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A Product Non-Specific Framework for Evaluating the
Potential of Biomass-Based Products to Displace Fossil

Fuels
Lee R. Lynd and Michael Q. Wang

KEYWORDS:
bioenergy, biomass, energy balance, fossil fuels, life-cycle assessment
(LCA), renewable energy

SUMMARY:

The use of biomass as a raw material for production of fuels and
commodity chemicals is attracting increasing attention motivated by the
possibility of positive contributions to a sustainable resource supply,
enhanced national security, and macroeconomic benefits for rural
communities and society at large. Fossil fuel displacement exclusive of
product recovery can be estimated for biological processing of biomass in
the absence of product-specific information other than the product yield
and whether fermentation is aerobic or anaerobic. Based on this
observation, a framework is proposed for estimating fossil fuel
displacement on a per-unit-product or per-unit-biomass basis. Use of a
per-unit-biomass basis offers somewhat different insights as compared to a
per-unit-product basis and appears particularly appropriate for
consideration of the efficacy of resource or land use. Using the proposed
framework, the following feedstock and process factors are shown to be
particularly important in determining the extent of fossil fuel displacement
via biological processes: feedstock (corn or cellulosic) and, for corn,
harvest mode (e.g., with or without stover recovery); biological conversion
(aerobic or anaerobic); product yield; and the energy requirements for
product recovery. When all of these factors are favorable, as in the case of
the cellulosic ethanol scenario examined, significant fossil fuel
displacement can be achieved. When all of these factors are unfavorable,
as in the case of a scenario involving polyhydroxyalkanoate (PHA)
production from corn without stover recovery, no net displacement is
achieved. The proposed framework provides a means to screen processes
with respect to potential for fossil fuel displacement in the absence of
product-specific information, to gain general insights into feedstock and
process features important in determining the extent to which fossil
displacement is realized, and to rapidly incorporate product-specific
information into a preexisting evaluative rubric.
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Old Efforts at New Uses: A Brief History of Chemurgy
and the American Search for Biobased Materials

Mark Finlay

KEYWORDS:
agricultural utilization research, agrol, biobased products, National
Farm Chemurgic Council, new uses, synthetic rubber

SUMMARY:

The American search for biobased and renewable raw materials has a long
history of intermittent success and frustration. This article traces the
history of the chemurgy movement— a precursor to what are now
sometimes called agricultural “new uses” initiatives—from its context of the
1920s through its emergence as a political force in the mid-1930s, when
chemurgy offered a strategy for industries and governments interested in
reviving the agricultural economy and reducing dependence upon foreign
sources of industrial raw materials. Chemurgists put pressure upon the U.S.
Department of Agriculture to devote greater attention to crop utilization
research, efforts that were operational in time to make important
contributions to the U.S. economy during World War II. This article devotes
considerable attention to the postwar era, a period not discussed in most
histories of chemurgy. The article concludes with a tentative assessment of
issues that caused chemurgy to falter in the past as well as precautionary
lessons for the contemporary study of biobased materials.
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Surfactants Based on Renewable Raw Materials: Carbon
Dioxide Reduction Potential and Policies and Measures
for the European Union

Martin Patel

KEYWORDS:
biobased products, climate change, greenhouse gases (GHGSs), life-
cycle assessment (LCA), oleochemicals, petrochemicals

SUMMARY:

Under the European Commission’s European Climate Change Programme,
a group of experts studied the possibilities of using more renewable raw
materials as chemical feedstock and assessed the related potential for
greenhouse gas (GHG) emission reduction. Surfactants were among the
products studied. Surfactants are currently produced from both
petrochemical feedstocks and renewable resources (oleochemical
surfactants). Assuming, in a first step, that total surfactant production in
the European Union remains constant until 2010, it was estimated that the
amount of oleochemical surfactants could be increased from about 880
kilotons (kt) in 1998 to approximately 1,100 kt in 2010 (an increase of
24%). This substitution reduces the life-cycle CO2 emissions from
surfactants by 8%; the theoretical maximum potential for total substitution
is 37%. Because the surfactant market is expected to grow, the avoided
emissions will probably exceed 8% of the current life-cycle CO2 emissions
from surfactants. If compared to the CO2 emissions from the total
industrial sector and, even more so, if compared to the total economy, the
relative savings are much lower (0.02% to 0.09%). This leads to the
conclusion that the increased production and use of biobased surfactants
should be part of an overall GHG emission reduction strategy consisting of
a whole range of measures addressing both energy demand and supply.
This article also discusses policies and measures designed to increase the
use of biobased surfactants.
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Making Plastics from Garbage: A Novel Process of Poly-
L-Lactate Production from Municipal Food Waste

Kenji Sakai, Masayuki Taniguchi, Shigenbou Miura, Hitomi Ohara,
Toru Matsumoto and Yoshihito Shirai

KEYWORDS:
biodegradable plastic, biopolymer, lactic acid fermentation, municipal
solid waste (MSW), recycling, poly-L-lactate (PLLA)

SUMMARY:

We propose a novel recycling system for municipal food waste that
combines fermentation and chemical processes to produce high-quality
poly-L-lactate (PLLA) biodegradable plastics. The process consists of
removal of endogenous D,L-lactic acid from minced food waste by a
propionibacterium, L-lactic acid fermentation under semisolid conditions, L-
lactic acid purification via butyl esterification, and L-lactic acid
polymerization via LL-lactide. The total design of the process enables a
high yield of PLLA with high optical activity (i.e., a high proportion of
optical isomers) and novel recycling of all materials produced at each step,
with energy savings and minimal emissions. Approximately 50% of the
total carbon was removed, mostly as L-lactic acid, and 100 kg of collected
food waste yielded 7.0 kg PLLA (about 34% of the total carbon). The
physical properties of the PLLA yielded in this manner were comparable to
those of PLLA generated from commercially available L-lactic acid.
Evaluation of the process is also discussed from the viewpoints of material
and energy balances and environmental impact.
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Using Life-Cycle Assessment in Process Design:
Supercritical Water Gasification of Organic Feedstocks

Edgar Gasafi, Lutz Meyer and Liselotte Schebek

KEYWORDS:
design for environment (DfE), dominance analysis, hydrogen, impact
assessment, screening, sewage sludge

SUMMARY:

This article presents the application of life-cycle assessment in early
phases of process design in the context of technology that employs a bio-
based material. The goal is to identify hot spots in the process chains with
regard to environmental impacts by performing a dominance analysis. By
focusing his activities on the hot spots identified, the designer is given the
opportunity to efficiently improve environmental performance. This
approach is illustrated for the case of supercritical water gasification, a
novel technology for the treatment of organic feedstock with high moisture
content. In the reactor under supercritical conditions, organic components
are converted into a high-caloric synthesis gas, with hydrogen, methane,
and carbon dioxide as the main products. The data used for the
assessment are obtained from laboratory tests and the literature,
completed by assumptions for missing data. The scope of assessment
ranges from the extraction of raw materials to the product, that is,
hydrogen (cradle to gate) with sewage sludge of a municipal wastewater
treatment plant used as feedstock. The assessment identifies the main
sources of environmental impacts. The predominant process step in terms
of global warming potential is the supply of the gasification process with
additional heat. The production of a blending agent in the dewatering step
is the main source of the impact category of acidification, whereas the
wastewater treatment plant is the origin of emissions that lead to
eutrophication. The revealed sources are analyzed further and options for
reducing the environmental impacts are discussed.
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Comparing the Land Requirements, Energy Savings,
and Greenhouse Gas Emission Reduction of Biobased
Polymers and Bioenergy: An Analysis and System
Extension of Life Cycle Assessment Studies

\eronika Dornburg, Iris Lewandowski and Martin Patel

KEYWORDS:
agriculture, biomass, biopolymer, land use, plastics, renewable fuels

SUMMARY:

This study compares energy savings and greenhouse gas (GHG) emission
reductions of biobased polymers with those of bioenergy on a per unit of
agricultural land-use basis by extending existing life-cycle assessment
(LCA) studies. In view of policy goals to increase the energy supply from
biomass and current efforts to produce biobased polymers in bulk, the
amount of available land for the production of nonfood crops could become
a limitation. Hence, given the prominence of energy and greenhouse issues
in current environmental policy, it is desirable to include land demand in
the comparison of different biomass options. Over the past few years,
numerous LCA studies have been prepared for different types of biobased
polymers, but only a few of these studies address the aspect of land use.
This comparison shows that referring energy savings and GHG emission
reduction of biobased polymers to a unit of agricultural land, instead of to
a unit of polymer produced, leads to a different ranking of options. If land
use is chosen as the basis of comparison, natural fiber composites and
thermoplastic starch score better than bioenergy production from energy
crops, whereas polylactides score comparably well and
polyhydroxyalkaonates score worse. Additionally, including the use of
agricultural residues for energy purposes improves the environmental
performance of biobased polymers significantly. Moreover, it is very likely
that higher production efficiencies will be achieved for biobased polymers
in the medium term. Biobased polymers thus offer interesting
opportunities to reduce the utilization of nonrenewable energy and to
contribute to GHG mitigation in view of potentially scarce land resources.
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Energy and Environmental Aspects of Using Corn

Stover for Fuel Ethanol
John Sheehan, Andy Aden, Keith Paustian, Kendrick Killian, John Brenner,
Marie Walsh and Richard Nelson

KEYWORDS:
agricultural residues, biofuels, biomass, E85, life-cycle assessment (LCA),
soil organic carbon (SOC)

SUMMARY:

Corn stover is the residue that is left behind after corn grain harvest. We
have constructed a life-cycle model that describes collecting corn stover in
the state of Iowa, in the Midwest of the United States, for the production
and use of a fuel mixture consisting of 85% ethanol/15% gasoline (known
as “E85”) in a flexible-fuel light-duty vehicle. The model incorporates
results from individual models for soil carbon dynamics, soil erosion,
agronomics of stover collection and transport, and bioconversion of stover
to ethanol. Limitations in available data forced us to focus on a scenario
that assumes all farmers in the state of Iowa switch from their current
cropping and tilling practices to continuous production of corn and “no-till”
practices. Under these conditions, which maximize the amount of
collectible stover, Iowa alone could produce almost 8 billion liters per year
of pure stover-derived ethanol (E100) at prices competitive with today’s
corn-starchderived fuel ethanol. Soil organic matter, an important indicator
of soil health, drops slightly in the early years of stover collection but
remains stable over the 90-year time frame studied. Soil erosion is
controlled at levels within tolerable soil-loss limits established for each
county in Iowa by the U.S. Department of Agriculture. We find that, for
each kilometer fueled by the ethanol portion of E85, the vehicle uses 95%
less petroleum compared to a kilometer driven in the same vehicle on
gasoline. Total fossil energy use (coal, oil, and natural gas) and
greenhouse gas emissions (fossil CO2, N20, and CH4) on a life-cycle basis
are 102% and 113% lower, respectively. Air quality impacts are mixed,
with emissions of CO, NOx, and SOx increasing, whereas hydrocarbon
ozone precursors are reduced. This model can serve as a platform for
future discussion and analysis of possible scenarios for the sustainable
production of transportation fuels from corn stover and other agricultural
residues.
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Cumulative Energy and Global Warming Impact from
Production of Biomass for Biobased Products

Seungdo Kim and Bruce Dale

KEYWORDS:
agriculture, alfalfa, corn, life-cycle assessment (LCA), soybeans,

switchgrass

SUMMARY:

The cumulative energy and global warming impacts associated with
producing corn, soybeans, alfalfa, and switchgrass and transporting these
crops to a central crop processing facility (called a “biorefinery”) are
estimated. The agricultural inputs for each crop are collected from seven
states in the United States: Illinois, Indiana, Iowa, Michigan, Minnesota,
Ohio, and Wisconsin. The cumulative energy requirement for producing
and transporting these crops is 1.99 to 2.66 megajoules/kilogram (MJ/kg)
for corn, 1.98 to 2.04 MJ/kg for soybeans, 1.24 MJ]/kg for alfalfa, and 0.97
to 1.34 MJ/kg for switchgrass. The global warming impact associated with
producing biomass is 246 to 286 grams (g) CO2 equivalent/kg for corn,
159 to 163 g CO2 equivalent/kg for soybeans, 89 g CO2 equivalent/ kg for
alfalfa, and 124 to 147 g CO2 equivalent/kg for switchgrass. The detailed
agricultural data are used to assess previous controversies over the energy
balance of bioethanol and, in light of the ongoing debates on this topic,
provide a needed foundation for future life-cycle assessments.
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Life-Cycle Assessment of Mineral and Rapeseed Oil in
Mobile Hydraulic Systems

Marcelle C. McManus, Geoffrey P. Hammond and Clifford R.
Burrows

KEYWORDS:
biobased products, biodegradable fluids, biolubricants, functional unit,

machine performance, product use

SUMMARY:

The use of rapeseed oil in mobile hydraulic systems has become more
widespread over recent years. This is because of concern about the
environment in which the systems work and the perceived benefit of using
such fluids. This article examines the major segments of the life cycle of
mineral and rapeseed oil as used in mobile hydraulic systems, with case
studies of a forestry harvester and a road sweeper. It shows that the
systems running on rapeseed oil are not necessarily better for the
environment. Many of the environmental issues examined in the study
were affected more negatively by the use of rapeseed oil than mineral oil.
The main exception to this was greenhouse gas emissions, which are
consistently higher for systems using mineral oil because of the use of
fossil resources. This study examines the production of the machinery, the
oils, and their use throughout the machines’ lives. The poor environmental
performance of the rapeseed oil is due mainly to its poor performance in
the field. This is because it does not respond as well to high pressure and
temperature as mineral oil, causing it to need more frequent replacement
during use. This, in turn, influences the definition of the functional unit
used in the life-cycle assessment that was conducted. Also, the rapeseed
oil has more corrosive qualities than the mineral oil, and more hydraulic
components need replacing during the life of a machine running on
rapeseed oil than one running on mineral oil.
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A Sustainability Assessment of a Biolubricant

Bryony Cunningham, Nigel Battersby, Walter Wehrmeyer and
Catriona Fothergill

KEYWORDS:
biolubricant, environmental indicators, hydraulic fluid, life-cycle
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SUMMARY:

A sustainability matrix has been developed at Shell Global Solutions to
show the environmental, social, and economic impacts of a product. The
approach aims to be quicker and more cost-effective than a conventional
life-cycle assessment by focusing on specific areas of concern through the
product life cycle and then comparing products by scaling their impacts
relative to one another. It provides a way of making qualitative and
quantitative assessment that gives a depth to the assessment beyond data
analysis. The tool includes subjective judgment, which tends to reflect
current thinking in the company. Once the tool has been fully tested on all
product types, the indicators that are central to the process will be
assessed by external stakeholders. This article describes the development
of the sustainability assessment tool and presents an example that
compares the sustainability of a biolubricant (an “environmentally
acceptable” hydraulic fluid meeting Swedish Standard SS 15 54 34) with
that of a conventional mineral-oil-based product. The tool provides a quick
decision-making instrument to help Shell decide which products should be
marketed for the business to continue on a sustainable path. The tool also
provides a more detailed level of information if a more thorough
assessment is necessary.
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SUMMARY:

This article provides a brief overview of federal initiatives in the United
States to support biomass research, demonstration, and development. The
interest in the biomass industry and U.S. federal efforts to spur
development of, increased production of, and use of biopower, biofuels,
and biobased products, collectively known as the “biomass industry,” are
discussed. A growing level of leadership from the executive branch of the
federal government and support by the U.S. Congress are documented.
Five important policy drivers that support this heightened emphasis on
biomass for power, fuels, and products are identified and discussed. The
current status of U.S. dependence on these renewable energy sources is
briefly outlined. Federal biomass funding activity for the current fiscal year
by the U.S. Department of Agriculture and the U.S. Department of Energy,
two major federal participants in research, demonstration, and
development for this industry, is briefly outlined. This funding commitment
is placed into an overall context of total federal support for all research and
development. Finally, the article suggests future market penetration
targets for this industry, emphasizes the importance of infrastructure
development necessary to support the industry’s growth, and notes the
payoff from such development for farmers, foresters, rural communities,
and the environment.
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