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2. Shale Oil Production

1. H2 Production

3. Shale Oil Upgrading
 ����!��"�

�	���������



5Combustion Resources, Inc.

#���$������������#���$������������

��;����;����++��(<�8�����(<�8���

���-��-�++��(<����� ��%�=�
�&���������(<����� ��%�=�
�&�������



6Combustion Resources, Inc.

������������$��%�&	��$��%�&	��



7Combustion Resources, Inc.

������������$��%�&	���'
���	�(��)$��%�&	���'
���	�(��)
;��(�9�&&��


&����
�����

���� ��

����>�&��.'�	�������



8Combustion Resources, Inc.

�����������%��������	��*�
����"��������%��������	��*�
����"�����

��+����	���,�	���+����	���,�	�



9Combustion Resources, Inc.

��(�
������������(�
����������

-�	���*	�����	������
�+	��-�	���*	�����	������
�+	��

White River oil shale mine site near Bonanza, UT
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1 17

77 1000
12.6 12.6

Inputed  Rates �� Inputed  Rates
lbm/min lbm/min lb-mol/hr

5.836 18 0.2918 0.97269

6 18
77 1000

12.85 12.6
�� Inputed  Rates �� Inputed  Rates

lbm/min lb-mol/hr lbm/min lb-mol/hr
16 0.1566 0.58718 18 0.0050 0.01667

7 19
77 1000

12.6 12.6
�� Inputed  Rates �� Inputed  Rates

lbm/min lb-mol/hr lbm/min lb-mol/hr
28.964 2.693 5.57855 18 0.0050 0.01667

20 22
1022 970
12.6 12.6

�� Inputed  Rates Inputed  Rates
lbm/min lb-mol / hr lbm/min

27.630 2.850 6.18802 4.889

25
1000
12.6

�� Inputed  Rates
lbm/min lb-mol/hr

1.2388 1.91292
�������	

Oil Vapors & Gas

Stream Oil Vapors & Gas + 
SteamTemperature (F)

Pressure (psia)

�������	

H2O

Stream
Raw Shale to KilnTemperature (F)

Pressure (psia)

�������	

CH4

Stream Rotary Valve Purge 
SteamTemperature (F)

Pressure (psia)

Pressure (psia)

�������	

H2O

�������	

Air

Stream
Temperature (F)
Pressure (psia)

�������	

H2O

StreamCombustion Fuel 
(CH4) to Kiln

Stream Combustion Air to 
KilnTemperature (F)

Pressure (psia)

Steam Purge for Kiln

Kiln Valve Purge SteamTemperature (F)
Pressure (psia)

�������	

CH4

Stream
Temperature (F)

�������	

Flue Gas

Stream

�������	

Spent Shale

Stream
Flue Gas OutTemperature (F)

Pressure (psia)
Spent Shale OutTemperature (F)

Pressure (psia)

Kiln Inputs

Kiln Ouputs
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�� )$D�	������������	��������&��(���	)$D�	������������	��������&��(���	
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�� ���&���	���E����&�����&�������	��(������&���	���E����&�����&�������	��(���

1

2

1
2

Energy in oil / total energy in the process (w/o mining, transportation and crushing)
Energy in oil / energy in the raw shale
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