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Photo 5: Covered digestate storage tank

9 : In European
8 + Onestage ] countries with a

+ multistage developed biogas
! « discontinuously |~ sector (e.g.

(=]

Germany, Denmark
and Austria) there
are nowfinancial
incentives to
establish covered
digestate stores,
with the main
objective of
reducing emissions.
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Figure 2: Losses of methane from digestate stores (Weiland, 2009)

Weiland, P. (2009). Biogas — Messprogramm I 61 Biogasanlagen im Verlich. Erstellt durch Johann Heinrich von Thunen-Institut (VTI), Gulzow, Germah{
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17



@

Ba8oa0

JRE A KRR & S TR

UNPLEASANT ODOUR GREAT REDUCTION

BY AD

1000
800
B Untreated slurry
{_] Digested slurry
E 500
-
]
[=+]
E
E. 400
E “
200 ‘
0l
lso-butanoic acid Butanoic acid Iso-valeric acid "ul’a|ErI[: aﬂld

Figures 3: Concentration of volatile fatty acids in untreated slurry and digested
slurry (Hansen et al., 2004)
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INTERNATIONAL EXPERIENCES OF
@ DIGESTATES UTILIZATION/RECYCLING

80 ao
In all casesenvironmental problem can be minimised by avoiding the application of
digestate (or any fertilisers) in periods with low plant uptake or high rainfall.

SEHARRAERAE. RERE. ERARERE

Table 9:  Examples of national imits regulating nitrogen loading on farmland, required storage capacity for digestate. and its spreading
season (amended from Nordberg, 1992 and citation in Al Seadi, 2009)

1
Maximum nutrient load Required storage capacity

Compulsory season for

I | I spreading
Austria [ 170 kg N/ha/year ' § months I 28 Feb—5 Oct
Denmark I 170 kg N/ha fyear (cattle) I 9 months I 1 Feb—harvest

|  140kg N/hafyear (pig) | I
Italy | 170—500 kg N/ha/year | 90-180 days I 1 Feb—1 Dec
Sweden I 170 kg N/ha/year (calculated | 6—10 months I 1 Feb—1 Dec

l from livestock units per ha) 1 I
Northern Ireland | 170 kg N/ha/year I 4 months | 1 Feb—14 Oct
Germany 170 kg N/ha/year B month 1 Feb—31 Oct Arable land

L e e — - - ' L {Eeh=14NoyGrassiand. —

Holm-Nielsen, J. B., Al Seadi, T., Oleskowicz-Popiel, P. The future of anaerobic digestion and biogas utilization. Bioresource Technology, 2009,
100 (22): 5478-5484.

Birkmose, T. S. Nitrogen recovery from organic manures: improved slurry application techniques and treatment-the Danish scenario.
Proceedings-International Fertilizer Society. International Fertiliser Society, 2009, 24.

—————————J



1. UK: Fertiliser recommendations for agricultural and hor-
= Bﬁ . % ticultural crops (RB209); available as a computerised ver-

sion (PLANET); http://www.defra.gov.uk). Also available
/\ AM OU NT OF from Defra is other computer software (MANNER) which
(Q/ APPLIC ATIO predicts the plant availability of manure nitrogen follo-

B80S wing land application.
2. Canada: Nutrient Management Workbook.

<http://www.omafra.gov.on.ca/english/nm/ar/workbook/
b @E‘gﬁf&mw workbk.pdf> accessed 26 January 2010

b i S —— 3. Northern Ireland: Nutrient management planning.
Anaerobic digestate

<http://www.ruralni.gov.uk/index/environment/country-

End of waste criteria for the production and use of quality outputs from anaerobic
digestion of source-segregated biodegradable waste

sidemanagement/nutrient_management_planning.htm:>
accessed 26 January 2010

4. England: A simple nutrient management plan
<http://www.nutrientmanagement.org/> accessed 26 Jan. 2010

(W3]

. Good practice in quality management of AD residues, a
publication of [EA-Bioenergy, Task 37.
<http://www.iea-biogas.net/Dokumente/management-
paw3.PDF> accessed 26 January 2010

6. Denmark: Various biogas information

<http://www.landbrugsinfo.dk/Tvaerfaglige-emner/Bio-
22

gasanlaeg/Sider/Engelsk_materiale.aspx>



Is Digestate considered  Is the legal status as a Is there any What are basic requirements What are the on-

as a “product”? “product” only restricted  obligation for for the application of going discussions
to some particular input?  post-treatment of Digestate? concerning
Digestate through environmental and
Under which (e.g. farm waste, slurry) composting? (e.g.: a permit? agricultural issues
conditions? Communication? What and benefits

lements must the ertaining to direct

» e p 8

: \‘ \‘ \‘ h) ' ? communication include? application/post-
WY ® Deep injection?) composting of

» Digestate?
@ DIGESTATES AS FERTILIZER PRODUCTS?
BaE=mn
Digestate
Prc_:u:lun;t— direct Not a Product _ Nq Land
application to land application allowed
Malaysia- No legal |
definition Post treatment required Post treatment
not required
Norway — if | -
product class 0-3 ‘
specifies PTE
Eirﬂit!.} Product Waste Denmark — compost
ordinance
Scotland —if meets
with PAS 110 IF COMPOSTED Greece
England, Wales & Austria- Compost
Northern Ireland - Ordinance
if meets with AD N
Quality Protocol Italy — Fertiliser
Ordinance
23

FACT SHEET: Requirements for the Treatment and Application of Digestate and Sewage Sludge (Biosolids), International Solid Waste Association.
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DIGESTATES FIELD APPLICATION
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FACT SHEET: Requirements for the Treatment and Application of Digestate and Sewage Sludge (Biosolids), International Solid Waste Association.



@ DIGESTATES FIELD APPLICATION RISK
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Table 10: Example from Denmark summarising the characteristics of four digestate and raw slurry application methods

(adapted from Birkmose, 2009)
Trailing hose Trailing-shoe Injection Splash plate
Distribution of slurry Even Even Even Very uneven
| Riskofammoniavolat- "~~~ Medum ~~ ~~ ~  Tow | lowornone~ | High — ™~}
I lization I
" Riskof contaminaton  Low | low Veylow  High
of crop
| Riskofwinddrift Minimal after application _ Minimal after application Norisk | High |
L Biskofsmell - — Medium — — o oW e VervIow - — e High. !
Spreading capacity High Low Low High
Working width 12—28 metres 6—12 metres 6—12 metres 6—10 metres
| Mechanical damage | None None  Hgh  Nome
' ofcrop_ ______ ]
Cost of application Medium Medium High Low
Amount of slurry visible Some Some Very little Mﬂstzs

FACT SHEET: Requirements for the Treatment and Application of Digestate and Sewage Sludge (Biosolids), International Solid Waste Association.
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PLANT-HORMONE IN DIGESTATES

80

60 —

40

20 —

72.86+2.93 65.88+2.13 68.24+1.98
_ 31.44+4.06 16.96+0.08 24.25+1.03
_ 13.58+1.14 23.62+0.23 25.27+2.01
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f B spring
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PLANT-HOMONE IN LIQUID DIGESTATES
@ VARIATIONS IN 3 MONTHS STORAGE

IMD Concentration (ma/fl)

80 ao
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Clements L. J., Salter A. M., Banks C. J., Poppy G. M. The usability of digestate in organic farming[J]. Water Sci Technol, 2012, 66(9): 1864-1870.
Garfi M., Gelman P., Comas J., Carrasco W., Ferrer 1. Agricultural reuse of the digestate from low-cost tubular digesters in rural Andean communities[J].

Waste Manag, 2011, 31(12): 2584-2589.
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Kroeker et al (1979) reported the inhibitory TAN concentration that caused a 50% reduction in methane productionranging
from 1.7 to 14 g/L;Hashimoto (1986) reported that both thermophilic and mesophilic processes are inhibited at a TAN of
2500 mg/L; Angelidaki and Ahring (1993) reported the concentrations of ammonia tolerated in livestock digestion at 3000-
4000 mg/L; Gallert and Winter (1997) studied the anaerobic digestion of organic wastes and reported that methane 4
production was inhibited 50% by 0.22 g/L FA at 37°C
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Liang Liu, Changle Pang, Shubiao Wu, Renjie Dong. Optimization and evaluation of an air-recirculated stripping for ammonia remow4B
from the anaerobic digestate of pig manure [J]. Process safety and environmental protection, 2015, (94): 350-357.
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Shubiao Wu, Ming Lei, Qimin Lu, Luchen Guo, Renjie Dong. Intensified Treatment of Liquid Digestate from Anaerobic Digestion of Pig Manure in Horizontal Flog4
Constructed Wetlands: Effect of Aeration and Recirculation [J]. Environmental Pollution, 2015, Under Review.
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