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Presentation outline

1. Motivation for manure treatment technologies,
2. Extracting manure energy: technologies overview,
3. Energy efficiencies comparison,
4. Fuels comparison,
5. Thermal gasification vs. Incineration,
6. State of the art of thermal gasification solutions for manure,
7. Handling of the residual ash:
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7. Handling of the residual ash:
a. P availability and extraction,
b. Leaching,
c. Fertilizer value,

8. Barriers for implementation of alternative technologies and 
summary



Phosphate rock shortage

?
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Thermal 
pretreatment

Dewatering (12% dm), land 
application of liquid fraction

Drying (90% 
Anaerobic 
digestion

Land 
application 

Manure

Thermal 
gasification

Extracting manure energy
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Poulsen, T.G., Prapaspongsa, T., Hansen, J.Aa., (2008) Energy and greenhouse gas balances for pig manure using alternative treatment options. In: Proceedings of the 
ISWA/WMRAS World Congress, November 2008, Singapore.

Drying (90% 
dm)                  

digestion

Incineration

21 64 53

Land application 
of digestate

7

gasification

Land 
application of 

ash
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Incineration

Combustible ’syn gas’ (CH4, 
H2, CO) as both heat and El. 
carrier, no emission

Flue gas (heat losses while 
transporting hot water), emission

Location: city, ruralLocation: city

5-8 % more energy

Thermal 
gasification

Energy efficiencies comparison
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Poulsen, T.G., Prapaspongsa, T., Hansen, J.Aa., (2008) Energy and greenhouse gas balances for pig manure using alternative treatment options. In: Proceedings of the 
ISWA/WMRAS World Congress, November 2008, Singapore.

40 % El. efficiency gas engine (upgrading needed!)25 % El. efficiency steam turbine

Small and large installationsLarge installations

Low temp. (<750oC)High temp. (>1000oC)

No corrosionCorrosion

No ash melting /agglomerationAsh melting /agglomeration

More K and less heavy metals in 
ash

Less K and more heavy 
metals in ash 1:7
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Manure

Treatment 
possibilitiesLand 

application Thermal 
gasification

Energy efficiencies comparison

Incineration Anaerobic 
digestion

P-rich ash
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Fuel Dry matter
(%)

Higher heating value,
HHV (GJ/t)

Coal 85–97 16–32

Biomass, generally 65–90 13–18

Waste, generally 40–60 8-10

Fuels comparison
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Waste, generally 40–60 8-10

Manure pellets 90 15,3

Digested manure pellets 90 11,3

Poultry litter 80–65 15,3

Turkey litter 70 11,8

Kuligowski K. and Luostarinen S. (2011): Thermal gasification of manure. ‘Baltic Manure’ project technology report.



Thermal gasification technologies at pilot stage

LT-CFB 500 kW gasifier fuelled with manure pellets and 
horizontal ash tank at DTU, Lyngby, DK in September 2006

An up-scaled LT-CFB 6 MW gasifier (Pyroneer) fuelled with 
straw pellets at DONG Energy, Kalundborg, DK in June 2011
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Commercial thermal gasification technologies

Portable, containerized thermal gasification system by Samson Bimatech (DK)
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Low Temperature Circulated Fluidized Bed (LT-CFB) 500 kW Gasifier 

GA2

Reaction chambers and cyclones
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GA GA GA GA

GA GA GA GA

GA3

*************

*************
DFBT

Added horizontal ash contained

Stoholm, P. (DFBT) (2007) Gasification of problematic biofuels. Bioenergy research, 20, pp. 8-10
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95% ash 
retention



Feature 500 kW plant at DTU 6 MW plant (Pyroneer) 
at DONG Energy

Pellets tested
straw, manure, biogas 

residues, sewage sludge, 
energy crops

straw, manure in plans

Fuel flow 170 kg/h 1.5 t/h

Some data on LT-CFB gasifiers
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Pyrolysis/ 
Gasification Temp.

650/730 oC -

Pellets ash content 37-40 % -

Pellets HHV 11.3 MJ/kg -

Ash retention 95 – 98 % -

Calculated HHV of 
syngas

6.6 MJ/Nm3 -

Stoholm, P., Ahrenfeldt, J., Henriksen, U., Gómez, A., Krogh, J., Nielsen, G. R., Sander, B., Danish Fluid Bed Technology ApS (DFBT), c/o CAT, Technical University of Denmark (DTU-Risø), 
University of Castilla – La Mancha, Anhydro A/S, DONG Energy A/S., 2008. The Low Temperature CFB Gasifier – 500 kW test on biogas fiber residue. Proceedings of the 16th European 
Biomass Conference, 2-6 June, Valencia.



Ash materials 

Gasifier ash (GA)

Incinerator ash (IA)

Dewatered, thermally dried and pelletized (90% dm) b iogas 
residue derived from a mixture of pig manure and indu strial 
wastes from food processing industry (4.5:1 w/w),  supplied
by Fangel Bioenergy biogas plant (Denmark) 

Pig manure pellets (PEL)



Possible ash transformations

Gasifier ash (GA)

Lime free-
gasifier ash

(lf -GA)

Lime removal

Fractionation

Dried extract (ExD)

Acidification/
Neutralisation

Drying

Fractionated 
gasifier ash

Gasifier ash acid extract (ExL)
(lf -GA)

Dried extract (ExD)DryingGasifier ash acid extract (ExL)



Phosphorus bound in crystalline structure of apatities

Total Ca: 31%

Total P: 5-6%

P soluble: 0.1%

Total K: 3.5%

Total Zn: 0.1%
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Kuligowski K. (2009): Utilization of ash from thermal gasification of pig manure as P-fertilizer and soil amendment. PhD dissertation, Aalborg University
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Calcite detected

High lime contents and its possible removal to concentrate P

C - (CaCO3) C* - (CaO)

No C peaks, 
clearer A peaks
after lime removal

2qqqq, degA - Apatite (Ca5(PO4)3(OH,F,Cl,CO3) Q - Quartz (SiO2)
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Low P-leaching from ash-amended sandy soils 

No ash (control) 9 mm/h

Ash (fresh) 9 mm/h
Ash (fresh) 2.5 mm/h

Ash (matured) 9 mm/h

DSP (fresh) 9mm/h

0.35% of Total P

97% of Total P!
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Optimization of P and metals recovery with H2SO4
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Crop yield and P uptake in response to ash materials
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• Pilot and research stage, easy to control with high  ash retention, 
• Identified as expensive and difficult to implement niche technologies,
• Need more research and policy adaptation,

Conclusions

Technologies today

Improving energy efficiency
• 75% of the water could be evaporated during 60 days o f composting of a 

mechanically separated fibre fraction,
• Using excess heat from the biogas plant could do si milar for the digestate
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Improving fertilizer value of ash

Adjusting legislation

Foged, Henning L. (2010): Best Available Technologies for Manure Treatment – for Intensive Rearing of Pigs in Baltic Sea Region EU Member States. Published by Baltic Sea 2020, Stockholm. 102 pp

• Drying and pelletizing manure at farm close to feed  not allowed
• EU Waste Incineration Directive; th. gas. not avail able at the market

• Using excess heat from the biogas plant could do si milar for the digestate

• Enhancing P availability by reducing the inhibiting  factors (e.g. lime),
• Maximizing P and minimizing metals extraction,
• Long-term field tests for P and metals accumulation  in soil



In the programme:

Seminar and Match-Making for companies 
dealing with manure management

Time:

Invitation to the:

1. Seminar part:

1.1 Manure situation in Poland

Wed, 23th November 
2011 08.30-17.00
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More info:
www.balticmanure.eu

1.2 Perception among farmers, advisory services

1.3 Strategic documents and support for biogas

2. Match-making part:

2.1 Companies presentation (not only biogas)

2.2 Pre-booked 1-1 meetings

Location:
POLEKO International Fair for 

Environmental Protection, Room 403, 
Building 15, Poznan, Poland, 


