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250,001 – 500,000
500,001 – 750,000
750,001 – 10,000,000
750,001 – 10,000,000
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2000 - 2200
<2000

2201 - 2400
2401 - 2600
2601 - 2800
2801 - 3000
3001 - 3200
3201 - 3400
>3400

Avg. Annual Sunlight (hrs)

Source: Sandia National Labs
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50 billion gal/y

20 billion gal/y
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15.4 M ac

24.5 M ac

22.2 M ac

7.7 M ac

3.0 M ac

12.2 M ac

4.9 M ac

4.4 M ac

11.1 M ac
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Sunlight hrs/day
2000 - 2200
<2000

2201 - 2400
2401 - 2600
2601 - 2800
2801 - 3000
3001 - 3200
3201 - 3400
>3400

Avg. Annual Sunlight (hrs)

Source: EIA Energy Outlook 2009; Note: Includes projected U.S. emissions, and rest of world assumed to increase at 
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Sewage Treatment
Feedlots

Source: HSIP 2007, via NREL
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Footprint of 
500MW co-fired 
power plant
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6500 gal/ac· yr*

Footprint of 
500MW co-fired 
power plant

* assumes 4 lb CO2 per 1 lb TAGs and 7.7 lbs per gallon.
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6500 gal/ac· yr*

Footprint of 
500MW co-fired 
power plant

MSP Airport

* assumes 4 lb CO2 per 1 lb TAGs and 7.7 lbs per gallon.
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Source: Benemann and Oswald (1996), Christi (2007), Richmond (2004), Molina Grima et.al. (2003), NMSU (2007), Solix (2007), 
General Atomics (2007), Cal Poly (2007), Taple and Bernard (1987) 
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Continuous 
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Separation and
Purification

>����
���
���
������ �������
����������
�
�%��';<9�

��������������������

���"��	�"��	����	��?	��
	��	����	�
	�
������	������ �
���

�"�	����

	��
	��	��3��	��	
��"�	���
�	�����	��	�"� 	�������

	�
��
����	���"��	�"�
	" 1�		

%���
"������	�����
����	�
���	��
��������
�	> K	�
	�"�	�"����
�� ����
�		%����
���!	

	
���"	���
��
���
� "��	���
	���������	�
	�"�	�������� ���

Biomass lysing
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• The basic tenet is that animals and plants tend to 
reproduce heedlessly until ‘room and nourishment’
are limited

• Malthus asserted that the Earth had essentially 
reached its limit in its ability to support populat ion.

• He failed to fully consider technological 
advancements and human reproductive trends.

• Malthus has strongly influenced the debate that ra ges 
on today and how we think about sustainability.

Source: “An Essay on the Principle of Population”, TR Malthus

Malthus’ 1798 essay began the rational discussion of  resources
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• UN in 1980s: ‘sustainable development meets the needs of 
the present without compromising the needs of futur e 
generations.’

• E.O. Wilson: ‘the common aim must be to expand resources 
and improve quality of life for as many people as h eedless 
population growth forces upon Earth, and do it with  
minimum prosthetic dependence.’

Emphasis on reducing fossil fuels (as opposed to displacing 
petroleum) and criticality of systems thinking (MTB E).

Emphasis is on reducing fossil fuels: systems think ing 

Source: WCED: Our Common Future: A Report of the United Nations’ World Commission on   
Environment and Development Oxford University Press; 1987.  
Wilson EO: To what end? Consilience: The Unity of Knowledge. Alfred A. Knopf; 1998:. pp. 266–298.
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Source: Adapted from Current Opinion in Biotechnology, Sheehan

Biomass 
Production

Biomass 
Transport

Biomass 
Conversion

Fuel
Distribution

Vehicle Fuel
Combustion

Consequential LCAs show the pressures on land and wa ter

Direct emissions and resources (directly measurable)

Global Agricultural
Land Use

Global energy demand

Global food demand

Population

Dietary Trends

Land and water management

Food, feed, and fiber production technology

Global energy supply

Trade Policy
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Brief synopsis of experience and background 
Mike Ritzenthaler, PE, is President and CEO of Pine River Petrochemicals LLC, a seed stage venture with technology to 
convert algal lipids into products for the chemical  industry.  He has spent his professional career as a chemical engineer 
working in the bioproducts field.  

Mike was an original team member at NatureWorks LLC,  a Cargill company that makes PLA resin, a thermoformed 
bioplastic made from lactic acid.  While at NatureWo rks, Mike was involved in many aspects of NatureWor ks’ business 
from investigating alternative feedstocks such as li gnocellulosics, to the fermentation and production of lactic acid, to 
manufacturing of finished PLA resin.  In particular , Mike was active in U.S. Department of Energy biomass projects 
including solicitation proposals and research and d evelopment work in the field of hydrolysis of ligno cellulosic feedstocks
to carbohydrates, ethanol, and organic acids.  He is a co-inventor of a patent for a process for fractionating lignocellulosics
and collaborated on other patent applications for g enetically modified yeasts capable of fermenting hemicellulose sugars.  

Mike has also worked in the engineering and constru ction field at AMEC.  With AMEC, he managed the des ign and 
construction of bioproduct plants throughout the U.S . for a wide variety of clients and processes.  Mike has also worked in 
finance for a multi-billion dollar hedge fund locat ed in Minneapolis where he was primarily responsibl e for financial 
modeling, operations, and business development activities.  

Pine River Petrochemicals was started in June 2009 with Phil Hardy.  The team is vigorously pursuing s trategic 
relationships with electricity generators, universi ties, and industry partners to commercialize algae technology. Mike is also 
the inventor of all the patent-pending technology u sed by Pine River Petrochemicals.  He received a Bachelor of Science 
degree in Chemical Engineering from Washington Univ ersity in St. Louis where he was awarded the Boeing Excellence in 
Research Prize for collaborative work with NASA, an d was nominated into Sigma Xi for novel polymer res earch.  He also 
received a Bachelor of Arts degree in Chemistry from Lawrence University, and a Master of Business Administration from 
Carlson School of Management at the University of M innesota.
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Mike Ritzenthaler:
• phone: 952.221.4391
• email: ritz0015@umn.edu
• cleantech open: www.cleantechopen.com
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