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Background / Industry Relevance / Context of 
circularity

Each m3 of milk processed in dairy companies produces 2.71 m3 of effluent1. 
As a result of effluent treatment large volumes of sludge is produced (per m3 
of milk processed WWTP in dairy plant produces up to 17.45 kg sludge). 
Sludge is separated by from the “clean” wastewater that is discharge to a 
local water body. In 2015 126,718 tonnes (wet weight) of dairy processing 
sludge (DPS) was produced. DPS is reach in plant nutrients phosphorus 
(P), nitrogen (N) and organic matter but it has very low content of heavy 
metals. The high N content of DPS imposes limits due to EU Nitrates 
Directive 91/676/EEC. To limit loss of nutrients to both surface and ground 
water biosolids should not be applied to land if rain is forecast within 48h, the 
soil is waterlogged, flooded, snow covered or frozen. This limits land 
application during the winter and crop cover precludes the application in 
summer. Thus, storage of sludge is required for extended periods of time 
while it is produced continuously. When sludge is stored, the organic matter 
decomposes causing formation of greenhouse gases (GHGs). 

Objective of Research
• This project is investigating transformation of problematic but valuable 

sludge stream (large volume storage required, during storage emissions 
of GHGs occur) into easier to store and apply fertilizer. 

• Evaluate potential for valorisation of dairy sludge through hydrothermal 
carbonization (HTC) for solid phosphorus fertilizer.

• Evaluate potential for valorisation of hydrothermal carbonization process 
liquid product on site in WWTP. 

Future Industry Impact – Advancing Dairy Processing
• If successful, an integration of HTC of dairy processing sludge would 

improve management practices and reduce the environmental impact 
while maintaining its agronomic value in the form of solid hydrochar.

• HTC reduces moisture content (mass of hydrochar is 10 – 20 % of initial 
sludge mass) and reduces transport cost.

• Reduced storage volume and reduced emissions of GHGs. Literature 
shows that the GHG emissions from the management chain of untreated 
DPS were as high as 359 kg CO2equivalent, in contrast producing hydrochar 
from DPS reduces GHG emissions to -30 kg CO2 equivalent.

• Improved long term plant nutrient management (slow-release fertilizer).

Value provided to Industry / Circular Economy / 
Sustainability Goals to-date 

• Produced easily dewatered hydrochars with concentrated phosphorus 
(and other plant nutrients), low odour, granular material easier to store, 
transport and spread which can qualify as fertilizer component.

Conclusions
• It is unlikely that hydrochars produced from dairy sludge will be exported. 

In this context the FPR 1009/2019 might not be relevant. Some national 
guidance / regulatory instruments are necessary for these materials to be 
part of a sustainable bio-fertilizer market.
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Value provided to Industry / Circular Economy / 
Sustainability Goals to-date 

• Have produced and characterised hydrochars and identified the 
conditions required to produce materials suitable to meet most of the 
criteria of the regulation (Fertilizing Products Regulation, FPR 1009/2019) 
as component of fertilizer.

• Short plant growth trial (4 weeks) with maize demonstrated that 
hydrochars behave similarly in terms of plant growth to sludge 
(transformation of phosphorus into slow-release fertilizer, for sludge with 
high calcium content).

• Direct knowledge on level of plant available nutrients in sludge and 
hydrochars

HTC

hydrochar
Component of fertilizers NP

HTC liquidWWTP Sludge 
Dairy 

factory

1 tonne 30 - 40 kg of phosphorus170 kg

HydrocharSludge

17 - 25 kg of phosphorus
130 kg 112 kg

210 kg

Hydrochar + Urea
as fertilizer Maize, 4 weeks 

BS3
200℃

BS4
200℃

WS1
200℃

WS2
200℃

Fertiliser
maximal

H/C 1.4 2.0 1.2 1.3 < 0.7
PAH(16)* 2.1 2.4 - - 6 mg/kg
PCDD/F** 0.55 1.3 - 0.86 20 ng/kg
ndl-PCB*** 0.00087 0.0025 - 0.0004 0.8 mg/kg
Cl- 0.6 1.3 0.1 1.1 30 g/kg

BS3
200℃

BS4
200℃

WS1
200℃

WS2
200℃

Fertiliser
Maximal

Cd nd nd nd nd 60 mg/kg
Hg nd nd nd nd 1
Ni 23 37 10 13 50
Pb nd 5 nd nd 120
As nd nd 4 7 40
Cu 13 56 6 5 600
Zn 167 405 45 73 1500

BS3
200℃

mass %

BS4
200℃

mass %

WS1
200℃

mass %

WS2
200℃

mass %

Organo-
mineral 
fertilizer 
mass %
minimal

Inorganic 
fertilizer 
mass %
minimal

C organic    29.6 25.9 7.6 - 7.5
Total N    7.1 4.6 1.6 5.1 2 10
P2O5         19.6 17.0 31.7 21.0 2 12
K2O          0.7 0.9 0.5 0.5 2 6
Sum of NP 26.7 21.6 33.3 26.1 At least 8

Nutrient content in hydrochar

Heavy metals content in hydrochars

Organic contaminants in hydrochars

Separation of sludge from 
wastewater is the primary 
challenge, mechanical 
dewatering can reduce 
moisture only up to 85 %. 
Therefore, nutrients are very 
diluted and transport costs of 
huge amount of ballast 
water are high. As a result, 
DPS is commonly spread on 
lands in the vicinity of the dairy 
plants.

1   Ashekuzzaman, S.M., Forrestal, P., Richards, K., Fenton, O., 2019. Dairy industry derived wastewater treatment sludge: Generation, type and characterization of 
nutrients and metals for agricultural reuse. Journal of Cleaner Production 230              
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