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Economic Implications of a Bioeconomy 

•  Historical perspective 

•  Forests and agriculture 

•  Huge economic potential 

•  Revitalization of rural areas, 
economies 

•  Economics and environment 

•  Discarded material as an 
economic opportunity 



Historical Perspective 
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Ethanol 
1826 – First internal combustion engine 
that would run on turpentine and ethanol. 

1876 – Engine that would run on gasoline 
and ethanol. 

1896 – Henry Ford unveils Quadricycle, 
designed to run on pure ethanol. 

1908 – First Model T Ford designed to run 
on ethanol, gasoline, or kerosene. 



Ethanol 
1919-1927 – Prohibition era. Illegal to 
manufacture, sell, or transport alcohol. 

1939-1945 – ethanol again used to fuel 
transport vehicles. 



Forests and Agriculture 



Materials upon which the early 
bioeconomy was based were an 

intricate blend of forest and 
agricultural products. 



And the bioeconomy of the 
future is likely to be as well. 





Considerations Regarding Biomass 
Feedstock 

Source: Golden, J. and Handfield, R. 2014. Opportunities in the Emerging 
Bioeconomy. USDA Biopreferred Program.  

Most expensive 
Transportable (energy dense) 
Easily refined 

Moderately expensive 
Transportable and storable 
Easily converted to sugar 

Moderately expensive 
Direct source of fermentable sugar 
Immediate processing req.  

Cheapest feedstock 
Transport limited, storable 
Most difficult to process 

          Considerations           Feedstock  Crops 

•  Soy 
•  Palm 
•  Jatropha 

•  Corn 
•  Cassava 

•  Sweet sorghum 
•  Sugarcane 
•  Sugar beet 

•  Biomass sorghum 
•  Perennial grasses 
•  SRWCs 
•  Wastes and residues 
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The Economic        
Potential is HUGE 

 
 



The annual U.S. bio-based economy 
has been variously estimated at:   

Economic 
Impact Employment Source 

$ 50 billion 250,000 
(direct) 

Joint Agency 
Report (2016) 

$393 billion 4,220,000 
(direct & indirect, 
limited industry 

definition) 

USDA (2015) 

$1.25 trillion 6,100,000 
(Includes broad 

industry definition and 
direct & indirect 
employment) 

U.S. Biotechology 
Industry 
Organization  
(2012) 



Source: USDA (2015). 
Includes: Farming and Forestry, Biorefining, Biobased Chemicals, Enzymes, Bioplastic 

Bottles and Packaging, Forest Products, and Textiles. Does not include Energy, 
Livestock, Food, Feed, and Pharmaceutical industries. 

U.S. Biobased Products Industry, 2014. 



Direct Value Added Contribution of 
Biobased Products Industry, 2013 

Source: USDA (2015) 



Contribution of Bioproducts Industry 
to Michigan Economy, 2013 

Source: USDA (2015) 



The EU Bioeconomy is estimated 
at €2.1 trillion ($2.2 trillion) 

with employment of 18.3 
million. 

   
Bio-based Industries Consortium (BIC), 

Brussels, March 3, 2016 



Biomass Value Pyramid 
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Source: Eickhout, B. 2012. A Strategy for a Bio-Based Economy.  EU Free 
Alliance.  (www.bio-basedeconomy.nl) 
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Opportunities by Sector 



Biochemicals 



Chemical and Material Demand 10% from Renewable Resources by 2020 
~$400 billion/year in products (2 times current Forest Products) 

US DOE Technology Roadmap for Plant/Crop based Renewable Resources 
2020, Renewable Vision, February 1999 www.oit.doe.gov/agriculture/ 

DOE - U.S. Biochemicals Growth Potential  

1998 



Of all goods manufactured in the 
U.S., 96% incorporate a 

chemical product, accounting for 
almost $3.6 trillion of the 

nation’s GDP. 

(Milken Institute, 2013) 



McKinsey & Company estimates 
that biochemicals will account 

for 11% of the $3.4 trillion 
global chemical market by 2020, 

with sales of $375-441 billion 
and a compound annual growth 

rate of 8%.  
 

Biotechnology Innovation Organization (BIO) 
(2016) 



Cargill and McKinsey & 
Company have indicated that 
there is potential to produce 

two-thirds of the total volume 
of chemicals from bio-based 
material, representing over 

50,000 products, a $1 trillion 
annual global market.  

(Nelson, P. et al. 2010. The Bioeconomy: A New Era of 
Products Derived from Renewable Plant-Based 

Feedstock, Chapter 1.)  



Most market growth will occur 
in specialty chemicals and 

polymers.  

(OECD 2009) 

Specialty chemicals, such as 
adhesives, surfactants, and 

solvents, will account for 60% of 
biotech-based chemical 

production in 2025.  
 



Based on announced capacity 
construction, Lux Research 

projects biobased production 
capacity for intermediate 

chemicals to reach 2.9 million 
metric tons in 2018, reflecting 

an 11 percent compound 
annual growth rate. 

(BIO 2016) 



The White House Office of 
Science and Technology has 

projected that just one 
application of cellulose 

nanomaterials – in this case in 
the paper industry – could create 
as many as 425,000 jobs in the 

U.S. by 2020. 

Source: Golden, J. and Handfield, R. 2014. Opportunities in the Emerging 
Bioeconomy. USDA Biopreferred Program.  



Bioplastics 



Global bioplastics production 
capacity is forecast to rise from 
1.7 million metric tons (mmt) in 

2014 to 6.1 mmt in 2021. 

Source: European Bioplastics 
(November 2016)  



About 60% of bioplastics 
production in 2014 was durable 

plastics, with an increase to 
80% forecast for 2019. 

Source: European Bioplastics 
(November 2015)  



Biodegradable plastics 
production is expected to 

increase from 0.7 to 1.2 mmt 
during the period 2014-2109. 

Source: European Bioplastics 
(November 2015)  



Bioenergy 



Source: Renewable Fuels Association (2016) 

Historic U.S. Ethanol Production, 1980-2015 
16 billion 

Direct jobs: 
85,967 
 
Indirect 
jobs: 
271,440 
 
$44 billion 
contribution 
to GDP 



Biomass is seen as playing a 
particularly important role in 

energy uses that are difficult to 
electrify, such as aviation, long-

haul trucking, and heat 
production in certain industrial 

sectors.  
 

Source: White House report to the UNFCCC: United States 
Mid-Century Strategy for Deep Decarbonization. (2016)  



Annual U.S. Consumption of Aviation 
and Diesel Fuel 

Fuel Type 

Current Biofuel 
Consumption 

(annual) 

Fossil-based Fuel 
Consumption 

(annual) 
Aviation fuel -- 22 billion gallons 
Diesel fuel 130-140 million 

gallons 
61 billion gallons 

 
(39 billion gallons 
for long-distance 
highway travel) 

Source: EIA (2016) 



Overall Outlook 



Total direct revenue could 
reach approximately $250 

billion annually, with a total 
economic impact of $660 
billion each year including 
indirect economic outputs 

from the bioeconomy. 

Source: Joint Agency Report. 2016. Federal Activities Report on the 
Bioeconomy. DOE/USDA/EPA/DOI/NSF/DOD/DOT/Office of Science and 

Technology, White House.  



The cumulative job benefit 
could be over a million new 

positions that cannot be 
outsourced from the United 

States.  

Source: Joint Agency Report. 2016. Federal Activities Report on the 
Bioeconomy. DOE/USDA/EPA/DOI/NSF/DOD/DOT/Office of Science and 

Technology, White House.  



A strong bioeconomy will 
especially boost job growth in 

the high-paying technology 
field, with positive effects 
throughout much of the 
agriculture, aquaculture, 

forestry, and service sectors 
of the economy. 

Source: Joint Agency Report. 2016. Federal Activities Report on the 
Bioeconomy. DOE/USDA/EPA/DOI/NSF/DOD/DOT/Office of Science and 

Technology, White House.  



Revitalization of Rural 
Areas/Communities 

 
 



The emerging bioeconomy has 
the potential to create 

unprecedented growth in the 
rural economy and create a 

higher level of self-sufficiency 
for farming and rural 

communities.  

Source: Eickhout, B. 2012. A Strategy for a Bio-Based Economy.  EU Free 
Alliance.  (www.bio-basedeconomy.nl) 

 



In a 98-county area in the 
Mississippi Delta region, 
lignocellulosic feedstock 

processing could support a 
biomass industry worth over 

$8B annually and create 
50,000 jobs by 2030 in the 

study area alone. 

(Tripp et al., 2009)  



In this study it was assumed 
that 10% of cropland, 25% of 

idle lands, 25% of 
conservation reserve program 
land, and 15% of pasture land 

would be utilized. 

(Tripp et al., 2009) 



The high cost of transporting 
biomass will necessitate 

decentralization of biorefineries 
across rural areas.  

(Thomas G. Johnson and Ira Altman, 2014) 



48 

Biorefinery:  Cluster of bio-based industries 
producing chemicals, fuels, power, products, 

and materials. 

Source:  NREL 



Local production of energy will 
simultaneously reduce the need 

to pay for the import of 
petroleum and the need to pay 

for the transportation of 
products to export destinations.  

(Thomas G. Johnson and Ira Altman, 2014) 
 



By becoming bioenergy 
producers, manufacturers and 

companies that are major 
consumers of processed energy 

will find rural areas more 
attractive than they do now.  

(Thomas G. Johnson and Ira Altman, 2014) 



Economics and the 
Environment 

 
 



•  Enhancing water quality/ 
quantity, 

•  Maintaining soil productivity 
•  Protecting grasslands, 

wetlands, conservation 
reserve areas, 

•  Controlling air and water 
emissions at small scale  

 



 
 
 

Addressing environmental 
issues will be critical to 

realization of the full 
potential of the bioeconomy. 



Discarded Material                        
as an                                   

Economic Opportunity 



Summary 



Questions? 

jimbowyer@comcast.net                    www.dovetailinc.org 


