
obtained. An sternative i o treat the BW by AD, and use the sold fraction of the  14.5 M€ 3 ton/h 450-850  National regulation in Germany,
Biowaste such as food and digestate obtained as raw material for pyrolysis. I this case, it s necessary to biochar €/tonne From  Austia,Switzerland, and Italy. Biochar.
Pyrolysis Biochar, Hydrochar & Ash Jiochar Blowaste e lgarden waste s previously dry said sold fraction, production plant /A plant materials _of vegetable origi only. Yes cmca
€30Mfora 60
| 106ur/t(fresh  Ves, in taly from 1998, Actual lawis
|composting iomass [compost Biowaste. Biowaste o anaerobically therefore producing a ertilzer o soilenhancer. capacity st mass) -55 €/t the D.Igs 75/2010 Yes, European Union Regulation 2018/1009 CMC3
v omposting d & other biomass Jcompost Biowaste. reland Household waste 9
treatment: & esplace ina
a depression
. The Intake system constantly conveys the ai present n the covered
o the external fters
v piociclo te & other biomass lcompost siowaste taly o ste and food 969,000 t/year of waste meters to be purified
Ok Avalbeheer [Compost, digestate & other biomass [compost Blowaste [Belgium |Veg,fruit & garden waste 925,000 ton vig-compostfy
Jacen pinerolese digestate & other biomass [compost Biowaste eaty municipal organic waste yof organicwaste  biomethane production
ALIMOG the accepted green waste follows undergoes a 4-phase composting
(chip) and mix the green waste, (b) o
(from parks, public and forced aer 103 higher pile
recovery Compost, digestate & other biomass Compost Blowaste Belgium ardens) 12,000 ton green compost/y 3 weels: conv
« Feedstock o)
release of odaur. A biofiter placed on the roof of
. mived the third digester;
“The Bl
days at
 temperature of 55 C) which ensures hygienisation of the ingoing sewage slude;
+ The system of digesters is equipped with a sde-stream N-stripper, in which NH3 is
stripped
b 50% sulphuric
acid
resulting in an ammonium sulphate solution.
« For the previous absorption unit biogas was used as stripping agent. For the new.
Nscrubber,
biogas has been replaced by ar. Moreover, is made of the
lloy 825, which allows
+The novel bles 3 higher
recovery of
t0upto 35%. o
absorption
N unitan NHA-N recovery of just about 20% was achieved.
64{Thermochemical nutrient recovery [and scrubber [scrubber soultion & mineral concentrares s solution siowaste Jealy iowaste 977kty3 +Both in dose tanks.
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[Technology
maturity and
|Secondary raw material _|Country Input material readiness level capex lopex [Market (cme)
The e P
separates the digestate in an SF and an LF of igestate.
= Asin the previous process,the SF of digestate (25-30% DM i dried up to 80-90%
« The L of digestate (3.54.5% DM)flows into an acidification tank where addition of
= losses in
‘evaporation step. Compared to the previous NRR system, the amount of polymer
floceulant
needed decreased from 63 to 38 tonnes per year.
- The vape 0.1 N,
condensed
Currently, 2.0, dilute the
in
the future, the.
2 . which has a
dried
S of Each of
the
two evaporator e and 1500 kW, which i a n
o [Biowaste from agrofood the DAF
65recovery Josmosis vaporator concentrate lBiowaste lBelgium industry 9 130ky2 unit id require
The decanter centrifuge, with addition of polymer flocculant to improve separation,
separates the digestate in an SF and an LF of digestate.
« s n the previous process, the SF of digestate (25-30% DM) i dried up o 80-50%
om.
= The LFof digestate (3.5-4.5% D) flows nto an acidification tank where addition of
losses n
Compared to th NRR e polymer
flocculant
needed decreased from 63 to 38 tonnes per year.
« The vapour p , containing <0.1 In
condensed
1o form condensed water. Currenty, the condensed water i reused 10 2.0. dlute the
G
n
the future, the:
« The evaporator concentrate, which has a DM content >10%, will be blended with the
dried
SFof Eachof
the
IMicrofitration and reverse two evaporator e and 1500 KWeh, which i a | h
[Physical-chemical nutrient losmosis, on exchange, Repeat IBlowaste from agroindustry/pig the DAF
recover system 0 concentrate lBiowaste sturry 9138kty2 unit did require.
blomass digestate lBiowaste
truvite & other P-products Low-P soll mprover Biowaste
[Struvite 8 other P-products Precipitated P salt Biowaste.
The stages of the process are: 1. Physical separation of improper materials
2. Miing of the pre-treated hydrothermal
the mixture. 3. SLseparation of 4.Treatmentof €18108M 20 €/tonneof
the liquid fraction the sold fracton (capacity 930043 bio-waste for
Irecovery and Thermochemical  [shredding/pelietizing, possibly the BW by AD, and use the digestate (undried) as feedstock for hydrothermal 000 tonnes, capacityof 78 130-200 Specifc regulation at national level of
lrying [Biochar, Hydrochar & Ash ydrochar lBiowaste leu lBiowaste: s carbonization. biowaste/year) 000 tonnes/year €/tonne the Member-states not found Yes mc1a
v
metals contained in the intial BW. On the other hand, the P from the ashes willbe in 3
less soluble and or this reasn, treated ina
the P from the ashs itand
possible from the pollutans. This can be done n two ways: a) Wet.chemicl treatment
of the ashes. Dissolution of the ashes in an acid medium and subsequent recovery. It
also involves the dissolution of part of the heavy metals in the ashes, as well as the Fe
technigques, thus purifying the final product. P recovery yields between 70 and 98%. b)
Thermal treatment o the ashes. Nutrients can be recovered from ashes by high Austria, Denmark, Finland, Germany
Volatie heavy Pb,cd and Sweden have specifc regulations
[ieving/sorting. Posibly drying [Two major fractions are garden from the product via the gas phase and further collected i the flue dust, and heavy for biomass ash. Not found f
[depending on the biowaste 8 park waste and food & metals with Niand Cr a digestate ashes or other Member-
Imoisture [Biochar, Hydrochar & Ash lash lBiowaste leu tchen waste s liquid aloy.  recovery yields between 80 and 98%. A75L7ME  3038M€/year N/A States Yes M1z
Precipitated phosphate sals can be
dina Cst legally used as a frtiiser n the
process_|Struvite & other P-products [struvite lBiowaste [Murcia, Spain 7 control. Mg saltis dosed according to the selected molar dosage ratio Mg/P €100000 80120 €/tonne Netherlands, Belgium, Germany, Yes eme12
o )
70jrecovery lranulation (Granular/pelieised & Powder lArvo 11-1:2:1 iogical byproduct Finland lblood meal
[Granular/Pelietised & Powder [Arvo 8 152 [Biogical byproduct [Fintand lblood meal
[Granular/Pelietised & Powder [Arvo 8121 [Biogical byproduct [Fnland lblood meal
[Physicakchemical nutrient
ry pelietizing |Granular/Pelietised & Powder Mineral neks ilogical byproduct Fintand Imam
[Recycle, recover, reuse high
jte & other P-products Bio-phosphate ilogical byproduct JHungan 820.800tyear
Jning, peletzing and [Seaweed, Meat and bone meal,
73]recovery lgranulation Powder Bilogical byproduct lblood meal, seaweed
[Seaweed,vieat and bone meal,
Bioian Tomaatt: ilogical byproduct lblood meal, seaweed
iz [Composting [ blomass [Composted biological by-products Bilogical byproduct [Germany iological by-produt ) SBEIM  asEM
Precipitated phosphate salts can be
legally used as  feriser n the
Netherlands, Belgium, Germany,
7 ipitati truvite & other P-products Istruvite ilogical byproduct ey Iiological by-produt s France, Denmark and the UK Yes
[Chopped wheatan straw,
lpouttry manure, horse manure
[composting 2 blomass [Biogical byproduct irelang 8 gypsum 5
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