SYSTEMIC

rrrrrrrr lutions for biowaste

() AGROCYCLE
Policy-Science Workshop

Fertilising products based on animal
manure under the Nitrates Directive

and Circular Economy

30th May 2018
Renewable Energy House, Brussels

Oscar Schoumans

" .BIOREFINE

Horizon 2020 .- wIZLLISTLH EURDPE




EU Circular Economy Package
COM(2015) 614 final

Aim: Economically sustainable growth by maintaining the value of
products, materials and resources in the economy for as long

as possible.
Strategy for closing the loop
1. Reduce waste to a minimum
2. Promote re-using / recycling of materials & products

3. Create value: from waste into valuable resources

http://eur-lex.europa.eu/legal-content/EN/TXT/?9id=1453384154337&uri=CELEX:52015DC0614

http://www.europarl.europa.eu/leqgislative-train/theme-new-boost-for-jobs-growth-and-

investment/package-circular-economy-packaqge
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Directives

Environmental

Water
Waste Framework Directive 2008/98/EC
Bathing Water Directive 76/160/EEC amended by 2006/7/EC
Drinking Water Directive 98/83/EC
Groundwater Directive 2006/118/EC

< Nitrates Directive _91/676/EEC—

Water Framework Directive 2000/60/EC
Marine Strategy Framework Directive 2008/56/EC

Air

Industrial Emissions Directive (IED);
replaces IPPC Directive 96/61/EC
Air Quality Directive 2008/50/EC
EU National Emissions Ceilings Directive

2010/75/EU

2016/81/EC (under revision) 2001/81/EC
Nature

Birds Directive 2009/147/EC

Habitats Directive 92/43/EEC

Health regulations
- Waste Directive: End of waste
- Animal by-products Regulation

Both has also impact on of New Fertiliser Regulation
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H2020: Research and Innovation Projects CE

Aim: Give a boost to implementation of Circular Economy

Strategy H2020 calls Nutrient Cycling:

1.

2.

Increase Nutrient Use Efficiency (‘4R stewardship’)

Reduce use of non-renewable resources to produce mineral fertilisers

. Recycle and re-use biomass streams
. Create value: from waste into valuable resource

. Deliver information on legal barriers and provide solution options
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() AGROCYCLE

Develop, demonstrate and validate novel processes, practices and products
for sustainable use of agricultural waste, co-products and by-products

Q o

Circular solutions for biowaste

" .BIOREFINE

Horizon 2020 .- OOELusmr EUROPE

AGROCYCLE




SYSTE.C H2020: SYSTEMIC
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Using large scale digesters as a technology hub for new business in
recovery & recycling of energy, organic matter and nutrients

Circular Solutions for BiOWaste
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(Draft) Priorities JRC study:

Processed materials and processing technologies

 Top priority — safe use likely: Ammonium nitrate,

Ammonium sulphate, RO Minerals

« Medium priority — safe use to be investigated: (liquid

fraction of) anaerobic digestate, struvite

 Low priority — safe use unlikely: untreated manure, L/S
separated without treatment, concentrate from

vacuum evaporation or stripping, dried fibrous material
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Factsheets

SYSTEMIC Ammonium sulphate SYSTEMIC Ammonium nitrate SYSTEMIC Mineral concentrate SYSTEMIC Struvite
Technology description Technology description Technology description
Technology description
Ammonium (NH,*) and ammonia (NH) are both the same basic compoun Mineral concentrates come from the processing of manure or digestate (F Struvite (| isa mineral with formula

Ammonium (NH,*) and ammonia (NH3) are both the same basic compoun
soluble form whereas the second is the volatile gaseous form. Both these

ilil in which ing pH and/or te will convert more \
ammonium into the gaseous ammonia. In animal housing and manure or
facilities this principle is very important considering that in stables ammor
from the manure into the ambient air. In animal housing the N-rich air is '
air is drawn into an air scrubber where the ammonia is captured into wate
ammonium by a low pH ‘scrubber’ solution. For air washing a sulphuric ac
(favourable price). In manure or digestate treatment systems this basic cl
be used to extract ammonium nitrogen from manure via a system that is
(which converts it into volatile ammonia via pH and/or temperature increz
“scrubbing’ to recapture the extracted ammonia back into soluble ammoni
*scrubber” solution. Ammonium sulphate can thus be obtained by removin
nitrogen (N-) rich air or from N-rich biomass streams.

Photo 1: air scrubber (left) and ammonia stripping / scrubbing installation (right)

Product characteristics Table 1. Product charac
sulphate (air washing) i

average values reportec

Similar to synthetic produced mineral N
fertilisers, ammonium sulphate contains Total
N entirely in mineral form, as NH,-N. Since Dry matter (%)
the product is obtained by means of sulphuric =

acid, ammonium sulphate is also an important

EC* (mS cmt)
source of sulphur (S). Depending on the N total (g kg™)
amount of added acid, it is not only S NH,-N (g kg'1)

concentration that will vary, but also the pH N minerai/N total (%)
and EC. Low pH and high EC values should be S (gka)

taken into account during the product
application process since it can cause the
corrosion of machinery.

*EC: electrical conductivity
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constitutes the water soluble form whereas the second is the volatile gase
forms are in dynamic equilibrium; increasing pH and/or temperature will ¢
soluble ammonium into the gaseous ammonia and visa versa. In manure «
treatment systems this basic chemical principle can be used to extract am
from manure via a system that is called 'stripping’ (which converts it into
pH and/or temperature increase) followed by ‘scrubbing’ to recapture the
back into soluble ammonium through a low pH ‘scrubber’ solution. If a niti
used ammonium nitrate will be formed. Ammonium nitrate is currently no
recovery from animal housing via air washing with nitric acid because this
than the most commonly used sulphuric acid which produces ammonium ¢

Product characteristics

Similar to synthetic produced mineral N fertilisers, ammonium nitrate cont
in mineral form, as NH,-N and NO,-N. Usually higher N concentrations (2x
ammonium nitrate as compared to ammonium sulphate. Depending on thi
acid the pH and electric conductivity (EC) can vary. Higher pH values can
when compared to ammonium sulphate, which reduces the risk of machin
also results in higher risk of ammonia volatilization.

Table 1. Product characteristics of ammonium nitrate
after N-stripping/scrubbing of liquid fraction of
digestate from animal origin in ranges based on
average values reported in scientific studies.

Parameter

Dry matter (%) 48
pH 692-7.85
EC* (mS cm) 332-342
N total (g kg') 132 -198
NHN (g kg!) 76-109
NON (g kg) 56 -89
N mineral/N total (%) 100

Photo 1. N-stripper/sct

*EC: electrical conductivity ammomi st (6

Plants (and by extension crops) take up nitrogen in a mineral form. For
synthetic nitrogen fertilizer of which full plant availability is assum
Ammonium Nitrate). In essence, an ammonium nitrate rich solution will p
availability than CAN.

Up to now, results from three individual published agronomical trials wi

have been identified. Their main focus was to assess the effect of the ¢
crop yield and to determine its N fertiliser value (Figure 1).
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Technical description
2. Product quality

step of the process is a solid-liquid separation by means of a decanter cer
or belt press. This leads to a solid fraction and a liquid fraction. The liquid
further to remove particles. DAF (dissolved air flotation units), ultrafiltrati
and paper filters are technologies used to remove particles. Coagulation a

can be stil by use of The cleaned effluent er
osmose (RO) unit (Photo 1). Water is pushed under pressure through sen
membranes leading to a concentrate of minerals and a permeate (cleaned
the by salts and mic: requires regular cleaning an
permeate can require an additional treatment by means of an ion exchan¢
discharging to surface water or the soil becomes possible. Initially minera
obtained by a single reversed osmosis treatment step. In recent years, m
concentration steps are more often used.

Animal sarry
Digestate

Figure 1. Example of a scheme for treatment of
animal slurry or digestate using reverse osmosis.

Photo 1. A reverse osmosis (F

Product characteristics

Mineral concentrates (Photo 2) pr consist of itrog
Surveillance across ten pilot plants in the Netherlands showed that on ave
Total Nitrogen of the mineral concentrates is NH,-N. These values corresp
RO concentration step (Table 1). The ingoing liquid fraction contains some
which is present in mineral concentrates (1.3% organic matter or 0.6% C,
slurry the ratio between NH,-N to Total N increased from 66% to 90%. Th
concentration due to repeated cycles of RO, is currently being studied.
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3. Agronomical aspects
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NH4MgPO, 6H,0. Struvite is therefore a co-precipitate when magnesium, ammonium and
ortho-phosphate are present in concentrations above the solubility constant. Struvite results
from a coordinated precipitation process from the liquid phase of manure. In general this
precipitation process follows the equation:

NH4* Mg2++ H,PO,"3 + 6H,0 -> NH,MgPO,.6H,0 (struvite) + nH*

Ammonium (NH,*) can be by leading to a struvite
(MgKPO,.6H,0). In the liquid phase of manure several reactions can occur simultaneously
which leads to the formation of other crystal minerals such as MgNH,PO,.H,0 (Dittmarite),
MgHPO,.3H,0 (Newberyite) and a wide range of calcium phosphates. Struvite is one of the
processes to recover phosphorus from wastes, animal manure and digestate. Full scale
technologies for recovering phosphorus have been implemented. More full scale technologies
are in force. All depend on pH, composition (PO, NH,*, Mg?*, Ca?*), operational mode and
reactor type. Most struvite reactors recover phosphorus from waste waters, very few from
manure.

Product characteristics

Product characteristics are well known in the public domain for struvites made from waste
water. There is only limited data available on characteristics of struvite from manure from a
full scale plant (Table 1).

Data available on struvite from different origins points to a lower content of nutrients (N, P, Mg
and/or K) than is theoretically possible. Lower contents are caused by the presence of other
minerals, organic matter and water. With current processing techniques it is not possible to
obtain higher nutrient contents. Cl new and (costly) are
needed to obtain purer struvite.

Table 1. Chemical composition of struvite from waste water and manure'

Origin Parameter N Ca Mg
Theoretical Average 57 126 99
Waste water Average 46 116 4 32 98

Standard deviation 11 19 3 49 31

Number of publications 28 38 10 13 24
Manure, K Average 8 59 a8 15 80
struvite Standard deviation

Number of publications 1 1 1 1 1
Manure, Average 58 101 37 64
struvite Standard deviation

Number of publication 1 1 1 1 1

¥ Full references will be given in the report on these fertilising products which will be published on the Systemic
website later this year.
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5. Legal aspects
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Goals of this workshop

* To share scientific information of recovered mineral nitrogen

products from animal manure,

 To discuss the options for reuse within agricultural practice
taken into account the quality of the renewable fertiliser
products, the agronomical and environmental aspects and

the current legal status, and

* To identify what further information is required to feed the

JRC information search and policy decision.
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Agenda
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Circular solutions for biowaste

08:30 — 09:00 Registration and coffee
09:00 — 09:20 Introduction and Dr Oscar Schoumans, Coordinator of SYSTEMIC
context
0920 -09:30 European Commission | An overview of the ongoing study, the timings and key
moments during the study and their priorities, and
information needed.
Wim de Beuckelaere, European Commission, DG
Environment Policy Officer Nitrate Directive
09:30 - 11:10 3 parallel sessions 30 mins each on the following topics (each group will join
each of the sessions by rotation)
Product quality Agronomic aspect Environmental aspects
Session 1 Session 2 Session 3
Moderator Prof. Erik | Moderator Prof. Stefaan De | Moderator Dr Gerard
Meers, SYSTEMIC, Neve, AGROCYCLE, Velthof, Wageningen
University of Gent University of Gent University
Rapporteur Emilie Rapporteur Phillip Ehlert, Rapporteur Dr Elisabet
Snauwaert, SYSTEMIC, Wageningen Nadeu, SYSTEMIC, RISE
SYSTEMIC, VCM University Foundation
09:30- 10:00 Group 1 Group 3 Group 2
10:05 - 10:35 Group 2 Group 1 Group 3
10:40-11:10 Group 3 Group 2 Group 1
11:10 -11:40 Coffee Break
Plenary session
11:40- 1155 Feedback from 5 mins per session
parallel sessions The Rapporteur from each session will provide a summary
of the discussion and up to three statements for debate
11:55- 12:25 Discussion Moderator Dr Gerard Velthof
12:25-12:30 Closing of the Dr Oscar Schoumans
workshop
12:30 — 14:00 Light Lunch
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Thank you for your attention

Others projects focusing on nutrient recovery
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