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ABSTRACT 

Biomass is an important contributor to the world economy. Agriculture and forest products 
industries provide food, feed, fiber, and a wide range of necessary products like shelter, 
packaging, clothing, and communications. However, biomass is also a source of a large 
variety of chemicals and materials, and of electricity and fuels. About 60% of the needed 
process energy in pulp, paper, and forest products is provided by biomass combustion. 

industries. 
starch-based ethanol fuels fortransportation. The biomass industry can produce additional 
ethanol by fermenting some by-product sugar streams. Lignocellulosic biomass is a 
potential source for ethanol that is not directly linked to food production. Also, through 
gasification biomass can lead to methanol, mixed alcohols, and Fischer-Tropsch liquids. 
The life science revolution we are witnessing has the potential to radically change the 
green plants and products we obtain from them. Green plants developed to produce 
desired products and energy could be possible in the future. Biological systems can 
already be tailored to produce fuels such as hydrogen. Policy drivers for increased use of 
biomass for energy and biobased products are reviewed for their potential contributions for 
a carbon constrained world. 

INTRODUCTION 

In the future, our energy systems will need to be renewable and sustainable, efficient and 
cost-effective, convenient and safe. Can the integrated development and use of our 
nation’s biologically-derived renewable resources contribute significantly to our energy 
independence, increased energy diversity, and reduced carbon emissions while at the 
same time fostering rural development, technological innovation and commercialization? 

We address biomass, derived fuels and energy, and biological hydrogen production 
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These processes could be improved to the point of energy self-sufficiency of these 
Today’s corn refinery industry produces a wide range of products including 

I 

TODAY’S BIOMASS ECONOMY FROM AN ENERGY VIEWPOINT 

The United States consumes about 94.2 quads (1 quad = 1 quadrillion Btu = 1.055 EJ) of 
all forms of energy self generated or imported. Of those, 7.1 quads are renewable energy. 
More than 3 quads provide residential and commercial heat, heat and power in industry, 
direct electricity production, as part of the energy and environmental services in residue 
disposal and landfill gas use, and transportation fuels from biomass. These various 
sources of bioenergy and their relationship with the conventional ,biomass industries are 
shown in Figure 1 [ l ] .  

As a primary energy source, biomass (43%) is just behind hydropower (51%) among the 
renewable resources. The Public Utilities Regulatory Policy Act (PURPA) of 1978 provided 
the incentive for industry to invest $15 billion, establish 66,000 jobs and create a biomass 
power industry worth $1.8 billiordyear (see Figure 2). A total of 0.75 quads or 1% of U.S. 
electricity is from biomass power, and more than twice that amount of energy is generated 
and used within the forest products industry. Waste to energy represents another 0.5 
quads. More than a thousand biomass facilities generate electricity or cogenerate for their 
own use 121. 

Utility restructuring is challenging many of these operations because of competition with 
facilities in which capital costs have already been amortized and can produce electricity at 
lower costs. Some and added bioenergy capacity cannot compete on cost alone because 
natural gas-fired combined cycle Plants have lower capital cost and moderate fuel costs 
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Figure 2. Electricity from Biomass in the United States. 

and are predicted to be stable. One way in which bioenergy can be helped is by finding 
ways to pay for the environmental service it can provide such as landfill avoidance. 
Another way is the renewable portfolio standard, which ensures a minimum level of 
renewables in the electricity portfolios of power suppliers in implementing jurisdictions. 

Today's bioenergy industry also produces liquid fuels, primarily ethanol, using 
approximately 6% of the corn grain produced each year. Production started in the late 
1970s and capacity has increased steadily due to the Federal tax incentive and various 
state and local tax credits. Bioethanol production from lignocellulosic biomass is beginning 
to emerge due to recent advances in conversion technology. The same biotechnology 
revolution that is driving near-term commercialization will drive down the cost of bioethanol 
manufacture over the next 10 years. A point of cost competitiveness with the wholesale 
gasoline price of today will be reached based on the use of inexpensive residues [3]. 

POLICY DRIVERS TO INCREASE BIOENERGY AND BIOBASED PRODUCTS 
The President issued Executive Order 13134 on August 12,1999 to coordinate Federal 
efforts to accelerate the development of 21st century bio-based industries that use,trees, 
crops, and agricultural and forestry wastes to make fuels, chemicals, and electricity. The 
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Order is titled “Developing and Promoting Biobased Products and Bioenergy”. The Order 
and related Executive Memoranda [4] were based on extensive literature and findings [3, 
51 from which the following can be concluded: 

There is a sufficient supply of biomass materials to provide food, feed, fiber and 
some level of energy, fuels and materials. The precise level and impact of energy 
production varies but a tripling of biobased products and bioenergy by 2010 is a 
Presidential goal. By 2020, the goal is a tenfold increase. 

Several drivers provide impetus to a bioenergy and biobased products effort. These 
include emerging market opportunities, increased rural development needs, 
reducing environmental impacts, increasing energy security and diversity, reduce 
fossil carbon emissions, and meeting the growing need for energy and materials 
with sustainable technologies. 

Many companies developing bioenergy and biobased products are emerging and 
others are large and generally more mature (corn refining and pulp and paper). 
Because of the nascent nature of the “business” a large emphasis on research, 
development and deployment is needed. 

There is no single agency, industry, or sector that can meet the challenges and 
needs to accomplish these aggressive goals on their own. All of these studies call 
for integrated efforts across federal agencies, current industrial sectors, academia, 
national laboratories, non-profit organizations, professional societies, public interest 
groups, etc. 

Several Congressional bills have emerged with strong bipartisan support. These have 
aligned objectives with the Executive Order and Federal Agency actions. They are 
summarized below: 

NEAR-TERM INCREASED BIOMASS USE 
Current industrial biomass use is primarily of residues of agriculture, forest products 
operations or urban and industrial residues. Additional crop residues could be collected 
for product or energy purposes. Additional increases in supply would have to come from 
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crops specially planted for these purposes. Figure 3 shows an example of a supply curve 
considering the residues and at what point some dedicated feedstock supply is needed. 
Life cycle analysis of a dedicated poplar plantation and electricity production through an 
integrated gasification combined cycle shows that there are almost no net carbon 
emissions [6]. The current conventional energy values are also included. 
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Figure 3. Supply curve of various biomass residues and dedicated feedstock plantations, 
for instance, of switchgrass, Salix. and poplars. 

MULTIPLE ENERGY OPTIONS FROM BIOMASS 

Biomass is a complex resource that can be processed in many ways leading to a variety 
of products. Biological routes can convert the carbohydrate portion of the lignocellulosic 
feedstock into ethanol, an oxygenate that can also be used as a fuel additive. The lignin 
component cannot be used this way and is combusted to generate heat and electricity. 
Gasification provides a way to generate syngas and from it the clean conventional fuels: 
Fischer Tropsch liquids, methanol, and others (see Figure 4). 
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Figure 4. From multiple biomass resources to a variety of fuels and energy products 
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Fuels from Biomass Efficiency (HHV) 

Methanol 54 

Hydrogen 60 

Fischer-Tropsch liquids (FTL) 49 

FTL (single pass) + electricity 

Ethanol 50% (1999); 63% (2015) 

26.5 (FTL); 17.2 electricity 

LONG-TERM RENEWABLE HYDROGEN PRODUCTION TECHNOLOGIES 

The use of solar energy to split water into oxygen and hydrogen is an attractive means to 
directly convert solar energy to chemical energy. Biological systems are reviewed below. 
There are also chemical and electrochemical systems that have long-term (>IO years), 
high-risk, high-payoff technologies for the sustainable production of hydrogen. These 
systems have been summarized by Padro [8], The biological processes include: 

1. Algal hydrogenases that evolve hydrogen at a rate that is 4 times that of the wild type, 
and are 3 4  times more oxygen tolerant [9]. 

2. Photosynthetic organisms with light harvesting, chlorophyll-protein complexes that 
effectively concentrate light and funnel energy for photosynthesis. These cells showed 
photosynthetic productivity (on a per chlorophyll basis) that was 6-7 times greaterthan the 
normally pigmented cells [lo], a phenomenon that could lead to significant improvements 
in the efficiency of hydrogen production on a surface-area basis. Various reactor designs 
are under development for photobiological hydrogen production processes (single-stage 
vs two-stage, single organism vs dual organism) [ l l ] .  

3. Systems to convert CO (found in synthesis gas) to hydrogen via the so-called water-gas 
shift reaction (CO + H,O = CO, + H,) at ambient temperatures. Microorganisms isolated 
from nature are used to reduce the level of CO to below detectable levels (0.1 ppm) at 
temperatures of around 25-50% in a single reactor (12,131. This process has significant 
potential to improve the economics of hydrogen production when combined with the 
thermal processing of biomass or other carbon-containing feeds. 

Comment 

From gasification 

From gasification 

From gasification 

From gasification, 
lower capital costs 

From hydrolysis 
and fermentation 

THE ROLE OF RENEWABLE FUELS IN A CARBON-CONSTRAINED WORLD 

Decarbonization of fossil fuels is a way to increase energy consumption without increasing 
carbon consumption in a carbon-constrained world. ,Removal of carbon from fossil fuels 
prior to use in energy production is likely to be far less costly than attempting to remove 
CO, from dispersed sources. If fossil fuels are converted to hydrogen in a central facility, 
the collection of CO, (or elemental carbon, depending on the process) is relatively simple 
compared to collecting CO, from every fossil-fuel-consuming vehicle on the road. Carbon 
neutral biomassderived transportation fuels offer solutions to this. 

CONCLUSIONS 

For renewable processing of biomass or direct biological hydrogen production the cost of 
the technologies still needs to be decreased through research, development, 
demonstrations, and diffusion of commercialized new technologies. Valuing the 
environmental and social contributions that biomass inherently makes can also help 
increase its use. Broad societal consensus on land and water use issues is needed, Each 
route still requires significant integrated efforts across federal agencies, multiple industrial 
sectors, academia, national laboratories, non-profit organizations, professional societies, 
public interest groups, etc. The challenge to make renewable resources a major 
commercial reality is equated to putting the man in the moon. The versatility of biomass 
and conversion technologies makes it suitable to either adapt to today’s fuel and vehicle 
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infrastructure or to be a part of a new infrastructure for hydrogen fuels and super efficient 
vehicles of the future. 
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