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EXECUTIVE SUMMARY 
 

 !� "� ##� � � $ !� %%�!� $ � � �&'� ( � 3 %� &%"� � #��� �%&� �( � �� �( %!�� &� ) � &�� .�� $ � #!.! � �!� � �

�% ( � � /� $ 0 � !#�  � , � + /%� � .� , �� &-  !� $ � 3 %�0 � /� ) � �� �� /%3 %/#� !� � �( %� , �� &-  %�� $ � #2� � #�

!� &%, %� &%� �/0 �"%� #- �%&2�� � &�( � 3 %�.� - ��$ � #!.!%�#�!� �� , %�� �!� � '��� %3 %/� , "%� �#�!� ��( %�

$ � #!.!%�� � � .!$ - �� �!� � � ( � 3 %� /%&� �� � � � 3 %�0 � /� ) � �� �� $ � #2� � //� ) !� $ � � �#!", /!.!%&� ( � �� $ � #�

.!/��� �!� � � #0 #�%"� �� � + %� - #%&'� � 
 % %� �� !� &%, %� &%� �� � � � /0 #!#� � .� �( %� 77�� �#77� .�� "� �( %�

� � ##+ � �� - $ ( � 8 � //� .� �"� $ � #!.!%�� � �� 
 � !� .� �&2� � �� � � $ /� � &� ( � #� #( � ) � � �( � �� � 3 %��

��) �9� � .� �( %�  � � &%� #� + /%� � �$ � � ! #� !� � �( %� $ � #� � �%� + %� : %� %2� �� /- %� %2� 5 0 /%� %� � � &�

� � , ( �( � /%� %� � � &� �( � �� , �� + /%"� �! � /� �� ��  � ", � � %� �#� !� � �( %� $ � #� ) %�%� /%##� �( � � � 6��

"$ �� "�� - � &%�� , �� /� � $ %&� � , %�� �!� � '� � �( %� $ � #!.! � �!� � � �% ( � � /� $ 0 � � .� 
 !� "� ##�

� � $ !� %%�!� $ �� �&'�!#��( %�%.� �%� /� #%��� �� �) � ��� � �� + /%� � ""%� !� /��%� /!�0 '�
�


 !� "� ##� � � $ !� %%�!� $ � � !"!�%&� ( � #� #-   %%&%&� !� � &%3 %/� , !� $ � � � &� ) � &�� .�� $ � #!.!%��

 � , � + /%�� .� , �� &-  !� $ � � � 3 %�0 � /� ) ��� �2�/� ) �, � ��! - /� �%�$ � #�� .� � � #!#�%� ��( !$ ( � � /� �!.! �

3 � /- %� ;< � =� � > �� "�� .� �� ) � � &� .%%&#��  * #?'� � 8 � ) %3 %�2� ) !�( � �( %� &%3 %/� , "%� �� � .� � �

�% ( � � /� $ 0 �  � , � + /%� � .� ( � � &/!� $ � � � ) %//@&%.!� %&� ) � � &2� �( %�%� !#� � � �%A - !�%"%� �� �� �

� ##%##��( %�, � ##!+ !/!�0 �� .�- #!� $ �� �( %��� � � @#�� � &� �&�.- %/#2�%#, % !� //0 �� #��( %#%�� �%�"� �%�

�%� &!/0 � � 3 � !/� + /%� !� � #� "%� /�  � �!� � #� � � &� ) ( %�%� � �( %�� &!#, � #� /� � � &� ��� � #, � ��� �!� � �

� , �!� � #� � �%� � � �� % � � � "! � /'� � �� � �( !#� %� &� �( !#� ) � �* � ) � #�  � �  %�� %&� ) !�( � �%#�!� $ � � �

3 � �!%�0 �� .�.- %/#�!� �� � �%5 !#�!� $ ����* $ �( �B���* �%C�$ � #!.! � �!� � �#0 #�%"�� � &�"%� #- �!� $ �� �

�� � $ %� � .� , ��  %##� %"!##!� � #� � � &� � ##%##� ) ( %�( %�� �( %0 �  � - /&� , � ##!+ /0 � + %� - #%&� !� � � �

&� ) � &�� .�� $ � #!.!%�� .� �� $ � #� , �� &-  �!� � � .� �� - #%�!� � � � + � !/%�� � ��%� $ !� %'� ��( %�.- %/#�- #%&�

) %�%�� &�!%&� , � , %�"!//� #/- &$ %� ;+ �!A - %��%&?2� &�!%&� /%� �( %�� ) � #�%#� ;+ �!A - %��%&?2�

, � //%�) � � &�) � #�%#�;� � &�#� "%�&%"� /!�!� � �) � � &?2�"%&!- "�&%� #!�0 �.!+ �%+ � � �&�;� � 	?2�

, � � %/� + � � �&� � � &� � �( %��  ( !, , %&� , � //%�#?2� , !� %�+ � �* � "!5 %&� ) � #�%� #��!, , !� $ #� � � &�

�%� %) � + /%�+ !� "� ##�.- %/�;
 
 	?�, �� &-  %&�.�� "��( %�� �$ � � ! �.��  �!� � �� .�� ��'�

�

�( %�
 !� "� ##�� � $ !� %%�!� $ �� �&'��% ( � � /� $ 0 �!#�� ��( �� � �%&�&� ) � &�� .��$ � #!.!%��� � &�!�� � � �

+ %� � , %�� �%&� - #!� $ � &!..%�%� �� $ � #�  /%� � !� $ � #0 #�%"#2� !�  /- &!� $ �  0  /� � %#� .� �� &- #��

�%"� 3 � /2�( � ��$ � #�.!/�%��.� ��3 %�0 �( !$ ( �&- #�� � , �- �%�%..! !%�  !%#�;< DD'D) �9?�� � �/� ) ��� ��

$ � #%#� � � &� � � ) %�� # �- + + !� $ � #0 #�%"� .� ��  � � �� "!� � �%&� ;3 � /� �!/%�"%�� /#?� � � &� ( !$ ( � �� ��

$ � #%#'� � �� #�%#� ) !�( � ( !$ ( � � #( �  � � �%� �#� � �%� "� �%� , �� � %� �� � ( !$ ( � /%3 %/#� � .� �� ��

.� �"� �!� � '���%#�#�� .�� 3 %�����( � - �#�� � �%�  ( �.- %/�) %�%� � ��!%&�� - �2�%5  %, ��.� ���( %�
 
 	2�

� .� ) ( ! ( � �( %�%� ) � #� � � /0 � � � /!"!�%&� A - � � �!�0 � � � &� � .� ( !$ ( /0 � 3 � �!� + /%� A - � /!�0 2� ) ( ! ( �

 � - #%&�3 � �!� - #�, ��  %##!� $ �&!..! - /�!%#'�

�

�%#�#�� � ��( %�.- %/#�#( � ) %&��( � ���( %�( !$ ( �� #( �.%%&#��  * #�;< �=) �92�
 
 	�� � &�, � , %�"!//�

#/- &$ %?� ) %�%� , �� + /%"� �! � /� !� � $ � #!.!%�� � , %�� �!� � � � � &� � � �� - � %5 , % �%&/0 � $ � 3 %� � �

, �� &-  %�� $ � #� ) !�( � /� ) � ( %� �!� $ � 3 � /- %#� !� � �( %� �� � $ %� � .� �@�� � > �� "�'� � �( %� + - ..!� $ #�

&- #�2�, !� %�+ � �* �"!5 �� � &��( %�, � //%�) � � &� � - /&�+ %�#� �!#.�  �� �!/0 �$ � #!.!%&��� �$ !3 %�� �$ � #�

) !�( �� �$ � � &�/� ) %��( %� �!� $ �3 � /- %�� .�E@=�� > �� "�'���( !#�!#��( %�%5 , % �%&�3 � /- %�.� ��/� ) �

� #( �.%%&#��  * #�) !�( �/� ) ��� ��/%3 %/#�!� ��( %�$ � #'��� 5 �%� #!3 %�� � � /0 #%#�� .��( %�.%%&#��  * #2�

�( %� + 0 @, �� &-  �#�  ( � �#� � � &� � #( %#2� �( %� , �� &-  %�� $ � #� � � &� #� "%� � .� �( %�  � � &%� #� �%#�

) %�%�"� &%'� ��( %� 
 
 	� .- %/� ) � #� , �� � %� �� � /!� * %�� .� �"� �!� � � � � � �( %� $ �� �%�, � ##!+ /0 � + 0 �

�( %� .� �"� �!� � � � .� /� ) �"%/�!� $ �%- �% �! � � .��!�6� � � &� � � �� ;� �� � �&%�!3 � �!3 %?'� ��( %� ( � �#�

%5 ( !+ !�%&�( !$ ( � � �+ � � � � � 3 %�#!� � #�� .��0 , ! � //0 �� 3 %���=) �9'�

�



 

1�%/!"!� � �0 � � � � /0 #%#� � .� �( %� � � &%� #� �%� .�� "� �( %� $ � #!.! � �!� � � � .� �( %� /%� �( %�� ) � #�%#�

&%"� � #��� �%&� �( � �� �( %� &!#, � #� /� � .� �( !#2� � � &� �( %�%.� �%� � � 0 � ) %�� # �- + + !� $ �"%&!- "�

- #%&� �� � �%"� 3 %� �� �#2� ) � - /&� + %� , �� + /%"� �! � /'� � �( %�  � ", � � %� �� �� �#�  � � �� !� �

, � /0 � �� "� �! � ( 0 &��  � �+ � � #2� ) ( ! ( � � �%� $ %� %�� //0 � �%$ � �&%&� �� � + %� �� 5 ! � � � &� , � ##!+ /0 �

"- �� $ %� ! �� �� � � !� � $ %� ! 2�&%, %� &!� $ �� � �%5 , � #- �%�� � &� � �  %� ��� �!� � '�

�

�( %� , � //%�) � � &� .- %/#� � � &� � �( %�� ) � � &� �%/� �%&� .- %/#� � �%� �   %, �� + /%� � #� $ � #!.! � �!� � �

.- %/#F�( � ) %3 %���( %�( !$ ( �� #( �.- %/#�� �%�� � ��, � ��! - /� �/0 �#- !�� + /%�+ %0 � � &��( %!��- #%�� #�� �

.- %/�$ � #�.� ��- #%�!� �� �+ � !/%�'��	- ��( %��) � �* �!#�%##%� �!� /�� � ��( %�$ � #�� � � /0 #!#�.� ��3 � /� �!/%�

"%�� /#��� �� ##%##�) ( %�( %��� �%�/!* %/0 ��� �+ %�&%, � #!�!� � �!##- %#�!� ��( %�#0 #�%"'�

�

�( %� � #�#�!� 3 � /3 %&�!� ��( %�, �%, � �� �!� � �� .�&- #�#�� � &�, � ) &%�#2�� #��0 , !.!%&�+ 0 ��( %�
 
 	2�

/%� �( %�� � � &� , � , %�"!//� �%#!&- %#� !� �� � � � &%� #!.!%&� .- %/� .� �� &� ) � &�� .�� $ � #!.! � �!� � � ) !//�

� &&� #!$ � !.! � � �/0 � �� � �( %�  � #�� � .� �( %� , ��  %##� !� � �%�"#� � .� �( %� � &&!�!� � � /�  � , !�� /� � � &�

� , %�� �!� $ � �%A - !�%"%� �#� .� �� � � #0 #�%"� ;G��9?� � � &� .� �� , � ) %�� , �� &-  �!� � �

� , , �� 5 !"� �%/0 ��'=@6'=�, �* �( �� � ��( %�%/% ��! !�0 �, �� &-  �!� � � � #�2�� ���'H=@�'=�, �* ��( �� � �

( %� ��- #%'���( %�.!� � /�&% !#!� � �� � �) ( %�( %��� �#0 #�%"�) � - /&�+ %�% � � � "! � /�) !//�&%, %� &�

� � � � � 3 � �!%�0 � � .� .�  �� �#� !�  /- &!� $ � ) � #�%� &!#, � #� /� � , �!� � #� � � &�  � #�#2� ��� � #, � ��� �!� � �

�%#��! �!� � #� � � � ) � #�%#2� - #%.- /� � �� 3 � /- � + /%� + 0 @, �� &-  �#� � � &� �( %� %� &� - #%� � .� �( %� $ � #�

) ( %�( %��.� ��( %� ��� ��, � ) %��$ %� %�� �!� � '�

�

�( %�- #%�� .� � �&�0 � ( � �� $ � #� .!/��� �!� � � , ��  %##�.� �� /%� �( %�� ) � #�%#�� � &��( %�
 
 	�!#�( !$ ( /0 �

- � /!* %/0 �&- %� �� � ( !$ ( � �� �� /%3 %/#� !� � �( %� $ � #'� ��( %�� �( %�� ) � � &�) � #�%#� � - /&�- �!/!#%�( � ��

$ � #�.!/��� �!� � �.� ��, � ��! - /� �%��%"� 3 � /'���

�

� � � %� $ !� %� �%#�!� $ � ) � #�  � ��!%&� � - �2� , � ��/0 � &- %� �� � - � * � � ) � � �� �� /%3 %/#� !� � �( %� $ � #%#F�

( � ) %3 %�� #� "%� %� $ !� %� �%#�!� $ � ) � #�  � ��!%&� � - �� !� � �( %� , !� %�+ � �* � &%�!3 %&� $ � #%#� � ��

� � ##+ � �� - $ ( � 8 � //�	� �"2� 
 � !� .� �&'� ��( %� �%#�#�&%"� � #��� �%&� �( � �� �( %� �3 % � �%� $ !� %#�

 � - /&� �- � � #� �!#.�  �� �!/0 � � � � �( %� $ � #'� � �( %� - #%� � .�  /%� � � ) � #�%#� !� � �( %� $ � #!.!%�� !#�

�  ( !%3 � + /%�� � &�!�  �%� #%#��( %�# � , %�� .��( %�$ � #!.! � �!� � �, ��  %##��� ��   %, ��� �( %��� � � @

- � !.� �"�) � #�%#'�

�

	- ��( %��) � �* �� � �� ##%##!� $ ��� �#2�, � ��! - /� �%#�� � &����  %�"%�� /#�%"!##!� � #�) � - /&�( %/, �
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Client/ 
Location Plant capacity Feedstocks Fuel use Hours of 

operation Status 

Ballymena ECOS 
Centre, Northern 
Ireland 

55-65 kWe  
55-65 kWth 
recovered 

Willow, pine, 
spruce, poplar, 
bark strips, 
sawmill wastes  

• Power 
generation 
and heat 
recovery for 
building 

> 3500 Operated over 
winter season 

Biomass Test 
unit 
 
Newton-le-
Willows, England 

80 kg/h 
Maximum 
80-85 kWe 
160-200 kWth 

Spruce, poplar, 
willow, papermill 
sludge, 
demolition wood, 
leather wastes, 
buffing dust, 
palletwood, 
beech, RDF 

• Particulate 
filtration trials 

• Capstone C-
330 testing 

• Gas engine 
testing 

• Scrubber 
trials 

> 2000 on 
power 
generation 
> 2500 on 
feedstocks 

Available for 
testing 

British Leather 
Corporation, 
Leeds, UK 

50 kg/h 
100 kWth boiler 
use 

Leather dust 
Sludge cake 

• Boiler use 
• Cr III metal 

recovery 
from 
char/ash 

>450 Dormant 

Mossborough 
Hall Farm, 
Rainford, 
England 

250 kWe 
250 kWth for 
drying 

Mixed conifer, 
poplar 

• Power 
generation > 1000  Operational 

Jepsons, 
Culcheth, 
England 

85 kWe 
170 kWth Mixed woods • Power 

generation  Awaiting grid 
connection 

� � �%#��
 � 	�M�
 %.- #%�� %�!3 %&�	- %/�

�
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Code Description Code Description 
    
C01 Wood Feed Conveyor S01 Char cyclone 
E01 Gas engines S02 Start-up flare 
F01 Start Gas Fan S03 Quench tank and demister 
F02 Main up fan S04 Main flare 
H01 Producer Gas Cooler V01 Downdraft Gasifier 
H02 Cooling tower and fan V02 Char/Ash Storage Bin 
P01 Quench recirculation V03 Char/Ash Storage Bin 
P02 Cooling tower pump V04 Gas Buffer 
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�� + /%��� + /%��� + /%��� + /%�����''''���� 	%%&#��  * �� � � /0 #!#	%%&#��  * �� � � /0 #!#	%%&#��  * �� � � /0 #!#	%%&#��  * �� � � /0 #!#����
 

Source BLC Fairport Private Private Egni 

FUEL Wet blue RBF palletwood Papermill 
sludge$ 

Pine/bark 
[8wt% bark] 

Proximate Analysis (wt% as received) 
Moisture (%) 11.29 5.0 15 13.2 18.9 
Volatile matter (%) 67.51 52.4 82.1 59.9 NM 
Ash (%) 4.96 16.3 2.5 28.8 1.6 
Fixed Carbon (%) 16.24 26.3 NM NM NM 
Ultimate Analysis (wt% dry basis) 
Carbon (%) 47.80 41.2 47.8 24.3 50.13 
Hydrogen (%) 6.40 5.9 6 3.31 5.91 
Nitrogen (%) 10.70 NM 0.07 0.4 0.11 
Sulphur (%) 1.43 NM NM 0.14 NM 
Oxygen (%) 28.71 33 46.2 43.1 42.25 
Chrome (%) 1.34     
Heating Value (as received) 
HHV (MJ/kg) 19.6 19.3 NM 15.6 NM 
LHV (MJ/kg) 18.5 NM NM 14.9 NM 
Note: NM Not Measured 
 
 
�� + /%��� + /%��� + /%��� + /%�EEEE''''���� � %�� !/%&�"%�� /#�� � � /� %�� !/%&�"%�� /#�� � � /� %�� !/%&�"%�� /#�� � � /� %�� !/%&�"%�� /#�� � � /0 #!#�� .��( %�
 
0 #!#�� .��( %�
 
0 #!#�� .��( %�
 
0 #!#�� .��( %�
 
 				����
 
 RBF RBF Papermill pulp Concentration 
 Sample 1 Sample 2 Sample 1  
Antimony 0.2 34 0.1 mg/kg 
Arsenic 0.6 22 < 0.1 mg/kg 
Cadmium 0.14 3.1 0.17 mg/kg 
Chromium 28500 37100 4.5 mg/kg 
Copper 20 104 24.6 mg/kg 
Fluorine 23 129 34 mg/kg 
Lead 2.9 1940 1.7 mg/kg 
Mercury 65.8 27.8 0.04 mg/kg 
Nickel 495 634 2.6 mg/kg 
Potassium   187 mg/kg 
Sodium   549 mg/kg 
Vanadium <5 <5 1.4 mg/kg 
Zinc 57 1330 148 mg/kg 
 
 
�( %� .!�#��"� �%�!� /� , �� 3 !&%&� �� � 
 !� "� ##� � � $ !� %%�!� $ � � �&'� .�� "� 	� !�, � ��� ) � #� � � 3 %�0 �

, � � �� A - � /!�0 �"� �%�!� /2� ) !�( � ( !$ ( � /%3 %/#� � .� $ /� ##2� 3 !#!+ /%� !� �H@�6�""�, !% %#�� � &�� /#� �

, !% %#�� .�� /�.� !/�� � &�&!# �%�%�, /� #�! �, !% %#'���( !#�) � #��( %�/� ) %#��A - � /!�0 �� .�
 
 	�� � &�

#- + #%A - %� ��+ � � ( %#�) %�%�/� ) %��!� �$ /� ##�� � &�.� !/2�+ - ���( %�� #( � � � �%� ��� .��( %�"� �%�!� /#�

�%"� !� %&��%/� �!3 %/0 �( !$ ( �;< ����) �9?'�
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, �!"� �!/0 � &- %� �� �  � #�� � .� � � � /0 #%#� � � &� !� � #� "%�  � #%#2� &!..! - /�!%#� !� � � + �� !� !� $ �

�%/� �!3 %/0 �( � "� $ %� %� - #�#� ", /%#'�

�

• � ( � ��� � &�� #( ��% � 3 %�%&�.�� "��( %�+ � ��� "�� .��( %�$ � #!.!%��� � &��( %� 0  /� � %�� #( �+ !� 2�

• 1�� &-  %��$ � #�.�� "��( %�$ � #!.!%��� � &�� .�%��# �- + + !� $ �� � &�&%"!#�!� $ '�

�

� %�� !/%&�� � � /0 �! � /��%#- /�#�� �%�$ !3 %� �+ %/� ) �!� ��� + /%�='�

�

EEEE'�'�'�'����� 
 0 , �� &-  ��� ( � �
 0 , �� &-  ��� ( � �
 0 , �� &-  ��� ( � �
 0 , �� &-  ��� ( � �����
 
 
�� + /%��� + /%��� + /%��� + /%�====''''���� 1�� &-  ��1�� &-  ��1�� &-  ��1�� &-  ��    ( � �� � ", � #!�!� � � /�� � � /0 #!#( � �� � ", � #!�!� � � /�� � � /0 #!#( � �� � ", � #!�!� � � /�� � � /0 #!#( � �� � ", � #!�!� � � /�� � � /0 #!#'��� #( �� � �� �) �92�&�0 �+ � #!#'��� #( �� � �� �) �92�&�0 �+ � #!#'��� #( �� � �� �) �92�&�0 �+ � #!#'��� #( �� � �� �) �92�&�0 �+ � #!#����
 
Feedstock C H N S Cr Cl Ash 
Buffing dust char/ash 15.43 0.22 0.81 0.27 3.50 NM 79.8 
RBF char/ash NM NM NM NM 0.0 NM 85.2# 
Papermill sludge 9.6 1.1 NM NM 0.0 0.08 94.1# 
Pine/bark char 27.0 3.5 <0.1 NM 0.0 0.0 75# 
Notes # high ash due to oxidation of the reduced metals in air.    NM     Not measured 
 
 
�( %�� 5 0 $ %� ��%#- /�#�� �%�� � ���%, � ��%&�.� ���( %��% � 3 %�%&�"� �%�!� /#2�� #�&- �!� $ ��%#�#�.� ��

� #( 2� #� "%� #� ", /%#�� #� ", /%#� �%� &%&� �� � !�  �%� #%� !� � ) %!$ ( �� � #�"%�� /� !� � #� � 5 !&!#%&�

- , � � ��%( %� �!� $ �!� ��( %�, �%#%�  %�� .�� !�'��� #� � � �+ %�#%%� 2�"� #��� .��( %�#� /!&#�( � &�( !$ ( �

 � �+ � � � � � 3 %�#!� � #2�) !�( �( !$ ( �� #( � � � �%� �#�;< �H=) �9?�, �%#%� ��!� ��( %�#� ", /%#'���( %�

� #( ��% � 3 %�%&�.�� "��( %�+ - ..!� $ �&- #��( � &�� �B���C�/%3 %/#�� .��'=) �9'��� %�� !/%&�� � � /0 #%#�

) %�%� � ��!%&�� - ��� � ��( %�
 
 	��%#!&- � /� ( � ��� � &�� #( �� � &�� �%�, �%#%� �%&�!� ��� + /%�H'�

�

E'�'�� 
 
 	�� ( � ��� %�  ( � �%��%#�#�

�

�( %�  ( � �� , �� &-  %&� .�� "� �( %�	� !�, � ��� ��!� /#� ( � #� + %%� �%5 �%� #!3 %/0 �  ( � ��  �%�!#%&� � � &�

� &&!�!� � � /��%#�#�� � �!�#�+ %( � 3 !� - ��) %�%�"� &%2�!�  /- &!� $ �/%�  ( !� $ 2�"%�� /#�� � &�&!� 5 !� #'��

�( %��%#- /�#�� �%�, �%#%� �%&�!� ��� + /%��'�
 
 
�� + /%��� + /%��� + /%��� + /%�����''''���� � %�  ( � �%��%#���� �� 
� %�  ( � �%��%#���� �� 
� %�  ( � �%��%#���� �� 
� %�  ( � �%��%#���� �� 
 � �1�� ��  � /� �1�� ��  � /� �1�� ��  � /� �1�� ��  � /����

 
Metal  Leachate rate 
Cadmium Cd 4 µg/l 
Lead Pb 46 µg/l 
Zinc Zn <5 µg/l 
Copper Cu 25 µg/l 
Thallium Th <100 µg/l 
Mercury Hg 0.05 µg/l 
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E'�'6� � !� 5 !� �!� ��( %�
 
 	�� ( � ��

�

� � #� ", /%� � .� �( %�  ( � �� .�� "� �( %� 
 
 	� ) � #�%� � � #!.! � �!� � � , ��  %##� #( � ) %&� � � &!� 5 !� �

 � � �%� �� � .� �'��H� � $ �$ '� � �( !#� ) � - /&� + %� � .� #� "%�  � �  %�� � � � &� � %%&#� �� � + %� .- ��( %��

� &&�%##%&� %!�( %�� + 0 � , ��  %##� "� &!.! � �!� � #� �� � %� #- �%� � � � � !�� + 0 , � ##!� $ � � � &� /� ) %��

/%3 %/#�� .�� /�� � &�� - �!� ��( %�"� �%�!� /�) ( %�%�, � ##!+ /%'�

�

EEEE'6'6'6'6���� 
 
 	�
 
 	�
 
 	�
 
 	�� /!� * %��� /!� * %��� /!� * %��� /!� * %��&%, � #!�#&%, � #!�#&%, � #!�#&%, � #!�#����

�

� #�� � �%&2�$ � #!.! � �!� � �� .��( %�
 
 	�/%&��� ��( %�.� �"� �!� � �� .�77 /!� * %�#77�� � ��( %�$ �� �%�� � &�

� #�&%, � #!�#�+ %/� ) ��( %�$ �� �%'��� %, � #!�#�.� �"%&�!� ��( %�$ � #!.!%��) %�%�� � � /0 #%&�� � &��( %�

�%#- /�#� � �%� !� � �� + /%� H'� ��( %� �%#�� .� �� � #( � �%&-  %#� �( %� 3 � �!� - #�  � �+ � � � �%#2� ( 0 &�� $ %� �

 � �+ � � � �%#2� %� '� �� � � 5 !&%#2� �( %�%.� �%� �( %#%� � �%� � � �� !� &! � �!3 %� � .� �( %� � �!$ !� � /�

 � ", � - � &#� ) ( ! ( �  � � � /%� &� �� � /� ) � �%", %�� �- �%� %- �% �! #� � � &�  � - #%�  /!� * %��

, �� + /%"#'��� � ) %�!� $ �� .��( %�� #( � � � �%� ��#( � - /&��%&-  %��( !#�, �� + /%"'�

�

�

�� + /%��� + /%��� + /%��� + /%�HHHH''''���� 	� !�, � ���
 
 	� ( � ��� #( �� � � /0 #!#	� !�, � ���
 
 	� ( � ��� #( �� � � /0 #!#	� !�, � ���
 
 	� ( � ��� #( �� � � /0 #!#	� !�, � ���
 
 	� ( � ��� #( �� � � /0 #!#����
 
 ash analysis RBF  
Elemental Oxide Sample 1 Sample 2 clinker 

SiO2 6.9 8 44.7 
Al2O3 6.3 5 10.1 
Fe2O3 1.7 1.2 9.9 
TiO2 0.4 0.4 0.9 
CaO 47.2 47.3 17.3 
MgO 2.1 2.6 1.8 
Na2O  0.5 0.2 6.1 
K2O 0.1 <0.1 1.2 
Mn3O4 0.1 0.1 0.2 
P2O5 2.6 2.3 1.1 
SO3 13.5 22.7 0.4 

    
Total analysed 81.4% 89.8% 93.7% 

 
 
�( %� � &&!�!� � � /� , ��  %##!� $ � �%A - !�%"%� �#� .� �� �( %� .- %/#�  � � �� !� !� $ � "%�� /#2� � �� �( � #%�

, �� � %��� �.� �"!� $ � ( � �#�� #( %#�) ( ! ( �"� 0 �+ %� /� ##%&�� #�) � #�%#�"� 0 �� /#� �� %%&��� �+ %�

 � �%.- //0 � � � #!&%�%&�M�#%%��� + /%��'�

�

EEEE''''�������� 1�� &-  %��$ � #1�� &-  %��$ � #1�� &-  %��$ � #1�� &-  %��$ � #�� � � /0 #%#�� � � /0 #%#�� � � /0 #%#�� � � /0 #%#����

�

	�� "��( %�!� !�!� /� � ""!##!� � !� $ ��( �� - $ ( ��� ��( %�%� &�� .��( %� � � ���  �2�$ � #�#� ", /%#�) %�%�

�%$ - /� �/0 ��� * %� �� � &�� � � /0 #%&�+ 0 �� #�� � �� � !3 %�#!�0 �.� ��� �.- //��� � $ %�� .�$ � #%#'���0 , ! � /�

�%#- /�#�� �%�$ !3 %� �!� ��� + /%���� 3 %�/%� .'���( %#%��%#- /�#�� �%��0 , ! � /�� .�&� ) � &�� .��+ !� "� ##�

$ � #!.! � �!� � �#0 #�%"#'�
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�� + /%��� + /%��� + /%��� + /%�����''''���� 1�� &-  %��$ � #� � ", � #!�!� � #�;3 � /1�� &-  %��$ � #� � ", � #!�!� � #�;3 � /1�� &-  %��$ � #� � ", � #!�!� � #�;3 � /1�� &-  %��$ � #� � ", � #!�!� � #�;3 � /99992�6�O � 2����6�=�1� ?2�6�O � 2����6�=�1� ?2�6�O � 2����6�=�1� ?2�6�O � 2����6�=�1� ?�;� 3 %�� $ %#�;� 3 %�� $ %#�;� 3 %�� $ %#�;� 3 %�� $ %#????����
 
 Papermill sludge Buffing dust Pine/bark 
 Average [vol%] δdev Average [vol%] Average [vol%] 

H2 3.4 2.96 11.1 15.49 
CO  2.4 2.26 15.06 17.68 
CH4 0.5 0.43 1.1 1.80 
C2H4 0.2 0.17 0.3 0.45 
C2H6 0.0 0.03 0.01 0.05 
C3H6 0.0 0.03 -- 0.03 
C3H8 0.0 0.03 -- 0.00 
n-C4H10 0.0 0.01  0.01 
CO2 18.7 4.49 8.6 14.32 
N2 74.7 1.60 58.65 50.16 

HHV [MJ/Nm3] 1.06  3.9 5.28 

LHV [MJ/Nm3] 0.96  3.7 4.88 
 
 
�( %�, � , %�"!//�#/- &$ %�$ !3 %#�� �3 %�0 �, � � ��A - � /!�0 �$ � #2�!� ��%�"#�� .�( %� �!� $ �3 � /- %2�&- %��� �

�( %� ( !$ ( � � #( �  � � �%� �'� � �( !#� ) � #� %5 , % �%&� � � &� #( � ) #� �( � �� � #� � � .- %/2� !�� !#� � � ��

, � ��! - /� �/0 �) %//�#- !�%&��� �$ � #!.! � �!� � '���( %�+ - ..!� $ �&- #��!#��   %, �� + /%�� � &�( � #�� �� 8 J �

� , , �� 5 �6�9�/� ) %���( � � ��( � ��� .��( %�, !� %�+ � �* �"!5 �- �%'���

�

�

�� + /%��� + /%��� + /%��� + /%�DDDD''''���� 
 
 	�� � &�) � #�%#�, �� &-  %��$ �
 
 	�� � &�) � #�%#�, �� &-  %��$ �
 
 	�� � &�) � #�%#�, �� &-  %��$ �
 
 	�� � &�) � #�%#�, �� &-  %��$ � ####%#%#%#%#�� � � /0 #%#�;� 3 %�� $ %#�� � � /0 #%#�;� 3 %�� $ %#�� � � /0 #%#�;� 3 %�� $ %#�� � � /0 #%#�;� 3 %�� $ %#????����
 

 Palletwood RBF Demolition wood 
 
Gas component 

Average 
[vol%] 

δdev Average 
[vol%] 

Average 
[vol%] 

Average 
[vol%] 

δdev 

H2 7.9 1.9 9.6 9.74 11.3 0.8 
CO  19.2 3.3 11.9 13.63 23.0 1.6 
CH4 1.0 0.5 0.6 0.45 1.0 0.3 
C2H4 0.0 0.0 0.1 0.08 0.0 0.0 
C2H6 0.0 0.0 0.2 0.19 0.0 0.0 
C3H6 0.0 0.0 0.0 0.00 0.0 0.0 
C3H8 0.0 0.0 0.0 0.00 0.0 0.0 
n-C4H10 0.0 0.0 0.0 0.00 0.0 0.0 
CO2 15.4 1.3 10.4 10.24 12.6 1.0 
N2 56.4 1.7 67.1 65.67 52.1 1.4 

       
HHV [MJ/Nm3] 3.6 0.4 2.1 3.1 4.4 0.2 
LHV [MJ/Nm3] 3.4 0.4 2.0 2.9 4.2 0.2 
 
 
�( %�, � , %�"!//�#/- &$ %�$ � 3 %��( %�/� ) %#�� � 8 J � $ � #� � ���'��� > �� "�'� ��( !#�) � - /&�� � /0 �+ %�

#- !�� + /%�.� ��+ � !/%��- #%�� � &�� � ��%� $ !� %�- #%'��
 
 	�) � #�� %5 ��� � &�$ � 3 %�#!"!/� ���%#- /�#��� �
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�( %�, � , %�"!//�#/- &$ %�) !�( �� �$ � #�� 8 J �� .�6'�@�'��� > �� "�'���( !#�, � � ���%#- /��) � #�!� �, � ���

&- %��� ��( %�+ 0 , � ##!� $ �!� ��( %�$ � #!.!%��� � &��( %�, � � ��A - � /!�0 �� .��( %�
 
 	'���

�

EEEE''''EEEE���� �� #�%) � �%��� #�%) � �%��� #�%) � �%��� #�%) � �%�����

�

�� #�%) � �%�� #� ", /%#� ) %�%� #%� �� .� �� #, % !� /!#�� � � � /0 #%#� �� � �( %� �� #�!�- �%� � .� �� � &�

� ( %"!#��0 2� 8 � "+ - �$ 2� � %�"� � 0 � �� � � ##%##� /!* %/0 � � �$ � � ! �  � � �� "!� � �!� � 2� + - �� � � ��

A - � � �!.! � �!� � 2� � �� �( !#� #�� $ %� !� &! � �!� � � � .� �( %� , � �%� �!� /�  ( %"! � /#� ) � #�  � � #!&%�%&�

!", � ��� � �'� � �( %� #� ", /%� ) � #�  � � &%� #� �%� .�� "� $ � #� .� � � - #!� $ � + - ..!� $ � &- #�� � #�

.%%&#��  * �;#%%�	!$ - �%�6?'�

�

� /�( � - $ ( � � � .- //� ) �9� � � � /0 #!#� � .� �( %�"� !� �  ( %"! � /#� ) � #� � � �� , � ##!+ /%2� �( %� � � @� ��

� � � /0 #!#� $ !3 %#� �( %� �%/� �!3 %� � �%� #� .� �� �( %� !&%� �!.!%&�  ( %"! � /#� � � &� �( !#� !#� � �  �- &%�

!� &! � �!� � �� .��( %�, � ��! - /� �� ( %"! � /7#� � �  %� ��� �!� � �!� ��( %�/!A - !&#'���( %��%#- /�#�.�� "�

��� �) %�%�� � ��3 %�0 �%�  � - �� $ !� $ 2�!� &! � �!� $ ��( %�, �%#%�  %�� .�#%3 %�� /� � � !� � $ %� ! �� � &�

�� 5 ! �  ( %"! � /#'� � �( %� !� &! � �!3 %�  ( %"! � /#� �( � �� ) %�%� !&%� �!.!%&� � �%� #- ""� �!#%&� !� �

�� + /%���'�

�

�( %� $ � #� .� � �  � � &%� #� �%� &�� !� %&� � .�%�� �- � � !� $ � � � � + - ..!� $ � &- #��  � � �� !� #� � � .%) �

 ( %"! � /#2� ) ( ! ( � � �%� , � ��!� //0 � � 5 0 $ %� � �%&� � � &� #( � - /&� + %� "� �%� #- # %, �!+ /%� �� �

��%� �"%� �� .� ��#- + #%A - %� ��&!#, � #� /'� � �	- ��( %�� ) � �* � � � � �( %�
 �� 2� � �� 2� �� �� /� � �$ � � ! #�

 � �+ � � �;��� ?2�, 8 �� � &�&!##� /3 %&�"%�� /#�� %%&#��� �+ %� � ��!%&�� - �'�����!#�- � /!* %/0 ��( � ���( %�

 � � &%� #� �%2��( %�# �- + + %���%#!&- %#�� ���� �#� � - /&�+ %�#%� ���� �� � � � 3 %� �!� � � /�+ !� /� $ ! � /�

��%� �"%� ��.�  !/!�0 '��

�

�

�� + /%��� + /%��� + /%��� + /%���������'��� ( %"! � /�� � � /0 #!#�� .��( %�$ � #�.� � � � � &%� #� �%'��� ( %"! � /�� � � /0 #!#�� .��( %�$ � #�.� � � � � &%� #� �%'��� ( %"! � /�� � � /0 #!#�� .��( %�$ � #�.� � � � � &%� #� �%'��� ( %"! � /�� � � /0 #!#�� .��( %�$ � #�.� � � � � &%� #� �%����
 
RT Area% Library/ID 

6.58 2.07 Propane, 2,2-dimethoxy- 
11.53 0.65 Pyridine 
13.81 16.71 Furan, 2,5-dihydro-2,5-dimethyl- 
13.89 0.62 Ethanone, 1-(2-methylcyclopropyl)- 
15.27 0.56 Pyrrole 
18.78 5.36 2-Pentanone, 4-hydroxy-4-methyl- 
20.44 0.65 2-Pentanone, 4-methoxy-4-methyl- 
23.08 0.5 Pyridine, 2,4,6-trimethyl- or Pyridine, 2,3,6-trimethyl-  
26.52 0.27 Aniline 
52.05 1.13 2,4-Imidazolidinedione, 5-methyl- 
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TIC: [ BSB2] LDER3.DLeather 3
Condensate from gas fan 

(buffing dust
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�

�( %�) � #�%) � �%���( %�%.� �%�� %%&#��� �+ %� ( %"! � //0 ���%� �%&�, �!� ���� �&!# ( � �$ %�� � &�!��!#�
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