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Crude Oil 
Reserves

Latent heat of water vapor
in the bottom kilometer of 

the atmosphere

Heat content of tropical 
ocean water

100 m layer, 3°C

1 km
height

100 m 
depth

13 x 1021 J 130 x 1021 J7.3 x 1021 J

Replenishment times  
109 years 10 days 100 daysEric Michaud
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Crude Oil 
Reserves

Latent heat of water vapor
in the bottom kilometer of 

the atmosphere

Heat content of tropical 
ocean water

100 m layer, 3°C
bbl9101200×

J21103.7 ´=

bbl
J6106100×´

[1] World Crude Oil and Natural 
Gas Reserves, January 1, 2007, 
Energy Information 
Administration

[2] Energy Calculator, Energy 
Information Administation, 
http://www.eia.doe.gov

m
m
kg

1001000 3 ´

C
Kkg

J
°´

×
´ 34190

[6] density of water

[7] Assuming 100 m depth

[8] sensible heat of water

[9] Assuming 3°C

[10] Assuming the area of Earths’
tropical oceans = Area of Earth x 20%

[1]

[2]
210

m
kg

[3]

[4]

[5]

[3] Assuming 10 kg/m2 average 
moisture content in the bottom 1 km of 
the atmosphere

[4] Latent heat of water vapour

[5] Surface area of the Earth

J211013´=

kg
J6105.2 ×´

21210510 m×´

J2110130´=

[6],[7]

[8],[9]

%2010510 212 ´×´ m [10]

Eric Michaud



Although the atmospheric and sea energy resources cited above would 
normally be regarded as low grade and hence not available for power 
production, it will be argued that the highly non-linear processes within an 
atmospheric vortex allow the energy to be tapped.

Vortices are, in the words of the Nobel prizewinning chemist Ilya Prigogine, 
dissipative structures. Dissipative structures are far-from-equilibrium 
thermodynamic systems that generate order spontaneously by exchanging 
energy with their external environments. They include: 

• physical processes (eg whirlpools and tropical cyclones), 
• chemical reactions (eg Rayleigh-Benard cells - convection cells that 
appear spontaneously in a liquid layer when heat is applied from
below), and 
• biological systems (eg cells). 

Dissipative Structures
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The deficit 
between 
downgoing and 
upgoing radiation 
must be made up 
for by convection 
processes 
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The Heat Pipe

The heat pipe is an extremely efficient system for transmitting heat



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

Convection processes such as 
storms, cyclones and  tornados are 
the primary means of effectively 
pumping heat out of the ocean, into 
the atmosphere, and lifting it to 
where it can be re-radiated into 
space, thereby mitigating the heat 
build-up that otherwise occurs.



������!�������$���!���������	������

�����������

������������

����������

����!�������

��� � ������� � ������������������������������� �������� � � ��!��������

 ��!�

"��!�

#��!�

������/� ��

���	/�0��'��
�	���0������	��
������	�
��1
��	
�0�/�



���������������

-���� ������������ ��� ���� ��%���� ��#���� ��� ���� �����2� �
��!�������&�%�����!�����������������)�� � ����������� ��#������
����������!�����������$�������%������������,.

-���� ���� ��� ������� ���!� ����#������ ��� "�$����� ���� ��� ��$�� ���
�����������"���"������# ���������������������������� �����,�����
��������!�3��������#������������������"�$���������)�� �#������
��!������������������ ���������#��� ������"��,.

����$��%%%&%	���%
&����&����������	�!'�����������
� ����������
(���	)	��(��	��&����*���'�	��

���� ��������� )����3� ��#���� ��� �� � ���!� ��� �����$�� ��� �
�����!��������������# ������#��������������������



0����&�����
����3���#���*��$�����4�����
������1���������%��

Manzanares
200 m  high, 10 m  diam eter
Collector 0.04 sq. km
50 kw, 130 J/kg, 1 Mg/s
Spain 1982 to 1989

EnviroMission
1 km  high, 130 m  diam eter
Collector 40 sq. km  
200 MW , 800 J/kg, 300 Mg/s
Australia, 2005
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The Power of the Vortex

Diagrammatic representation of the dynamic vortex c himney in a tornado

“Funnel”
of visible

rising 
water 

vapour 
and warm 

air

The vortex naturally concentrates a highly buoyant and high-enthalpy air and 
water vapour mixture at its centre. It is thus an e xtremely non-linear system.

Moist air within the stagnant 
boundary layer is able to move 
towards the low pressure “eye”
due to the relative lack of 
centrifugal force

Air at altitude rotates with the 
vortex and cannot enter the 
cone of the vortex eye
On the other hand, the less 
dense water vapour content is 
preferentially displaced 
towards the eye by the 
centrifugal field



Airflow in a Vortex at Altitude

Centrifugal force

Pressure gradient force

At altitude, the pressure gradient force (inwards) exactly equals the centrifugal 
force (outwards). Air rotates without a significant  radial component

Low pressureHigh pressure Rotation

Diagram adapted from 
Divine Wind



Centrifugal forcePressure gradient force

Low pressureHigh pressure

Airflow in a Vortex at Ground Level

friction

Within the boundary layer, friction acts to reduce the rotational velocity and hence 
the centrifugal force.   The air is consequently ab le to spiral towards the low 
pressure at the vortex centre.

Diagram adapted from 
Divine Wind
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(The  colour coding  indicates  zones of equal  entropy) 



Geothermal Energy “Priming” of the Vortex Engine

Vortex Engines will have to be located, initially at least, far from 
population centres. There will be a powerful “not in my back yard”
effect.

Geothermal energy is therefore a prime candidate to prime the vortex 
engine process.

The Atmospheric Vortex Engine can work satisfactorily with low grade 
geothermal energy (<100oC), whereas typical Rankine cycle power 
plant requires temperatures above 200oC.

In the best geothermal fields in Australia, depths of 4+ km are required 
to get over 200oC.



Bore Drilling Costs vs Depth
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From the drilling cost graph, it can be seen that because of 
the power law on the drilling cost curve, the economics are 
radically improved by using shallower bores. Alternatively 
an otherwise uneconomic geothermal field can be tapped 
closer to the end use point, dramatically reducing 
transmission costs. For instance the Cooper basin field in 
Australia is about 1000 km from the end use point. 
Transmission costs are typically in the order of $1 million 
per km, hence adding $1 billion to the cost of a power 
station. 



Cooper basin



��!�������$�(������������

• ?����
�5�����
�	����������������.A��������
����
����	��%�������������	
�	��������������
�����
&�<�������	�	����#A�	
�	��������������
%�����)�����&

• ��� A��)������%������������+�������%�
������
!	�������������������
�������5�)������
��
����	�������	����������	�
�	���������	������
 ���5	��	��������
����%����&�



���� ��$������#� ��!"��� ���� ��)���� � ���
�����$��� $ $������ ���� ���������� ��� ��!��
��#����������#��"� �������������������*�������
�����!�������������$�,

����*�� ����&� "��� %�� ����� ��� ������ ��� $������� ���� �� $�����&�
���A���$ � � ���� �������� � ��� ���� ���$���B ���$�� ���� � ���� ����
)����3���#����������$�



(� �(��*�����
����%� C

<��� ���	�	��� ��� ���� 
�������	��� �	���� %����� 5��
!���� 5���%� ���� ��	�	���� ��)��� ��� %�	��� ���� )����4�
%����� 5�� 
����
�
��	�	��&� E���� ������ ��

	���
����������� 
����� �������� ���� )����4� ���	��� �����
�4�������
�%����� ���� ������� ��)��� 5������ 
�����
��	�	���&� <��� 75�������� ������ �����8 %����� ���� ���
-������	��� ���� )����4� ����� ���� 
�������	���
5�������� ������ �4����� ���� ����%	��� ���%� ��� �	��
��������������������������
��������5	��
&



(������������	�%���(����;��	����$��C

6�
��� ��� �� 
	�	���� ������ ��%��� ��� ��� �)������
�������� = � 30� �4������>� ���� ��� �)������

�
�������	�	��������������+�
��+�.�A+�����%���
������� ��� .��� /0� ������ 5�� �4������� ����
���	��&���



��%�!�$�����$����������$���"���3��$���C

A 200 MW vortex engine is expected to 
generate around 20,000 tonne of 
precipitation per day, assuming 1% 
atmospheric water content and evaporation 
losses of around 50% in falling to earth.

If it falls within a radius of 10 km, this would 
theoretically amount to only about 30 mm per 
annum. There is some reason to believe this 
may be amplified by natural processes.
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Ref: New Scientist    April 1, 2009   http://www.newscientist.com/article/mg20227024.400- rainforests-may-pump-winds-
worldwide.html



“The volumes of water involved in this process 
can be huge. More moisture typically evaporates 
from rainforests than from the ocean. The 
Amazon rainforest, for example, releases 20 
trillion litres of moisture every day.”

New Scientist 01 April 2009 
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A particle of water is recycled many times 
through the precipitation cycle as it moves inland 
through a forest such as the Amazon.  
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But a relatively small price to pay
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The End


