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Assessment of Alternative Phosphorus Fertilizers for Organic Farming:

Compost and Digestates
from Urban Organic Wastes

Organic wastes from urban areas include organic household wastes, food pro-
cessing residues and catering wastes. These so called "Urban Organic Wastes"
are important potential sources for nutrient recycling back to agriculture. Main
waste treatment options for these sources are composting and anaerobic
digestion. Both differ in the process performance — regarding for example emis-
sions or energy balances — and in the characteristics of the final fertilizer pro-
duct. This fact sheet describes the most important aspects of compost and
digestates from urban organic wastes for use in organic farming.

Introduction

The phosphorus balances in arable organic farming Source separated food waste from private house-

systems are very often negative. This indicates the holds;

need for the implementation of strategies for their Food waste from retail, often with high propor-

sustainable replenishment in order to avoid long tions of plastic and often including waste defined

term reduction of soil fertility of organically cropped according to Regulation (EC) No 1069/2009

fields. Phosphorus in organic wastes accounts for (animal by-products);

a relevant portion of the potential P resources for Organic waste from food processing;

recycling in European societies. Food waste from catering and institutions, inclu-
In urban areas, different sources of organic ding waste defined according to Regulation (EC)

(degradable) wastes are available, which all together No 1069/2009 (animal by-products).

can be referred to as Urban Organic Wastes (UOW):
Green (biodegradable) waste from gardens or ~ UOWs are usually processed by composting, anae-
park areas, such as grass or flower cuttings, foli-  robic digestion (AD) or incineration. In some cases,
age and hedge trimmings; materials are still deposited in landfills.

This fact sheet was realised with financial support of the project IMPROVE-P, p
IM@ROVE



Composting in heaps and containers are two commonly used methods for composting urban organic wastes. Unlike the composition of the raw material, the composting method does

= not have an influence on the

nutrient composition of the final product.

Source separated bio-wastes, herbaceous green
waste and food waste in general are well suited for
both composting and anaerobic digestion, whereas
feedstocks high in lignin are better suited for treat-
ment by composting or for incineration.

Regarding the use in organic farming systems, a
central point from the regulation point of view is the
compilation of permitted fertilizer sources in Annex 1
of regulation (EC) No889 /2008 on organic farm-
ing. The EU regulation only mentions source-sepa-
rated organic household waste, and does not explic
itly include several feedstocks commonly used as
co-substrates in compost piles or anaerobic diges-
tion plants, e.g. catering wastes, retailer wastes, food
processing waste etc. This is giving room for contra-
dicting interpretations in the EU member states.

Recycling processes

Composting and anaerobic digestion are well
known technologies('l. In the composting process
organic material is broken down under the influence
of atmospheric oxygen by heterotroph organisms.
Modern, methodical composting is a multi-step,
closely monitored process with measured inputs of
water, air, and carbon- and nitrogen-rich materials.
The decomposition process is aided by shredding
the plant matter, adding water and ensuring proper

Figure 1: Standard process for composting of urban organic wastes
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aeration by regularly turning the mixture. In profes-
sional plants temperatures are maintained above
60°C over several days, which results in a hygienic
product (Figure 1).

Anaerobic digestion is a cascade of processes by
which microorganisms break down organic material
in the absence of oxygen (Figure 2). Digestate is
the residue of the original input material which can-
not be used by the microbes in the digesters.

Digestates can either be stored and used as fer-
tilizers, or be separated into a liquid and a solid frac
tion. Separation will lead to two different fertilizers
with contrasting properties: a liquid fertilizer and
a solid organic leftover, which either can be used
directly as organic amendment, or be composted or
dried before field application. As a result of the high
total nitrogen (N) as well as NH4+-N concentrations
in the solid fraction of digestates, a rapid compost-
ing process will easily occur where large proportions
of N (up to 50—60 %) will be lost as ammonia or
nitrous oxide [7! after the separation procedure.

Both methods break down most of the easily
degradable organic matter (OM) and stabilize the
material, meaning that it can be stored without
rapid decomposition causing odor and other nui-
sances.
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In biogas plants not only urban organic wastes can be fermented, but also

other organic wastes, solid manure and slurry.

During composting, the energy contained in the
degraded OM as well as 43—-629% of the nitrogen
is lost3114. In contrast, during anaerobic digestion
most of the energy contained in the degraded OM
is transformed into biogas. At the same time, the
N is conserved, predominantly as digestate ammo-
nium (NH4*). However, the remaining digestate
usually has a high water content, which makes it
expensive to handle and spread in the field. Diges-
tate composting or drying is related to high N losses.
Up to 90% of the ammonium N might be lost, if
not removed from the air stream 21151,

With both treatments, most weed seeds lose
their ability to germinate and the pathogen load is
largely reduced 6l17118l,

Available amounts

In many countries of Europe, UOW production
amounts to approximately 100kg per person and
year©1l01M02]. This is equivalent to 40 9% of the
total municipal solid waste mass. Only 30% of
biowaste across Europe is collected separately
and recycled as organic fertilizer12l. As shown for
the six countries participating in the CORE Organic
“Improve-P" project (Table 1 on page 4), significant
amounts of UOW are available for producing com-
posts and/ or digestates, and more or less efficiently
utilised for this purpose.

Solid digestates may be composted, but result in high nitrogen losses.

Nutrient contents and characteristics

The dry matter (DM) content of mature composts
ranges between 50 and 75%, while in liquid diges-
tates it falls between 2% and 129% of total mass
(Table 2 on page 5). The DM content of the solid
fraction of digestates — after a liquid-solid separa-
tion — ranges between 209% and 309% for non-
dried solids, and between 60 % and 86 9% for dried
digestates. The main component of a mature com-
post DM is ash (mainly sand, silt and clay), whereas
in digestate, a larger proportion of the DM is organic
matter (OM) (Table 2). Digestates in general con-
tain much higher concentrations of nutrients (N, P
as well as K) than composts on a DM basis.

The nutrient spectra of liquid and solid end pro-
ducts from treatment of UOW — respectively the
relation of N, P and K to each other — can differ
largely. The nutrient spectra of solid end products,
including composts as well as solid digestates and
the composts made of it, is characterized by low
levels of total N due to the high N volatilization loss-
es during treatment [31. This results in fertilizers with
a low ratio of ammonium to total N and relatively
high P concentrations, leading to P accentuated ferti-
lizers with a narrow N/ P-ratio between 3.5 and 4.5.
This can lead to excess applications of P to the soil
when compost is applied to meet N require-
ments (4. Liquid digestates are characterized by

Figure 2: Standard process for anaerobic digestion of urban organic wastes
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high levels of N, as well as a high ratio of ammoni-
um to total N. As the anaerobic digestion treatment
itself has only minor effects on the ratios of nutrients,
the nutrient spectra in the final product are often
better matched to the crop needs. The N/P-ratio of
liquid digestates can vary between 4 and 20.

P concentration and P speciation

On a dry matter base, the mean P concentration
in liquid digestates is much higher than in solid
digestates, whereas composts show the lowest P
concentrations (Table 2). The very high P concen-
tration in digestates of catering wastes and retailer
leftovers is a consequence of the high P concentra-
tion in the feedstocks and their high organic matter
bio-degradability.

In composts as well as in digestates, the major
part of the P (>550%) is present in inorganic
forms [151 (1611710181 (191, Both treatments reduce the
ratio of easily soluble P forms including water solu-
ble P to total P['91120. The inorganic P is present as
a continuum of P species — some of them are very
rapidly exchangeable with inorganic P in the solu-

tion, while a majority of them are slowly exchange-
able 71018, The P species in alkaline composts are
dominated by relatively insoluble calcium phos-
phates 1510710181, e. g. in the form of condensed cal-
cium phosphates such as apatites or octocalcium
phosphates['8l. In neutral or acidic composts, which
contain high inputs of animal processing residues,
Fe- and Al-species can control the inorganic P con-
centration in solution [16],

The biogas process leads to a transformation of
organic forms of P into inorganic forms. Simultane-
ously, the pH of the digestate increases 9. Raising
the pH moves the chemical equilibrium toward the
formation of phosphate (HPO42-—PO,4*) and sub-
sequent precipitation as calcium- or magnesium-
phosphate (e.g. Cas(PO,),) 211222l Simultaneously,
the binding form of other elements such as iron
(Fe) may also be influenced by anaerobic digestion,
affecting P turnover and precipitation processes [29].
The fraction of dissolved P, mineralized during AD,
associates with suspended solids [221119]. Therefore,
the water-extractable P-fraction may decrease sub-
stantially during AD 191,

Table 1: Availability of different kinds of urban organic wastes (excluding sewage sludge) in different European

countries
Sources Fertilizer amounts produced Nutrient amounts Data based on
[Mg or tonnes per year] [Mg or tonnes per year] [Mg per year] and adapted from:
Green wastes  Household Catering Composts Digestates N P K
bio-wastes wastes
Austria 728,500 752,100 140,500 164,000 420,000— [24] [25]
450,000
Denmark 410,000 245,000 9,800 2,689 450 4,205 [26]
Germany 5,000,000 4,000,000 358,000 5,000,000 430,000 [9] [10] [12] [27]
Norway 160,000 250,000 — 25,000 — 112,000 45,000 [28]
270,000 30,000
Switzerland 213,977 397,385 152,840 517,165 m3 362,000 t [29]
liquid digestate,
142,150 m3
solide digestate
United 7,000,000 to 8,300,000 2,740,000 113,000 m1n2]
Kingdom

) including organic leftovers of retailers



P bioavailability and influencing factors
Phosphorus in composts and digestates can be
considered as 100 9% plant available in the long
term BAIB1119], About 10 to 50 % of total P in munici-
pal compost is available for plant uptake in the first
two years after application [321133](34] 351 361 37]. The
apatite and octacalcium phosphates fraction will
have a low availability to plants in neutral and alka-
line soils 38l. frossard et al. '8 found a strong posi-
tive correlation between the total N concentration
in composts and the inorganic P in solution, sug-
gesting that the total N concentration can be used
as a predictor for rapidly plant-available P. However,
plant bioavailability of compost P can be affected by
the feedstock (substrate) and the biological stability
of the compost, with stable compost having lower
levels of water-soluble P37l For digestates, most
available results from field experiments indicated no
effects of AD on P availability (3911401 [19],

Other nutrients, their speciation and plant
bioavailability

Composts and digestates contain all nutrients need-
ed by crops for growth. In addition to phosphorus
(P) and nitrogen (N), potassium (K) and sulfur (S)
are of major interest from an agronomic point of
view. Composts show low N and ammonium con-
centrations, and low (<0.1) ammonium to total N
ratios 4114210141 The N fertilizer value of composts in
the year of application can range between -15%
(net immobilization) and +15%, with 5% of the
total applied N amounts taken up in aboveground
plant material as a mean value B314311421(44], |n the
following years a net mineralization of 2% to 8%
of the remaining N can be assumed 451331411, |n a
long-term perspective (20—40 years), approximate-
ly 40% of the N supplied as composts will become
plant available 4611301,

Table 2: Dry matter content (DM, as % fresh matter) and macronutrient concentration (% DM basis) of composts
and digestates certified by the German compost association "

DM
Green waste compost 62.6
(52-74)
Household waste compost allowed 64.5
for use in Organic Farming (52-78)
Household waste compost including
e - 64.0
other feedstocks not specified in EU
- (52-77)
regulation?
Liquid household waste digestate 12.0
allowed for use in Organic Farming® (5.0-20.5)
Liquid household waste digestate
5 . 5.20
including other feedstocks not (2.3-91)
specified in EU regulation? T
Liquid digestate of catering and
. . . 3.34
retailer organic wastes (no certifica- (.9-7.1)
tion for use in Organic Farming) -
Solid household waste digestate 45.8
allowed for use in Organic Farming®  (25-69)
Solid household waste digestate
including other feedstocks not 424
(26-84)

specified in EU regulation?

1 in parentheses: 10 and 90 % fractile of values

oM N P K s Mg
369 115 0.22 0.85 0.44
@3-51)  (0.7-1.6) (0.14-0.32) (0.4-1.3) (0.19-0.79)
39.5 145 0.31 0.98 0.45
(26-54)  (0.9-2.0) (0.18-0.44) (0.6-1.4) (0.22-0.72)
39.5 153 0.36 1.10 0.51
(26-52)  (0.9-2.0) (0.18-0.49) (0.6-1.5) (0.22-0.74)
58.1 447 0.68 3.24 0.65
(42-78)  (2.3-69) (0.36-1.23) (1.48-6.57) (0.42-1.06)
59.5 12,1 117 4.3 03-09) 0.44
(45-73)  (45-19.1) (0.55-3.15) (4.5-8.7) =7Y2) (0.16-073)
56.5 16.3 2.21 449 0.86 0.21
(48-80) (4.93-26.5) (1.03-3.14) (27-87) (0.44-2.74) (0.08-1.12)
61 1.84 0.60 1.20 0.51
(44-87)  (11-2.6) (0.24-1.10) (0.5-2.0) (0.35-0.75)
58.2 2.87 0.92 1.32 0.59
(38-81)  (1.81-4.86) (0.41-1.45) (0.35-2.32) (0.40-0.87)

2 e.g. catering wastes, leftovers of retailers, etc, not allowed for use in Organic Farming
3 provided that the single contents for potentially toxic elements are within the threshold values set by the Reg. (EC) 889,/2008 (see table 3)

(0.037-0.39)

(0.06-0.36)

(0.09-6.4)

5.6



As previously stated, the nitrogen losses during the
anaerobic digestion process are minor. Therefore,
liquid digestates from urban areas have relatively
high N concentrations ranging between 2.3% and
279% on a dry matter base. The ammonium to total
N ratio of liquid digestates ranges between 0.35
and 0.75041. The fertilizer value of total N in liquid
digested household waste is comparable with cattle
slurry 4711481 Composted solid digestates have an N
fertilizer value similar to composts, and dried solid
digestates have a very low N fertilizer value due to
N losses during the drying process and the buildup
of heterocyclic N compounds (melanoids).

The K fertilizer value of composts and digestates
is similar to mineral K fertilizers 32, as K does not
become part of structural components in organic
molecules. Due to the high water solubility of K,
leaching losses may occur in composts which are
not covered adequately to protect them from rain-
fall44l. Composts as well as digestates also contain
Sl Since S is transformed into gaseous H,S under
anoxic conditions, both treatments lead to S losses.
These losses are probably higher for digestates than
for composts due to the strong anoxic environment
in digesters. The available database on S concentra-
tions and S efficiency after field application is weak
for both products.

Organic matter contents and effects on soil
organic matter

Both, anaerobic digestion and composting decrease
the total amounts of organic matter supplied to the
soil, because easily degradable compounds are lost
during the process 501511, The process of anaerobic
digestion decomposes only compounds degradable
under anoxic conditions, whereas during composting
compounds degradable under anoxic as well as oxic
conditions are decomposed or transformed. There-
fore, composting affects almost all kind of organic
compounds leaving even less total amounts of
organic matter for field application as compared with
if the same amount of substrate was digested. The
main components of compost OM are lignin, carbo-
hydrates, and long-chain aliphatic structural
groups 152, whereas the main components of diges-
tate OM are lignin as well as cellulose, with minor
values for hemicellulose (own unpublished data),
meaning also a high recalcitrance of the OM compo-
nents in digestates!5'l. Since more lignified materials,
with less P, are preferentially composted, the aver-
age OM content per unit P is usually much higher in
composts than in digestates, liquid digestates in par-
ticular show low OM /P ratios. No data are available
comparing the direct effect — resp. the output of the
provided organic matter — and the indirect effect —
resp. the impact on plant growth — of composts and
digestates derived from equivalent amounts of treat-
ed residues on the amounts and the quality of soil
humus.

Soil liming effects

Most organic amendments including composts and
digestates decrease the soil acidity 4. Usually
organic amendments have a surplus of cations (e.g.
K+, Ca2+, Mg2+, Na+t, NH,4*) over anions (e.g. H,POy,
SO,42, CI), which are compensated for by bicarbo-
nate (HCOs"), carbonate (COs2) or organic
acids 15311361, For example, in composts as a mean
8% of the carbon is carbonate-Cl54. The decompo-
sition of organic acids as well as of carbonates to
CO,, in the soil are proton consuming processes
(e.g.15%) leading to a decrease of soil acidity (“lim-
ing"). The treatment procedures themselves do not
directly influence the “liming” properties of diges-
tates or composts.

Salinity

The salt concentration of composts is usually much
lower than for digestates. However, the salt concen-
tration is usually measured indirectly, by electrical
conductivity. Sodium chloride (NaCl), which is a
common salt in food waste, as well as all other cati-
ons and anions contribute to the conductivity, but
also organic acids are present in the fertilizer. There-
fore, the “salt concentration” is not necessarily a
strong indicator for the risk of long-term soil saliniza-
tion by application of organic fertilizers. This charac
teristic should be used and interpreted carefully, if
the aim is to avoid soil salinization. A high salt con-
centration can also mean a high overall nutrient
concentration. To assess the potential effects on soil
salinity, sodium (Na) and chlorine (Cl) concentra-
tions are useful. The database for the concentrations
of Na and Cl in organic amendments is very weak.

Other effects

Both, composts and digestates improve the soil
physical properties by reducing the soil bulk density,
increasing the saturated hydraulic conductivity,
moisture retention capacity of soils (5111361421 and the
aggregate stability (561571 5111361142], compared to an
untreated control. Both kinds of amendments also
increase the soil biological activity [581(511150] (36 com-
pared to an untreated control. However, for both
treatment procedures the effect on characteristics
describing the soil biological activity is usually a
decrease by the composting or digestion compared
to an untreated feedstock applied directly (see
compilation provided by [5'). There is only a single
study available directly comparing the effects of
digestates or composts from similar feedstocks from
UOWs under field conditions: Digestates and com-
posts had similar values for the investigated soil
microbial indicators (e.g. proportion of active micro-
organisms substrate induced respiration, potential
ammonia oxidation rate and nitrogen mineralization
capacity) irrespective of applied N dose (50 and
100kg N ha- yr1) 159, Since the production of 50kg
compost N may roughly need the same amount of



feedstock as the production of 80—100kg digestate
N, also the comparison of these two treatments is
relevant. They neither differed significantly for the
soil microbial indicators. The long term evolution of
the soil organic matter content under digestates vs.
compost application has not yet been studied.

It is often stated that composts sustain disease
suppressiveness in potting substrates as well as in
soils, an effect not yet investigated for diges-
tates (6011611, However, under field conditions, con-
flicting results seriously hinder practical recommen-
dations, and often a material suppressive to one
pathogen can be ineffective or even conducive to
other pathogens 61l The effect of composts on dis-
ease suppression or on increase of disease inci-
dence will also depend on their maturity level 60],
increasing the difficulties in the practical manage-
ment.

Composts can be used for soil restoration and
soil remediation [621. Digestates are less suited for
this purpose due to their high nutrient concentra-
tion, which can lead to over-fertilization with N and
other nutrients when applied at rates suitable for
soil restoration.

Pollutants
Potentially toxic elements (PTEs) and their soil
accumulation risk
Accumulation of PTEs is a common concern rela-
ted to composts and digestates from urban organic
wastes (UOWSs) 1631[6411441114], PTEs can accumulate
in soils after long-term application of treated urban
wastes [64]. The concentrations of PTEs in composts
obtained from source-separated waste systems are
markedly lower than in composts obtained from
mechanically separated organic waste (641 [65], sup-
porting the stipulation that only UOW from source-
separated collection systems are acceptable in orga-
nic agriculture (see Regulation (EC) No 889/2008).
Some UOW composts and digestates may fail
the current thresholds for potentially toxic elements.
These elements, e.g. zinc, may not only originate
from the organic waste, but also from mechanical
treatments such as compost mixing. Nevertheless,
the mean of the specific cadmium (Cd) concentra-
tion per unit P in all composts and digestates stud-
ied by Maller and Schultheiss['4 was lower than for
rock P, which is a permitted fertilizer in organic agri-
culture (Table 3).

Table 3: Concentration of (potentially) toxic elements in composts and digestates certified by Bundesgiitegemein-

schaft Kompost, the German compost association (mg kg-' DM) (data compiled by Méller & Schultheiss 2014)"

Cu ZIn

Threshold values according to Reg. 70 200
(EC) 889/2008 on Organic Farming
Green waste composts 34.4 154

(22.3-50.0)  (106-213)
Household waste composts 40.5 150
allowed for use in Organic Farming  (26.8-56.6)  (114-184)
Household waste composts 54.2 213
including other feedstocks not (26.8-80.9) (114-280)
specified in EU regulation®
Liquid household waste digestates 49.2 200
allowed for use in Organic Farming® (27.6-76.8) (139-312)
Liquid household waste digestates 81.5 348
including other feedstocks not (32.1-131)  (170-554)

specified in EU regulation®

Liquid digestates of catering and 40.0 177

retailer organic wastes (no certifica-  (10.1-176)  (115-338)

tion for use in Organic Farming)

Solid household waste digestate 24.1 102
allowed for use in Organic Farming® (7.50-38.3) (46.0-177)
Solid household waste digestates 425 193
including other feedstocks not (19.2-65.0)  (89.2-287)

specified in EU regulation®

1) in parentheses: 10% and 90 % fractile of values
2) HMP — Heavy metal-P-Index
3 HMN — Heavy metal-nutrient-Index

4 e.g. catering wastes, leftovers of retailers etc, no certification for use in

Organic Farming

Pb cd Cr Ni Hg mg Cd

kg1 P

45 0.7 70 25 0.4 32.89)

2067

324 0.40 22.8 13.8 0.11 184
(17.0-50.7) (0.19-0.70) (12.0-359) (5.70-235) (0.05-0.16)

279 0.35 21.5 12.2 0.10 113
(18.238.0) (0.20-0.51) (13.4-305) (6.29-18.9) (0.05-0.16)

44.8 0.46 28.1 17.5 0.11 128

(18.2-67.0) (0.20-0.70) (13.4-42.2) (6.29-27.8) (0.05-0.17)

20.1 0.41 18.9 126 0.10 60.3
(3.0332) (020-0.62) (5.20-29.6) (6.94-18.0) (0.05-0.14)
10.0 0.40 16.7 15.0 0.10 247

(2.00-32.0) (0.19-0.69) (6.50-29.0) (6.36-28.0) (0.03-0.19)

3.85 0.33 7.56 9.45 0.07 15.3
(1.03244) (0.05-1.25) (413-22.7) (3.6923.6) (0.02-0.33)

147 023 19.0 8.81 0.07 38.3
(1.88-34.0) (0.03-038) (340-40.2) (2.50-16.8) (0.01-0.18)
257 0.44 21.1 16.4 0.09 4738

(3.00-48.8) (0.15-0.88) (8.28-40.4) (4.30-31.0) (0.01-0.14)

HMP 2

31.7

20.6

251

10.2

5.7

2.5

74

8.7

HMN *)

0.72

0.53

0.69

0.19

0.12

0.06

0.28

0.36

%) provided that the single contents for potentially toxic elements are within the

threshold values set by the Reg. (EC) 889,/2008
6) German Fertilizer Ordinance from 2004

phate according to Reg. (EC) 889/2008.

7) threshold value for aluminium-calcium phosphates and soft ground rock phos-



It is often stated that — when using high qual-
ity composts, such as those specified by the EU
Regulation on organic farming — the risk of soil PTE
accumulation is minimal (e.g. [6411441). Figure 3 gives
an example for the calculated Cd accumulation sce-
nario for different composts and digestates. It shows
the potential accumulation after continuous applica-
tion of 4kg P per ha and year on the soil Cd con-
centrations. The precautionary value defined by the
German Soil Protection Ordinance (Bodenschutz-
verordnung) is dependent on soil type, and ranges

Figure 3: Soil cadmium accumulation scenarios depending on fer-
tilizer use (assumptions: yearly P input of 4.0 kg ha, soil pH: 7.0)
(Weissengruber & Friedel, pers. communication).
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Figure 4: Soil Zinc accumulation scenarios depending on fertilizer
use (assumptions: yearly P input of 4 kg ha, soil pH: 7.0)
(Weissengruber & Friedel, pers. Communication).
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from 0.4mgCd kg for sandy soil to 1.5mgCdkg"
for a clay soil. The results indicate a higher Cd soil
accumulation risk for composts than for digestates.

The Zn concentration of digestates allowed for
use in organic farming is higher than for composts,
and often beyond the threshold values allowed
by the Regulation (EC) No 889/2008 (Table 3).
However, similar to what is shown for Cd in Figure
3, the Zn soil accumulation risk is much lower for
digestates than for composts (Figure 4). These facts
demonstrate a central weakness in the current reg-
ulation by setting fixed PTE values on a dry matter
basis as threshold values. A more logical solution
would be, to relate PTE thresholds to nutrient con-
centrations, for example by calculating indices. Such
an index is the heavy metal/nutrient relationship
(HMN). It is an index for the potentially toxic ele-
ment load (weighted according to their respective
potential environmental impact) related to the plant
nutritional value of the fertilizers. Higher values indi-
cate a higher toxic element load relative to the ben-
efit attainable by the fertilizer use. HMIN shows a
much better correlation to the obtained risk assess-
ment than PTE concentration (Table 3).

Persistent organic pollutants

Fertilizers from organic waste may contain significant
amounts of persistent organic pollutants (POP) such
as polychlorinated biphenyls (PCBs) and polycyclic
aromatic hydrocarbons (PAHSs) [66. Composting
degrades some of the persistent organic pollutants
more effectively than anaerobic digestion [66] [67],
however a clear understanding of how these treat-
ments affect organic contaminants is lacking [65l.
Concentrations of persistent organic pollutants such
as PAHs, PCBs, polychlorinated dibenzodioxins and
dibenzofurans (PCDD/F) in high-quality composts
may be as low as soil background levels [44]. The
POP database for digestates is weak, however the
few available studies indicate very low levels of
these compounds 681691 and Pfundner 2004 cited
by o1,

Chemicals added during treatment

Lime is sometimes added during composting, how-
ever there is usually no need for other additives. For
anaerobic digestion, processing chemicals are
sometimes added to improve the performance of
the involved microbes, adjust DM content, avoid
foaming, and to bind S which — as H,S — is dama-
ging for biogas incineration equipment. A range of
chemicals may be relevant, as shown by the certifi-
cation standards for digestates in Sweden[71l. The
implications for use of such digestates in certified
organic agriculture remain to be clarified.



Other aspects

Energy consumption

Composting of source separated wastes requires an
energy input in the range of 15-80kWht' input
material, whereas digestion of an equivalent
amount of feedstock requires 30—-60 kWht1172l,
However, the credits for the electrical energy pro-
duced by digestion can account for ~200 kWht”
input material, indicating a strong surplus of energy
for the entire process. This can be further improved
if process heating energy is also harvested as a by-
product(72], Utilisation of thermal energy produced
during composting is also an option (e.g.[73]), but
so far poorly utilized in Europe.

Greenhouse gas emissions

Composting causes direct emissions of greenhouse
gases (GHG) and ammonia (NH3) (7410911751171 as
well as nutrient losses (N, K) [4l along with some
indirect effects on GHG emissions. Digestion may
also lead to losses of methane (CH,), especially
linked to leakages and technical problems of the
biogas plant. However, in comparison to compost-
ing, digestion significantly reduces GHG and NHs
emissions [761 2411771, For example, according to a
German survey, collection and composting of
source separated household waste emits ~100kg

Figure 5: Greenhouse gas emissions caused by composting and

anaerobic digestion
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100 —

Greenhouse effect
CO,-equiv. Mg bio-waste

-100
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CO,-equiv. Mg waste, whereas the emissions re- —

lated to operations of a biogas plant are much lower -300

(~60kg CO,-equiv. Mg1) and the credits for the Composting Anaerobic Anaerobic
(finished compost) digestion digestion

produced energy are ~160kg CO,-equiv. Mg'(72]
(Figure 5). A comparative life cycle analysis of treat-
ment alternatives for source-separated organic
household waste indicated that digestion for biogas

(average data from D) incl. composting
of fermentation
residues(average

data from D)

incl. composting

of fermentation
residues

(state of the art)

production was more beneficial than incineration Credits: Loads:

with energy recovery and composting in decentral- Bl Peat I Irrigation I Application
ized plants without cleaning of emissions(78l. There- Composted bark B Mineral soil Compost
fore, composting is related to strong GHG emis- Bl Mineral fertilizer B Electricity

sions, while AD reduces the overall emissions, and
offsets emissions from fossil fuels. Therefore, from
an environmental point of view easily degradable
UOWs should be treated preferentially via anaerobic
digestion and not via composting to reduce nutrient
losses and GHG emissions [72] [70] (78] [24],

However, after the treatment, due to the higher
N loadings and the high NH4* contents, the stor-
age, management and application of digestates are
related to a higher risk of N losses and GHG emis-
sions than composts. For example, open storage of
digestates, and composting of solid digestates can
strongly affect the overall GHG balance and even
turn it negative [241. Hence, management and field
application for digestates is a much bigger challenge
than for composts, and inappropriate digestate
management can counteract the treatment advan-
tages.

BN Straw
Catch crops

Heat recovery
Il Carbon sink

Conclusions

Compost and digestates show relatively high
direct plant phosphorus availability. Both fertiliz-
ers influence positively several soil properties like
soil organic carbon, microbial activity and soil pH
by providing proton-consuming components dur-
ing decomposition (e.g. carbonates, organic acids).
Anaerobic digestion conserves plant nutrients like
nitrogen during the treatment and hence usually
has the highest nitrogen fertilizer value, combined
with lower global warming potential and a better
energy balance in life cycle analyses as compared
with composting. Also, the relationship between
potentially toxic elements and nutrient concentra-

[ Carbon credits
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tion is more favorable with digestates. One benefit
of composting is a final product that is much easier
to store and handle during transport and field appli-
cation. Nitrogen loss risks during handling and after
field application are higher with digestates. There-
fore, their application requires highly sophisticated
spreading techniques.

Assessment of the suitability for use in
organic agriculture

Current status according EU legislation on
organic farming

The current EU regulation (EC) No 889/2008 per-
mits source-separated household wastes collected
in a closed and monitored collection system as a
source for production of organic fertilizers for organic
farming from urban organic wastes — provided the
fertilizers do not exceed the maximum concentra-
tions of PTEs described in Table 3.

Compliance with organic principles
Recycling and use of nutrients in UOWs as fertilizers
in organic agriculture aligns with the organic concept
of working in closed nutrient cycles. An evaluation
of compost and digestates from UOW used as P fer-
tilizers in organic agriculture should consider at least
five aspects:
The share of nutrients recovered by the process
The processes and additives applied to obtain
the fertilizer
The potential environmental impact
The mode of action of the fertilizer in the soil
and fertilizing efficiency
The potential long-term effects on soil contami-
nation and environmental pollution

Regarding nutrient amounts, urban organic wastes
comprise important nutrient sources that can easily
be recycled to agricultural land. Whereas both com-
posting and digestion are satisfactory with respect
to P recovery, digestion is much more efficient in
terms of N recovery, provided appropriate post-
digestion management that avoids or at least reduc
es N volatilization losses. Composting is better suit-
ed for treatment of woody feedstocks, whereas for
anaerobic digestion easily degradable feedstocks
low in lignin are required.

Regarding processes and additives, composting
and anaerobic digestion are based on natural bio-
logical processes, with a minimum input of addi-
tives. Hence, both treatment options comply well
with organic principles. However, composting is
much easier to implement in terms of technical
facilities, whereas for AD a cascade of facilities
including closed storage and sophisticated field
application techniques are necessary to get satisfac
tory results.

Regarding the potential environmental effect,
according to regulation (EC) No 834 /2007 about
organic production all plant production techniques
used shall prevent or minimize any contribution to
the contamination of the environment. The differ-
ences in GHG emissions described above, favour
anaerobic digestion treatment.

Regarding characteristics of fertilizers, composts
and digestates differ substantially in their mode of
action in the soil and the fertilizing efficiency, mainly
for N. According to Regulation (EC) No 834 /2007

“plants should preferably be fed through the soil

eco-system and not through soluble fertilizers
added to the soil.” Composts have low concentra-
tions of easily soluble N, complying with this objec
tive. The acceptability of digestates as fertilizers in
organic agriculture has been questioned, mainly
because of the high mineral N content. Digestates
have a strong short-term N availability due to their
high NH,+ concentrations and a high proportion of
NH,4* to total N. If gaseous N losses during storage
and field application can be tackled effectively, the
N efficiency of the entire recycling system will be
much higher than for composts, showing conflict-
ing issues addressed by the different treatment
approaches.

Regarding potential long-term effects, digestates
may have higher concentrations of potentially toxic
elements on a dry matter base. However, the soil
accumulation risk is likely much lower than for com-
posts. To reach a specific amount of nutrients, the
low nutrient concentration in composts demands
higher application rates on a DM level to reach a
specific amount of nutrients than would be required
for digestates. This may over-compensate for possi-
bly lower PTE concentrations in composts.

An overall evaluation shows that anaerobic diges-
tion of urban organic wastes has several advantages
in terms of nutrient efficiency, environmental perfor-
mance as well as long term risk of PTE accumula-
tion in soils. Major constraints are the sophisticated
techniques needed for production, storage and field
application of digestates. From a conceptual point
of view, the N fertilizing effect of digestates may be
a constraint in terms of their acceptability in parts of
the organic agriculture community.
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