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Executive Summary 
 

This report on feedstock characterisation as deliverable D2.1 is a comprehensive characterization of 
representative samples of the feedstock supplied to FRA. A wide range of relevant feedstock was covered 
from woody biomass residues over prunings to residues from agriculture and livestock farming. Pre-
treatment procedures and results are reported as undertaken in Task 2.1.  
 
Task 2.1 is the first task in work package WP2, which entails the thermo-chemical conversion of biogenic 
residues and supply of CO2 and biochar. 
 
This report covers WP specific objective O2.1 to test different biogenic residues as feedstock for production 
of CO2-negative fuels. 
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1 Introduction 
This report provides results to the data sets as outlined in the grant agreement 
 

2 Task 2.1 organization, roles and responsibilities 
 
Table 1: Organisation, roles and responsibilities for task T2.1 

Organization, roles and responsibilities 

Partner FRA ITHAKA type 

Lead X  organization 

deliverable X  role 

    

Obligatory    

Feedstock definition X  role 

Main feedstock supply  X role 

Main feedstock receipt X  responsibility 

Feedstock processing X  role 

Feedstock analysis X  role 

    

Additional    

Feedstock analysis X  Responsibility 

Sample feedstock supply 
1kg each to SUT 

X  
Role 

 

2.1 Contacts 
 
Table 2: Contacts for the Task T2.1 

Contacts 

Partner Primary (To) Secondary (CC) Role 

FRA Martin Meiller 
martin.meiller@umsicht.fraunhofe
r.de 
 

christian.groves@umsicht.fr
aunhofer.de 
christopher.kick@umsicht.fr
aunhofer.de 
johannes.neidel@umsicht.fr
aunhofer.de 
 

Lead 

ITHAKA Nikolas Hagemann 
hagemann@ithaka-institut.org 
 

 Participant 

SUT Andrzej Szlęk 
andrzej.szlek@polsl.pl 
 

 Recipient 

UNIBO Ilaria Carbone 
ilaria.carbone2@unibo.it  
 

 Coordinator 

 
  

mailto:martin.meiller@umsicht.fraunhofer.de
mailto:martin.meiller@umsicht.fraunhofer.de
mailto:christian.groves@umsicht.fraunhofer.de
mailto:christian.groves@umsicht.fraunhofer.de
mailto:christopher.kick@umsicht.fraunhofer.de
mailto:christopher.kick@umsicht.fraunhofer.de
mailto:johannes.neidel@umsicht.fraunhofer.de
mailto:johannes.neidel@umsicht.fraunhofer.de
mailto:hagemann@ithaka-institut.org
mailto:andrzej.szlek@polsl.pl
mailto:ilaria.carbone2@unibo.it
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2.2 Dependencies  
 
Table 3: Dependencies of the task T2.1 

Dependencies 
Task Dependent on Month Comment 

T 2.1. Feedstock supply, pre-
treatment and characterization 
(Lead Fraunhofer) 

None None This report 

T 2.2. Modelling and design of 
oxyfuel combustion and heat 
transfer to TCR (Lead SUT) 

Feedstock 
samples for own 
analysis 

Not defined; 
report first due 
in M24 so 
October 2024. 

Not defined as a 
requirement in D1.1 
project management plan. 

T 2.3. Thermo-chemical conversion 
and oxyfuel combustion tests (Lead 
Fraunhofer) 

Feedstock 
analysis from 
T2.1 

M6-M12 (until 
October 2023). 

Pilot plant of T2.3 will only 
operate after Report is 
submitted; results are 
needed for detailed design. 

T 2.4. TCR-char characterization and 
evaluation of potential application 
in the soil as amendment and 
carbon sink (Lead ITAKA) 

TCR char 
production 

M12 (October 
2023) 

Biochar from TCR available. 

 

2.3 Task description 
 
This deliverable reports on Task 2.1: Feedstock supply, pre-treatment and characterization (FRA) (M1-M12); 
With FRA as the lead and ITHAKA as a participant, who provides feedstock supply. 
 
The project examines the use of three different biogenic residues from agriculture and forestry. These are 
digestate from anaerobic digestion of manure and corn sileage, calamity wood and prunings. In addition, 
additional feedstocks have been examined to provide additional context and broaden the perspective with 
regards to potential applications of the TCR pyrolysis technology. The representative analysis samples come 
from large quantities of feedstock as provided from the supplier network available to FRA and ITHAKA. 
Concurrently, the three main feedstocks have been pyrolyzed at FRA in the TCR30 pyrolysis plant. 
 

2.4 Analysis purpose 
 
This dataset’s purpose is to provide input for Task 2.4 TCR-char characterization and evaluation of potential 
application in the soil as amendment and carbon sink. It allows to interpret the TCR-char characterization 
with regard to the fate of different element during the thermochemical conversion during the TCR process. 
The input is needed to be able to characterize feedstocks for the C-sink assessment of the NET-Fuel approach. 
 
The analyses are required to enable identification of any differences relevant to the feedstock used in this 
project at a later stage. It is also needed to assess variability within a given feedstock definition (e.g., 
“pruning”) with alternatives. This requires specific analyses to assess the feedstock evaluated for this project. 
Additionally, there is similar, existing data for other feedstocks (different sample materials). Existing data has 
also been reused, since it may be useful to complement the data gained from the analyses used for the 
project. 
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3 Feedstock descriptions 
 
Three different biogenic residues from agriculture and forestry are foreseen to be treated in the NET-Fuels 
project. Digestate is representative of secondary biomasses derived from annual crops (maize, other cereals 
and leguminous plants used as animal feed) with high water and low lignin content. Calamity wood and wine 
prunings are examples of lignocellulosic biomasses from different European countries. Pruning is seasonal 
while digestate is essentially produced continuously throughout the year. 
 

3.1 Digestate as an example for residues from agriculture and livestock farming 
 
Digestate obtained from the anaerobic digestion of manure and maize silage is an important agricultural 
residual material with great potential. Here, above all, it must be ensured that nutrients are kept in the cycle. 
Digestate is pretreated by first separating the solid and liquid phases. The liquid phase with a high content of 
soluble nutrients is for digestate, the pre-treatment will be more complex: first a solid-liquid separation will 
take place. It is common practice for the liquid phase with high content of soluble nutrients to be directly 
applied to fields as a commercial fertilizer. There is potential for mixing the separated liquid phase with 
biochar before soil application. The solid phase is dried to a water content of below 20 percent and 
subsequently pelletized for the thermo-chemical conversion trials. In ANNEX I – BGK certificate digestate 
pellets test report more properties and contents are shown. Bundesgütegemeinsschaft Kompost (BGK) is a 
german NGO that offers, among other, third-party certified quality assurance for digestates to be used as a 
fertilizer or soil amendment. Analysis was conducted according to their guidelines.  The results given in the 
feedstock analysis is from digestate tested recently in October 2023. This digestate was used to produce the 
biochar sent to ITHAKA. This is assumed to have a similar composition as that given in the BGK certificate for 
test pellets taken in October 2017 at before delivery. 
 

3.2 Calamity wood as an example for residues from forestry and wood biomass 
 
In Central Europe, the effects of climate change on forest stands are becoming apparent. Damages caused 
by drought, bark beetle infestation and storms have led to the accumulation of large quantities of calamity 
wood, i.e. wood that is not suitable for the initially intended material use. Calamity wood usually must be 
removed from the forest to reduce the risk of ongoing bark beetle infestation. Similar feedstocks to calamity 
wood are pretreated by chipping and drying. Wine prunings have a similar composition as calamity wood. 
Pollard willow wood and burl wood are also given as similar feedstocks as calamity wood. The pretreatment 
of calamity wood is chipping, drying and pelletizing. 
 

3.3 Prunings as an example for residues from forestry and wood biomass 
 
Offcuts from vineyards and orchards regularly accumulate in large quantities, especially in Southern Europe.  
The pretreatment of prunings is chipping, drying and pelletizing. 
 

3.4 Low lignin biomass as an example for residues from agriculture 
 
Olive pressing residue, olive stones and hops offcuts are also given as examples of other residues available 
from European agriculture. Olive pressing residue was dried and pelletized. The pellets were then dried once 
more at 75 °C for 16 hours. Olive stones were only dried at atmospheric conditions and subsequently 
pelletized. 
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4 Physical appearance of the feedstock 
The physical appearance is shown in feedstock pictures as given in Table 4. 
 
Table 4: Feedstock pictures during preparation 

Feedstock pictures during preparation 

Test ID Material Image 

TCR30 V69 Digestate below 

 
 

Test ID Material Images 

TCR30 V70 Wine prunings below 
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Test ID Material Images 

TCR30 V72 Hops offcuts below 

 
 

Test ID Material Images 

TCR2 V120 Olive pressing residue below 
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Test ID Material Images 

TCR2 V127 Olive stones below 

         
Test ID Material Images 

TCR2 V134 Pollard willow wood below 
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Test ID Material Images 

TCR2 V136 Burl wood below 

              
 
  



 NET-Fuels D2.1 – Report on feedstock characterisation 

 

  _______________________________________________________________________________________________________ 

Dissemination Level: Public Page 13 of 36  

 
 

5 Methods 
 
The methods are given in the form of tables, which correspond to the feedstock results. 
 

5.1 Elemental analysis method 
 
Table 5: Methods of the elemental analysis of dry samples 

Methods of the elemental analysis of dry samples 

Test ID Material N  

[%] 

C 

[%] 

H  

[%] 

S  

[%] 

O  

[%] 

Sum 

BGK 
Certificate 

Digestate 
BGK e.V. Methodenbuch (“Method book”) 

TCR30 V69 Digestate DIN 51732:  
2014-07 

(Dry, Ma.-%) 

DIN 51724-3:  
2012-07  

(Dry, Ma.-%) 

DIN 51733:  
2016-04  

(Dry, Ma.-%) 

DIN 51733:  
2016-04 

(Dry, Ma.-
%) TCR30 V70 Wine prunings 

DIN EN ISO  
16948:2015-09  

(Dry, Ma.-%) 

DIN EN ISO  
16994:2016-

12 
(Dry, Ma.-%) 

DIN EN ISO  
16993: 2016-

11 
(Dry, Ma.-%) 

TCR30 V72 Hops offcuts 

TCR2 V120 Olive pressing 
residue 

based on DIN EN 
ISO  

16948:2015-09  
(Dry, Ma.-%), 

according to CHNS 
analyser “vario 
MACRO cube”1 

according to 
CHNS 

analyser 
“vario 

MACRO 
cube” 

based on DIN 51733:  
2016-04  

(Dry, Ma.-%) 

TCR2 V127 Olive stones 

TCR2 V134 Pollard willow 
wood 

TCR2 V136 Burl wood 

 
The nitrogen, carbon, and hydrogen values for the elemental analysis of digestate have been measured 
according to DIN 51732: 2014-07, Testing of solid mineral fuels - Determination of total carbon, hydrogen 
and nitrogen - Instrumental methods and not DIN EN ISO 16948:2015-09, Solid biofuels - Determination of 
total content of carbon, hydrogen and nitrogen. This is due to the testing standards selected for sewage 
sludge based on previous analyses and the assumption that digestate is comparable to sewage sludge. 
 
The sulphur values for the elemental analysis of digestate have been measured according to DIN 51724-
3:2012-07, Solid mineral fuels - Determination of sulfur content - Part 3: Instrumental methods and not DIN 
EN ISO 16994:2016-12, Solid biofuels - Determination of total content of sulfur and chlorine. This is also due 
to the testing standards selected for sewage sludge based on previous analyses and the assumption that 
digestate is comparable to sewage sludge. 
  

 
1 vario MACRO cube CHNS macro analyser from Elementar Analysensysteme GmbH, Langenselbold, Germany 
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5.2 X-Ray fluorescence (XRF) elemental analysis method 
 
Trace elements are measured with an X-Ray fluorescence (XRF) analysis on samples of the wet feedstocks, 
dry feedstocks, ash and TCR char after processing in the TCR pyrolysis reactor and post reformer. This form 
of measurement deviates significantly from the standard DIN EN 15411:2011-11. 
 
Feed (moist) in given in the XRF elemental analysis results in Table 8 and Table 9 refer to feedstock in the 
undried state, commonly described in the standards used as “as received”. This deviates from the standard 
practice of measurement in the dried state. The values can be converted using the formulae given in DIN EN 
ISO 16993:2016-11 to the dry state. 
 
The char was produced in the TCR2 pyrolysis reactor at the temperatures of 320°C, 420°C and 450°C for the 
different stages, and in the post reformer at a temperature of 750°C. 
 
The ash was prepared by heating the as received feedstock in an oven at 550°C for 24 hours. 
 
The equipment used for the XRF analysis was the S1 TITAN 600-800 model manufactured by Bruker 
Elemental. This is a portable handheld XRF analysis device. It emits ionizing radiation generated by a 
miniature X-ray tube (Brucker, undated). 
 
This was calibrated according to the Restricted Materials Calibration (document P/N: 730.0091), This also 
defines the smallest measurement possible. The manufacturer Brucker gives the smallest measurement as 
by the Limit of Detection (LOD). Some LODs may be represented by artificial thresholds, which prevent the 
measurement of false positives. The LOD is defined with a three-sigma confidence level of 99.7 percent. This 
analyses dual phases for 180 seconds (Brucker 2014). 
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5.3 Feedstock physical-chemical analysis method 
 
Table 6: Methods of the physical-chemical analysis 

Methods of the physical-chemical analysis of the feedstock 

Test ID Material Dry 
residue 
[%] 

Water 
content 
[%] 

Loss on 
ignition 
[%] 

Ash 
content 
[%] 

Bulk 
density 
[kg/m³] 

Calorific 
value 
[MJ/kg] 

Location 

BGK 
certificate 

Digestate 
BGK 

method 
book 

DIN EN 
ISO 

16993: 
2016-11 

- - 
BGK 

method 
book 

- 
BGK 

Cologne 

TCR30 
V69 

Digestate 

DIN EN 
ISO 

16993: 
2016-11 

DIN EN 
12880 
(S2a): 

2001-02 
(original, 
Ma.-%) 

DIN EN 
ISO 

16993: 
2016-

11 

DIN 
51719: 
1997-

07 
(815°C, 

dry,  
Ma.-%) 

BGK 
e.V.: 

9/2006, 
Ch. II, A4 
(Ma.-%)  

DIN EN 
15170: 

2009-05 
(const. vol., 

dry) 

Eurofins 
Umwelt-

Ost 
GmbH, 

Bobritsch-
Hilbers-

dorf 

TCR30 
V70 

Wine 
prunings 

DIN EN 
ISO 

16993: 
2016-11 

DIN EN 
ISO 

18134-3  
(original, 
Ma.-%) 

DIN EN ISO 18122 
(550°C, dry,  

Ma.-%) 

DIN EN 
ISO 

17828: 
2016-05 
(Ma.-%) 

DIN EN ISO 
18125: 

2017-08 
(const. vol., 

dry) 

TCR30 
V72 

Hops 
offcuts 

TCR2 
V120 

Olive 
pressing 
residue 

based 
on DIN 
EN ISO 

18134-3 
Muffle 
furnace 

(original, 
Ma.-%) 

based 
on DIN 
EN ISO 
16993: 

2016-11 

based on DIN EN 
ISO 18122 

(550°C, dry,  
Ma.-%) 

settling 
and 

weighing 
of 1000 

ml 
samples 

IKA C2000 
basic 

calorimeter2, 
Bomb 

calorimeter, 
based on 

DIN 51900 

Fraun-
hofer 

UMSICHT 
Sulzbach-

Rosenberg 

TCR2 
V127 

Olive 
stones 

TCR2 
V134 

Pollard 
willow 
wood 

TCR2 
V136 

Burl 
wood 

 
  

 
2 IKA C2000 basic calorimeter from IKA-Werke GmbH & CO. KG, Staufen, Germany 



 NET-Fuels D2.1 – Report on feedstock characterisation 

 

  _______________________________________________________________________________________________________ 

Dissemination Level: Public Page 16 of 36  

 
 

6 Results 
 
The results are given in the form of tables, which best compare the feedstock characteristics. 
 

6.1 Elemental analysis results 
 
Table 7: Results of the elemental analysis of dry samples 

Results of the elemental analysis of dry samples 

Test ID Material N  

[%]3 

C 

[%] 

H  

[%] 

S  

[%] 

Ash4 

[%] 

O5  

[%] 

Sum  

[%] 

BGK Certificate Digestate 2.0 - - 0.36 - - - 

TCR30 V69 Digestate 1.8 42.9 4.7 0.51 14.7 35.4 100.0 

TCR30 V70 Wine prunings 0.9 47.9 5.5 0.05 4.5 41.1 100.0 

TCR30 V72 Hops offcuts 4.1 46.1 5.3 0.25 10.1 34.1 100.0 

TCR2 V120 Olive pressing residue 1.6 48.0 7.1 0.15 9.0 34.1 100.0 

TCR2 V127 Olive stones 0.2 48.7 7.1 0.01 1.1 42.9 100.0 

TCR2 V134 Pollard willow wood 0.5 46.7 6.9 0.03 2.5 43.4 100.0 

TCR2 V136 Burl wood 1.1 44.4 6.7 0.10 5.3 
 

42.4 100.0 

The results for the BGK certificate are from ANNEX I – BGK certificate digestate pellets test report. 
The results for the test TCR 30 V69 are from ANNEX II – TCR30 V69 digestate pellets test report. 
The results for the tests TCR30 V70 and TCR30 V72 are from ANNEX III – TCR30 V70 wine prunings and 
TCR30 V72 hops offcuts pellets report. 
 

6.2 XRF elemental analysis results 
 
The XRF elemental analysis results show the main and trace element compositions (mass %, based on XRF 
analysis) of feedstock (“Feed”), TCR char produced on TCR2, and ash of the respective material. 
 
The results are given on the following page. 
 
 
  

 
3 Mass percent. 
4 Entries for ash [%] are carried over from Table 11: Results of the physical-chemical analysis. 
5 Calculated as O [%] = 1 – N – C – H – S – O – Ash.  
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Table 8: Main and trace element compositions of TCR2 feedstock, produced char, and ash 

Main and trace element compositions of TCR2 feedstock, produced char, and ash 

Test TCR2 V120  TCR2 V127  

  

TCR2 V134  

Material Olive pressing 

residue 

Olive stones Pollard willow 

wood 

Condition Feed 

(moist) 

Char Ash Feed 

(moist) 

Char Ash Feed 

(moist) 

Char Ash 

Element 

Compound 

[%] [%] [%] [%] [%] [%] [%] [%] [%] 

Al NA 5.91 20.12 NA NA 19.95 NA NA 14.91 

SiO2 NA 2.15 19.97 NA NA 13.92 NA NA 8.26 

Cl 0.18 1.66 4.57 0.01 0.07 3.44 <LOD 0.11 1.21 

Ca 0.16 1.35 5.52 0.04 0.20 5.58 0.75 0.49 11.58 

Ti <LOD 0.01 0.03 <LOD <LOD 0.21 <LOD <LOD 0.04 

V NA <LOD <LOD <LOD NA NA NA NA <LOD 

Cr 0.00 0.00 0.01 <LOD 0.00 0.01 0.00 0.00 0.01 

Mn <LOD NA 0.01 <LOD <LOD 0.02 <LOD 0.00 0.04 

Fe 0.02 0.16 0.35 0.00 0.04 1.62 0.01 0.06 0.67 

Co NA NA NA NA NA NA NA NA NA 

Ni <LOD NA NA <LOD <LOD NA <LOD <LOD NA 

Cu 0.00 0.01 0.02 <LOD 0.00 0.02 0.00 0.00 0.01 

Zn 0.00 0.01 0.02 <LOD 0.00 0.02 0.00 0.00 0.07 

As <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

Se <LOD NA <LOD <LOD <LOD <LOD 0.00 0.00 <LOD 

Br 0.00 0.00 0.01 <LOD 0.00 0.00 <LOD 0.00 0.00 

Sr NA NA 0.02 NA NA 0.01 NA NA 0.02 

Zr NA NA NA NA NA 0.01 NA NA NA 

Mo NA <LOD <LOD NA NA <LOD NA NA <LOD 

Pd NA NA <LOD NA NA <LOD NA NA <LOD 

Ag NA 0.01 0.01 NA NA 0.01 NA NA 0.01 

Cd <LOD <LOD <LOD NA <LOD <LOD <LOD <LOD <LOD 

Sn <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

Sb <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

Ba <LOD 0.01 0.01 <LOD <LOD 0.01 <LOD <LOD 0.01 

Hf NA NA NA NA NA <LOD NA NA <LOD 

Ta NA <LOD <LOD NA NA <LOD NA NA <LOD 

W NA <LOD <LOD NA NA <LOD NA NA <LOD 

Pt NA NA NA NA NA <LOD NA NA <LOD 

Au NA 0.03 0.03 NA NA 0.03 NA NA 0.02 

Hg <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

Pb <LOD <LOD <LOD <LOD <LOD 0.00 <LOD <LOD <LOD 

Bi NA <LOD <LOD NA NA <LOD NA NA NA 

values in percent (%), assumed to be mass percent. 
NA = value not available 
<LOD = below limit of detection 
Cells have been greyed out where the value is either 0.00 %, NA or <LOD to aid visualization. 
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Table 9: Main and trace element compositions of TCR30 feedstock and ash 

Main and trace element compositions of TCR30 feedstock and ash 

Test TCR30 V69 TCR30 V70 Undeclared  TCR30 V72  

Material Digestate Wine prunings Wood pellets Hops offcuts 

Condition Feed 

(moist) 

Ash Feed 

(moist) 

Ash Feed 

(moist) 

Ash Feed 

(moist) 

Ash 

Element Compound [%] [%] [%] [%] [%] [%] [%] [%] 

Al NA 8.27 NA 14.15 NA 8.54 NA 21.25 

SiO2 NA 19.34 NA 12.99 NA 5.46 NA 10.71 

Cl 0.25 4.91 0.01 0.18 0.00 <LOD 0.15 3.15 

Ca 0.80 5.94 0.61 8.85 0.28 17.08 0.20 5.31 

Ti <LOD 0.03 <LOD 0.04 <LOD 0.27 <LOD 0.01 

V NA NA <LOD NA <LOD NA NA <LOD 

Cr 0.00 0.00 <LOD 0.00 <LOD 0.04 0.00 0.00 

Mn 0.02 0.17 0.01 0.09 0.02 0.93 0.01 0.04 

Fe 0.13 1.06 0.03 0.50 0.01 0.85 0.01 0.11 

Co NA NA NA <LOD NA <LOD NA NA 

Ni <LOD NA <LOD <LOD <LOD NA <LOD NA 

Cu 0.00 0.02 <LOD 0.01 <LOD 0.01 0.00 0.03 

Zn 0.01 0.14 0.00 0.08 0.00 0.14 0.00 0.03 

As <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

Se <LOD <LOD 0.00 <LOD <LOD NA <LOD <LOD 

Br 0.00 0.00 0.00 <LOD <LOD <LOD 0.00 0.01 

Sr NA 0.02 NA 0.01 NA 0.01 NA NA 

Zr NA NA NA NA NA NA NA NA 

Mo NA <LOD NA <LOD NA <LOD NA <LOD 

Pd NA <LOD NA <LOD NA NA NA <LOD 

Ag NA 0.01 NA 0.01 NA 0.01 NA 0.01 

Cd <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

Sn 0.00 <LOD <LOD <LOD <LOD <LOD 0.00 <LOD 

Sb <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

Ba <LOD 0.01 <LOD 0.01 <LOD 0.02 <LOD 0.01 

Hf NA <LOD NA <LOD NA <LOD NA NA 

Ta NA <LOD NA <LOD NA NA NA <LOD 

W NA <LOD NA <LOD NA <LOD NA <LOD 

Pt NA <LOD NA NA NA <LOD NA NA 

Au NA 0.04 NA 0.02 NA 0.02 NA 0.03 

Hg <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

Pb 0.00 0.01 <LOD <LOD <LOD 0.00 <LOD <LOD 

Bi NA <LOD NA <LOD NA <LOD NA <LOD 

values in percent (%), assumed to be mass percent. 
NA = value not available 
<LOD = below limit of detection 
Cells have been greyed out where the value is either 0.00 %, NA or <LOD to aid visualization. 
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6.3 Feedstock physical-chemical analysis results 
 

In the table below, corrections of calorific values for sulphur and nitrogen content are made according to DIN 
51900. The adapted higher heating value is insignificantly different to the higher heating valve of the 
calorimeter when the repeatability limits, reproducibility limits and the ranges are considered. For the results 
of TCR2 V127 and TCR2 V136, the range of the results are significantly greater than both the repeatability 
limit and the reproducibility limit. 
 
The higher heating value calorimeter refers to the measured higher heating value from the instrumentation 
before accounting for changes in heating value due to the oxidation of nitrogen and sulphur. The Chlorine 
value is from the elemental analysis as given in Table 8 and does not need to be considered when it is below 
1 percent. The Florine value has not been measured. 
 
Table 10: Corrections of calorific values for sulphur and nitrogen content 

Corrections of calorific values for sulphur and nitrogen content 

Test ID -  TCR2 V120 TCR2 V127 TCR2 V134 TCR2 V136 

Material -  
Olive pressing 

residue 
Olive stones 

Pollard willow 
wood 

Burl wood 

Nitrogen N [%] 1.61 0.19 0.52 1.12 

Sulphur S [%] 0.15 0.01 0.03 0.10 

Florine F [%] - - - - 

Chlorine Cl [%] 0.18 0.01 - - 

Higher heating value 
calorimeter 

HHV 

calo. 
kJ/kg 18679 18999 19491 13168 18175 18194 17732 17834 

N [%] x 42.96 QN kJ/kg 69.17 69.17 8.162 8.162 22.34 22.34 48.12 48.12 

S [%] x 94.1 QS kJ/kg 14.1 14.1 0.941 0.941 2.82 2.82 9.41 9.41 

F [%] x 32.40 QF kJ/kg - - - - - - - - 

Cl [%] x 20.84 QCl kJ/kg - - - - - - - - 

Difference  kJ/kg 83 83 9 9 25 25 58 58 

Higher heating value HHV,  
adapted (not considered) 

HHV kJ/kg 18596 18916 19482 13159 18150 18169 17674 17776 

Repeatability limit 

- 

kJ/kg 300 (solid derived fuels) 

Reproducibility limit kJ/kg 1400 (solid derived fuels) 

Range kJ/kg 320 6323 19 102 

Mean average kJ/kg 18756 16320 18159 17725 

Higher heating value HHV,  
constant volume 

HHV MJ/kg 18.8 16 18.2 17.7 
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Table 11: Results of the physical-chemical analysis of the feedstock 

Results of the physical-chemical analysis of the feedstock 

Test ID Material Equivalent 

feedstock 

Dry 

residue 

[%] 

Water 

content 

[%] 

Loss on 

ignition 

[%] 

Ash 

content 

[%] 

Bulk 

density 

[kg/m³] 

Calorific 

value 

[MJ/kg] 

BGK 
certificate 

Digestate Digestate 94.1 5.9 - - 674 - 

TCR30 
V69 

Digestate Digestate 87.3 12.7 85.3 14.7 700 17.25 

TCR30 
V70 

Wine 
prunings 

Wine 
prunings 

92.1 7.9 95.5 4.5 680 19.0 

TCR30 
V72 

Hops 
offcuts 

Wine 
prunings 

88.8 11.2 89.9 10.1 611 18.3 

TCR2 
V120 

Olive 
pressing 
residue 

Wine 
prunings 

98.55 1.45 90.98 9.02 666.75 18.8 

TCR2 
V127 

Olive 
stones 

Wine 
prunings 

93.30 6.70 98.94 1.06 685.75 16 

TCR2 
V134 

Pollard 
willow 
wood 

Calamity 
wood 

93.29 6.71 97.52 2.48 714.40 18.2 

TCR2 
V136 

Burl 
wood 

Calamity 
wood 

90.99 9.01 94.71 5.29 616.65 17.7 

For the BGK Certificate, values are taken from ANNEX I – BGK certificate digestate pellets test report. 
For TCR30 V69, values are taken from ANNEX II – TCR30 V69 digestate pellets test report. 
For TCR30 V70 and TCR30 V72, values are taken from ANNEX III – TCR30 V70 wine prunings and TCR30 V72 
hops offcuts pellets report. 
For TCR2 V120, TCR2 V127 and TCR2 V136, the corrected calorific values from Table 10 are used. 
[%] refers to mass percent. 
The calorific value is Higher heating value HHV, measured at constant volume. 
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ANNEX I – BGK certificate digestate pellets test report 
 
The report is labelled as attachment LW to PZ-No.: 8559-151535-02: Pellets (Digestate product solid 2 of the 
German company NawaRo in Steinfurt, Germany) (BGK-No.: 8559) (BGK 2017). It has certification according 
to RAL-GZ 246 from the German third party institute “RAL Deutsches Institut für Gütesicherung und 
Kennzeichnung e.V.” 
 
Regulatory definitions of the product are that it is regulated as a fertilizer and hygienically non-hazardous. It 
is certified as the product NawaRo Digestate product as overseen by the 3rd party inspection test RAL-GZ 246. 
It has external supervision from the BGK (Bundesgütegemeinschaft Kompost e.V.). It is also suitable for use 
in a protected groundwater zone class III. 
 
Th digestate is defined as an organic matter NPK (Nitrogen, Phosphorous and Potassium) fertilizer, given as 
1.91 -4.14-1.78 as N-P-K with Micronutrients, as defined in Table 14. It is made with plant-based substances 
and byproducts of animal origin. It yields constituents as given in Table 12 und properties as given in Table 
13. 
 
The conversion rate of undried mass to dried mass is 0.94. The conversion rate from dried mass to undried 
mass is 1.06. The conversion rate of volume in m³ to mass in tonnes (t) is 0.67. The conversion rate of mass 
in tonnes (t) to volume in m³ is 1.48. 
 
Table 12: Digestate properties and contents in the undried mass 

Digestate properties and contents in the undried mass 

Constituent compounds Compound kg/t kg/m³ 

Total nitrogen content N 19.20 12.94 

Nitrogen soluble in CaCl2 N 0.54 0.36 

Organic nitrogen  N 18.66 12.58 

Total phosphate P2O5 41.40 27.91 

Total potassium oxide K2O 17.88 12.05 

Total magnesium oxide MgO 21.64 14.59 

Total sulphur S 3.39 2.28 

Alkaline active substances CaO 20.04 13.51 
 
Table 13: Undried digestate properties 

Undried digestate properties 
Property Unit Value 

pH value - 7.2 

Salt content gram / litre 16 

Organic substance kg/t 696 

humus-C kg/t 141 

bulk density kg/m³ 674 

dry mass % 94.1 

Nitrogen from commercial fertilizer of animal origin kg/t undried mass 1.5 
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Table 14: Digestate constituents 

Digestate constituents 
Constituent Compound Unit undried mass dry mass 

Plant nutrients     

Total nitrogen 
content 

N % 1.920 2.04 

Available nitrogen 
content 

N % 0.05 - 

Total phosphate P2O5 % 4.140 4.40 

Total potassium 
oxide 

K2O % 1.788 1.90 

Total magnesium 
oxide 

MgO % 2.164 2.30 

Sulphur S % 0.339 0.36 

Copper Cu mg/kg - 51.0 

Zinc Zn mg/kg - 210 

Ammonium CaCl2 
soluble  

NH4-N mg/l 350 - 

Nitrate CaCl2 soluble NO3-N mg/l 14 - 

Soil improvement     

Organic substance - % - 74.0 

Alkaline active 
components 

CaO % 2.004 2.13 

Physical parameters     

degree of 
fermentation  

organic acids mg/l 74 - 

Heavy metals     

Lead Pb mg/kg - < 1.00 

Cadmium Cd mg/kg - 0.20 

Chrome Cr mg/kg - 9.10 

Nickel Ni mg/kg - 7.50 

Mercury Hg mg/kg - 0.02 

 
Table 15: Further data for fertilizer calculation 

Further data for fertilizer calculation 
Constituent Compound % kg/t kg/m³ 

Total nitrogen N 1.92 19.2 12.9 

Soluble nitrogen N 0.05 0.54 0.36 

Organic nitrogen N 1.87 18.7 12.6 

Total phosphate P2O5 4.14 41.4 27.9 

Total potassium 
oxide 

K2O 1.79 17.9 12.1 

Total magnesium 
oxide 

MgO 2.16 21.6 14.6 

Alkaline active 
components 

CaO 2.00 20.0 13.5 

Organic matter - 69.6 696 469 

Humus-C - 14.1 141 95.3 
 
The original certificate and the machine translation of the certificate into English with deepL pro are given 
on the following 6 pages. 
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Figure 1: BGK certificate digestate pellets test report; original in German, page 1 of 3 
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Figure 2: BGK certificate digestate pellets test report; original in German, page 2 of 3 
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Figure 3: BGK certificate digestate pellets test report; original in German, page 3 of 3 
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Figure 4: BGK certificate digestate pellets test report; machine translation in English, page 1 of 3 



 NET-Fuels D2.1 – Report on feedstock characterisation 

 

  _______________________________________________________________________________________________________ 

Dissemination Level: Public Page 27 of 36  

 
Figure 5: BGK certificate digestate pellets test report; machine translation in English, page 2 of 3 
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Figure 6: BGK certificate digestate pellets test report; machine translation in English, page 3 of 3 
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ANNEX II – TCR30 V69 digestate pellets test report 
 

 
Figure 7: TCR30 V69 digestate pellets test report, page 1 of 3 
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Figure 8: TCR30 V69 digestate pellets test report, page 2 of 3 

 
“TCR30-69_Gärrest pellets” refers to TCR30 V69 digestate pellets. 
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Figure 9: TCR30 V69 digestate pellets test report, page 3 of 3 
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ANNEX III – TCR30 V70 wine prunings and TCR30 V72 hops offcuts 

pellets report 

 
Figure 10: TCR30 V70 wine prunings and TCR30 V72 hops offcuts pellets report, page 1 of 3 
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Figure 11: TCR30 V70 wine prunings and TCR30 V72 hops offcuts pellets report, page 2 of 3 

 
“TCR-30-70_Rebschnitt Pellets” refers to TCR30 V70 wine prunings pellets. 
“TCR-30-XX_Hopfentreber Pellets” refers to TCR 30 V72 hops offcuts pellets. 
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Figure 12: TCR30 V70 wine prunings and TCR30 V72 hops offcuts pellets report, page 3 of 3 
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