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Establishing a Grass Energy Crop Market in the Decatur Area
Executive Summary
This report comes at a time when there is increased interest in and support for renewable energy
sources to reduce dependence on foreign oil. In addition, increasing numbers of policy makers,
corporate leaders, organizations and individual citizens are coming to accept the importance of
reducing carbon emissions in order to mitigate global climate change. Energy from biomass –
defined here as plant material (other than grain) suitable for use as a renewable energy source –
is one way to accomplish that goal.
Much of the recent attention on biomass is directed toward its potential use as feedstock for
producing cellulosic ethanol as a transportation fuel. Biomass can also be burned as a solid fuel
to generate electricity and/or useful heat. This is already done widely with wood wastes used for
energy by the forest products industry or as wood pellets for home or commercial heating. The
Biomass Energy Learning Group that guided this project focused on utilization of biomass for
power and heat, rather than conversion to ethanol. The reasons for that emphasis are:
•
•
•
•

Fully proven technologies are now available to use biomass to heat buildings or generate
steam and electricity at an industrial scale.
Biomass utilization for power and heat can provide significant reduction in carbon
dioxide emissions.
Biomass from grass polycultures (mixtures of species) can be used for direct combustion.
Establishing markets for perennial grass crops as soon as possible may help to protect
water quality.

This report is intended to serve both as a feasibility assessment for a Decatur-area biomass
market and as a template that can be adapted to local circumstances throughout the Midwest and
beyond.

Types of biomass investigated. This project focused on energy grasses. The two grasses
that have received the most attention as bioenergy feedstocks are switchgrass and miscanthus.
Switchgrass is a perennial grass native to nearly all parts of the United States. It was first
identified as a candidate species for energy use in studies conducted at Oakridge National
Laboratory starting in the 1970s. Miscanthus is a perennial grass originally from Southeast Asia
and now used for bioenergy in Europe. The variety of most interest as an energy feedstock is
Mscanthus x giganteus, a high-yielding sterile hybrid propagated vegetatively through rhizomes.
The major bioenergy research program at University of Illinois studies both of these species with
an emphasis on Miscanthus.
This project also explored potential use of polycultures of native prairie plants for bioenergy.
Per acre yield is expected to be lower for prairie polycultures than for switchgrass or Miscanthus
monocultures. But polycultures offer other significant benefits:
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•
•
•

Stands of restored prairie and other native polycultures already exist in Central Illinois
that could potentially support the beginning of biomass commercialization.
Mixed prairie grasses are part of the natural Illinois ecosystem and can enhance plant
diversity, soil ecology, wildlife habitat, and resistance to diseases and pests.
Such native polycultures are an appropriate option for “multifunctional agriculture”, the
co-production of biomass feedstocks and ecosystem services.

Economics of biomass crop production. The economics of producing perennial grasses
differs in some important ways from annual row crops. In general, two growing seasons are
needed before the first harvest and three seasons before full yield is reached. There will be little
revenue from crop sales in the two-year establishment period. However, once established,
energy grasses do not require annual replanting and generally need minimal management or
inputs. Grasses grown for biomass energy are generally harvested annually in late fall or winter
when above-ground moisture and nutrient content (both detrimental to energy use) are lower.
For the economic analysis of switchgrass and miscanthus, we used assumed annual yields of 4
and 10 dry tons per acre, respectively. We estimated delivered cost of biomass in baled or
chopped form to a purchaser 25 miles from the production field. Establishment costs were
annualized and included in costs for the years of full production. Cash rent or opportunity cost
of land represents a large portion of the production cost. Total estimated production costs
(including 25-mile transport) per dry ton with and without land cost are:
•
•
•
•

Switchgrass – baled
Switchgrass – chopped
Miscanthus – baled
Miscanthus – chopped

With land cost
$110.32
$98.40
$62.39
$48.18

Without land cost
$50.32
$38.50
$40.56
$26.35

Potential local markets. Two local scenarios were analyzed in detail as potential near-term
markets for energy grasses:
•
•

Co-firing with coal in industrial cogeneration boilers and
Pelleting for home or commercial heating.

These are not the only viable options, but they illustrate the economics of two realistic scenarios.
Two Decatur-area projects now under development may provide a market for energy grasses:
•
•

Secure Energy LLC plans to build a coal gasification facility in Decatur to produce
pipeline-quality syngas. Its design will allow up to 10% of its fuel supply to be biomass.
The City of Monticello, located 25 miles northeast of Decatur, is investigating building a
2 Megawatt (MW) biomass cogeneration facility using gasification technology.

Co-firing chopped grasses in boilers using fluidized bed combustion technology is believed to
require minimal processing at the point of use. Material handling and combustion tests are
needed to confirm or amend this assumption. Pelleting energy grasses for use a heating fuel

Establishing a Grass Energy Crop Market
In the Decatur Area

2

August 2007

would require a facility to process baled grass into finished pellets. Pellet production costs were
estimated using information from equipment manufacturers and knowledgeable individuals.

Estimating the price gap. As expected, the analysis confirmed that the current energy value
of grass biomass crops is significantly less than the price a farmer would need to receive for its
profitable production. Our estimate of this price gap for the scenarios analyzed is:
•
•
•
•

Co-firing chopped switchgrass in industrial boilers
Pelleting baled switchgrass as a heating fuel
Co-firing chopped miscanthus in industrial boilers
Pelleting baled miscanthus as a heating fuel

$74/ton
$73/ton
$24/ton
$23/ton

Payments for ecosystem services. Growing perennial energy grasses can provide valuable
benefits including reduced soil erosion and improved water quality and wildlife habitat. Using
biomass to replace fossil fuels provides renewable energy and reduces emission of greenhouse
gases and air pollutants. Payments associated with these environmental benefits can reduce or
eliminate the gap between the current energy value and the production cost of perennial biomass.
USDA farm programs, including but not limited to the Conservation Reserve Program, provide
payments to landowners for conservation practices on eligible land. Changing the CRP rules to
allow harvesting biomass (compatible with conservation objectives) could effectively cover all
or most of the opportunity and establishment cost for energy grasses grown on environmentally
sensitive land. Prairie polycultures grown on nature preserves, land managed for wildlife habitat,
and fallow or idle land could be harvested for energy use (again, compatible with conservation
objectives). There would be little or no opportunity cost associated with this practice since
landowners have already decided to voluntarily forego crop revenue. Wildlife organizations,
cities interested in protecting water supplies, and other entities benefiting directly or indirectly
from land planted in perennial grasses could be sources of additional payments to landowners.
Congress, state governments, and the private sector are considering or acting on mechanisms to
promote clean, renewable energy and reduce greenhouse gas emissions. These can be either
mandatory (Renewable Portfolio Standards, cap-and-trade systems) or voluntary (utility “green
pricing”, carbon offsets). An analysis for the Chariton Valley (Iowa) Biomass Project found that
burning switchgrass as a coal substitute reduces CO2 by about 360 pounds for each million btus
of switchgrass; this equates to about 2.7 tons of CO2 reduction per ton of switchgrass. If the U.S.
had carbon limits comparable to Europe’s current system, that amount of CO2 reduction could be
priced in the neighborhood of $50. (The energy producer “owns” the credits; the expected
increase in the price paid to farmers for producing biomass would be significantly lower.)

Growing energy grasses in the Decatur area. The area has a high percentage of prime
farmland well suited to corn and soybeans. Assuming that a small percentage of local land will
be used for energy grasses in the foreseeable future, marginal economic analysis suggests
growing these crops on areas of low agricultural value and high environmental benefit. In broad
terms, this may be near watercourses and in flat upland areas subject to ponding. The area is
suitable for research on landscape design and cropping systems to optimize co-production of
bioenergy feedstock and ecosystem services in a watershed dominated by annual row crops.
Establishing a Grass Energy Crop Market
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Local Roadmap to Establish a Grass Energy Crop Market. These actions are aimed at
a near-term market for biomass used for power and heat. Over time, technological advances,
public policies, and market economics will determine the highest and best use for energy grasses.
•

Form an ongoing Biomass Energy Council – The biomass learning group convened for
the current project should evolve into a continuing group to play an active role in guiding
and supporting early stages of commercial production and use of perennial energy crops.

•

Inventory currently available biomass – This inventory will emphasize native prairie
polycultures in nature preserves and on private lands and the extent to which such
biomass can be harvested without ecological harm. Corn stover and other agricultural
“wastes” can also be inventoried, with appropriate cautions to mitigate adverse impacts.

•

Demonstrate co-firing and pelleting of energy crops – About 6 tons of prairie grasses
have already been harvested from a nature preserve for initial tests. Plans are being made
for a 500-ton test burn of biomass co-fired with coal in industrial cogeneration boilers.

•

Establish a local start-up market for energy crops – The most promising near term use
for energy grasses appears to be co-firing in industrial boilers. Making grass pellets for
home heating is another option. Other uses such as small cogeneration systems using
biomass gasification are also possible with current technology.

•

Conduct R&D on water quality and habitat effects – We propose a DecaturChampaign area landscape design learning group and R&D program addressing what to
grow, where and how to grow it, and how to manage water flowing over or through the
soil to optimize multiple benefits of energy crop production and ecosystem services.

•

Establish green payments for soil, water and habitat benefits – The Farm Bill is
expected to create new or amended programs to provide incentives for energy crops
grown on environmentally sensitive land. Local programs for water quality trading,
source water protection, and fee hunting or birding can supplement federal payments.

•

Establish green payments for renewable energy and greenhouse gas reduction –
Illinois does not yet have a program for carbon credits or renewable energy credits for
replacing fossil fuels with energy crops. Such a program is needed to support production
of perennial biomass crops and conversion to clean, renewable energy.

•

Expand outreach, assistance and information exchange activities to farmers that want
to begin growing energy grasses. These early adopters will gain experience that will be
valuable as energy cropping gathers momentum.

•

Encourage and support formation of biomass enterprises – Illinois entrepreneurs are
already starting ventures to make heating and cooking appliances that can burn grass
pellets, import and sell small pellet and hammer mills, and commercialize propagation of
Miscanthus. As markets develop, there will be a need for more farmers or farm coops
offering custom services to establish, harvest, transport and process energy crops.
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Section 1
Introduction
1909 was the first year that soybeans were grown on the Charles L. Meharry farm near Tolono in
Champaign County. An account written years later by C. W. Oathout, the Meharry farm
manager, said, “We threshed 19 acres of beans [in 1909] and got 382 bushels. The rest was
made into hay. These were the first soy beans grown on a considerable scale in Illinois and
Charlie Meharry was a real pioneer in growing them. When I asked him if he would dare put in
so many beans, he answered, ‘We might as well die for a ram as for a lamb.’ We did a good job
of threshing them and sold them for $1.75-1.90 per bushel. They were the best paying crop we
had that year.” (C.W. Oathout letter, undated)
This report addresses the establishment of a local market in the Decatur area for dedicated
biomass energy crops. Before focusing on bioenergy feedstocks and energy conversion, it is
instructive to look back at the role of the Central Illinois farmers and entrepreneurs who
introduced soybeans and developed uses and markets starting nearly a century ago.
By 1914, the first year that Illinois kept statistics for soybeans, total reported acreage planted in
this new crop was 1,000 acres, with 800 acres grown for hay and 200 acres for seed. (Staley
Company history, undated)
1922 was a banner year for Illinois soybean growers. Total soybean acres in Illinois jumped
from 32,000 in 1921 to 135,000 in 1922. In April 1922, the University of Illinois Agricultural
College and Experiment Station published a circular titled “Growing Soybeans in Illinois” by
Associate Professor J. C. Hackleman. It listed the following factors contributing to the increase
in soybean acres: “(1) it is an annual legume; (2) it fits well into cornbelt rotations; (3) it makes
excellent hay; (4) it is good for pasture; (5) it furnishes a good silage material; (6) it is subject to
few diseases and has few insect pests; (7) it produces seed abundantly; and (8) it is rich in oil,
therefore valuable to commerce.” Prof. Hackleman did not say if the factors were listed in order
of importance but it is probably not a coincidence that seed and oil were at the end of the list. As
the 1922 crop was planted, no commercial soybean crushing plants were operational. But at
least two were planned.
In November 1921, A.E. Staley had written to the Chicago Tribune and the Prairie Farmer: “Our
company has been requested and in fact urged, by the various County Farm Advisors and by
delegations of farmers who have called upon us, to put in a plant for grinding and extracting the
oil from the soya bean, and after making considerable investigation our Company has decided to
install a plant that will be sufficiently large to consume all of the beans that will be grown for
market in Central Illinois. If this venture should prove commercially successful from a
manufacturing standpoint and also from the agricultural standpoint, we will enlarge the plant
from time to time sufficiently to handle all of the beans which may be grown within a reasonable
distance of Decatur.” In June 1922, the Staley Company announced that its soybean plant would
be ready for the 1922 crop and the plant began operating that October. (Staley Company history)
The farmer-owned Piatt County Soybean Cooperative Company, established in 1922, built a
soybean plant in Monticello that was operational in time for the 1923 harvest.
Establishing a Grass Energy Crop Market
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With a market assured, local farmers steadily increased the acreage devoted to soybeans. By
1935, Illinois soybean acres reached 1,866,000, about two-thirds for seed and one-third for hay.
Four counties reported more than 1,000,000 bushels threshed that year: Christian, Macon, Piatt
and Champaign. Soybeans were grown close to commercial plants in Decatur and Monticello.
Much has changed in agriculture since Charles Meharry decided to try a new crop and the Staley
Company and Piatt County coop decided to invest in processing plants. Perhaps the most
significant change affecting the introduction of dedicated biomass energy crops is the influence
of federal farm policy (and, increasingly, energy policy) on planting decisions.
But some essential facts remain.
•

Agricultural producers, landowners and farm managers weigh a variety of factors to
make decisions about what to grow on each acre they farm.
Markets and prices for agricultural products are high on the list of factors affecting
planting decisions.
Introduction of new crops and establishment of markets still requires innovators, risk
takers and entrepreneurs on the farm and in industry.

•
•

Some of the information and analysis presented in this report is site specific, but similar
opportunities and challenges exist in other areas. The report is intended to serve both as a
feasibility assessment for a Decatur area biomass market and as a template that can be adapted to
local circumstances throughout the Midwest and beyond.
Section 2 presents information on management and production of selected energy crops and an
assessment of farm-level production costs.
An underlying premise of the Upper Sangamon Watershed Farm Power Project is that a gap
exists between current prices of energy from fossil fuels and the price required to induce farmers
to grow dedicated energy crops. Section 3 presents descriptions and economic analysis of this
price gap under two local energy conversion scenarios: (1) co-firing biomass with coal in an
industrial co-generation facility and (2) production of grass pellets for sale as a heating fuel.
Another premise of the project is that establishment and use of perennial energy crops can
provide significant environmental benefits and “green payments” related to these benefits may
close the price gap. Section 4 identifies and evaluates potential benefits. It includes a discussion
of landscape design concepts for introducing energy grasses in the Decatur area. Section 5
addresses mechanisms for ecosystem service payments based on the value of benefits related to:
•
•
•

Protection and enhancement of soil health, water quality and wildlife habitat;
Protection and enhancement of air quality, including reduced emission of greenhouse
gases; and
Development of renewable energy resources to substitute for nonrenewable fossil fuels.
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The final section discusses next steps toward establishing a local market for biomass energy
crops. The technological, economic and policy climate related to renewable energy, and
specifically bioenergy is changing rapidly. Section 6 is loosely called a “roadmap” but we
acknowledge that the view through the windshield is pretty foggy.
Much of the recent attention on biomass energy is directed toward using it to produce cellulosic
ethanol. In contrast, this project focused on using biomass for power and/or heat. In large part,
this was motivated by the simple fact that fully proven, widely available technologies already
exist to use biomass to heat buildings or generate steam and electricity at an industrial scale.
Cellulosic ethanol technology is not yet fully commercialized.
There are other reasons for the emphasis on power and heat in this project:
•

Biomass combustion for power and heat can provide significant reduction in carbon
dioxide emissions. The two main drivers widely cited for biomass energy are energy
security and reduction in greenhouse gas emissions. Use of biomass for power and heat
is primarily directed toward achieving greenhouse gas reduction through substituting
biomass containing “contemporary” carbon for coal and other nonrenewable fuels
containing “fossil” carbon. Using biomass to heat buildings can indirectly enhance
energy security by replacing petroleum-based heating fuels such as propane.

•

Biomass from grass polycultures can be used for direct combustion. Perennial
polycultures offer numerous ecological benefits. Much of the research on cellulosic
ethanol is looking at monocultures of crops such as switchgrass and miscanthus or
agricultural residues such as corn stover. Since direct combustion does not require a
highly uniform feedstock, it may provide a near-term market for mixed-species biomass.
This could help to improve the economic viability of native prairie polycultures managed
to produce both ecosystem services and energy feedstocks.

•

Establishing markets for biomass as soon as possible may help to protect water
quality. Current high corn prices are expected to lead to conversion of millions of acres
now enrolled in the Conservation Reserve Program (CRP) from perennial grasses to
annual row crops when contracts expire. A market for herbaceous biomass, combined
with appropriate green payments, could make it economically reasonable for some
farmers to grow perennial energy crops on expiring CRP acres or other acres not well
suited to annual row crops. This would maintain water quality and other environmental
benefits of CRP and give producers experience in growing biomass crops.

In choosing to focus on biomass for power and heat, we are not prejudging what will ultimately
turn out to be the highest and best use for dedicated biomass crops. We do suggest that it makes
good sense to begin by looking at available energy conversion technologies that can utilize
mixed-species feedstocks already present to some extent on the local landscape. Establishing a
small local biomass market that can handle diverse feedstocks will allow agricultural producers,
conservation practitioners, and energy users to start gaining experience that will be valuable no
matter what direction the road ahead may take.
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Section 2
Biomass Production and Farm Economics
2.1 Overview of Potential Biomass Feedstocks
Biomass Feedstocks Investigated for the Project. In 1978, in response to the world oil crisis, the
U.S. Department of Energy began its Bioenergy Feedstock Development Program (BFDP),
based at Oakridge National Laboratory, to investigate the potential of biomass energy in the U.S.
The BFDP screened potential biomass crops and singled out two as having a particularly high
potential over a wide range of the United States. One was switchgrass, and the other was the
genus Populus, which consists mainly of poplars and cottonwoods (ORNL, 2000).
This report addresses switchgrass as a prime biomass feedstock candidate for the Decatur area.
Switchgrass (Panicum virgatum) is a perennial grass native to all parts of the United States
except California and the Pacific Northwest. It has high yields per acre. There are varieties that
are well adapted to conditions across almost all of the U.S. It is a good forage crop. It provides
wildlife habitat, particularly for game birds, and it is excellent at reducing soil erosion and
pollutants in agricultural runoff.
We have also evaluated miscanthus as a potential energy crop. Miscanthus is a perennial grass
originally from Southeast Asia. Due its very high yields, one variety (Miscanthus x giganteus)
has attracted a great deal of interest as a biomass crop in Central Illinois. It is well suited to soils
and climate across much of the U.S. including Illinois. The University of Illinois has developed
a strong biomass research program with an emphasis on this grass. Miscanthus x giganteus is a
sterile hybrid propagated through rhizomes, which has allayed some of the concern about its
potential invasiveness. John Caveny, a local farmer and biomass entrepreneur, has recently
entered into an agreement with a California-based corporation for commercial propagation of
miscanthus as an energy crop.
AWI is also interested in the possibility of using herbaceous polycultures of native prairie
grasses and forbs as bioenergy feedstock. Expected yields of prairie polycultures are lower than
yields of switchgrass or miscanthus monocultures. However, mixed native plants have
advantages that suggest there may be a niche for this approach in the bioenergy future:
•

•

•

Stands of restored prairie and other native polycultures already exist in Central Illinois
that could potentially support the beginning of biomass commercialization on a small
scale. There are few stands of switchgrass and miscanthus in Central Illinois today, other
than a few acres of research plots.
Mixed prairie grasses are a part of the natural Illinois ecosystem. Plantings of mixed
species can promote native plant diversity; enhance soil ecology and wildlife habitat; and
reduce concerns about pests, diseases and invasive potential.
Environmental benefits of high diversity biomass may make this approach desirable for
parcels managed as nature preserves or enrolled in conservation programs designed to
support co-production of biomass feedstocks and ecosystem services. In such settings,
maximizing yield may not be the overriding management objective.
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Other potential biomass feedstocks. This project focused on energy grasses and did not
explicitly evaluate the potential for woody biomass. Most of the Midwestern biomass research
that we draw on has focused on grasses. In the Decatur area, it is expected that farmers currently
growing annual row crops could introduce perennial grass more easily than trees into their
cropping system.
Woody biomass does have some significant advantages, however, and may play an important
role in an integrated bioenergy system. Grasses are harvested for energy conversion during late
fall or winter when nutrients have translocated to the roots. Trees can be harvested year-round.
Thus, trees could significantly reduce problems of storage costs and seasonal employment
fluctuations associated with the relatively short harvest window of energy grasses. Consideration
of cropping systems and energy ventures using both grass and trees to optimize year round
biomass production and use would be beneficial but is beyond the scope of this report.
We have not revisited the screening of other perennial grasses that the BFDP conducted before
choosing switchgrass as its model grass crop. To a limited extent, our consideration of
polycultures may provide insight into the bioenergy potential of other native grasses. Some local
restored prairies are dominated by a few species, notably Big Bluestem and Indian Grass, so
assessing productivity and energy conversion of grasses from such sites will provide useful
information about each of these species.
Use of corn stover as a biomass feedstock warrants special comment. Local corn growers are
definitely interested in this possibility. Many published analyses suggest that stover is likely to
be used as biomass feedstock, and may be used before economically viable markets are in place
for dedicated biomass crops. We have not placed an emphasis on corn stover in this report. Our
focus here is on scenarios for optimizing multiple benefits including biomass production and
ecosystem services. The agronomic, economic and technological issues for use of corn stover
for bioenergy include methods for its efficient and clean removal from the field and the amount
that can be removed without adverse effects on the soil resource. As local efforts continue to
establish a market for agricultural biomass, corn stover may be an important option to be
explored through research and demonstration projects. However, in the learning group and in
this report, the focus is on production and use of dedicated grass biomass crops rather than
utilization of corn stalks and other agricultural residues.

2.2 Switchgrass
The variety of switchgrass most suitable to the Midwest is Cave-in-rock, which is very resistant
to winterkill. Dry yields of four tons per acre can be expected from actively managed stands. The
first year switchgrass is planted no crop is harvested. Second year yields are only around 50% of
maximum. By the third year stands should reach maximum yields. Stands are expected to last at
least ten years. Although switchgrass has been grown as forage and used as an approved ground
cover under the Conservation Reserve Program (CRP) since its inception, the large-scale
management of switchgrass for biomass production has only recently been explored.
A large demonstration of the use of switchgrass as a dedicated energy crop was conducted from
1996 to 2005 in southern Iowa at the Chariton Valley Biomass Project, a cooperative effort
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between Chariton Valley Resource Conservation and Development Inc., Alliant Energy, Prairie
Lands Biomass LLC, and the U.S. Department of Energy. This project, in conjunction with Iowa
State University, produced guidelines and recommendations for the establishment and
management of switchgrass for use as a dedicated energy crop. Additional information can be
found in the USDA switchgrass plant fact sheet. Both of these fact sheets are available online.
Links to these sheets can be found in our references under Alan Teel and USDA NRCS.

2.3 Miscanthus
Like switchgrass, the first year miscanthus is planted there will be no crop to harvest. The second
year harvest will be well below maximum yield. By the third year stands should reach maximum
yields. Miscanthus x giganteus is sterile and does not produce seeds. It is instead propagated
from rhizomes. Therefore planting will require different machinery than is currently used for
Illinois row crops or for grass seed. Miscanthus yields more than twice as much as switchgrass,
and stands are expected to last at least twenty years. Another difference between the two crops is
that miscanthus shows only a small response to fertilizer, while switchgrass will probably require
the application of fertilizer to reach maximum yields.
Miscanthus has just begun to be studied in the United States, primarily at the University of
Illinois in Champaign-Urbana (UIUC), where work on miscanthus began in 2001. Extensive
field trials for the production of miscanthus as an energy crop, however, have been ongoing in
Europe since 1983. Projects in Denmark successfully burned miscanthus on a commercial scale
prior to 1996 and miscanthus has been grown commercially in England since 2001. As of 2006,
3356 hectares (about 8,900 acres) of miscanthus have been established under England’s Energy
Crop Scheme (MP Alistair Burt, 2006). According to Stephen Long, the head of miscanthus
research at the UIUC, “Miscanthus is now a commercial crop in Europe.” (Larson, 2006)
Miscanthus production is encouraged by England’s Department for Environmental, Food and
Rural Affairs (DEFRA). DEFRA has a guide to growing and managing miscanthus, which can
be found online, and is included in our references under DEFRA. In general this information will
also be applicable to miscanthus grown in Illinois; however, there is also some Illinois specific
information available. UIUC research includes a program to determine best management
practices specifically for miscanthus grown in Illinois. Much of the ongoing research is not yet
published. Some results and recommendations presented here are based on discussions with
UIUC researchers and presentations given at the UIUC Miscanthus Research Symposium. Work
has also begun on breeding miscanthus both at UIUC and at Ceres Inc., a California-based
Biotechnology Company, with a focus on future biomass crops.
Yields. Miscanthus yields in Illinois will be significantly greater than yields in Northern Europe
due to differences in latitude. Illinois preliminary results on UIUC research plots suggest yields
between 27-44 tons per ha (11-18 tons/acre), with lower yields in the north and higher yields in
the south. The highest observed peak yield was over 60 tons/ha (25 tons/acre) during the
excellent 2005 growing season. Average delivered dry yields are conservatively estimated at 10
tons/acre (Heaton and Long, 2007).
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Rhizome Planting. Preliminary research by Rich Pyter and Tom Voigt (Miscanthus Symposium,
2007) at UIUC has suggested an optimal rhizome size of 50-60 g, and an optimal planting depth
of 10 cm. Research by Fernando Miguez at UIUC (Miscanthus Symposium, 2007) has shown
that increasing planting density from one rhizome per square meter to four gives a small increase
in yields.
Weed Control. Successful weed control during the first year was deemed by UIUC researchers to
be the single most important factor in successful stand establishment. Both a pre- and postemergent herbicide should be used. All herbicides currently approved for use with corn will
work with miscanthus. Herbicide application in the second year may be helpful, but after that no
weed control should be necessary for the life of the stand (Pyter, 2007)
Nitrogen. Research by Miguez (2007) has shown nitrogen applications to be unnecessary during
the first and second years. Nitrogen application in year three and beyond has been shown to give
a small boost in yields.

2.4 Grass Polycultures
There is very little published research on mixed prairie plants as a bioenergy feedstock. The only
study of this type we have found is presented in a recent Science paper by David Tilman et al.
(2006). They found that on degraded, agriculturally abandoned, and nitrogen-poor soils, aboveground biomass yields increase with the number of plant species planted on the fields. High
diversity plots were on average 238% more productive than monoculture plots, including plots of
switchgrass, which had significantly impaired yields due to the poor soil quality.
The establishment of mixed prairie is more complex than establishing a monoculture crop.
There is no set definition of what should be planted. State conservation departments and
universities publish guides covering what plants are most suitable for the grower’s particular area
and recommendations for establishment and maintenance. However, currently available guides
including Prairie Establishment and Landscaping (McClain, 1997), published by Illinois
Department of Natural Resources, do not address prairie polycultures as bioenergy feedstock and
do not address topics such as expected yields and harvesting. In general the establishment of a
mixed prairie should be similar to the establishment of a switchgrass field. There may be
tradeoffs between biomass production and ecological objectives, including plant diversity. Tall
prairie grasses such as switchgrass, Indian grass, and Big bluestem may crowd out smaller forbs
and grasses.
Economic and environmental assessments presented in this report include mainly qualitative
information on this potential feedstock. The biomass roadmap in Section 6 proposes an
inventory and energy conversion tests of mixed native plants. We have already harvested a few
tons of prairie grasses from a local nature preserve for use in small-scale tests. An Ameren
laboratory has performed proximate analysis of a sample of this biomass.
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2.5 Economics of Biomass Crop Production
The total cost for the production and delivery of biomass to a processing facility includes these
components:
•
•
•
•
•

establishment and management,
harvesting,
storage,
transport, and
land or opportunity cost.

Generalized estimates of production costs and the underlying assumptions are presented in this
section. Actual costs may vary significantly for specific farm operations and delivery points.
Cost estimates available on a per-ton basis have been converted to a per-acre basis using
assumed average yields of 4 dry tons per acre for switchgrass and 10 dry tons per acre for
miscanthus.
2.5.1

Establishment and Management

Estimated establishment and management costs for switchgrass and miscanthus are presented in
Table 1. For both species, costs during the first two years are considered establishment costs. The
second year a harvest of about half the normal amount is expected to occur. Therefore the
establishment costs equal the total year’s costs minus half of a normal production year’s
management cost. The establishment costs are treated as a loan at 7% interest, which will be paid
back over the harvestable years of the stand’s life (assumed to be eight and a half years for
switchgrass and eighteen and a half years for miscanthus). Costs for years 3 through 10 or 3
through 20 are considered the management costs for switchgrass and miscanthus, respectively.
Switchgrass Assumptions:
Seed: Based on Duffy and Nanhou (2001), the seeding rate is 6 pounds of pure live seed per acre
and it is assumed that reseeding of 25% of the planted area will be required in year 2.
Fertilizer: No nitrogen will be applied the first year to prevent weeds. In subsequent years,
nitrogen applications will be 100 lbs/acre. Based on Duffy and Nanhou (2001) phosphorous and
potassium will be added the first year at 30 and 40 lbs per acre. In subsequent years, P and K will
be added to replace nutrients removed with the crop. Estimates put these additions between 0.34
and 1.94 lbs of phosphorous and 1.44 to 22.8 lbs of potassium per ton of dry matter.
Herbicides: Herbicide is applied in the first two years, at the rate of 1.5 quarts per acre of
Atrazine and 1.5 pints per acre of 2,4D (Duffy and Nanhou, 2001).
Machinery: Frost seeding will be used to establish switchgrass. This will require a tandem disk,
harrow, airflow planter, and self-propelled sprayer.
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Price of inputs: Prices of inputs are assumed to be $0.20 per lb for nitrogen, $0.22 per lb for
phosphorus, $0.14 per lb for potassium, $11.50 per ton for lime and $7.19 per lb of live seed.
Table 1. Estimated Biomass Establishment and Management Costs
Switchgrass ($/acre)
Miscanthus ($/acre)
Cost Items
Year 1 Year 2 Year 3-10 Year 1
Year 2 Year 3-10
Fertilizer Costs:
- Nitrogen
$15.00
$20.00
$10.71
$8.92
$8.92
- Phosphorous
$6.60
$1.96
$0.41
$2.11
$2.11
$2.11
- Potassium
$5.60
$2.23
$1.11
$3.59
$3.59
$3.59
- Lime
$23.00
$5.75
$23.00
Fertilizer Subtotal
$35.20 $24.94
$21.52
$39.41
$14.62
$14.62
Herbicides
$7.24
$7.24
$7.24
Seed (or propagules)
$43.17 $10.79
$135.49
Interest on Operating Inputs
$5.99
$3.01
$1.51
$12.75
$1.02
$1.02
Pre-harvest Machinery Cost:
- Disking/Plowing
$6.80
$9.60
- Harrowing
$3.67
$3.67
- Potato Planter
$29.54
- Airflow/Fertilizer Spreader
$4.29
$6.43
$7.14
$7.14
$7.14
$7.14
- Spraying Chemicals
$3.10
$3.10
$3.10
Machinery Subtotal
$17.85
$9.53
$7.14
$53.05
$10.24
$7.14
Total
$109.45 $55.54
$30.17
$247.94
$25.88
$22.78
Annualized Payment of Establishment Costs
$18.27
$16.27
Total Annual Cost of Establishment and
$48.44
$39.05
Maintenance
Miscanthus Assumptions:
Propagules: Miscanthus x giganteus is a sterile hybrid propagated through rhizomes which are
typically planted at a density of 1 per square meter. Cost of propagules is estimated to be $0.032
each (Lewandowski et al., 2003). We note that these are just beginning to be commercially
available. There is some indication that cost of propagules may be significantly higher than this
published price, at least initially.
Fertilizer: Studies in Europe have shown that miscanthus does not respond to fertilizer applied
after the second or third year (Christian and Haase, 2001). We assume that 53.5 lbs of N are
applied per acre in Year 1, and 44.6 lbs annually thereafter to replace any losses in the soil.
Phosphorous and Potassium are also applied at rates sufficient to replace soil losses.
Herbicides: Herbicides should be applied as described for switchgrass, but are only necessary for
the first year (DEFRA, 2001; Heaton, 2007).
Machinery: Plowing and harrowing are needed to reduce weeds. Planting will be done with a
semi-automatic potato planter and herbicide application with a self-propelled sprayer.
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2.5.2

Harvest

Most available research assumes cutting and baling to be the harvest method for perennial grass
crops. The high cost of bales is the largest factor in the cost of producing these biomass crops.
Forage harvesting may be a feasible alternative depending on the scenario for further processing
of the biomass. (See Section 3.) The harvest method in turn determines the storage and
transportation costs and methods. For the cost of harvesting bales we use the estimates produced
by the University of Illinois Extension’s Farm Management Handbook (Schnitkey, 2003).
For the cost of forage harvesting, we found two different estimates. The first is an analysis from
Oak Ridge National Laboratories done by Turhollow and Sokhansanj (2002) on the cost of
forage harvesting switchgrass. We have extended the analysis done in their paper to miscanthus.
The second estimate is based on the Indiana Custom Harvest Survey (Dobbins et al, 2004). That
survey gives the price of contracting for the harvest of wheat silage, or haylage. Since this
process will be the same for the forage harvest of biomass, this should provide a reasonable
estimate. We looked at Indiana’s survey because Illinois does not have one.
Table 2 shows estimated harvest costs. Estimating the cost of harvesting grass biomass in and
around Macon County is complicated due to the small number of farmers and custom operators
equipped for this task. There is little acreage in wheat, hay, and alfalfa in the local area. This
may be expected to raise the local costs of biomass harvesting, at least in the early years of
commercial production of energy grasses.
Table 2. Estimated Biomass Harvesting Costs
(Prices per acre
unless otherwise
noted)
Mowing/Raking
Harvesting/Loading
Total per Acre
2.5.3

Switchgrass
Forage Harvesting
Baling
Turhollow
Custom
FBFM
(2006)
Rate
$8.87
$9.93
$16.40
$50.35
$5.29/ton $20.55/ton
$59.22
$36.51
$122.78

Miscanthus
Forage Harvesting
Baling
Turhollow
Custom
FBFM
(2006)
Rate
$8.87
$9.93
$16.40
$99.67
$5.29/ton $20.55/ton
$108.54
$62.83
$291.77

Storage

According to Duffy (2002) the most efficient means of storing biomass bales is on a bed of
crushed rock under a reusable plastic tarp at an estimated cost of $2.92 per ton. However, Bill
Belden of the Chariton Valley biomass project and Jim Schweizer of Prairie Lands Enterprises
told us that in Iowa outdoor storage of baled material does not provide sufficient quality control
for switchgrass. They said that the material will degrade and will pick up moisture if left
outdoors and both operations plan to store bales indoors (Personal communication, 2006).
Little research has been done on the cost of storing biomass as forage chopped material. Jim
Schweizer and Alan Teel (formerly with Iowa State University and now with BME Consulting)
told us that it is not feasible to store chopped switchgrass in silos or grain bins since it does not
flow and is not easily moved with augers (Personal Communication, 2006).
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Because there is currently no central market for energy grasses and field storage of material is
not feasible, it makes sense to analyze storage costs on the processing side of the supply chain,
rather then on the growers’ side. This is particularly important since local buyers of biomass may
have different storage needs. Producers can market commodity crops throughout the year. By
contrast, in the absence of a central market, it is likely that producers will grow energy grasses
under contract. Since the price of the biomass will be predetermined, the farmer will have no
marketing incentive to store the material. On-farm storage will either be part of the contract, or
the user will have to accept delivery and provide storage.
2.5.4 Transport
Duffy (2002) estimates the cost of transporting baled energy grasses to be $1 per ton for loading
plus $0.10 per ton per mile. We were unable to find published estimates for transportation costs
of forage harvested material. Our rough estimate of the cost is based on an assumed density of
4.6 dry lbs per ft3 for forage-harvested material (Turhollow and Sokhansanj, 2002), compared to
a 7.75-8.85 dry lbs per ft3 for baled material. This indicates that at least 1.66 times as many trips
will be necessary to transport the same amount of dry mass. Therefore, we estimate the cost of
silage transport will be 1.66 times that of baled transport. However, the forage chopped material
will require a closed container as opposed to a flat bed truck for bales. This could also increase
the cost of forage-harvested material. A transport distance of 25 miles (50 mile round trip) was
used in the analysis. Actual distance and transport cost will vary.
Table 3. Estimated Biomass Transportation Costs
Loading Cost per Ton
Miles
Cost/Ton
per Mile
Round Trip
Baled
$1.00
$0.10
50
Switchgrass
Chopped
$1.00
$0.17
50
Switchgrass
Baled
$1.00
$0.10
50
Miscanthus
Chopped
$1.00
$0.17
50
Miscanthus

Wet Tons
per Acre
4.811

Cost per
Acre
$28.87

4.811

$44.74

12.462

$74.77

12.462

$115.90

2.5.5 Land and Opportunity Cost
Cash rents and opportunity cost for land used for crop production are highly sensitive to crop
prices. One of the effects of expansion in biofuel demand is to increase corn prices and,
consequently, rental rates for land suitable for corn production.
For our analysis, we assumed a land cost of $200 per acre which corresponds to prices of $3.30
per bushel of corn and $6.25 per bushel of soybeans on low productivity central Illinois farmland
(University of Illinois, 2006).
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With an energy grass crop, there will be land or opportunity costs but little revenue during the
establishment period. In Year 1, yields and revenue from sale of a grass crop are expected to be
zero; Year 2 yield is projected to be half that of Year 3 and subsequent years. For convenience,
opportunity cost for Years 1 and 2 were annualized and counted as an adjustment to the
opportunity cost, rather than as establishment costs. The adjustment is $39.63 per acre for
switchgrass and $18.27 per acre for miscanthus. The adjustment is lower for miscanthus since it
has an assumed stand life is 20 years, compared with 10 years assumed for switchgrass.
2.5.6

Total Estimated Production Cost

Estimated production and transportation costs are summarized in Table 4. Total cost per ton,
including delivery to a local buyer but not including storage, is estimated to be approximately
$110 and $98 for baled and chopped switchgrass and $62 and $48 for baled and chopped
miscanthus, respectively. We have not estimated costs of prairie polycultures managed primarily
for production of bioenergy feedstock. In general, we would expect these costs to be similar to
costs for a switchgrass monoculture.
Table 4. Estimated Cost of Delivered Biomass
Switchgrass ($/acre) Miscanthus ($/acre)
Chopped
Baled
Chopped
Baled
Establishment
$19.84
$19.84
$16.27
$16.27
Management
$30.17
$30.17
$22.78
$22.78
Harvest
$59.22
$122.78 $108.54 $291.77
Transport
$44.74
$28.87
$115.90
$74.77
Opportunity Cost
$239.62 $239.62 $218.27 $218.27
Total ($/acre)
$393.59 $441.28 $481.76 $623.86
Yield (dry tons)
4
4
10
10
Cost per ton ($/ton)
$98.40
$110.32
$48.18
$62.39
It seems reasonable to expect establishment, management, and harvesting costs in and around
Macon County to be higher than this estimate initially but to decrease over time. As planted
acres increase, more producers will invest in the necessary equipment and begin to gain
experience managing these perennial crops. Research on energy grasses may be expected to
increase yields and introduce other desirable traits to enhance production economics. The
roadmap presented in Section 6 includes trials of biomass production to help establish local
production costs and to assess ecosystem services related to production of energy grasses.
The opportunity cost of land represents a large fraction of the total estimated cost of delivered
biomass. Excluding land cost, the estimated cost per ton would be approximately $50 and $39
for baled and chopped switchgrass and $41 and $26 for baled and chopped miscanthus,
respectively. Landowners and producers that consider planting energy grasses will assess many
factors including their site-specific opportunity costs based on alternative uses of the land.
Macon County and neighboring counties are characterized by highly productive soils with
relatively little flood-prone or highly erodible land. The role of marginal economic analysis as it
relates to introduction of energy grasses in and around Macon County is discussed in Section 4.
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Section 3
Potential Local Markets for Biomass Feedstocks
3.1 Scenarios Analyzed
Based on input from learning group participants and representatives of the Chariton Valley
Biomass Project, we have primarily focused on two local opportunities for the use of biomass
energy grasses in the near future. Both scenarios use fully-proven energy conversion
technologies and have the potential to be economically viable in the Decatur area. The first
option is co-firing biomass with coal in industrial cogeneration boilers that utilize fluidized bed
combustion technology to produce both electricity and steam. Archer Daniels Midland
Company (ADM) operates one such cogeneration facility in Decatur. The second option is to
pelletize biomass for use as a fuel for heating homes or other buildings.
These are not the only potential near-term local markets for energy grasses but they are viewed
by the learning group as especially promising. They also represent significantly different energy
conversion approaches. For purposes of this project, that is desirable because it allows
comparison of the estimated gap between the biomass production cost and the price paid by an
energy user under different scenarios. Key differences are:
•

•

Co-firing energy grasses in fluidized bed boilers would require minimal pre-combustion
processing. The biomass would be used as a substitute for coal, which is a low cost fossil
fuel. Coal produces high emissions of greenhouse gases per unit of useable energy.
Pelleting biomass for home heating would require higher capital and operating costs for
pellet manufacturing. Grass fuel pellets would compete with propane and other heating
fuels that are generally more expensive than coal.

There are at least two other projects currently in development in the Decatur area that could join
the market for locally-grown biomass crops.
•

•

Secure Energy LLC has purchased facilities in Decatur and is moving forward with plans
for a coal gasification facility to produce pipeline-quality syngas. Production is scheduled
to begin in 2009. The project developers have indicated that the facility will be designed
to allow up to 10% of its fuel supply to come from biomass, with the possibility of
increasing that percentage (Lars Scott, personal communication, 2007.
The City of Monticello, Illinois, located about 25 miles northeast of Decatur, is
investigating building a 2 Megawatt (MW) biomass co-generation facility. The City
contracted for a feasibility study by Biomass Industrial Crops Limited (Bical) and local
farmer and entrepreneur John Caveny. Bical is a United Kingdom-based company selfdescribed as “the leader in the successful production and continued development of
miscanthus, the multipurpose crop for energy and industry” (Starr and Caveny, 2006).

The focus on two specific options – co-firing biomass in industrial boilers or pelleting it as a
heating fuel – is not intended to suggest these are the only viable, or even the most viable, nearterm opportunities. Rather, they are analyzed to illustrate the economics of two realistic
Establishing a Grass Energy Crop Market
In the Decatur Area

17

August 2007

scenarios. For cellulosic biomass, including but not limited to energy grasses, to become an
important feedstock for clean, renewable energy, there will be a period of research and
development for both biomass production and energy conversion technologies. Industries,
utilities, and other organizations that purchase fossil fuels for heat and power can evaluate the
costs and benefits of shifting to renewable sources for their specific applications. The Secure
Energy or City of Monticello project or another existing or start-up business entity could turn out
to be the earliest local buyer of biomass feedstock.

3.2 Co-Firing with Coal in Industrial Cogeneration Boilers
Co-firing is the mixing of biomass with coal or other fuels for combustion in boilers that produce
steam for process and electric power generation. There are four main types of coal boilers:
pulverized coal (PC), cyclone, fluidized bed and stoker. The one that is most common in the
Midwest is the PC boiler (ELPC, 2001).
PC boilers burn coal that has been crushed into a powder. It has a size range of 65% to 75%
passing a 200 mesh sieve. In order to burn biomass in such a boiler, the biomass would require a
great deal of processing to reduce its particle size.
Coal used in cyclone boilers is reduced to 50-mesh range. Rich Wright, general executive of
renewables at Ameren, has suggested that cyclone boilers might also be able to burn forage
chopped grasses without any additional processing. However, to prevent coal crushers used to
process coal for cyclone boilers from binding up from the fibrous biomass material, a separate
fuel feed system would be required. Ameren has two generating stations with cyclone boilers,
one in St. Charles County, Missouri, and one in Montgomery County, Illinois.
Fluidized bed and stoker boilers can accept relatively large particles. It appears likely that
forage-chopped biomass could be burned in these facilities with little or no further processing.
There are no utility-owned fluidized bed boilers in Illinois (ELPC, 2001). ADM has industrial
fluidized bed boilers at its Decatur cogeneration facility. We have not yet obtained information
on how widely fluidized bed combustion technology is used by Illinois industries.
ADM’s cogeneration facility burns coal in fluidized bed boilers and may present a particularly
good opportunity for the use of biomass. Some of the processing that would be necessary at the
more common PC boilers may be unnecessary. ADM has expressed a willingness to test-burn
biomass while co-firing with coal in one of their boilers. A test burn at 10% heat input would
require about 500 tons of biomass at an approximate energy content of 15 million btus
(MMBtus) per ton to run one boiler for a week. A full week test burn may provide enough time
and data for testing and preliminary evaluation.
If the results of such a test were positive, implementing continuous or long-term co-firing of
biomass in fluidized bed boilers would require further evaluation to determine the most
economic approach to growing, harvesting, processing and transportation. For example, forage
harvesting is preferred over baling because fluidized bed boilers may be able to burn particles of
2-4 inch length. Therefore forage-harvested biomass should require no extra processing. Forage
harvesting would produce material with lower bulk density than baling. That would mean higher
Establishing a Grass Energy Crop Market
In the Decatur Area

18

August 2007

transportation costs, but the higher trucking cost may be more than offset by lower processing
costs. It may be feasible to dump field-chopped biomass on a staging area pad and load it directly
onto existing conveyors with end loaders.
In contrast, baled material would require a processing line consisting of at least a de-baler, tub
grinder, scales, short-term storage, conveyer system, dust and fire suppression system, land, a
building, labor, and, if the processing facility is run independently of the farmers and a customer,
a profit margin. The experience at the Chariton Valley Biomass Project, in which switchgrass
was co-fired with coal in a PC boiler, put the projected processing costs for full-scale operation
at about $15 per ton. Actual costs during Chariton Valley’s test run were approximately $20-$25
per ton (B. Belden, personal communication). Costs would be lower to process baled material for
fluidized bed boilers than for PC boilers, but still higher than costs for co-firing field-chopped
grasses.
Those processes not eliminated by avoiding bales (such as measuring the weight and moisture
content, storing, and injecting the material to the boiler) would then be the responsibility of the
cogeneration facility. These additional costs must be taken into consideration when considering
biomass as a cost-effective alternative to other fuels. Farm and end-use storage costs could be
substantially reduced or eliminated if material is harvested throughout the late fall-winter harvest
season, then immediately delivered to the boiler facility to be burned.
The energy content of one ton of coal (approximately 22 MMBtus) is equal to about 1.5 tons of
grass biomass. If a full-scale biomass co-firing system were implemented, a large cogeneration
plant could burn up to about 750 tons of biomass per day, or 5,250 tons per week, without
exceeding a 10 percent energy input level.
For a rough assessment of the agricultural land use implications of this scale of biomass
production, we note that the biomass needed to provide 10% of the energy input a large
cogeneration plant during a three-month (13 week) harvest season would be about 68,000 dry
tons. At an assumed average yield of 4 dry tons per acre for switchgrass and 10 tons for
miscanthus, it would take 17,000 acres of switchgrass or 6,800 acres of miscanthus to produce
that amount of biomass. According to the 2002 Census of Agriculture, there were 303,000 acres
of cropland in Macon County. Thus, the acreage to meet this level of biomass demand
represents about 5.6% of Macon County cropland for switchgrass and 2.2% for miscanthus.

3.3 Pelleting for Home or Commercial Heating
There is a well-established market in parts of the United States for wood pellets as a heating fuel.
Establishment of a grass fuel pellet enterprise would require significant capital investment in
processing facilities and the development of a retail market for stoves and furnaces designed to
burn grass pellets. Over the course of the learning group project, we had contact with several
U.S. and Canadian efforts in various stages of study or implementation of grass pellet
enterprises. The analysis in this section draws on information from these projects, from the
wood pellet industry, and from equipment manufacturers.
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The website of the Pellet Fuels Institute (PFI) states: “Pellet fuels are a renewable, clean-burning
and cost stable home heating alternative currently used throughout North America. It is a
biomass product made of renewable substances – generally recycled wood waste. There are
currently more than 600,000 homes in North American using wood pellets for heat, in
freestanding stoves, fireplace inserts and even furnaces. Pellet fuel for heating can also be found
in such large-scale environments as schools and prisons. North American pellets are produced in
manufacturing facilities in Canada and the United States, and are available for purchase at
fireplace dealers, nurseries, building supply stores, feed and garden supply stores and some
discount merchandisers.”
Wood pellets have proven to be an attractive heating fuel for many consumers. For many years
they have had a very stable price that, particularly in the last five years, has been very
competitive. However in the last two years wood pellets have seen a huge surge in demand and
they have become a victim of their own success. The large demand has created shortages of
pellets and the price has risen sharply. These price changes should be short lived. Producers are
moving quickly to increase production capacity. However, producers may find it difficult to
obtain enough waste wood to meet their production goals. Grass biomass may be a suitable
substitute for wood pellets. (As discussed below, grass pellets have higher ash content that wood
pellets and require appliances designed to accommodate this difference.) Although grass will be
a more expensive raw material than waste wood, as the limited supply pushes up prices, the
margin on fuel pellets should be high enough to allow for profitable grass pelleting businesses.
3.3.1

Cost Comparisons of Pellets to Other Fuels

The cost of petroleum-based heating fuels (propane, natural gas and heating oil) was fairly flat
through the 1990s but began to trend upward around the year 2000. (See references for web
links to Energy Information Administration (EIA) price data.) According to PFI, pellet fuel has
a history of price stability. The price of wood pellets, measured in cost per MMBtu of effective
heat, has been below the price of the most efficient propane and heating oil systems since the
beginning of the year 2000, and it has been near or below the price of natural gas systems since
the heating season of 2003.
Because natural gas is so important for the home heating market, it is worth considering its price
trends individually. The U.S. average residential natural gas price fluctuates seasonally but was
generally in the $6 to $7 per MMBtu range from 1981 to early 1999, according to EIA. Since
then, it has increased in price, reaching $14.92 per MMbtu in January 2006. This is an increase
of 148%, or an average growth of almost 14% per year, and the rate of change has been
accelerating.
The EIA expects natural gas prices to continue to increase. It notes that although there are a
record number of new wells being drilled, there is little to no increase in production. Demand,
however, is on the rise. The price of natural gas varies a great deal over different regions of the
U.S. Residential customers on the East Coast generally paid about $3 more per MMBtu in 2005
than customers in Illinois.
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Every year the EIA projects a price of gas for a typical Midwest consumer. This year they have
projected a price of $15.50 per MMBtu. Assuming the highest energy efficiency of 90%, the
effective price of natural gas will be $17.21 per MMBtu. As shown in Table 5, at these levels an
average Midwest consumer heating a typical house of 1800 square feet with fuel pellets instead
of the most efficient gas furnace would save about $400 over the 2006-heating season, and could
recoup the cost of a new pellet furnace or stove in 3-8 years, based on residential stove prices in
the range of $1,000 to $3,000). For consumers who expect the cost of gas to stay at current prices
or to go higher, changing to fuel pellets could be financially attractive. For residents of the East
Coast the financial picture would be much more compelling.
It is important to note that there is some extra work necessary for the operation of a pellet stove.
The user has to load the pellets into the stove and remove the ash.
Table 5. Cost of Heating an Average Midwest Home with Various Fuels. Updated from Carolus
and Meriman, 2001.
Type of Fuel and
Heating System
Geothermal Heat Pump
Air to Air Heat Pump
Wood Pellet
Shelled Corn Burner
Natural Gas Furnace
Whole House Electric
Natural Gas Furnace
Oil Furnace
Kerosene Portable Heater
Electric Portable Heater
Propane Furnace
Natural Gas Furnace
Oil Furnace
Propane Furnace
Propane Furnace
3.3.2

Seasonal
Efficiency
300%
200%
87%
70%
90%
100%
80%
80%
95%
100%
90%
65%
65%
80%
65%

Cost
$/MMBTU
$5.86
$8.79
$11.56
$13.80
$17.22
$17.58
$19.38
$20.52
$23.12
$23.44
$23.63
$23.85
$25.25
$26.58
$32.72

Cost of Heating
Home
$418.99
$628.49
$826.54
$986.61
$1,231.39
$1,256.97
$1,385.31
$1,466.98
$1,653.08
$1,675.96
$1,689.61
$1,705.00
$1,805.52
$1,900.81
$2,339.45

Cost of a
Unit of Fuel
$0.06/kwh
$0.06/kwh
$165/ton
$3.40/bushel
$15.50/MMBTU
$0.06/kwh
$15.50/MMBTU
$2.38/gallon
$2.79/gallon
$0.08/kwh
$1.94/gallon
$15.50/MMBTU
$2.38/gallon
$1.94/gallon
$1.94/gallon

Pellet Market Trends

Predictably, the high price of petroleum heating products has caused a large increase in the
demand for wood pellet fuel. Historic market trends were obtained from information made
available by PFI (Johnson and Kaiser, 2006) and are shown in Figure 1. One can see that the
quantity of pellets produced by members of the PFI increased from 641,000 to 1,030,000 tons
between 2000 and 2005. This is 61% growth in five years, an average growth of 10.0% a year.
PFI projected growth of 17% in 2006 and 32% in 2007.
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Figure 1. Pellet Fuel Shipment Forecast. (Source: Johnson and Kaiser, 2006)
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The growth in wood pellet fuel shipments is linked to shipments of pellet stoves. Figure 2
illustrates that pellet stove shipments have also increased since 2000.
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Figure 2. Hearth Patio and Barbecue Association (HPBA) Pellet Stove Shipments
(Source: Johnson and Kaiser, 2006)

The distribution of pellet sales has also shifted as shown in Figure 3. Use of pellet appliances
has spread from the Pacific region to the Northeast region. The industry expects the market to
continue to broaden with the increasing awareness of pellet fuels and the continued high price
and volatility of competing heating fuels.
These data are for wood pellets and stoves designed to burn wood pellets. Prairielands
Enterprises and other companies and coalitions are seeking to expand the grass pellet market.
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Figure 3. Pellet Fuel Shipment Comparison By Region (Source: Johnson and Kaiser, 2006)
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Supply Constraints of Wood Pellets

The large growth in demand for fuel pellets has surpassed the supply and has led to a sharp
increase in the price of the fuel over the last two years. In particular the Northeast region of the
U.S. has seen sharp price increases (Wells, 2006).
The Times-Herald Record of Middleton, NY, declared that the price of pellets in Dingmans
Ferry PA, have increased from $199 a ton to $330 a ton, an increase of over 65%, in just two
years. There are also reports of waiting lists (Wells, 2006), and last year in New York the
Consumer Products Board asked retailers to ration pellets (ConsumerAffairs.com, 2005).
The ConsumerAffairs.com news article also states that the price of pellets in New York
increased in 2005 from $3 to $7-$10 per bag ($150 per ton to $350-$500 per ton). Besides
increased demand, “the shortage is also due to a reduction in the availability of sawdust and
other wood waste products that are used to manufacture pellets. These wood wastes are now
being used to make other products”; furthermore, “leading pellet manufacturers in Canada are in
the midst of long-term contracts with buyers in Europe. Those contracts were signed when the
demand for wood pellets was low during the mild winters of 1998 and 1999.”
(ConsumerAffairs.com, 2005)
A report by Cornell University’s College of Agriculture and Life Science (2006) states that parts
of Europe have reached full utilization of their wood waste, and still cannot meet their own
demand for pellet fuel. European subsidies allow the importation to be economical. The report
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predicts that “If the [U.S.] pellet stove industry continues to expand at its current rate...there will
not be enough wood pellets to meet the market.”
As early as 1994 there were hints of future supply shortages. A survey of the membership of the
Pellet Fuels Institute “indicated that 48% of pellet producers have experienced raw material
supply shortages, and know of producers that are concerned about rising feedstock costs.”
(Council of Great Lakes Governors, 1995)
Chuck Limbach, currently with Bixby Energy Systems, provided a useful illustration of the
tightening market for waste wood. He planned to open a fuel pellet operation in the early 1980s.
The subsequent fall of natural gas prices delayed this opening, but as the price slowly rose again
his plant became operational. He developed a plan to use garbage waste to make fuel pellets, but
the increase in recycling and the long distance shipping of garbage thwarted this plan. He
operated for several years successfully using waste wood until manufacturers of composite
lumber began to utilize the waste wood. With his fuel supply no longer available, he was forced
to shut his plant down (Personal communication).
From his experience, Mr. Limbach believes that companies that do not create or have ownership
of their own raw materials may eventually be forced out of the market. The potential supply of
fuel pellets is limited by the supply and price of waste wood. When demand exceeds the supply
of fuel pellets, the price of the material will be pushed up until it reaches the price of the next
best heating alternative. Grass pellets or shelled corn appear to be a considerably cheaper
alternative than natural gas, heating oil or propane.
3.3.4

Comparison of Wood and Grass Pellets

Although grass fuel pellets will have a higher raw material cost than waste wood, the rising cost
and tight market for waste wood make it possible that the production of grass pellets will become
profitable. There are also production factors that help to offset the higher raw material costs of
grass pellets. Furthermore, grass feedstocks have lower moisture content than many wood
feedstocks. Most wood feedstock requires the use of an expensive dryer to get the moisture
content below 15%. The moisture content of energy grasses is right around that level at harvest.
For home heating, grass pellets are not always direct substitutes for wood pellets. Grass pellets
have a higher ash content than wood pellets, typically in the range of 3 to 6%, depending
primarily on soil conditions, compared to less than 1% for premium wood pellets. (Cornell
University, 2006 and PFI, n.d.) Most pellet stoves are specifically designed for wood pellets and
will have problems with the high ash content of grasses. The ash can cause a buildup, called
clinker, that can interfere with the stove’s operation. This problem can be avoided by relatively
minor changes in stove designs. Other types of stoves, particularly ones designed to burn corn,
should be able to handle the higher ash content. Furthermore, new types of pellet stoves may be
capable of handling the higher ash content of grass pellets. For example, the Dell-Pointe pellet
stove, as cited by REAP Canada, avoids clinker build-up by first heating the fuel at low
temperatures. This gasifies the fuel before primary combustion. It is reportedly the first
commercially available pellet stove that uses gasification technology. (Cornell University, 2006)
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3.3.5

Pellet Production

The basic process of producing a pellet includes the following steps which are described below:
raw material acquisition and preparation, drying, grinding, conditioning, pelleting, cooling and
screening, conveying, screening, and bagging or bulk storage. This summary is based on
information from Andritz Sprout Co. (2006) and personal communication with Jim Schweizer of
Prairie Lands Enterprises L.C. and other knowledgeable individuals.
1. Raw material acquisition and preparation - A pelleting operation must have a consistent
supply of raw bio-fuel that is free of contaminants such as dirt, glass, metal, and stones.
Magnets are used to pull out metal contaminants, and metal detectors may be used to
allow for the detection and disposal of stainless steel.
2. Drying – The feedstock for a pellet mill must have a moisture content below 15%. Many
wood wastes have very high moisture content, up to 50%. These materials are usually
dried in a rotary drum dryer. Switchgrass should be harvested at a moisture content at or
below 15% and will not need to be dried.
3. Grinding - Before pelleting, the raw material must be reduced to an average particle size
of 1/8th of an inch. For perennial grasses this will require two separate grinding
operations. Bales will go through a de-baler, then a stationary grinder, equivalent to a tub
grinder (alternatively material could be forage harvested), and then through a hammer
mill.
4. Conditioning – To activate the lignin as a natural binding agent, the raw material must be
treated with steam or water to raise the temperature of the material to approximately 210230 degrees Fahrenheit. Switchgrass does not bind as well as wood; nevertheless,
switchgrass has been successfully pelleted to PFI fuel quality standards without the use of
added binders. The binding properties of miscanthus are not yet well established.
University of Illinois has begun limited testing of miscanthus pelleting.
5. Pelleting – Pellet formation takes place in the pellet mill where the feedstock is extruded
through a ring die. 7/64-inch dies were found to provide higher quality switchgrass
pellets than 1/8-inch dies (Samson et al, 2001). As the pellets begin to extend outside the
die. they are broken off with knives at a specified length, 3/4 of an inch for fuel pellets.
Pellet mills should be operated near design capacity to keep the cavity fully loaded. Care
should be taken to ensure that the pellet mill is evenly fed to maintain a balance in the die
cavity. The pelleting process increases bulk density to 40 lbs per cubic foot. When pellets
exit the die they are approximately 6-8% moisture and 200-220 degrees Fahrenheit.
6. Cooling - Cooling is necessary to stabilize, dry, and firm the pellets. The counter-flow
cooler is the most popular type in the industry. It pulls ambient air through a bed of
pellets to remove moisture and heat through evaporative and convective cooling.
7. Screening - When the pelleting is complete, some amount of the material will have not
formed pellets. These materials are called “fines”. Screening is necessary to separate this
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material out. It is then sent back through the pellet mill. A 3/16-inch screen is commonly
used for fuel pellets. When the pelleting process is functioning correctly less than 3% of
the material will be screened out.
8. Bagging - After screening, pellets are bagged for residential sales or stored in bulk.
Bagged pellets are usually sold in 40 lb. quantities. For bagging, pellets are conveyed to a
bag-out bin where a scale measures the correct weight for each bag. The bags are then
sealed and stacked on pallets with fifty bags to a pallet. The pallets are shrink-wrapped.
If they are to be stored outdoors, a top cover is often added.
3.3.6

Additional Considerations

Material Handling. Prairielands Enterprises, based in Centerville, Iowa, has developed plans for
a switchgrass pelleting facility and is hoping to begin construction in 2007. Jim Schweizer
emphasizes that switchgrass has significant material handling issues. It does not flow well and
may have different and unexpected properties when ground to various sizes. Consequently they
plan to install an entirely pneumatic transport system for their facility. Furthermore pipe size
must be increased. Switchgrass material at Chariton Valley, which was chopped to a median size
of roughly 1/16” (though some pieces were as long as 1”), required 30” pipe for transport. Dry
switchgrass is also very abrasive; when possible, plant equipment that is in contact with moving
switchgrass should be made of stainless steel. Sharp angled pipe elbows are eroded at an
extremely fast rate and should be avoided, and piping, particularly the elbows, would benefit
from an abrasion resistant ceramic liner (Schweizer, personal communication).
Storage. Prairielands Enterprises and the Chariton Valley Biomass Project found outdoor storage
of switchgrass to be unsatisfactory due to moisture collection and degradation of the material.
Prairielands Enterprises is planning to provide for storage of up to a year’s supply of feedstock
indoors in bales. They believe that storing the material in grain bins could present significant
handling problems, and they do not consider it feasible to move the material through any type of
funnel or auger (Schweizer, personal communication).

3.4 Economics of Pellet Production
The following estimates of pellet production costs are based in large part on information
provided by pellet mill manufacturers (Bliss Industries, Andritz-Sprout, California Pellet Mills)
and knowledgeable individuals (notably including Jim Schweizer, Alan Teel, Chuck Limbach,
Guy Arkin and Greg Ketterman). These estimates reflect some costs specific to the Decatur area
but we expect the cost of pelleting grasses would be similar in other Corn Belt locations. The
section presents a discussion and cost summary based on more detailed pro-formas developed by
AWI for a pellet operation capable of processing 6 tons per hour.
3.4.1

Threshold Acreage

The experts we consulted generally agreed that year-round operation of a fuel pellet mill would
be most economical, despite the high storage cost, in order to fully utilize the capital investment
in processing equipment. Therefore the mill must have a consistent fuel supply year round. The 6
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ton per hour production mill in our base case scenario would use about 43,000 tons of feedstock
a year. If the feedstock for the whole year is to be grass, about 11,000 acres of switchgrass (at an
expected yield of 4 tons/acre) or 4,300 acres of miscanthus (at 10 tons/acre) are required for an
operation that size. Alternatively, if a source of waste wood can be found for the mill this could
lower the necessary acreage, as well as allow for seasonal switching between feedstocks, which
could dramatically lower storage costs.
3.4.2

Plant and Equipment

A summary of estimated cost of the equipment and facilities necessary for the pelleting plant
(built around a 400 HP pellet mill which pellets wood at a rate of 4-6 tons per hour) is shown in
Table 6. We assume that the required facilities will be rented. We have estimated the size of the
space needed as 5,304 square feet for the plant at a cost $3.75 per square foot, and another
17,280 for a week’s supply of storage at a cost of $2.50 per square foot.
Our equipment subtotals are mainly from a detailed list provided by Andritz Sprout. We assume
that all equipment is bought new, however it may be possible to purchase some items, such as
forklifts, used.
Table 6. Cost of Pellet Facilities and Equipment
Cost of Facilities and Equipment
Facilities
Space (Ft2)
Rate ($/Foot
Year)
Plant Space
5,304
$3.75
Immediate Storage
17,856
$2.50
Office Space
400
$6.75
Total Annual Rent
Equipment
Loading
Pelleting
Bagging
Total Cost of Equipment
3.4.3

Annual Rent
$19,890
$44,640
$2,700
$67,230
Capital Cost
$265,000
$1,122,400
$184,600
$1,572,000

Raw Materials

Estimated cost of energy grasses delivered to the pelleting plant is $110.32 per ton for baled
switchgrass, $62.39 for baled miscanthus, $98.40 for forage harvested switchgrass, and $48.18
for forage harvested miscanthus. (See Section 2.5.) The cost of raw material is the largest
component in the cost of pelleting. The pelleting cost analysis was done without inclusion of any
green payments or subsidies that may effectively lower the feedstock price to the pelleting
business.
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3.4.4

Electricity

Electrical costs are $0.102 per Kilowatt-hour (KWh) for 24-hour operation (an average of the
off-peak and peak rate) obtained from the rate estimator on Ameren’s website. This price
reflects recent rate increases for Illinois utilities. The total KWh of electricity used is based on
estimates received from Arkin Sales, a representative of Bliss Industries Inc. The total HP is
converted in KW at a standard ratio of 1 KW per .8379 HP. This is then multiplied by the
number of hours the equipment is in operation. We estimate the plant equipment will have a total
of 1600 HP.
3.4.5

Other Variable Costs

Other variable costs include the bags, dies, roller shells, and roller bearings. According to Arkin
Sales, dies last for an average of 8,000 tons of production, roller shells for 5,000, and roller
bearings for 6,000. These averages are for the production of wood pellets. We assume the same
average lifespan for grass pellets. However there is speculation that these life spans will be
reduced when working with switchgrass. These three items will then amount to a cost of $5.10
per ton of product. The price of a bag is $0.30. A ton of product will require fifty bags so these
will cost $15 per ton of product.
3.4.6 Labor
It is our understanding that it will take a total of nine people spread between three 8-hour shifts
to operate the plant 24 hours a day. This scheme requires an automatic bagging system, and
assumes that all bagging takes place during the first shift. Two people per shift are required to
control, maintain, and observe the automated machinery. During the first shift one person is
required to operate the bagging equipment, and one person is required to operate a forklift to
warehouse the finished product. During the second shift we assume that one forklift operator will
be necessary to load products for shipments. We assume an average labor cost of $50,000 per
year for each employee. We have not included any costs for the shipment of the finished
product.
3.4.7

Storage

The pellet enterprise will also need to store a large volume of harvested biomass in order to
operate year-round. The maximum storage needs will depend on production assumptions. For
our base case we have estimated the plant will require 419,604 square feet of storage for grass
bales. Storage can currently be rented in old industrial buildings in Decatur at rates as low as
$0.25 per square foot per month
There is a great deal of uncertainty surrounding the ability to store forage chopped switchgrass.
Since chopped switchgrass does not readily flow through augers or funnels, storage in grain bins
appears to be impractical. If an adequate storage solution could be found, use of forage-chopped
material could significantly reduce the cost of the raw material and also reduce processing costs
at the pelleting facility.
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3.4.8

Market Price

Wood pellets in the Midwest are today priced at about $150-175 per ton wholesale, and $200250 per ton retail. The Pellet Fuels Institute lists a national average retail price of $165. The
difference in these two estimates probably reflects the recent shortages in pellet fuel that have
existed over the last two or three years. The retail pellet price at the Forsyth, Illinois, Menard’s
store in December 2006 was the equivalent of $200 per ton for softwood and about $215 for
hardwood pellets.
Arkin Sales puts the 2006 wholesale price between $135 and $190, but recommends a
conservative estimate of $135 for business plans. Chuck Limbach also recommended using an
estimate of $135 for business plans. Jim Schweizer thinks that the cost of producing grass
pellets should be right around $120/ton.
3.4.9

Estimated Production Costs

The base case for our analysis of a grass fuel pellet enterprise included the following
assumptions:
•
•
•
•
•

Switchgrass delivered in bales at a cost of $110.32 per ton will be the raw material.
The plant will operate 24 hours a day, six days a week, 50 weeks a year, and actually
produce pellets an average of 22 hours each day it is operating.
5% of the product will be sold retail for $200 per ton; 95% will be sold wholesale for
$135 per ton.
The rate of production will be six tons per hour.
Start-up costs will be financed with a loan at 6% interest.

Projected production costs for the base case scenario are summarized in Table 7.
Table 7. Grass Fuel Pellet Production Costs.
Pellet
Capital Cost
Operating
Operations
($/t)
Cost ($/t)
Raw Material
$0.00
$110.32
Loading
$0.88
$3.84
Pelleting
$2.27
$13.72
Bagging
$0.26
$15.57
Plant & Property
$1.73
$10.72
Storage
$21.30
$0.43
Personnel
$0.00
$11.83
Total
$26.44
$166.43

Total Cost
Cost Distribution
($/t)
(% of total)
$110.32
57.20%
$4.73
2.45%
$15.99
8.29%
$15.83
8.21%
$12.45
6.45%
$21.72
11.26%
$11.83
6.13%
$192.87
100.00%

The estimated production cost of about $193 per ton is significantly higher than the projected
wholesale price of $135 for the finished pellets. Therefore, the base case enterprise with these
production costs would not be profitable. Establishing a viable grass fuel enterprise in the
Decatur area would depend on finding ways to reduce the effective cost of production or increase
the price for which pellets are sold. We have identified potential alternative cases to lower the
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cost of pellet production. Green payments or subsidies related to environmental and renewable
energy benefits, as discussed in subsequent sections of this report, could also be important to the
economic viability of a pellet enterprise or any other market for grass energy crops.
3.4.10 Alternative Cases
Raw Material. The most significant change that could be made to our model is to change the
type of feedstock. Our base case assumed switchgrass as feedstock because (1) miscanthus is not
yet readily available for planting and (2) successful pelleting of miscanthus has not yet been
demonstrated. If baled miscanthus at an estimated delivered cost of $62.39 were available and
acceptable as raw material, that change alone would reduce the total estimated pellet production
cost from $193 to $145 per ton.
As shown in Table 4, the delivered cost of field-chopped grass is less than the cost of baled
grass. If it were feasible to use forage harvested material, that change would reduce raw material
cost and eliminate the capital and operating costs for a horizontal grinder and a de-baler. This
would also change storage and materials handling methods and costs. We do not have a basis for
estimating these costs.
If an alternative supply of wood waste could be found within reasonable transport distance, it
would be possible to pelletize grasses as they are harvested and pelletize wood the rest of the
year. This could significantly reduce storage requirements for year-round grass pelleting.
However, there would probably be some added costs (such as addition of a dryer unit) for a plant
design to pelletize either grass or woody biomass.
Bulk and retail sales. The possibility of increasing the percentage of pellets sold at retail
deserves further consideration. Selling pellets in bulk to large facilities that buy them by the
truckload might bring a price between wholesale and retail. This would save $16/ton in the cost
of bagging, as well as allowing for a price higher than wholesale for the goods sold.
Storage. If outdoor storage of the raw material were found to be acceptable, it might be feasible
and more economical to transfer the cost of storage to the growers, at a price of about $4 per ton.
(Duffy, 2002) It is also possible that constructing a storage facility may be cheaper than renting
storage.
Scale of operation. The base case uses a pellet mill of a size commonly manufactured in the
U.S. for making animal feed pellets. A new company called Pellet Pro’s located in Kewanee,
Illinois, has begun to import and sell pellet mills and related equipment designed for production
in the range of a few hundred pounds to several tons per hour. The company has agreed to do a
small scale test pelleting of mixed prairie grasses that we provided. If successful, this would
open the possibility of starting a commercial pellet operation with smaller and less expensive
equipment than assumed in our base case. This would have the added advantage of making it
possible to begin a grass fuel pellet enterprise with significantly less acreage needed to grow the
energy grasses.
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3.5 Estimating the Price Gap
An underlying premise of this project is that a gap exists between current prices of energy from
fossil fuels and the price required to induce farmers to produce energy crops. The size of the
price gap is sensitive to factors affecting either production cost or energy value. This section
presents the estimated price gap for the two scenarios we considered: co-firing with coal in
industrial cogeneration boilers and pelleting for use as a heating fuel.
Grass biomass as a coal substitute. Fuel prices vary with market fluctuations and purchase
contract terms but coal is generally the lowest-priced fossil fuel on an energy unit basis. Based
on input from learning group participants, a grass energy content of 15 MMBtu per ton
(compared to a coal energy content of about 22 MMBtus per ton) and delivered coal price of
$1.60 per MMBtus were used to estimate a coal-equivalent delivered price of approximately $24
per ton for this type of biomass.
The estimated price gap between a coal-equivalent energy price of $24 per ton and the estimated
production cost of grass biomass is shown in the following table.
Table 8. Estimated gap between biomass production cost and coal-equivalent price.
Production Cost Coal-equivalent
Price Gap
Feedstock
Form
($/t)
price ($/t)
($/t)
Switchgrass
Baled
$110
$24
$86
Switchgrass
Chopped
$98
$24
$74
Miscanthus
Baled
$62
$24
$38
Miscanthus
Chopped
$48
$24
$24
This simplified analysis does not take into consideration the capital and operating costs to an
industrial user for material handling systems, boiler modifications, air pollution control, and ash
disposal or utilization to co-fire coal and biomass. Retrofitting an existing cogeneration system
to co-fire coal and biomass will require some costs, which we have not attempted to estimate.
Learning group discussions suggest that for existing fluidized bed combustion systems such costs
are not likely to be prohibitively high.
Our co-firing scenario assumes that field-chopped biomass would be acceptable and could
actually be preferred by the user since it would eliminate the need for debaling and possibly
grinding at the cogeneration facility. The estimated price gap for chopped grass biomass is $74
per ton for switchgrass and $24 per ton for miscanthus.
While coal is the least expensive fossil fuel, it is also the fuel with the highest emissions of many
air pollutants and greenhouse gases. There is a large price gap between biomass and coal under
current prices and environmental policies. However, if the environmental impacts of coal use
were internalized in the price of coal or, alternatively, if the environmental benefits of
substituting biomass for coal were captured in the price paid for biomass, the economic picture
would shift significantly in favor of biomass.
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Grass Fuel Pellets. Our analysis of pellet production costs summarized in Table 7 shows
estimated costs of about $83 per ton excluding the cost of the raw material. The price gap for the
fuel pellet base case can be estimated by doing a back-calculation of the maximum price that
could be paid for raw material. At an estimated wholesale pellet price of $135 per ton, the breakeven raw material price would be $52 per ton (that is, $135 wholesale price minus $83 in
production costs other than raw material). However, this does not include profit or a margin of
error for the pellet enterprise. Using a total production cost of $120 per ton, as suggested by Jim
Schweizer of Prairielands Enterprises, the maximum price that could be paid for raw material
would be about $37 per ton.
The pelleting base case assumes raw material will be baled. For baled switchgrass, the gap
between the price a pellet manufacturer would be expected to pay ($37 per ton) and the biomass
production cost ($110 per ton) is approximately $73 per ton. If baled miscanthus could be used
as the raw material with no change in the capital and operating costs of the pellet operation, the
price gap would be about $25 per ton (based on $68 baled miscanthus production cost minus $37
paid by the pellet enterprise).
The estimated price gap is nearly equal under the two broad scenarios we examined.
For switchgrass, the estimated price gap is:
Co-firing chopped switchgrass:
Pelleting baled switchgrass:

$74/ton
$73/ton

For miscanthus, the estimated price gap is:
Co-firing chopped miscanthus:
Pelleting baled miscanthus:

$24/ton
$25/ton

The value of fuel pellets (which compete with propane, natural gas or heating oil) is higher than
the value of chopped or baled grass for co-firing as a coal substitute. But our analysis suggests
that the added value is approximately offset by the added cost to process the grass into pellets.
Additional technologies are being developed, improved, and commercialized to convert
cellulosic biomass into power and heat, ethanol and other biobased fuels, and biobased products.
The Secure Energy coal/biomass gasification facility and the proposed Monticello biomass
cogeneration project are two specific examples in the Decatur area. Research to increase yields
and otherwise reduce costs of producing biomass is also proceeding at University of Illinois and
elsewhere. Such advances can be expected to diminish the current gap between production costs
and the market price for biomass feedstocks.
In the meantime, payments related to ecosystem services can help to speed the transition to
production of clean, renewable energy from agriculture. The following sections explore the
environmental benefits of producing and using energy grasses, and near term prospects for green
payments to close the price gap and make our production scenarios profitable.
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Section 4
Ecosystem Services from Production and Use of Energy Grasses
4.1 Overview
Natural or managed landscapes can provide benefits such as enhanced soil health, water quality,
and wildlife habitat that have come to be called “ecosystem services”. A literature survey by
Sethuram Soman et al. (2007) identified and described numerous examples associated
specifically with riparian buffers including reduced soil erosion, improved wildlife habitat,
protection against flood damage, and aesthetic enhancement of the landscape. They note that
riparian buffers “may intercept or influence surface runoff, wastewater, subsurface flow and
deeper ground water flows from upland sources thereby reducing the movement of associated
nutrients, sediments, organic matter, pesticides and other pollutants into surface water and
ground water recharge areas”. Many of the ecosystem services of riparian buffers can be
ascribed to perennial energy crops grown in stream corridors and elsewhere. Ecosystem services
may not be easily quantified and priced but these benefits are real and have value.
In addition to the soil, water and habitat benefits derived from growing perennial energy crops,
conversion of grass biomass into useable energy can reduce reliance on fossil fuels and provide
air quality and climate benefits. Moreover, energy security and independence are increasingly
important areas of national interest where perennial biomass can have important positive
impacts. As the U.S. takes steps to increase energy from clean, renewable sources including
agricultural biomass, such benefits warrant consideration as part of the economic assessment of
biomass energy.
Payments for ecosystem services may reduce or eliminate the current gap between production
costs and the market price of grass biomass for energy conversion, This section presents an
overview of ecosystem services related to growing and using energy grasses. Much of this
discussion is applicable throughout the Midwest. We also provide a local assessment of the
potential short-term role of energy grasses in the Decatur area. Section 5 addresses ways to
quantify and capture the value of these services.

4.2 Wildlife and Habitat
Almost two-thirds of Illinois, 22 million acres of land, was once covered in tall-grass prairie
Today most of this prairie has been converted to agricultural use. Only around 2,300 acres of
relatively undisturbed natural prairie remain in Illinois (McClain, n.d.). Some large scale
projects, notably The Nature Conservancy’s Nachusa Grasslands and the Midewin National
Tallgrass Prairie administered by the U.S. Forest Service, are preserving or restoring Illinois
prairie. On a smaller scale, land trusts, conservation agencies, and private landowners manage
and restore sites with native prairie grasses and forbs. In the Decatur area, Macon County
Conservation District nature areas and Allerton Park, which is owned by the University of
Illinois, include significant areas of restored prairie.

Establishing a Grass Energy Crop Market
In the Decatur Area

33

August 2007

127 threatened and endangered species in Illinois – 17 birds, four reptiles, one amphibian, and
101 plants – depend on prairie ecosystems during some portion of their life cycle (NoteBaert
Nature Museum, n.d.). One of these birds, the greater prairie chicken, was once abundant but
declined to near extinction due to predators and shrinking habitat. Efforts to prevent their
extinction and increase their numbers in Illinois by preserving habitat and bringing in birds from
larger populations in other states have shown success at the Prairie Ridge State Natural Area in
Jasper County. Ron Westemeier, a scientist involved in this effort, notes that other threatened,
endangered and watch-list species benefit from preservation of prairie chicken habitat (Science
Daily, 1998).
The wide-scale production of perennial energy crops, especially native polycultures, could
restore some of the Illinois landscape to something much closer to its pre-settlement ecological
diversity. By creating economic value for prairie biomass, it could greatly increase the acreage of
prairie in the state. However, there are trade-offs between the objectives of biomass production
and ecological restoration of a natural landscape. Miscanthus x giganteus represents one end of
the spectrum: maximum biomass production but relatively limited habitat benefits. A restored
prairie polycultures with an abundance of grasses and forbs would be near the other end of the
spectrum: relatively low biomass yield, but a higher diversity of native plants and animals.
Monocultures of switchgrass and mixed stands with a few selected native grass species would
fall somewhere along the spectrum.
Two important game birds that could greatly benefit from increased native grassland acreage are
quail and pheasants. Over $1.8 billion are spent annually for small game hunting. Pheasant and
quail hunts account for about 1/3 of all small game hunting in the U.S. Almost 120 million acres
of land in the U.S. is owned or operated primarily for hunting purposes (U.S. Department of
Interior, 2001).
The northern bobwhite quail population has declined 65% over the last twenty years throughout
its range (Southeast Quail Study Group, n.d.). The long-term trend in Illinois is even worse. “The
number of quail harvested in the state has dropped from 2.5 million birds in the mid-1950s to just
over 540,000 [in 1999].” (Jenkins, 2000) Pheasant habitat has also been declining across the
continental U.S., however pheasants also benefit from a strong breeding and release program.
Both birds rely on grassland habitats, and habitat loss is a significant factor in their population
declines. Research by Les Daniel Murray of Iowa State University (2002) found that the
abundance of pheasants and other grassland birds increased in both strip-harvested and
completely harvested switchgrass fields, compared to row crop fields. He notes: “Grassland birds
are declining faster than any other group of birds in North America, and habitat loss is considered
a major reason for their decline… [R]owcrop fields are used by grassland birds, but very few
species nest there.”
A study of conservation buffers and wildlife, with field work mainly in Champaign and Ford
Counties, found that: “Conservation buffer filter strips are widely used by the wild vertebrates
that inhabit these farmland settings … however, conservation buffer filter strips are not sufficient
for sustaining the grassland fauna widely speaking, and they tend to be ecological traps for
nesting birds.” (Mankin et al., 2005) Wider filter strips and larger grass areas providing block
cover habitat are cited as being important to sensitive birds experiencing population declines.
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The findings and recommendations of this and other studies of wildlife outcomes of existing
conservation programs provide a framework for managing energy crops, especially native
species polycultures, to enhance wildlife habitat.
Harvesting practices are an important consideration for wildlife. Grasses and hay crops are
harvested green for use as animal feed. By contrast, grasses for conversion to energy are
harvested only after a killing frost in late fall or winter to reduce moisture and nutrients in the
harvested biomass. This practice would minimize impact on ground nesting birds. Where
management for high diversity flora and fauna is the prime objective and biomass yield is a
secondary consideration, biomass could be harvested in mosaics providing varied vegetation
height. Harvesting could be alternated with prescribed burns as a management practice. As
biomass energy production becomes a reality, research on management practices is needed to
assess synergies and trade-offs between biomass yield and ecological objectives.

4.3 Water and Land Quality
Appropriate placement and management of perennial vegetation on landscapes used mainly for
annual row crops can provide significant water quality and soil protection benefits. This is the
basis for the federal Conservation Reserve Program (CRP) and related conservation programs.
Such programs typically involve taking land out of agricultural production or restricting its
agricultural use in order to reduce soil erosion and advance other conservation objectives.
Extensive research has been done on the water, soil, and habitat outcomes achieved through CRP
and related programs. As legislators and policy-makers consider the future role of dedicated
energy crops, there will be a need for research and demonstrations of cropping systems and
management designed to produce bioenergy feedstock and achieve conservation objectives.
Two important environmental issues in the Decatur area and throughout the Corn Belt are
nutrient management and erosion reduction. Energy grasses can provide significant benefits in
both of those areas.
Nitrogen. None of the energy grasses under consideration in this report require the addition of
much nitrogen fertilizer. This in itself can help to reduce loss of nitrogen from farm fields to
surface waters and groundwater. Elevated levels of nitrogen compounds may cause adverse
impacts in streams and lakes, public water supplies, and in estuaries and ocean areas. High
nitrate concentrations can make water unsafe to drink for infants under 1 year of age. A drinking
water standard of 10 mg/ has been adopted for nitrate-nitrogen and treatment of drinking water to
ensure compliance with that standard can require construction of expensive facilities by water
utilities, including the City of Decatur. On a much larger scale, nitrogen loads in the Mississippi
River Basin are a factor in the formation of a hypoxic (low oxygen) zone in the Gulf of Mexico.
The size of the hypoxic zone changes seasonally and from year to year, but it has at times
covered over 7,000 square miles.
Besides not requiring large additions of fertilizer themselves, energy grasses (or trees) planted on
highly erodible land or in buffers along waterways can intercept nutrients lost from crop fields
located higher on the landscape. Cropping systems combining traditional row crops and
perennial energy crops have the potential to increase the water quality benefits of a given area of
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perennials and improve the economics of energy crops if cost-effective techniques can be
developed to use nutrients in surface run-off or tile flow to fertilize energy grasses.
Erosion and Sediment. Production of annual row crops can result in severe erosion, particularly
on poor quality land. Harvesting corn stover for biomass could increase erosion from cornfields.
Potential perennial energy crops including Miscanthus, switchgrass and other native prairie
grasses develop extensive root systems that are excellent at controlling erosion, even after the
above-ground biomass has been harvested. Soil loss through wind and water erosion poses a
serious threat to the sustainability of the world’s agricultural production. The soil that is eroded
becomes sediment in our waterways. Much of this sediment is deposited behind dams, filling in
lakes and reservoirs and reducing water supplies.
Local Experience. In the last two decades, the City of Decatur has spent a great deal of money to
deal with both nitrates and sedimentation. In 2002, the City constructed an ion exchange nitrate
removal facility at the South Water Treatment Plant at a cost of $7.6 million. Decatur also began
a long-term phased dredging operation to remove sediment from Lake Decatur, the City’s
primary water supply. Currently the capacity of Lake Decatur is about 21,000 acre-feet. Its
storage capacity had been reduced from sedimentation by 9,160 acre-feet, almost a third of total
capacity, between 1922-1983 (John et al., 1998).
Chariton Valley Experience. The Rathbun Soil and Water Conservation District modeled the
impact of converting 50,000 acres of cropland to switchgrass production in the Rathbun
Watershed, where the Chariton Valley Biomass Project was located. This SWAT model
indicated that soil erosion would be reduced by 55%, nutrient loading by roughly a third, and
atrazine run off by about 85% (Solow, 2005).
A scientific reassessment of causes of, and solutions for, hypoxia in the Gulf of Mexico is
currently underway by the EPA Science Advisory Board’s Hypoxia Advisory Panel. A working
draft report dated May 24, 2007, (released to the public with a strong disclaimer that it has not
been reviewed and approved by the panel and does not represent EPA policy) discusses the
adverse water quality impacts of expanding corn acreage for ethanol production and the potential
water quality benefits of perennial energy grasses grown on highly erodible land and in buffers.

4.4 Air Quality
Water, soil and habitat benefits associated with perennial energy crops are derived mainly from
its production: what is grown, where and how it is grown, and what the energy crop replaces on
the landscape. Air quality and climate-related benefits are derived mainly from conversion of
biomass to energy: how much energy is required to grow, transport and process it; how it is
converted into useable energy; and what nonrenewable fuel it displaces.
Substitution of grass biomass for fossil fuels can reduce some air pollutants. At Chariton Valley
where switchgrass was co-fired with coal for several weeks, emissions of sulfur dioxide (SO2)
particulate matter (PM10), mercury (Hg), and hydrogen chloride (HCl), and carbon monoxide
(CO) were slightly reduced. Nitrogen oxide and volatile organic carbon (VOC) emissions saw a
very small increase. Excluding greenhouse gases, the most significant change in air pollutants is
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in SO2 emissions. As reported by Solow (2005), emission reductions per MMBtu of switchgrass
in co-firing test burns at the Ottumwa Generating Station were:
•
•
•
•
•

SO2
HCl
PM10
CO
Hg

0.64 lbs,
0.053 lbs,
0.035 lbs,
0.0001 lbs,
5x10-7 lbs.

Emissions increased for VOC (0.009 lbs per MMBtu) and NOx (0.015 lbs).

4.5 Greenhouse Gases and Renewable Energy
One of the most important benefits of biomass energy is that it can significantly lower
greenhouse gas emissions, especially carbon dioxide. There are two distinct mechanisms for this
reduction in atmospheric CO2:
•
•

Sequestration of carbon removed from the atmosphere through photosynthesis in the
roots of perennial biomass crops and surrounding soil and
Substitution of the “contemporary” carbon in biomass for the “fossil” carbon in coal,
petroleum or natural gas.

When any fuel including biomass is burned, CO2 is released into the atmosphere; however, when
energy crops are grown, carbon is removed from the atmosphere. This yearly cycle creates no net
carbon dioxide emissions associated with the actual burning of biomass. There are some
emissions created from the growing, processing, and transport of biomass, because some fossil
fuels are required for these processes. However perennial grasses also sequester carbon removed
from the atmosphere in the soil and their roots. When both sequestration and substitution are
factored in, some studies show that switchgrass combustion is actually carbon negative, meaning
the biomass crop takes more carbon out of the atmosphere than burning it puts into the
atmosphere. The type and amount of energy required for producing, transporting and processing
the biomass and the amount of carbon stored in the plant's roots and soil determine the net
energy return and GHG emissions produced by converting biomass crops into renewable energy.
Net Carbon Emissions from Co-Firing Biomass with Coal. A life-cycle analysis done by the
Chariton Valley biomass project of all carbon emissions associated with the burning of coal and
switchgrass (including the production, transport and processing of coal and switchgrass)
determined that every MMBtu of switchgrass burned instead of coal reduced CO2 emissions by
360 lbs (Solow, 2005). At 15 MMBtu per ton, that means burning one ton of switchgrass as a
coal substitute would reduce CO2 emissions by about 2.7 tons. A different study showed a lower
CO2 emission reduction of 220 lbs per MMBtu, equivalent to about 1.6 tons of CO2 reduction per
ton of switchgrass (Ney and Schnoor, 2002).
Net Carbon Emissions from Biomass Pellet Combustion. The emission reductions for pelleting
biomass could be lower than for co-firing with coal. This is primarily because pellet fuels replace
home heating fuels (natural gas, propane, kerosene, and heating fuel) instead of coal, and these
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fuels produce less CO2 per MMBtu of energy than coal. A life-cycle emissions analysis would
need to be done to determine the full effects of replacing these fuels. Although natural gas
(which emits the least amount of CO2) produces nearly 50% less CO2 emissions than coal,
natural gas itself is a greenhouse gas 10 times stronger than CO2. The natural gas escaping the
distribution system during drilling and piping is a factor in determining the total GHG emissions
reduction of substituting biomass pellets for natural gas.

4.6 Energy Security
Biomass is a renewable energy source and it can be produced in the U.S. This report focuses on
use of biomass for power and heat. In these applications, biomass would often be replacing coal
or natural gas, which are for the most part produced in the U.S. Biomass energy used for heating
may replace imported oil indirectly through fuel substitution. When conversion of biomass to
transportation fuels through enzymatic or thermo-chemical processes is commercialized, biomass
may contribute to energy security more directly by replacing imported oil. Use of energy grasses
in the production of biobased products could also reduce dependence on foreign oil.
Although grass pellets are solid fuels that cannot be used in motor vehicles, they can still reduce
oil dependence and enhance energy security. This is because pellets can replace many liquid
fuels that are currently used for household and industrial heating. Many of these fuels could have
been processed into transportation fuels, primarily diesel, instead of heating fuels. No. 2 heating
oil is essentially the same as diesel, while No. 1 heating oil (kerosene) is essentially the same as
jet fuel. Replacing these heating fuels with pellets will allow them to be used instead in the
transportation sector. At current prices, pellets are also a more economical heating fuel than
either heating oil and kerosene.
The same parts of petroleum are used to produce both oil and gasoline. Therefore an increased
supply of diesel fuel could allow refineries to shift their production to make more gasoline and
less diesel from the same amount of oil. However, this shift in refining capacity requires a very
expensive long-term investment; almost all refineries choose during construction between
building the infrastructure to produce diesel or gasoline, they do not build both. (Tusiani, 2005)
Alternatively gasoline motor vehicles could be replaced by diesel run motor vehicles.
Based on their respective energy content and appliance efficiency, one ton of grass pellets can
replace an estimated 105 gallons of #2 heating oil. This oil could instead be processed into
diesel fuel. Growing biomass to replace liquid fuels used for home heating appears to be an
efficient and economical way to reduce oil imports.

4.7 Landscape Design for Energy Crops in the Decatur Area
The Upper Sangamon Farm Power Learning Group addressed the topic of landscape design in
relation to co-production of bioenergy feedstocks and environmental benefits. The group
recognized that little, if any, of the highly productive cropland in Macon County and neighboring
counties is likely to be converted to energy grass crops in the foreseeable future. The value of
the land for producing annual row crops is too high – and the value of energy grasses is too low –
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to make this land conversion economically attractive under current policies and with current
yields and energy conversion technologies.
If future landscapes are going to include production of both traditional crops and perennial
biomass crops, it will be important to consider questions of location: what to grow and where to
grow it. Iowa’s Chariton Valley, site of the largest multi-pronged demonstration of switchgrass
production and energy use, represents a watershed in which much of the agricultural land is steep
and highly erodible. By contrast, the Upper Sangamon watershed and much of east-central
Illinois have a relatively low percentage of highly erodible and environmentally sensitive land.
Land cover maps of Macon County and Piatt County, prepared by Dee Lund of the Illinois State
Geological Survey, are on the following pages.
Soils comprising nearly 88 percent of Macon County are classified as prime farmland. Much of
the cropland in Macon County and neighboring counties is characterized by nearly level to
gently sloping soils that formed under prairie vegetation in loess and the underlying glacial
deposits. Prior to cultivation, the prairie held the soil in place and added organic matter. Upland
soils in the county are typically poorly drained and have a seasonally high water table unless
drained by ditches and subsurface tiles. Some highly productive soils, such as Drummer and
Sable silty clay loams which occupy 20 and 10 percent of the area of Macon County
respectively, occur in broad, flat areas subject to periods of ponded water unless artificially
drained (USDA, 1990). Most of the area’s woodlands are located in valleys and bottomlands
near the Sangamon River and its tributary streams.
Lake Decatur, an impoundment of the Sangamon River constructed in the early 1920s to provide
water for the City and its expanding grain processing industries, is fed by drainage from a 925square mile watershed. Despite the flat topography of most of the watershed, sedimentation has
been a major concern since the lake was built, due in large part to the size of the watershed
relative to the lake’s storage capacity. The City of Decatur was actively committed to supporting
soil conservation as early as 1941 and it assisted in the formation of Soil and Water Conservation
Districts in the counties of the Sangamon Valley. Lake Decatur and its watershed have been
extensively studied since that time both to address local water quality and quantity issues and as
a case study with lessons applicable to other Midwestern watersheds.
Sediment surveys of Lake Decatur performed by the Illinois State Water Survey in 1936 and
1946 found a 20 percent increase in annual sedimentation between 1922-36 and 1936-46. An
ISWS bulletin published following the 1946 survey drew the following conclusion:
[A] study of land use changes in the drainage basin, in conjunction with experimental
data on the effects of various land uses on erosion, leads to a logical and apparently
conclusive explanation of the increased sedimentation. … In 1924 only 39 percent of the
area of the county was devoted to intertilled crops; in 1943 64.4 percent was in these
crops. The marked increase in acreage of intertilled crops after 1934 was due mainly to
expansion in production of soybeans. This spectacular increase in intensity of land use
for erosion-producing, cash crops is the only apparent cause of the increased rate of
sedimentation in Lake Decatur. (Brown et al., 1947)
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Champaign County

Land Cover of Piatt County 1999-2000
McLean County
DeWitt County

Macon County

Piatt County

Douglas County

Monticello

Moultrie County
Additional 1999-2000 Illinois Land Cover information available at
http://www.agr.state.il.us/gis/landcover99-00.html

Cropland

Wetland

Rural Grassland

Lakes and Streams

Forest and Woodland

Barren and Exposed Land

Urban and Built-Up Land

0

5

10
Miles

Establishing a Grass Energy Crop Market
in the Decatur Area

41

August 2007

The Lake Decatur watershed has been studied to assess causes and potential solutions for
elevated nitrate concentrations. Since 1980, the nitrate drinking water standard of 10 mg/l has
been exceeded in Lake Decatur most years for periods ranging from a few days to several
months. Subsurface drainage tiles provide a pathway for nitrates leached from the soil in farm
fields to reach surface waters. Conventional filter strips are of limited benefit for removing
nitrate because the tile flow bypasses the perennial grasses growing in the filter strips. Wider
harvestable filter strips with deep-rooted, water-tolerant energy grasses could be more effective
at removing and using nutrients from higher positions on the landscape, especially if drainage
systems are modified to make the nutrients in tile water available to the energy crop.
What will it take to interest landowners and producers in adding perennial energy grasses to their
farm operations? Expecting that only a small fraction of local farmland will be converted to
biomass crops in, say, the next 10 years, how can co-production of biomass and ecosystem
services be optimized? For governments, nongovernmental organizations, and companies or
individuals willing to financially support environmental objectives, where and how can they get
the most bang for their buck?
Some ideas related to the concept of “margins” seem helpful in addressing these questions and
searching for an optimal landscape design. This report focuses on the Decatur area but these
concepts can be applied anywhere.
Economic Margin. Current rural land uses range from very intensive agricultural
production (fruits and vegetables, animal feedlots, annual row crops) to less intensive uses
(pasture, woodland, wetland, or “idle” land). The actual or implied rent being earned by the land
ranges along this spectrum of intensity of use. At some point along the spectrum, the current
rent is less than what could be generated by producing perennial biomass crops. This is the
relevant economic margin. To the extent that the range of land uses in many landscapes already
includes uses (or degrees of idleness) that are no more profitable than what biomass production
promises, the landscape would be expected to be economically able to supply biomass. The
potential production would be from an area that is the sum of the acres producing rents at, or
below, the income promised by biomass production. If that supply of biomass is insufficient, the
total rent offered for biomass production will have to increase to bring more land into
production.
We have identified a number of environmental benefits as co-products of growing perennial
biomass crops including carbon sequestration, protection of water resources, and increased
wildlife habitat. Other benefits (renewable energy, reduced air pollution and greenhouse gas
emissions, energy security) can be derived from substituting biomass for fossil fuels. The values
of these ecosystem services offer opportunities for “green payments” to increase the bid for more
land. The effectiveness of perennial biomass production at delivering these collateral benefits
would be expected to vary by crop and, in the case of many of the benefits, by the location of the
crop on the landscape. The differences in benefits by location create other margins that are
important in designing the optimal landscape.
Hydrologic Margin. Surface drainage creates a pattern on the landscape of ephemeral
watercourses flowing into ever larger and more permanent channels. While the pattern of this
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drainage can vary due to the surface geology of the terrain, in general the land closest to the
drainage path is the most crucial for its protection. Converting bottomland and steeper slopes to
perennial vegetation would likely have the highest environmental value for water quality. This
relationship produces a gradient of value for hydrologic function, highest near the channel and
decreasing with the distance perpendicular to the channel. Where these patterns occur in the
Sangamon River watershed, an optimal pattern of biomass production could reflect this role in
the landscape by seeking riparian land first and moving the margin outward to meet the demand
for biomass.
Habitat Margin. Providing wildlife habitat is another role of perennial vegetation and a
co-product of biomass production that can add value to converted acres. Obtaining maximum
wildlife benefit also involves getting landscape patterns right. In this case the relationships
between pattern and function can be quite complex, but there are two general concepts that seem
likely to be particularly important. One is the idea of critical mass or core habitat. Some
minimum area is required to achieve a justifying threshold of habitat. Some species, including a
number of ground-nesting birds whose populations are in decline, need sizable blocks of suitable
habitat to thrive. The second concept is edge. Many wildlife species are attracted to edges or
transition zones, where vegetation or other landscape characteristics change. Again, an optimal
pattern of biomass production should incorporate these concepts and the expanding margins they
imply.
Values Independent of Location. While water quality and habitat benefits of growing
energy grasses are highly dependent on their location and management on the landscape,
environmental benefits associated with energy use of perennial biomass are generally less related
or unrelated to landscape position. For example, the net greenhouse gas reduction and renewable
energy benefits per acre planted in an energy crop are determined by factors including crop
yield; energy requirements for its production, transportation and processing; and the
nonrenewable fuel it displaces.
Optimization. Maximizing the overall value of a portfolio of benefits derived from
perennial biomass production is a landscape design challenge. One would expect land to be
converted if the effective land rent being offered for biomass – including payments for
ecosystem services – exceeds the current use value. In much of the Corn Belt, currently the
lower value agricultural land uses are likely to be found near watercourses. These riparian areas
also provide the highest hydrologic value and, due to their inherent water/land edge character,
provide high habitat value. One would expect that perennial biomass production would become
attractive in these areas first and expand outward from the streams as increasing demand for
biomass is reflected in higher bids for land rent.
The flat and depressional areas common on some upland soils represent a locally-important
special case for marginal analysis. These soils are highly productive and highly valued for
annual row crops, if adequately drained. Where there is no subsurface tile drainage or only
limited random tiles, row crops may suffer reduced yields or complete failure in wet years. As
an alternative to installing or improving subsurface drainage, such areas could be converted,
either as whole fields or as blocks within fields, to energy grasses tolerant of a seasonal high
water table and occasional ponding. This could be expected to produce relatively high biomass
Establishing a Grass Energy Crop Market
In the Decatur Area

43

August 2007

yields and habitat benefits and to prevent or significantly reduce the nutrient losses that would
occur if the soil were drained and used for corn and soybeans.
Implications for Energy Conversion Technology. The optimal pattern of production
just described is very different from what would be expected if the process of land conversion is
driven strictly by industrial demand for biomass. Given the inherent bulkiness of biomass, in the
absence of the portfolio of environmental values, the expansion of production would be expected
to be centered near biomass users or existing transportation systems. A potentially important
implication of the dispersed biomass production pattern envisioned for prime cropland areas such
as Macon County is that it is compatible with relatively small-scale distributed technologies to
either convert the biomass to usable energy or densify it for cost-effective transport.
The 1- or 2-Megawatt biomass cogeneration system proposed for the City of Monticello (see
Section 3.1) or pelletization using small (possibly mobile) grinders and mills are examples of the
options well-suited for a distributed approach. Linda Meschke of Rural Advantage presented
information about the Madelia (Minnesota) Bio-Based Eco-Industrial Assessment project at a
meeting of the local biomass learning group. The Madelia project report addresses gasification,
the Fischer-Tropsch process, and pyrolysis as potential thermo-chemical energy conversion
technologies for biomass feedstocks produced within a 25-mile radius (Rural Advantage, 2007).
High-yielding biomass crops and technological advances for cellulosic ethanol or other biofuels
and bioproducts may someday justify converting large amounts of prime farmland from row
crops to perennial grasses. In the near term, burning energy grasses in existing industrial boilers
or constructing distributed facilities for energy conversion or densification can provide a market
for the amount of biomass generated by cropping patterns that convert a small percentage of the
land to perennial biomass production.
Implications for Land Use and Ecosystem Services. This report and many other
assessments of the bioenergy future emphasize the environmental and economic benefits that can
be achieved. But our analysis also underscores the possibility of undesirable outcomes. The
logic of the economic margin described above is that the demand for biomass would successfully
bid for the lower productivity lands first, replacing whatever the current use is with a biomass
crop. To the extent that these areas of lower productivity are currently, by neglect or design, in
permanent cover, they may well be providing considerable habitat and hydrologic benefit.
Unless biomass production standards and/or a system of payments for ecosystem services are put
in place to protect existing habitat and hydrologic functions, the demand for biomass may
actually diminish the quality of the landscape by encouraging maximization of biomass yield
without regard for possible adverse environmental impacts. In other words, achieving the
environmental benefits described here is not automatic; it will require establishment of
appropriate policies or incentives to ensure that the lands and waters of Illinois and other
agricultural states are enhanced by the increased demand for bioenergy and bioproduct
feedstocks.
Macon County and the Upper Sangamon watershed offer a suitable setting for interdisciplinary
research and demonstrations focusing on landscape design, management practices, and economic
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incentives for optimal co-production of bioenergy feedstocks and ecosystem services in a
watershed used mainly for row crop production.
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Section 5
Green Payments for Environmental Benefits
5.1 Closing the Price Gap
We concluded in Section 3 that the current energy value of grass biomass is less than its
production cost for the scenarios we analyzed. Over time, increases in fossil fuel prices and
agricultural and technological advancement (increased crop yields, breakthroughs in cellulosic
ethanol or other energy conversion processes, and so on) may shrink or close this price gap.
Green payments for producing and using perennial biomass crops can also play an important role
in making biomass energy markets economically viable.
We define “green payments” in this context as payments based on the environmental benefits
resulting from production or use of biomass energy feedstocks. Payments may be made by
governments, private entities or individuals. Payments may be made to agricultural producers or
to companies that convert biomass into energy. Public policies may affect markets and prices
through a variety of interactive mechanisms. For purposes of this analysis, we broadly consider
policies such as tax credits and regulatory mandates for renewable energy as indirect green
payments if their effect is to increase the price that a purchaser of biomass would pay to an
agricultural producer.
A related type of public support for renewable energy, including biomass, deserves mention here.
There are typically high costs associated with developing and commercializing new
technologies. Some existing and proposed programs are designed to support greater use of
domestically-produced, clean, renewable energy by funding research and development of new
technologies or providing grants, tax incentives or other subsidies for constructing renewable
energy facilities. This report does not address such programs in depth but we note that they may
be critical in the decision of an energy utility or industry to invest in biomass-to-energy facilities.
Government-funded research to improve yields and characteristics of energy crops is another
type of public support for bioenergy innovation.
This section discusses the types and potential amounts of green payments tied to the
environmental benefits described in Section 4. These fall into three categories:
•
•
•

Payments for conservation benefits derived from production of perennial energy crops
including soil, water quality and habitat benefits;
Payments for renewable energy and greenhouse gas reduction benefits derived from both
the production of energy crops and their use as a substitute for fossil fuels; and
Payments for other air quality benefits derived from substituting biomass for fossil fuels.

5.2 Soil, Water, and Habitat Conservation Payments
Payments for soil and water conservation and improvement of habitat may come from federal,
state or local governments, nongovernmental conservation organizations, hunting or birding
clubs, and private landowners.
Establishing a Grass Energy Crop Market
In the Decatur Area

46

August 2007

Many of these programs can be thought of as offering payments or incentives that effectively
reduce the opportunity cost of shifting land from crop production to conservation uses. In some
cases, program payments scale with the opportunity cost of land taken out of agricultural
production. The green payments from these programs or groups have usually been designed
simply to support the conservation benefits. In most instances, program guidelines will need to
be modified (or new programs will need to be designed) to support co-production of energy
biomass and ecosystem services.
5.2.1

CRP and Other Agricultural Conservation Programs

The Conservation Reserve Program (CRP) was established in 1985 by the Food Security Act and
has been reauthorized in subsequent federal Farm Bills every five or six years. Congress is
currently working on the 2007 Farm Bill and changes related to CRP and other conservation
programs may be enacted this year. Whether and how to revise program guidelines to encourage
the co-production of biomass and conservation benefits is under consideration.
A USDA booklet on the CRP program states:
The Conservation Reserve Program (CRP), administered by USDA’s Farm Service
Agency is the Federal Government’s single largest environmental improvement program
on private lands – and one of its most effective. Today, CRP is safeguarding millions of
acres of American topsoil from erosion, improving air quality, increasing wildlife habitat,
and protecting ground and surface water by reducing water runoff and sedimentation.
Countless lakes, rivers, ponds, and streams are cleaner, healthier and more useful because
of CRP.
Even more impressive, CRP’s success is accomplished through local voluntary
partnerships between individuals and Government. Instead of mandating participation,
the program uses financial incentives to encourage farmers and ranchers to voluntarily
establish valuable conservation practices. Under CRP contracts, farmers are
compensated for planting permanent covers of grass and trees on environmentally
sensitive lands, where vegetation can improve water quality, or provide food and habitat
for wildlife.
CRP provisions in the current Farm Bill and program regulations were not designed with
extensive harvesting of biomass in mind. The harvest of CRP acres is very restricted. Some of
the specific conservation practices written into CRP contracts permit enrolled land to be hayed,
grazed or harvested on a limited basis. Existing law does include provision for no more than six
Biomass Pilot Projects allowing harvesting of certain CRP acreage for biomass energy use. The
Chariton Valley Biomass Project in southern Iowa is one of these pilot projects. It appears likely
that the next Farm Bill will be generally more favorable toward co-production of harvestable
biomass and conservation benefits but specific provisions are not yet known.
Conservation Reserve Enhancement Program. CREP is a program similar to CRP but involves
a federal-state partnership. Although the broad goals of CRP and CREP are the same, CREP
programs receive additional funding from states and target conservation for specific geographic
areas or purposes. In Illinois, much of the Illinois River Basin, including the Upper Sangamon
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watershed, is included in the CREP geographical area. Land enrolled in the Illinois CREP
program is not currently allowed to be hayed or grazed or harvested for energy use. It is our
understanding that CREP guidelines can be changed through an amendment accepted by both
parties to the federal-Illinois CREP agreement.
Available CRP Acreage. CRP land is categorized based on the permitted practices that are in
place on the land. There are over thirty categorized practices but only five of these will allow for
the harvesting of a hay crop:. CP1 -- Introduced, new grass plantings, CP2 -- Native, new grass
plantings, CP4 -- Wildlife Habitat, CP10 -- Existing Grass, and CP 18 -- Salinity Reducing
Vegetation (not applicable in central Illinois). On hayable CRP lands, only 1/3 of an individual’s
CRP acreage can be harvested each year, or all of it can be harvested every three years. The
CRP handbook includes a further requirement that any harvested acres be at least 120 feet from
any stream or permanent water body. (USDA FSA, n.d.)
In Macon County, there are currently 3,524 acres enrolled in CRP, including 1,016 acres in
hayable practices CP1, CP2, CP4, and CP10. Illinois statewide totals show 627,219 acres in
these hayable practices out of a total CRP enrollment of 1,087,030 acres. Table 9 shows CRP
acreage in hayable practices in Macon and neighboring counties. (Champaign County, which
does not adjoin Macon, is included because a significant portion of the county is in the Lake
Decatur watershed.) These numbers are taken from reports on the USDA FSA website
summarizing acreages by practice and county for active CRP contracts for all program years.
Data were retrieved July 8, 2007, and rounded to the nearest acre.
Table 9. CRP acres in hayable practices by county in the project area.
CP1
CP2
CP 4
CP10
CRP acres
County
Introduced
Native
Wildlife
Established – Hayable
Grasses
Grasses
Habitat
Grass
practices
Macon
90
195
479
252
1,016
Champaign
27
241
82
255
605
Christian
209
669
2,541
260
3,679
DeWitt
35
330
954
75
1,394
Logan
186
952
2,132
282
3,552
Moultrie
76
83
77
152
388
Piatt
16
134
141
29
320
Sangamon
1,250
760
4,723
686
7,419
Shelby
2,440
1,516
2,831
2,764
9,551
Project
4,329
4,880
13,964
4,755
27,924
area total
Illinois
state total

182,790

49,838

141,662

252,929

627,219

Total CRP
acres – All
practices
3,524
10,895
8,873
4,320
11,755
2,698
2,946
14,160
14,238
73,409

1,087,030

Variations from county to county reflect factors such as county size, topography, soils, and
landowner willingness to enroll land in CRP. The efforts and priorities of conservation agencies
may also be a factor. For example, Champaign County has comparatively few acres in the four
hayable practices but a high number of total CRP acres. This appears to reflect a special effort
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by the Champaign County SWCD/NRCS office to promote CRP filter strips (CP21 – 5,588 acres
in Champaign County) and riparian buffers (CP22 – 1,326 acres).
Even if land is enrolled in practices that allow haying or grazing, these activities must be in the
management plan. In Macon County, few if any of the CRP acres in hayable practices have
management plans that include haying. To harvest energy grasses off these CRP acres,
landowners would have to obtain FSA approval of a revised management plan (USDA FSA,
n.d.). An important point related to harvesting biomass from any CRP land with wildlife benefits
is that energy grasses are generally harvested in late fall or winter, minimizing impact on groundnesting birds.
At an average yield of 4 tons per acre, harvesting biomass from the 1,016 Macon County CRP
acres with practices eligible for haying would produce about 4,100 tons of biomass per year if
harvested annually. Less frequent harvesting, perhaps alternating with prescribed burns, would
produce less biomass for energy conversion on an annual basis. Total biomass that could be
produced from the 27,924 hayable CRP acres in the 9-county region would be nearly 112,000
tons if harvested annually at an average yield of 4 tons per acre.
Value of CRP Acreage. The economic value of CRP land for our two biomass market scenarios
is somewhat difficult to determine. Since owners have already chosen to enroll their land in
CRP, we can assume that the CRP effectively covers their opportunity cost of not having the
land in corn/soybean production. Landowners may also place a nonmonetized value to
themselves from protecting the soil and enhancing hunting or wildlife viewing. Under current
rules, harvesting CRP land reduces the CRP payment by 25% for the acreage hayed. The value
of this reduction could be considered the owners’ effective land and opportunity cost if they
begin harvesting biomass.
In 2006, Illinois CRP land had an average rental rate of $102.35 per acre, the third highest rental
rate in the country (USDA FSA, 2006). Local FSA staff indicated that Macon County’s rates are
higher than the state average. The rental rate is affected by the soil quality; the better the soil,
the higher the payment. In addition to the rental rate, which is capped around $145 per acre,
there is an additional maintenance payment of $4 per acre and an incentive payment of 20% of
the rental rate is paid to most local CRP landowners. If we assume the maximum rental rate is
given to land in CRP in our area, then the effective opportunity cost of land would be lowered to
about $44 per acre, the amount of the reduction the farmer will take in CRP payments at the
maximum rental rate.
Our estimated cost per ton of delivered biomass (see Table 4) rounds to $98 for chopped
switchgrass and $110 for baled switchgrass. More than half of this cost was the opportunity cost
(at $240 per acre or $60 per ton) of the land. At an effective opportunity cost of $44 per acre (or
$11 per ton) for energy grasses grown on CRP acres, the estimated delivered price per ton of
switchgrass would be reduced to $49 chopped and $61 baled. In our pellet fuel scenario (see
Table 7), reducing the raw material cost from $110 to $61 per ton would reduce the total cost of
producing grass pellet from $193 to $144. This is still above the assumed wholesale price of
$135 per ton of grass fuel pellets but the remaining price gap would be much smaller.
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Although land already in these CRP practices has grasses established on it, we have not deducted
establishment costs from the estimated cost of delivered biomass. Grass mixtures grown on CRP
land have not been selected for high yield. It is likely that managing these areas to produce both
harvestable biomass and conservation benefits would require establishing a new species mix.
Miscanthus is a non-native species that effectively reduces erosion and loss of nutrients from the
soil but may not provide habitat benefits comparable to current vegetation planted on CRP lands
managed for wildlife. Concern has been expressed about planting Miscanthus in riparian
corridors because of the potential for invasive spread downstream by rhizome fragments carried
by runoff (Raghu and Davis, 2007). It appears unlikely that planting Miscanthus on existing CRP
land would be allowable and, if it were allowed, the CRP payment might be reduced more than
the usual 25% reduction for haying.
Establishing New CRP acreage. CRP will also provide financial assistance in converting row
crops to perennial grass cover. The CRP will cost-share half of the cost of various establishment
practices, within a set limit. There are extra incentives, however, that can push this to almost
90% of establishment costs inside these limits. Most area CRP landowners have qualified for
these incentives in the past (Melanie Hall, personal communication). During the establishment
period, farmers could receive the full CRP payment. This can cover all the opportunity cost
associated with the establishment period, which is annualized as $10/year. Added together this is
equal to a payment of $14.50.
Other USDA programs and the new Farm Bill. CRP in its current form generally removes land
from agricultural production and devotes it entirely to conservation purposes. Corn and soybean
prices have risen recently. Higher grain prices are expected to cause some CRP landowners to
put land back into annual crop production upon expiration of CRP contracts or to opt out before
contract expiration. This would result in loss of the conservation benefits now provided and
would eliminate the possibility of using this acreage for perennial biomass production in the near
future. Program changes allowing landowners to sell grass biomass and also receive conservation
incentives from CRP could reduce the conversion of CRP acres to row crops.
Other existing USDA programs – notably including EQIP (Environmental Quality Incentive
Program) and CSP (Conservation Security Program) – support conservation on working lands.
EQIP has been suggested as a possible approach to supporting biomass production by paying, or
cost-sharing, establishment costs of perennial energy crops and lost income during the
establishment period. The new enterprises that have evolved from the Chariton Valley Biomass
Project are pursuing this option as they transition from the demonstration project stage to fullscale ongoing operations.
The 2007 Farm Bill is expected to renew the CRP program and include new or revised programs
to support production of perennial energy crops. The analysis presented here should be revisited
after the new Farm Bill is enacted.
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5.2.2

Conservation Land Trusts and Nature Preserves

Non-profit land trusts and public or private nature preserves are another potential source of funds
or subsidized acreage for perennial biomass. According to the Land Trust Alliance (2005), there
are over 35 land trusts in Illinois protecting over 60,000 acres of land. Land trusts controlling
land covered in perennial grass could be a source of harvestable grass biomass. Trusts would
need to be appropriately compensated for the biomass and be assured that harvesting practices
are compatible with their land management objectives. Compensation could be below the
agricultural opportunity cost of the land since the trust administrators have already effectively
decided its value in conservation is greater than its value in crop production. If the land is not
currently “working land” in the sense of producing a cash crop, the opportunity cost to the trust
would be equal to the detrimental effect, if any, that biomass production might have on the
conservation objectives.
Existing or new land trusts could partner with biomass purchasers to purchase conservation
easements from potential growers to help lower the opportunity cost of the land and help cover
the establishment cost of a biomass crop. Innovative land tenure arrangements offer the potential
to increase acreage in co-production of biomass and ecosystem services by combining multiple
income streams to leverage the trust’s financial resources.
Government agencies such as Conservation Districts or Forest Preserve Districts could likewise
view harvest and sale of perennial biomass as a way to supplement available funds to carry out
their conservation mission.
5.2.3

Hunting and Wildlife

Organizations and individuals with an interest in hunting, birdwatching and related outdoor
recreation activities own or manage a large amount of land to provide wildlife habitat. As in the
case of conservation land trusts, wildlife groups could grow perennial biomass for both crop
revenue and habitat enhancement on land they own. Wildlife groups or individual hunters may
also be a source of green payments in the form of fees paid to private landowners to manage the
land for wildlife and permit recreational use of the land.
One local organization that could play this type of role is the Golden Days Conservation Club
which leases hunting rights on over 7,000 acres in south-central Illinois. This organization places
high priority on land management for upland game birds and an enjoyable hunting experience.
Participants in the local biomass learning group network know of private landowners in the
project area that maintain hundreds of acres of tall grass prairie for hunting purposes, with or
without financial incentives from CRP, CREP or other government programs.
5.2.4

Local Governments

Local governments including municipalities, counties and townships, sanitary districts, park or
conservation districts, and other special-purpose governmental units can have strong interests in
water and land conservation. At the county level, Soil and Water Conservation Districts, in
partnership with the USDA National Resource Conservation Service, local governments and
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landowners, have been working to protect water and land quality since their creation starting in
the 1930s. This local-federal partnership provides technical assistance and manages cost-share
programs for Best Management Practices (BMPs) for soil and water conservation. SWCDs
currently fund established practices, such as terracing and catch basins, to reduce soil erosion.
Source water protection. Municipal governments may provide funding and support for SWCD
partners for watershed management activities related to protection of water supplies or other
municipal objectives. For more than 20 years, the City of Decatur has provided funds to the
Macon County SWCD for staff and programs to reduce sediment and nutrient loads to Lake
Decatur. Such funds may be applied to locally-established programs and priorities. In the past,
City funds have been used to support innovative conservation approaches and as local match for
USDA or EPA grants related to nonpoint pollution reduction and source water protection.
Nitrogen. The nitrogen concentration in Lake Decatur has historically been a significant problem
for the City of Decatur; however, in 2002, the City completed construction of an ion exchange
treatment facility to ensure compliance with the nitrate drinking water standard. Watershed
management activities to reduce nitrate concentrations in the lake may help to reduce operating
costs of the ion exchange system and ensure that nitrogen concentrations do not increase to a
level that would exceed the current treatment capacity.
Sediment. The City has a strong economic interest in reducing the amount of sediment flowing
into Lake Decatur. Sedimentation reduces reservoir capacity and adversely affects aesthetics and
recreational use of the lake. Erosion and sediment reduction are the top priority for the City’s
ongoing partnership with the SWCD. The City is currently conducting a long-term, phased, lake
dredging program. Sediment surveys conducted by the Illinois State Water Survey have
determined that the average yearly sediment load delivered to the lake was 160,000 tons from
1922 to 1983, resulting in an average annual loss of 120 acre feet of storage capacity. Total
sediment loads have not been measured in recent years but it is believed that the annual
deposition rates have probably decreased due to the CRP program and implementation of
conservation tillage and other BMPs.
A 1998 Lake Decatur watershed study estimated the value of in-lake sediment load reduction at
$4.59/ton in 1998 dollars; however, this price must be adjusted by applying delivery ratios for
each sub-watershed’s sheet and rill erosion. The estimated value of in-field erosion reduction
varies from $0.05/ton for erosion near the Sangamon headwaters in McLean County to $1.01/ton
for erosion in sub-watersheds closer to the lake (John et al., 1998).
Other central Illinois cities including Springfield and Bloomington have financially supported
watershed projects related to protection of municipal reservoirs.
Water quality trading. Wastewater management agencies and other entities subject to Clean
Water Act regulations can achieve compliance with pollutant discharge permits through water
quality trading arrangements in which regulated wastewater dischargers contract for reduction of
pollutants by nonpoint sources, including agriculture. If Illinois adopts water quality standards
for nitrates and total nitrogen, wastewater agencies could find that paying to support reduction in
nitrogen from nonpoint sources is less expensive than constructing and operating wastewater
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treatment facilities for denitrification (biologicial conversion of nitrates to nitrogen gas). The
Water Reclamation District of Greater Chicago has expressed interest in managed wetlands as a
way to meet nutrient standards. Stands of perennial grasses managed for nitrogen uptake and
denitrification could be a cost-effective method of achieving the required nitrogen removal.
5.2.5

Perennial Biomass in the Mississippi Basin

EPA’s Hypoxia Advisory Panel is addressing the potential role of perennial energy crops in
reducing nitrogen and phosphorus loads from the Mississippi River Basin as part of a large-scale,
long-term action plan to address the issue of hypoxia in the northern Gulf of Mexico. This
suggests the possibility of federal funding targeted to a suite of practices such as perennial
energy crops, wetlands and riparian buffers, and tile outfall bioreactors to provide multiple
benefits including nutrient reduction.
5.2.6

Summary and Discussion

Soil, water and habitat benefits can be provided in conjunction with growing perennial energy
grasses. The largest single program providing green payments related to these benefits is the
USDA Conservation Reserve Program. That program provides payments for conservation
benefits from perennial vegetation on environmentally sensitive land but it is not designed for
co-production of an energy crop. Consequently, there is considerable interest in prospects for
either a modified CRP or a new program in the next Farm Bill that would provide financial
incentives for conservation benefits and also allow harvesting bioenergy feedstock.
Land trusts, nature preserves, wildlife organizations, private individuals and municipal water or
wastewater utilities are other potential sources of direct or indirect green payments for soil, water
and habitat benefits from growing perennial energy crops. Each would have its own priorities
that would determine willingness to pay for land managed to provide multiple benefits. In the
case of land trusts and nature preserves, their involvement could come in the form of allowing
biomass to be harvested and sold from land they already own and manage for conservation
purposes. This would have the same effect as a direct payment to a private landowner equal to
the land rent plus the establishment and management costs of the energy crop.
“Multifunctional agriculture” designed to produce a combination of traditional crops, perennial
energy crops, livestock and ecosystem services is a promising new area of research to address
questions of optimization and compatibility of objectives. Our marginal analysis and landscape
vision presented in Section 4 suggest that there will be appropriate places on the agricultural
landscape for a range of co-production systems:
•

Yield maximixation: Monocultures of Miscanthus or switchgrass managed to maximize
yield would have limited habitat value but could provide significant benefits for reduced
soil erosion and nutrient losses. If advances in energy conversion technologies and
policies to promote renewable energy and greenhouse gas reduction create strong markets
and higher prices for bioenergy feedstock, conversion of some prime farmland to these
high-yielding energy crops will become economically attractive with or without CRPtype green payments.
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•

Maximization of environmental benefits: Native polycultures managed for plant
diversity, wildlife habitat and water quality protection would provide lower biomass
yields but other compensating value. High-diversity polycultures grown on flood-prone
bottomlands, highly erodible land, and flat upland soils subject to ponding could be part
of a landscape design to enhance water quality, plant and wildlife habitat and outdoor
recreation. If the next Farm Bill or other policy initiatives expand support for coproduction of biomass and ecosystem services, this approach could enhance the
environment and provide sufficient biomass to begin establishing small-scale local grass
energy markets.

If the land cost and the cost to establish and manage perennial biomass were entirely covered by
conservation programs, land trusts or other entities interested in the conservation benefits, the
estimated breakeven price for a delivered ton of baled grass would be reduced from $110 to
about $38. This represents the estimated harvest and transport costs shown in Table 4. This
price is higher than the coal-equivalent energy value for co-fired grass ($24 per ton) but within
the range that a grass fuel pellet enterprise could be expected to offer for raw material (between
$52 per ton to produce pellets at a wholesale price of $135 per ton and $37 to cap pellet
production cost at $120 per ton, as recommended by Prairielands Enterprises). This suggests that
even if the biomass were essentially available at no cost, green payments based on the renewable
energy, greenhouse gas reduction, and air quality benefits will probably be needed to make
harvesting and delivery to an energy user economically viable. The following section addresses
that category of benefits and potential green payments.

5.3 Renewable Energy Credits (REC) and Greenhouse Gas (GHG) Markets
Soil, water and habitat benefits are derived mainly from growing perennial energy crops.
Converting this biomass into energy as a substitute for nonrenewable fossil fuels can provide an
additional portfolio of benefits to society.
A renewable energy credit (REC) represents the renewable aspects of electricity created from
renewable sources (e.g. wind, solar, biomass, geo-thermal). Although there are many
environmental attributes of a REC, perhaps the most important is the greenhouse gas (GHG)
emissions reduction created when renewable energy replaces fossil fuel. Almost all RECs
contain the rights to associated reductions in GHG emissions. Because of this a REC and a GHG
credit can be thought of as interchangeable in terms of capturing the value of greenhouse gas
reductions.
There are several different types of REC and GHG credits with different names. There are two
types of REC markets: voluntary and mandatory. We refer to voluntary REC markets as Green
Tag markets and to mandatory REC markets as Renewable Portfolio Standard (RPS) Markets.
The REC concept originated in the context of electrical power generation and is generally
designed to promote use of renewable energy sources for that purpose. TPelleting biomass as a
heating fuel is not eligible for REC payments even though it replaces nonrenewable energy with
renewable energy. Instead this value would have to be captured in the form of GHG credits.
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5.3.1

Mandated RPS Markets

RPS markets are created when state governments pass legislation, commonly called a Renewable
Portfolio Standard, mandating that a certain percentage of energy delivered or produced in the
state come from specified renewable energy sources. RPS rules and regulations vary state by
state. In some states REC ownership includes all aspects of renewable energy combustion
including any reduced pollution emissions. In that case, if renewable energy is produced, a REC
cannot be sold to one entity and the SO2 allowance, or any other emission allowance, to another
entity. In others states REC ownership confers only the rights to the renewable quality of the
energy. A REC is usually equal to 1 MWh of renewable electricity produced.
One KWh is equal to 3,413 Btus. So 1 MMBtu is equal to 293 KWh, or 0.293 MWh. The rate of
energy conversion at a fossil fuel power plant is generally less then 38%. At an assumed
efficiency of about 34%, a power plant produces about 100 KWh of electricity per MMBtu of
fuel. Therefore, a REC worth $0.01 per KWh (or $10.00/MWh) is worth about $1.00 per MMBtu
of fuel burned, or roughly $15.00 per dry ton of grass biomass burned.
Cogeneration plants use the heat as well as the electrical power generated from fuel combustion.
Therefore, they have significantly higher overall energy efficiency than power plants. However,
calculation of RECs may only include the electrical output of a cogeneration plant. If so, it may
still be feasible to capture the environmental value of usable heat output from renewable fuel in a
cogeneration plant in the form of a GHG credit.
Illinois RPS. The Illinois Commerce Commission (ICC) adopted an RPS rule on July 19, 2005.
Both of Illinois’s major utility companies, Ameren and ComEd, issued statements of support for
the plan; however, the Illinois RPS is voluntary and has no effective enforcement provision. The
proposal that was accepted calls for 2% of the energy supplied in the state to come from
renewable energy. This amount is to increase by 1% each year until it reaches 8% in 2013. Of the
renewable energy supplied 75% of it should come from wind and 25% from other sources
(Illinois Commerce Commission, 2005).
Some of the rules for the Illinois REC were never finalized. Although ComEd took initial steps
to secure the wind portion of its RPS requirement in 2006 (attempting to put its wind energy in
production before the expiration of the federal Production Tax Credit), this process stalled late in
2006, and neither the ICC nor the major utilities have pushed the issue forward (ICC e-docket
06-0270).
Movement on this issue by the ICC and Illinois utilities has reportedly been caught up in the
political debate over the politically contentious electric rate increases, which came into effect at
the beginning of 2007. Although there may be opportunities to contract with utilities for
renewable energy production when this issue moves forward again, it seems unlikely that a spot
REC market will develop in the absence of any penalties for marginal non-compliance.
Out of State REC Markets. It might still be possible however to sell RECs produced in Illinois
into states that do have a working RPS market in place. There are four REC markets with rules
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indicating RECs generated in Illinois are eligible for sale in that state’s market. These are
Maryland, Washington DC, New Jersey and Delaware.
Rules governing the Maryland and Washington DC markets indicate that RECs generated over a
wide geographic region, including Illinois, would be eligible for sale. Importantly the energy
produced by the renewable facility would not have to be delivered. This separates the RECs from
the underlying electric commodity. Furthermore, Maryland RECs do not convey non-REC
attributes, that is, they do not contain the rights to emission reductions. This would allow for the
sale of RECs in Maryland and the subsequent sale of pollution allowances elsewhere. It is
unclear if DC RECs retain emission rights. (D.C Code 34-1431. 2005), (The Council of the
District of Columbia, 2004), (Annotated Code of Maryland § 7-701 et seq. 2005)
Maryland’s RPS compliance period began in 2006, and prices for tier one RECs (which include
close-looped biomass) are relatively low, between $1 and $2 per MWh. This is due to the wide
geographic eligibility of RECs. (Evo.ID, 2006)
The DC Market compliance period begins this year, 2007. We have not been able to find any
public information on traded prices. We have seen a bid and offer price from April of 2006 of
$3.00 and $8.00 respectively; however, no known trades had been made at the time of those
quotes. (Evo.ID, 2006)
There are two states, New Jersey and Delaware, which will accept RECs only if the concurrent
energy is delivered into their Regional Transmission Organization (RTO). It would not be
practical to meet this requirement due to transmission costs so sale of RECs from the project area
in these markets is not feasible under current rules. However, price information from other
markets is of interest as an indication of what might become available if Illinois enacts an
enforceable RPS. New Jersey RECs claim all environmental attributes of the renewable energy
produced. This means that if a REC is sold in NJ, corresponding emission reduction allowances
cannot be sold. The rights to these emission reductions are contained in the NJ REC. (New
Jersey Administrative Code Stat 48:3-49 et seq. 2006) New Jersey has the most active REC
market on the East Coast, along with some of the highest prices. NJ solar RECs are worth over
$50. Tier 1 RECs are worth around $7.00-$8.00. Furthermore the NJ RPS has a very ambitious
schedule requiring an increase of energy from renewables of about 0.8% a year, until the year
2021. (Evolution Markets LLC., 2006)
The Delaware REC market is scheduled to begin in 2007, requiring 1% of energy to come from
renewables (Evolution Markets LLC, 2006).
There are many other REC markets in the U.S. However, RECs produced in downstate Illinois
could not feasibly be eligible for these markets. There are four Midwestern states with an RPS:
Illinois, Minnesota, Iowa, and Wisconsin. Of these, the Illinois is currently voluntary, Iowa’s
requires in-state generation and has not created a REC-type instrument (Iowa Code § 476.41 et seq.
2003), Wisconsin’s requires dedicated transmission of the renewable energy into the state (Wis.
Stat. § 196.378 2005), and Minnesota does not yet have a functioning market.
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5.3.2 Carbon Dioxide (CO2)
As discussed in Section 4, production and use of perennial energy crops reduces carbon dioxide
in the atmosphere in two ways: (1) through carbon sequestration in roots and soil and (2) through
substituting the contemporary carbon in biomass for fossil carbon in coal or other nonrenewable
fuels. Carbon credit or offset programs are the best-known mechanisms for capturing the value
of these benefits. A Low Carbon Fuel Standard, now under consideration by Illinois policy
makers, is another option that could give an indirect boost to a grass biomass market and the
price of biomass.
There are currently four large CO2 or GHG emission markets in the world. These are the
European Union Emission Trading Scheme (EU ETS), the United Kingdom market, the New
South Wales (Australia) market, and the Chicago Climate Exchange market. In addition the state
of Oregon has an existing GHG offset fund.
In addition to the GHG emission sources regulated by these markets, there are GHG offset
markets, which allow non-regulated sources to reduce emissions, create Emission Reduction
Credits (ERC), and then sell these credits to GHG sources that are regulated by these markets.
Currently the CCX has the least restrictions on the use of offsets. The EU ETS does not allow
offsets and the South Wales Market requires them to be within its own borders (Kelley, 2005).
There is also an offset market for the Kyoto Treaty. However these offsets must be produced in
signatory countries. Emission offsets in the United States would not qualify for the Kyoto Treaty.
Two future U.S. markets are also in the process of being created. Several northeastern states
have singed a Memorandum of Understanding creating the Regional Greenhouse Gas Initiative
(RGGI), which will become operational in 2009 (RGGI Model Rule, 2005). In June 2005,
Governor Schwarzenneger of California signed an executive order mandating the state to reduce
its GHG emissions across all sectors of the economy (Steinhauer, 2007). On February 26, 2007,
the governors of five western states created a system very similar to the RGGI. (Gardner, 2007)
Arizona, California, New Mexico, Oregon, and Washington created the Western Regional
Climate Action Initiative, which will have established a cap and trade greenhouse gas market
within eighteen months. There is also an evolving voluntary offset market similar to the Green
Tag market.
There are five present and future GHG markets with well established rules available for entry by
a biomass resource in the U.S (aside from REC markets): the Chicago Climate Exchange (CCX)
compliance, Oregon Offset, RGGI, CCX offset, and voluntary markets.
CCX Compliance. The most direct way to participate in the GHG market is in conjunction with a
company that is part of the CCX. The Chicago Climate Exchange developed the first greenhouse
gas market in the U.S. Membership in the CCX is voluntary, but once a participant has joined,
they have entered into a binding legal contract to reduce their GHG emissions. Unfortunately
participation is limited and cursory review of the list of participants does not show any as having
large operations in downstate Illinois (Chicago Climate Exchange, n.d.).
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Oregon Offset. The state of Oregon created a law in 1997 requiring all new power production in
the state to have lower CO2 emissions than is currently possible for a fossil fuel generation
facility. For a utility to comply with this mandate they must offset any new facilities emissions
with an offset project or pay $0.85 per ton of excess CO2 emissions to the Oregon Climate Trust
(The Climate Trust, n.d.). Most, if not all, have chosen to pay the Trust. These funds are used to
develop offset programs. Although an Illinois biomass project could potentially be funded as one
of these offsets, the trust is currently not seeking any new offset projects (The Climate Trust,
n.d.). Such programs are of interest as a potential model for replication in other states.
RGGI. The RGGI market is scheduled to cap CO2 emissions in 2009 and begin reducing
emissions by 2.5% each year from 2015-2018, reaching 10% below the original cap in 2018.
Seven northeastern states are participants, and more are expected to join. The RGGI will allow
emissions to be offset with projects in states that are not members but only at a 2:1 ratio,
meaning 2 tons of CO2 must be offset out-of-state, to produce one ton of emission allowances.
However if the price of an allowance stays above $7 for 12 months, the ratio would be reduced
to 1:1. Allowances may also be created by purchasing and retiring offsets produced in the EU
market. This provides a one-way link to the EU ETS market. The RGGI is expected to become a
pathway for entry into the GHG market, however, it will not be available for at least two years,
and the 2:1 ratio will lower the incentive to seek out offsets generated in non-member states
(RGGI Model Rule, 2005). If Illinois becomes part of a similar Midwest market, this ratio should
become 1:1.
Green-e GHG Offsets. In mid-2007 Green-e, the leading certifier of Green Tags, intends to
launch certification of GHG emission reduction credits (Green-e, 2006). The market for these
credits will essentially be the same as the Green Tag market. Purchasers will be individuals,
businesses, and governments that wish to offset their GHG emissions. However, certification for
GHG emission reductions will not require any generation of renewable-based electricity, opening
up this voluntary market to GHG offset programs like the substitution of grass pellets for natural
gas in home heating. Green-e GHG offsets could be a valuable payment to support production of
grass pellets.
CCX Offset. The CCX also has an offset program in place and this is the main potential pathway
for operations in downstate Illinois to participate in GHG markets. A project that involved cofiring biomass with fossil fuels, categorized as fuel switching by CCX, would only be eligible if
the boiler operator is a member of CCX.
The CCX currently has a program to capture the value of CO2 sequestered into the ground by
perennial grasses or conservation tillage. This is accomplished by the aggregation of the credits
generated by individual farmers by an approved aggregation company. The Illinois Conservation
Climate Initiative (ICCI) is a joint project of the State of Illinois and the nonprofit Delta Institute
which acts as the aggregator and sells credits on the CCX market. Currently the Delta Institute is
offering a credit of 0.75 metric tons of CO2 per acre of land covered in perennial grasses (Delta
Institute, n.d.).
The second way for our project to participate is as an offset program. Analysis done during the
Chariton Valley Project estimated that the amount of CO2 offset by replacing coal combustion
Establishing a Grass Energy Crop Market
In the Decatur Area

58

August 2007

with switchgrass combustion is around 360 lbs of CO2 per MMBtu of switchgrass burned (Solow
et al., 2005). One ton of CO2 is currently priced between $3.75 and $3.90 depending on vintage
year by the CCX. This means that grass biomass at 15 MMBtu per ton would generate emission
credits worth about $10.50 per ton.
The actual value of credits to farmers, however, could be much lower for several reasons. The
360 lbs/MMBtu includes the carbon sequestered in the ground. There is scientific uncertainty
about methods for measuring or calculating sequestration (Wander, Miscanthus Symposium,
2007). Unless reliable methods to determine GHG reduction are available, offsets may be scored
at a lower rate by CCX or other carbon credit markets. Furthermore, in order to finance
production, farmers may need to sell their emission credits before they are produced. This could
result in a substantially lower price. Lastly, in order to participate in the CCX, credits would
have to be aggregated by an official CCX offset credit aggregator (Chicago Climate Exchange,
n.d.); farmers would then have to split the carbon credit payment with aggregators and verifiers
and pay for their costs of operation. All of these factors may be expected to result in a
substantially lower price than the theoretical value.
Future U.S. or Global CO2 Markets. Proposals for a national carbon cap-and-trade system or
other policy mechanisms to reduce CO2 and other GHG emissions are being advanced by
numerous organizations and members of Congress. The value of carbon credits is determined in
part by how much aggregate emission reduction is required by the cap. Examination of the
European experience may provide some insight into the price of GHG credits if the US entered a
global market or developed its own system to reduce these emissions. The EU ETS system is the
largest GHG market in the world. After trading as high as 30 Euros/ton (about $41/ton) of
emissions, CO2 credits on the European market crashed in April 2006. On March 9, 2007, they
were only worth 1.30 Euros ($1.71) (NordPool, 2007). The market crashed when it became
apparent that the member state emission allowances were so high that little or nothing would
need to be done to meet emission requirements (Allen Consulting, 2006).
However, the EU ETS is scheduled to begin a second phase in 2008. Although only a few
member states have had their allowance numbers approved, the EU has insisted it will have
much stricter allowances in the second phase. Member States issue their own allowances,
however these National Allowance Plans (NAPs) must be approved by the EU. Out of the fist 12
NAP proposals only one (the UK’s) was accepted as submitted. The 11 others were required to
lower their proposed emission caps (EU Press Release, 2007). The price of 2008 CO2 allowances
in the futures market is currently around 15 Euros/ton (more than $20/ton), indicating that the
market believes the EU’s claim (NordPool, 2007).
If carbon credits had this value in the U.S. (either through entry into a global market or creation
of a separate U.S. market), a price of $20/ton of CO2 reduction would represent an effective
green payment of about $54 per ton of grass biomass, based on 360 lbs of CO2 per MMBtu and
15 MMBtu per ton of biomass). Carbon credits for sequestration would presumably be owned
by the farmer or landowner producing the perennial energy crop and could be sold directly. This
is how the existing CCX program for sequestration operates. Credits related to substitution of
biomass for fossil fuels would be owned by the biomass user, not the grower. The portion of the
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value of carbon credits that would pass through to farmers in the form of a higher price for their
biomass is uncertain.
Although there is no provision in the current rules for EU companies to link their GHG
allowances with the U.S., the RGGI will have at least a one-directional linkage to the EU market.
RGGI members will be able to offset their emission by retiring EU allowances. This has two
interesting effects. First it essentially caps GHG prices at the corresponding EU rate. Second if
the price of emission reductions in the RGGI states is higher than in the EU, this one-directional
linkage will in effect create a trans-Atlantic market. It is unlikely that current RGGI caps will
create a GHG price equal to Europe’s any time during its scheduled phases due to the large
geographic availability of offsets and the lowered cost of initial reductions. If EU ETS
allowances are again over-allocated, the price of their allowances will fall substantially. If
allowances are again so lax that little or no reduction will be necessary, the system could result in
a transfer of wealth from the U.S. to the EU as American companies buy emissions allowances
from Europe, which cost the Europeans nothing to create and do not actually result in any CO2
emission reductions. If European carbon credit prices do not significantly increase during the
next round, it is conceivable that many RGGI emissions will be offset through the EU
mechanism. In fact European offsets would have a major advantage over out-of-state U.S offsets,
which would only be eligible on a 2:1 ratio (RGGI Model Rule, 2005).
Low Carbon Fuel Standards. One of the many policy options under consideration by the
Illinois Climate Change Advisory Group is a Low Carbon Fuel Standard patterned on a system
recently adopted by the State of California. As described in a 2-page summary on the Illinois
EPA website, this policy would require producers, importers, refiners and blenders of fuel sold in
Illinois to “meet, on average, a declining standard for GHG emissions measured in CO2equivalent gram per unit of fuel sold. The standard will be measured on a lifecycle basis in order
to include all emissions from fuel consumption and production, including the ‘upstream’
emissions that are major contributors to the global warming impact of transportation fuels.” Fuel
providers would be allowed to choose how to reduce emissions to meet the standard.
If adopted in Illinois, a Low Carbon Fuel Standard could create an incentive for fuel providers,
including but not limited to ethanol producers, to substitute biomass for fossil fuels in their
operations, where feasible. In principle, this would serve to promote use of biomass in at least
two ways. First, it would encourage fuel providers to consider co-firing biomass with coal or
natural gas in oil refineries, ethanol or biodiesel plants, or other operations counted in the GHG
lifecycle analysis. Second, it would be expected to increase the price that fuel providers would
be willing to pay for biomass, just as a Renewable Portfolio Standard increases the price an
electric utility would pay for wind power or biomass.
5.3.3

Voluntary REC (Green Tag) and GHG Markets

The Voluntary REC market deals with the same commodity, renewable energy certificates, but
for different purposes. Voluntary RECs, or green tags, and GHG credits are purchased by
individual energy consumers. They are purchased for many reasons, but primarily to reduce
GHG emissions. Individuals can purchase them to offset their own energy use. Corporations and
businesses may purchase them in order to promote themselves as “green businesses.” Some
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governmental organizations are required by law or mandates to offset their energy use. The U.S.
EPA maintains a monthly list of the top twenty-five green power purchasers in the U.S. available
online at http://www.epa.gov/greenpower/partners/top25.htm.
The largest purchaser in September of 2006 was the U.S. Air Force; 11% of the energy it used is
renewable. The rest of the top five were Wells Fargo (42%), Whole Foods (100%), the U.S. EPA
(100%), and Johnson and Johnson (30%). This list has been updated quarterly since September
of 2004. Renewable energy demand is rising rapidly. In September of 2004, the top twenty-five
partners used 780,000 MWh of renewable energy annually. Two years later, by September 2006,
this amount increased by about 300% to just over 3 million MWh (USEPA, 2007).
Green tags can be used not just to offset emissions from electricity consumption, but any type of
energy use. They can be used to make almost any activity, including travel, carbon neutral.
Green tags provide essentially the same service as green power pricing programs offered by
electrical utilities, which allow consumers to pay extra for electricity generated from renewable
energy resources. Green tags may be used by these utilities to provide the green power sold in
their programs. These programs are not currently available in Illinois, but consumers can
purchase green tags in order to accomplish the same goal.
Green-e is the leading U.S. certification service for green tags. In 2005 over 4.3 million Green-e
certified green tags were sold (Doherty, 2006). Green-e green tags contain the rights to all GHG
emission offsets produced by the energy, but not any other pollution emissions that are generally
regulated by EPA, including NOx, SO2 and Mercury (Green-e, 2005). Retail prices for green
tags vary but generally are between 0.5 to 3 cents per KWh, ($5-$30/MWh) with the majority of
new wind Green Tags priced around 2 cents/KWh, or $20/MWh (U.S. DOE, 2006). This is
substantially more than State RPS REC prices. Based on previous estimates of energy content
and carbon displacement, a green tag price in the range of 0.5 to 3 cents per KWh is roughly
equivalent to a payment between $7.50 and $45 per ton of biomass burned as a coal substitute.
Per learning group participant Rich Wright of Ameren Energy Fuels & Services, producers
generally sell their RECs into the wholesale market at much reduced prices, 0.2 to 1 cent per
KWh (roughly equivalent to $3 to $15/ton of biomass). This would greatly reduce the value of
these RECs. It would be in the interest of a biomass energy project to sell RECs at or near retail
prices if possible.
5.3.4

Grass Pellets and Air Emission Payments

Most air emission restrictions and possible payments apply only to electricity generators. This
presents challenges for acquiring green payments derived from the reduced air emissions of grass
pellets. The only type of air quality payment that could be available is a GHG offset payment.
This payment could be acquired either through the CCX or through a voluntary market similar to
the green tag market. The price of a CCX offset is the same as a CCX allowance, about $4/ton of
CO2. In the voluntary offset market the price should be similar to the equivalent green tag price,
since presumably most green tags are purchased to offset GHG emissions.
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There are a few green tag producers that also sell GHG offsets; these producers have priced their
CO2 offsets between $5 and $12/ton. (U.S. DOE, 2006) Depending on whose estimate is used,
one ton of switchgrass burned will offset between 1.5 and 2.5 tons of CO2. (Solow et al., 2005;
Ney and Schooner, 2002) So these offsets would be worth between $7.50-$30 per ton of
switchgrass. There are, however, three potential complications or obstacles to acquiring these
payments for the use of grass pellets: aggregation, additionality, and determining the amount of
CO2 offset.
Aggregation. One problem is the difficulty in aggregating the rights to the CO2 offset by burning
grass pellets. It is an easy task for wind farm owners to sell the attributes of their renewable
energy because a single entity creates and owns a marketable size of emission attributes. It is not
feasible for hundreds of homeowners burning grass pellets to individually certify and sell their
emission offsets. The pellet producer cannot claim legal ownership of these emission reductions
either. The pellet enterprise would have no right to the emissions being reduced. The individual
pellet users have ownership of their own GHG emissions and reductions achieved by changing
their heating fuel.
In order to sell these GHG offsets on the open market, the pellet users would have to give up
their claims on the environmental attributes of their pellets. Of course some people may buy
pellets specifically to reduce their own GHG emissions. They would no longer be doing that if
they sold their GHG offset rights.
Logistically the rights given up by individual owners would also have to be aggregated to sell
into the market. A potential work-around would be for pellet retailers to sell physical tags with
their pellets. These tags could legally represent the environmental attributes of the fuel.
Consumers could then have the option of selling the tag back to the retailer or manufacturer. This
could help purchasers grasp that they are losing something (their emission rights) if they sell
these tags back to the retailer or producer. The pellet producer, or any aggregator, could contract
with the retailers to buy back these tags, or the tags could operate like mail-in rebates. The
aggregator could then sell them into the voluntary market.
Additionality. Another problem common to both scenarios is additionality. In order to qualify as
an offset in GHG trading, the offset project must show that under a business-as-usual scenario,
their GHG reductions would not occur; in other words, they must show that their emission
reductions are in addition to what would happen without the extra financial incentives.
This concept of additionality is a very fine distinction that has plagued offset programs around
the world. It can be difficult to definitively show that an offset project meets this requirement.
This is one of the reasons the EU ETS currently does not allow the use of offsets.
A brief scenario can illustrate this problem. Suppose to offset its emissions, Company A provides
funding to the owner of a forest in exchange for a contract preventing the forest owner from
logging that forest. This allows the forest to continue to sequester greenhouse gases. However, it
is entirely possible that the forest was unlikely to be logged in the first place. This would mean
no additional carbon was sequestered because of these payments. These specific accusations
have been made against many forest sequestration programs. (Chapman, 2006)
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Although it could be argued that the production of grass pellets would not be viable without
these GHG payments, and hence the additionality requirement is satisfied, the prior existence of
a biomass (wood) pellet industry and the existence of grass pellet production in Canada might
reasonably create some skepticism on this point.
This problem could be further complicated if it is examined at the individual pellet user level. A
rural greenhouse business may find that switching from propane to pellets is simply the most
cost-effective option. This switch would not satisfy additionality, as they would have done it
with or without extra payments. Someone heating their home with natural gas, however, may
find that the extra payment provided by GHG offsets is the extra incentive they need to switch to
pellet heating.
Scoring CO2 Offsets. There is an additional problem in determining exactly how much CO2 is
offset when pellets are burned. When co-firing with biomass in industrial or utility boilers, it is a
relatively simple matter to determine how emissions have changed. Stack tests determine the
reduction of pollutants and analysis of the fossil fuel displaced helps determine the GHGs offset.
However, with grass pellets the aggregator of the GHG emission reductions may not know how
many GHG emissions are being displaced. This calculation would require detailed information
on customers’ prior and current energy use, including fuel type, heating appliance efficiency, and
the amount of fuel used. Lacking that, at least enough information would be needed to perform
statistical analysis and develop a reasonable estimate for this number.
5.3.5

Summary and Discussion

Public policies and private voluntary action to promote renewable energy and reduce greenhouse
gas emissions are already in place through such mechanisms as state-level Renewable Portfolio
Standards, GHG credit markets in Europe and some states, and voluntary programs including the
Chicago Climate Exchange and green tag offset markets. It may reasonably be expected that
states, cities and the federal government will continue to evaluate and perhaps adopt new
programs. Entry into these markets can be quite complicated. Prices of RECs and GHG credits
vary widely across markets and over time in a single market.
Today, the only functioning program available to Illinois biomass growers is the Illinois
Conservation and Climate Initiative, which offers payments of a few dollars per acre for carbon
sequestered by perennial grasses with aggregated credits sold on the CCX offset market. The
European market suggests the possibility of significantly higher green payments, potentially in
the neighborhood of $50 per ton of grass biomass burned as a substitute for coal, if comparable
carbon caps or strong renewable energy mandates are adopted in the U.S.
Based on our price gap estimates in Section 3, RECs or GHG credits priced at or near that level
would, in combination with green payments for water and habitat benefits, be sufficient to close
the price gap for switchgrass or prairie polycultures grown on CRP-eligible land. Even without
green payments related to soil and water conservation, RECs or carbon credits valued above $25

Establishing a Grass Energy Crop Market
In the Decatur Area

63

August 2007

per ton of biomass would be sufficient to close the price gap for Miscanthus grown on converted
cropland.
Until state or federal policies are put in place, the most promising approach for biomass growers
to receive substantial green payments for GHG reduction may be through green tags or other
voluntary carbon offsets. In our opinion, an offset project for targeted introduction of energy
grasses, especially native polycultures, would be attractive to prospective buyers because their
purchase of a carbon offset would also support water quality and habitat benefits and produce
visible change on the landscape.
Other air quality benefits may also provide potential for green payments, although probably
smaller than the potential payments for the renewable energy and GHG attributes of biomass
energy. If federal law were changed to make it more feasible to obtain the renewable energy
production tax credit for biomass projects, that could become an important source of indirect
green payments boosting the value of an energy crop. These benefits and their potential value
are described in the following

5.4 Other Air Emissions
5.4.1

Sulfur Dioxide (SO2) Allowance Market

Market History. Although the SO2 cap-and-trade market was not the first such pollution market
in the U.S., its successful implementation nationwide and the cost savings it produced over prior
estimates essentially ended the debate over the usefulness of cap-and-trade regulatory schemes.
These are now the premiere system for the control of regional or national pollutants when their
implementation is technically feasible.
The national SO2 market began with Title IV of the National Clean Air Act. The first phase of
the compliance period began in 1995, and the second phase, which greatly expanded the number
of emission sources subject to its provisions, began in 2000 (Burtraw et al., 2005).
Switchgrass and SO2. The SO2 market covers emissions from all U.S. utilities with generating
units larger than 25 MW. In March 2007, the value for the emission of one ton of SO2 in 2007
was about $450 per ton of SO2 emitted (Ino.com, 2007). Switchgrass has a sulfur content of
about 0.04% compared to 0.3%-0.5% for low sulfur Powder River Basin coal (EIA, 2000)
(Solow et al., 2005).
In test burns at the pilot project in Chariton Valley, where switchgrass was co-fired with coal in a
PC co-generation facility, each MMBtu of switchgrass burned was shown to decrease SO2
emissions by 0.64 lbs (Solow et al., 2005). At this rate and the current price of about $450 for an
SO2 emission allowance, burning switchgrass instead of coal will generate SO2 emission
reductions worth about $2/ton of switchgrass burned.
Future Market State. In the future, the price of SO2 emission reductions will probably increase.
In 2005, EPA announced the Clean Air Interstate Rule (CAIR), which will cap emissions of SO2,
NOx, and mercury far below current levels. In 2010, the new cap on SO2 emissions will require
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28 eastern states to cut their emissions to about half of their 2003 levels and to about a third of
2003 levels by 2015 (Chicago Climate Futures Exchange, 2004). These rules have already had a
large effect on the price of SO2 emission allowances. Before 2004, allowance prices were rarely
above $200. However in 2004, the year the new rules were announced, prices began a steep rise,
eventually peaking in December of 2005 at price over $1,600 before falling back down around
$450 (CERA, 2006).
Banking. An important facet of the CAIR is that instead of selling excess emissions allowances,
owners can also save them for use in later years when the emission caps are more stringent or
when weather factors result in higher emissions. This is called banking. The number of banked
allowances steadily grew between 1995 and 2000 from the program beginning to over 11.6
million tons, roughly equal to the annual emission cap of 10 million tons. However when phase
II began the emission bank steadily declined to 8.65 tons in 2004 (Chicago Climate Futures
Exchange, 2004). This indicates that utilities had begun producing more emissions than they had
allowances. Furthermore the value of the banked emissions dramatically increased once the
CAIR went into effect. Banked emissions with a vintage of 2009 or earlier may be used under
phase I of CAIR on a 1:1 basis, but emissions banked from 2010-2015 may only be used on a 2:1
basis, and emissions banked after 2015 will be used on a 3:1 basis. Essentially, in 2015
allowances banked prior to 2010 will be worth twice as much as one banked between 2010 and
2014, and worth three times as much as one banked after 2014 (Chicago Climate Futures
Exchange, 2004). Banking also gives companies needing to reduce emissions many years before
they are actually required to do so.
5.4.2

Nitrogen Oxides (NOx)

NOx Market History. Nitrogen Oxides (NOx) are one of the two necessary precursors of ozone,
the major component of urban smog. (The other ozone precursor is volatile organic compounds,
VOCs.)
In 1994, in the wake of failure to meet the ozone attainment standards required by Title IV of the
1990 Clean Air Act and the realization that emission standards would not be sufficient to reach
these standards, 11 northeastern states agreed to create a regional cap-and-trade program called
the OTC NOx Budget Program to control seasonal NOx emissions. Urban smog formation
requires high temperatures and is therefore only a problem during the warm months of the year.
Since NOx and VOCs do not have long retention times at ground level, NOx emissions are only
regulated under this program from May 1 to September 30 each year. The program became
operational in 1999.
In 2003, it was clear that many areas would not be able to meet the ozone standards under the
current emission rules. States attempted and failed to reach a consensus on regional action. In
response some states affected by the emissions of neighboring states petitioned the EPA to
restrict these out-of-states emissions. The EPA responded by creating its own cap-and-trade
program known as the NOx State Implementation Plan (SIP) Call Program. This program affects
point sources of NOx in 19 eastern states. When this program came into effect in 2003 the former
OTC Budget program was discontinued (Burtraw et al., 2005).

Establishing a Grass Energy Crop Market
In the Decatur Area

65

August 2007

Price History. Due to a lack of information and speculation of allowance hoarding, the price of
NOx emissions in the original program initially rose to over $8,000/ton. As participants gained
information and experience in the market, prices quickly fell. They bottomed out below
$1,000/ton, and stayed below $2,000 for the rest of the program’s existence.
When the SIP-Call program began there was a similar trend. Allowances began trading around
$5,000 quickly increased to over $8,000 and rapidly fell back to a range of $2,000-$4,000
(Evolution Markets LLC, 2005).
Grass biomass and NOx. Switchgrass and other energy grasses or waste biomass contain
nitrogen, although the amount changes depending on the time of harvest. Although it is possible
for the substitution of biomass for coal to decrease NOx emissions, at Chariton Valley it was
found to have increased emissions by 0.015 lbs/MMBtu of switchgrass burned (Solow et al.,
2005). However, this should have no economic effect for our co-firing scenario. The cap on NOx
emissions only applies to emissions between May 1 and September 30. Since we envision
burning the energy grass soon after harvest and delivery, there would probably be no biomass
left to burn by May. If the boiler did burn biomass during the ozone cap season, at a price of
$3,000/ton and a rate of 0.015 lbs NOx /MMBtu, it would cost about $0.40/ton in emission
allowances.
Market. In 2010 the CAIR will expand the seasonal NOx market to include six more states and
require further emission reductions. In addition it will put a cap and trade program in place for
annual emissions, in an attempt to reduce the particulate matter (PM) emissions. The annual
emission limits will apply to switchgrass burned during any time of the year. The EPA is
projecting that for the vast majority of states the cost of meeting this limit will be less than
$800/ton (USEPA, 2004). This price would impose a cost of about $0.09/ton in NOx emission
allowances for burning switchgrass.
5.4.3. Mercury
There are currently no federal mercury emission markets; however, the CAIR will create a capand-trade program for point source mercury emissions. Although this rule has not been finalized
the cap-and-trade program is not set to begin until 2018. Prior to that, significant mercury
emission reductions are expected as a result of the SO2 and NOx emission reductions. EPA has
estimated compliance cost of $40,000/lb of mercury (U.S. EPA, 2004). An Illinois rule has been
adopted that requires utilities to cut mercury emissions by 90% by mid-2009 (IEPA, 2006). This
will necessitate the installation and optimization of mercury control technologies, and thus there
will be little incentive for emission reduction from fuel switching. The experience from the
Chariton Valley test burns, as reported by Solow et al. (2005) indicates that reduction in mercury
emissions and the potential value of such resulting from co-firing biomass would be negligible.
5.4.4 Title V and Other Emissions
Title V of the federal Clean Air Act requires permitting of all large point source air polluters.
Control of this permitting process has been delegated to the states, and each state has their own
Title V permit program (USEPA, 2006). In Illinois permit costs are determined by the
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aggregated tonnage of all air pollutants. For these purposes CO2 is not classified as a pollutant.
For any pollution below 100 tons the cost is $1,800. Each ton thereafter costs $18, up to a
maximum cost of $250,000 and 13,888 tons (IEPA, 2005). Any change in Title V costs will
likely be insignificant in comparison to the cost of the fuel. Burning one ton of switchgrass
would reduce aggregate emissions by less than 0.01 pound at a value of less than 1/10th of a cent.

5.5 Section 45 Tax Credit
The federal Section 45 Tax Credit is a production tax credit (PTC) for renewable energy
producers. It is currently worth 1 to 2 cents per KWh of electricity produced. This value is
indexed for inflation. Historically Section 45 tax credits have been used almost exclusively by
wind projects. Although the 1992 Energy Policy Act identified other eligible renewable energy
sources, to our knowledge there were no instances of non-wind projects receiving the tax credit
prior to 2004. As of 2004 no biomass project had qualified (Kaua’i Island Utility Co-operative,
2005).
The American Jobs Creation Act of 2004 greatly expanded the category of facilities that qualify
for the PTC. These new sources included open-loop biomass facilities, and facilities that co-fire
closed-loop biomass. Closed-loop biomass requires a dedicated energy crop; open-loop biomass
does not and is often termed waste-to-energy.
The 2004 rules made biomass co-firing facilities eligible for the PTC but only if they are part of
the Biomass Power for Rural Development Programs or a pilot project of the Commodity Credit
Corporation. The Chariton Valley Biomass Project was such a program. In contrast, dedicated
close-loop biomass facilities have been eligible, though economically unfeasible, since the
original rules began. The rules also made open loop biomass (biomass not grown as a dedicated
energy crop) eligible for reduced incentives.
Although it appears that a Central Illinois biomass project would not be eligible for this credit as
the law is currently written, there is no obvious policy rationale for excluding co-fired biomass
projects from participating in tax incentives available to wind energy or any other renewable
energy sources made eligible under the new rules.
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Section 6
A Local Roadmap to Establish a Grass Energy Crop Market
The actions presented in this section are aimed at the development of a local market for biomass
energy crops in Central Illinois. It is expected that these crops will be used initially to generate
electricity and/or heat. Over time, technological advances, public policies, and market
economics will determine the extent to which biomass feedstocks are used for power and heat,
transportation fuels, or nonenergy uses including consumer bioproducts.
Today, there is no commercial market for dedicated energy crops in Illinois. In the six counties
that include the Lake Decatur watershed (Macon, Piatt, Champaign, DeWitt, McLean and Ford),
corn and soybeans account for 98.9 percent of total harvested cropland acres, as reported in the
2002 Census of Agriculture. Forage crops including hay, grass silage and greenchop represent
about 0.7 percent of harvested cropland; wheat, oats and other minor crops combined represent
less than 0.5 percent of harvested acres in the six-county area.
The authors and the active members of the Upper Sangamon Farm Power Learning Group are
under no illusions that locally-initiated efforts will result in significant acreage devoted to energy
crops in the near future. It is reasonable to expect that, unless and until public policies and
macro-economic considerations begin to drive their widespread adoption, perennial cellulosic
crops will be grown on relatively few Central Illinois farm acres, primarily on land of marginal
value for production of corn and soybeans.
Yet the authors and the participants in the Upper Sangamon Farm Power Learning Group suggest
that there are several achievable benefits that warrant a local effort to foster the conditions for
early establishment of a market for biomass feedstocks. These benefits include:
•
•
•
•
•
•

Increased and diversified farm income from an additional cash crop that may, under
certain circumstances, be more profitable than other options on some farm land;
Improved water quality, especially reduced nutrient and sediment loads resulting from
optimal placement and management of energy grasses on the landscape;
Reduced greenhouse gas emissions resulting from both carbon sequestration and
substitution of contemporary carbon for fossil carbon;
Soil health and habitat benefits from increasing the fraction of the landscape devoted to
perennial grasses, especially if grown as native polycultures;
Valuable experience in production and management of biomass energy feedstocks
by the landowners and farmers who choose to become early adopters of these crops; and
Jobs and economic development resulting from replacement of imported nonrenewable
energy by locally-produced renewable energy.

It is an explicit premise of this project that environmental benefits associated with production
and use of bioenergy feedstocks can be viewed as co-products having real value to society.
Accordingly, this section includes proposed concepts for research and demonstration projects for
co-production of biomass and ecosystem services and actions aimed at capturing the value of the
ecosystem services.
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Another premise is that, since there are fully developed technologies for converting biomass into
power and heat, there is no need to wait for commercialization of technologies to convert
biomass into transportation fuels before beginning to grow and use these energy crops. Since
this project started in early 2006, biomass energy has been featured in many news articles. A
number of producers have expressed interest in planting a few acres of switchgrass or miscanthus
to start up the learning curve for what may become an important cash crop in the future.
This roadmap does not set target dates, estimated budgets, or measurable objectives. In most
cases, the lead person or organization is not identified for the various tasks. AWI has not asked
learning group participants to formally endorse this report or commit to taking specific actions.
The proposed Biomass Energy Council can be helpful in turning the roadmap into an action plan.
There are important roles for scientists, conservation agencies, nongovernmental organizations,
and public policymakers. But, like the introduction of the soybean a century ago, establishment
of perennial energy crops on the Illinois landscape and the creation of enterprises to convert the
crops into energy will be largely the work of the 21st Century successors of Charles Meharry and
A. E. Staley.

6.1 Form an Ongoing Biomass Energy Council
The Upper Sangamon Biomass Learning Group is an ad hoc group of stakeholders, researchers,
government officials and interested individuals with no formal organizational structure. The
group was convened at the invitation of AWI for the purpose of sharing information and ideas
related to biomass production, energy conversion options, and establishment of a local market
for biomass energy crops. An informal consensus at a March 22, 2007, meeting of the learning
group favored its continuation past the issuance of the final report for the current project. The
form such a continuing group will take was discussed but not decided.
At a minimum, the continuing group is envisioned as providing a forum for networking and
information exchange among various constituencies including biomass producers and
landowners, energy users, government agencies, university researchers, and nongovernmental
organizations. The group can serve as a way for producers to provide input into the early stages
of biomass commercialization. In discussion at the March meeting, it was noted that the group
could offer policy recommendations related to biomass production and use but that care must be
taken to abide by restrictions on lobbying activity by nonprofit organizations. Looking down the
road, it was suggested that the group could serve as a catalyst and active participant in the
formation of grower cooperatives or other biomass-related business enterprises.
A specific niche suggested for the ongoing group is to provide leadership for watershed-scale
planning, demonstration projects and research related to a landscape vision for new cropping
systems that combine the region’s traditional row crops with perennial energy crops. This is
consistent with AWI’s organizational mission and the concept of ecosystem services as
important co-products of biomass production and use. Several of the tasks in this action plan are
aimed at positioning the local biomass group to fill this important niche.
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6.2 Inventory Currently Available Biomass
This report focuses on dedicated energy grasses as bioenergy feedstocks. There is no
commercial operation that we know of in Illinois purchasing energy grasses for conversion to
power, heat or transportation fuels. But this type of biomass is already present on the Illinois
landscape to a limited extent.
Native prairie grasses potentially suitable as biomass feedstocks are grown on land owned by
units of government, nongovernmental organizations, businesses and individuals. Stands of
prairie polycultures managed as nature preserves by public or private landowners are not now
thought of as an agricultural crop. The survey proposed in this task would include identification
of sites in the Decatur area managed as restored prairie or other native grassland. For each site,
information would be gathered on the plant species composition, current management objectives
and practices, estimated annual biomass production, uses of the site, landscape position, soil and
drainage characteristics, surrounding land uses, and so on.
Much of the private land on which native grasses are grown is enrolled in the CRP or CREP
programs. This task would also include an inventory of such land: what is grown on it, its
estimated annual yield, and how it is currently managed. As discussed in Section 5, these
programs do not generally allow harvesting and removal of biomass. The next Farm Bill may
provide for harvesting of biomass from some CRP acres under appropriate conditions and
practices. When CRP contracts expire, landowners face a choice about whether to maintain
perennial vegetation or return the land to annual crop production. The inventory should quantify
land with expiring CRP contracts and assess its suitability as a source of biomass.
As part of the inventory of currently available biomass, information will be gathered about the
willingness of public and private landowners to consider harvesting of biomass as a management
practice, perhaps in conjunction with burning. In some nature preserves, conditions associated
with funding of land acquisition may restrict the allowable management practices. The studies
and demonstration projects described in Section 6.5 will include assessment of the compatibility
of biomass removal with prairie restoration, wildlife habitat and other site management
objectives.

6.3 Demonstrate Co-Firing and Pelleting of Prairie Polycultures
Promising near-term energy uses of grass biomass in central Illinois include heating buildings or
co-firing with coal in industrial boilers. As a preliminary step toward establishment of a local
market for biomass for these uses, AWI is collaborating with various learning group members to
conduct demonstration projects to assess the suitability of currently available biomass for these
purposes.
In March 2007, David and Dawn Brix baled about six tons of prairie grasses – predominantly
Big Bluestem and Indian Grass – on restored prairie at the Macon County Conservation
District’s Friends Creek regional Park near Argenta, Illinois. The yield was measured at about
1.8 tons per acre with about 14 percent moisture. They noted that much of the grass was down
and matted due to ice and snow over the winter and estimated that a late fall harvest at the site
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could be expected to yield around 2.5 tons per acre. A sample of this grass has been sent to
Ameren for a full proximate analysis report and water absorption test.
We are in the process of arranging for pelleting tests on this material. Prairielands Enterprises
LLC of Centerville, Iowa, has previously contracted for pelleting tests on switchgrass from the
Chariton Valley Biomass Project. University of Illinois has done limited pelleting tests on
switchgrass and miscanthus grown on the university research farm. We are not aware of
pelleting tests on polycultures of prairie grasses and forbs. Such testing will help to evaluate the
feasibility of producing grass pellets as a heating fuel.
We are working to arrange for testing of biomass co-fired with coal in an industrial cogeneration
facility. Tentative plans call for an initial assessment of material handling and combustion
properties of baled prairie grasses using the material already harvested. If this proves to be
satisfactory, a larger test burn of about 500 tons may be undertaken using material harvested in
late fall or winter of 2007-08. Arrangements for this test burn are still tentative.
These laboratory analyses and pelleting and co-firing demonstrations will provide information on
the suitability of mixed prairie plants as feedstock for conversion to power and heat in available
stoves, furnaces and boilers. The demonstrations are also expected to confirm or refine
information from the literature on considerations such as air emissions, ash production and
content, preprocessing requirements, and compatibility with conveyance and combustion
equipment.

6.4 Establish a Local Start-Up Market for Agricultural Biomass
The future role of renewable energy from agricultural biomass is now widely discussed in the
general news media, agricultural publications, political speeches (notably including the 2006 and
2007 State of the Union addresses), and academic journals. Few of these sources focus on the
chicken-and-egg problem associated with start-up of a commercial market for dedicated energy
crops: how to interest farmers in planting a crop for which there is no current market and how to
interest industries or entrepreneurs in investing to use or process an energy source that no one is
yet producing.
Once again, the history of soybeans provides a useful illustration. A few thousand acres of
soybeans were planted in Illinois for rotational benefits and on-farm animal feed uses prior to
establishment of a commercial market for the beans. But the number of soybean acres planted
grew slowly during that period. A. E. Staley wrote that his company was urged by “County
Farm Advisors and by delegations of farmers” to install a soybean processing plant and decided
to do so “after making considerable investigation”. After the Staley Company and the Piatt
County Soybean Cooperative Company constructed their crushing plants, the new crop took off
in the Decatur area.
The limited presence of potential energy grasses on the local landscape today – mainly on CRP
acres and in nature preserves – is in some ways comparable to the scattered fields of soybeans in
1920. Neither was planted as a cash crop but energy grasses, like soybeans, can become a cash
crop if and when there are purchasers.
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Learning group discussions suggest that the most practical way to establish a market for energy
grasses in Central Illinois may be to encourage industries with boilers capable of burning these
grasses to begin doing so. If test burns confirm that chopped or baled grasses can be co-fired
with coal, any industrial plant using suitable combustion technology will be a potential buyer of
biomass for power and heat. The necessary investment in processing equipment and material
handling systems would be relatively low in this scenario. Also, assuming that available biomass
would initially represent a small fraction of the total boiler feedstock, storage requirements
would be minimal. Biomass could be burned as quickly as it is harvested and delivered to the end
user.
Existing or new ethanol plants can be viewed as a special case. These plants generally use either
coal or natural gas to generate electricity and steam for producing ethanol from corn. Biomass
could be used with current technology as a substitute for these fossil fuels. Ethanol plant owners
that anticipate future use of cellulosic biomass for ethanol production may be interested in
negotiating supply agreements with biomass producers and, thus, indirectly supporting the
learning curve, equipment investments, and crop establishment needed to begin production of
energy crops on a commercial scale.
The pellet scenario developed in this project would require significantly more acres of dedicated
energy crops than are expected to be available in the near future. However, the possibility of a
financially viable grass pellet enterprise with fewer acres should be explored. The learning
group has had some discussion about contracting with wood or feed pellet mills to do custom
pelleting of grasses. Also, smaller size pellet mills are now coming onto the market, driven in
part by the growing use of biomass pellets as a heating fuel in Europe. This opens up the
possibility of starting a grass pellet manufacturing business with much less capital investment
and fewer production acres than the scenario presented in Section 3.
Grant programs intended to encourage the use of clean, renewable energy sources may be
available for capital investments needed to start using biomass for power and heat. One such
program is the Biogas- and Biomass-to-Energy Grant Program of the Illinois Department of
Commerce and Economic Opportunity. The proposed biomass energy council is expected to
continue working with growers and potential users of biomass to identify and pursue specific
ideas for early establishment of a market. The council should also work with governmental and
foundation grant programs, venture capital groups, individual or corporate investors, and
economic development agencies to secure grants and other financing for biomass projects.

6.5 Conduct Research and Demonstrations on Water Quality and Habitat Effects
AWI’s mission is to conduct research and educational programs on practices and policies to
improve water quality, maintain or restore ecosystem health, and conserve and manage land and
water resources in agricultural watersheds. AWI grew out of the history of city-farm cooperative
efforts to address erosion, sedimentation, nitrates and other nonpoint source pollution concerns in
the Lake Decatur watershed, shown in Figure 6. Our interest in biomass energy was initially
sparked by the potential water quality benefits of cropping systems that combine perennial
energy crops with the area’s traditional annual row crops.
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Figure 6. Upper Sangamon River watershed map.
(Shaded portion is the Lake Decatur watershed.)

We envision a long-term watershed-scale R&D program involving researchers, conservation
agencies, farmers and landowners, and other stakeholders. This effort fits in the framework
developed by the Green Lands, Blue Waters Consortium to develop and demonstrate new
agricultural systems including perennial and cover crops designed to meet society’s needs for
food and energy, provide increased and diversified farm income, enhance water and air quality
and habitat, and protect soil and water resources.
The objectives, scope, methods and location of projects related to environmental benefits of
perennial energy crops will be developed in consultation with researchers and participating
stakeholders. One potential location for a demonstration project is the Long/Big Creek
watershed which is part of the Lake Decatur watershed. Its size – about 12,000 hectares (46
square miles) – appears suitable for a study to assess the effects of introducing perennial grasses
in targeted locations. An Illinois State Water Survey monitoring station installed there in 1993
provides baseline data on streamflow and nitrate, ammonium and Total Kjeldahl Nitrogen
concentrations. A recently-completed resource plan prepared for this watershed through the
NRCS locally-led planning process includes a recommendation to “offer a new local program to
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give extra incentives to put in wider buffer strips to be used to control erosion and possibly used
for bioenergy crops in the future” (Macon County SWCD, 2007). The City of Decatur plans to
dredge the arm of the lake these creeks drain to and has expressed willingness to help support
innovative practices to reduce sedimentation.
An R&D program on integrated cropping systems and management practices should include
studies with various objectives and at various scales. For example, learning group participants
have identified concepts for modifying subsurface drainage systems to maximize nitrogen
removal by perennial energy crops through denitrification and plant uptake. Another area of
interest is assessment of the soil, plant and wildlife effects of late fall or winter mowing and
removal of biomass from stands of native grasses and forbs. This type of research will be of
value both to landowners considering crop selection and management options for a given field
and to policymakers designing local, state or federal programs for renewable energy and
agricultural conservation.
The Upper Sangamon learning group has not fleshed out these concepts as research proposals but
we have identified promising avenues for study. We would suggest that the Decatur-Champaign
region is an ideal location for evaluating systems and practices to produce bioenergy feedstocks,
enhance wildlife habitat, and reduce nonpoint source pollution. In broad terms, the landscape
design questions to be addressed are
• What to grow,
• Where and how to grow it, and
• How to manage the water flowing over or through the soil to optimize multiple benefits
of crop production and ecosystem services.
Watershed-scale studies on private farmland can only be accomplished through the voluntary
participation of landowners and agricultural producers. Equitable incentives and arrangements to
assure protection of net income and the land resource will need to be worked out before
proceeding with such projects.

6.6 Establish Green Payments for Soil, Water and Habitat Benefits
The local biomass learning group (or its successor) will follow the federal Farm Bill debates this
year to stay informed about provisions related to biomass energy. Proposals put forward by
USDA, members of Congress, and various agricultural and conservation organizations would
modify existing programs or establish new ones to support production and utilization of biomass.
Some of these would establish demonstration grants; others would establish new or revamped
programs for wide implementation. In one form or another, these provisions would generally
create financial subsidies for co-production of biomass feedstocks and the conservation benefits
traditionally promoted through CRP and related programs. Participants would receive income
from sale of biomass and from payments for ecosystem services on working lands.
Preparation of pre-proposals for the type of demonstration projects described in Section 6.3
would give the local area a head start in competing for demonstration grants from government
agencies or foundations.
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While most of the attention is on the upcoming Farm Bill debates, it is worth noting that support
for introduction of perennial energy crops could also come through other agencies, including the
Environmental Protection Agency. The EPA Hypoxia Advisory Panel is currently reassessing
the causes and potential solutions for the hypoxia problem in the Gulf of Mexico. An assessment
published in 1999 identified alternative cropping systems, riparian buffers and wetlands as
strategies with significant potential to reduce nitrate loading to the Gulf (Mitsch et al., 1999).
The annual nitrogen load reduction to streams in the Mississippi Basin from substituting
perennial crops for 10 percent of present corn-soybean acreage was estimated to be 500,000
metric tons. Cropping and drainage systems designed to maximize nitrogen uptake and
denitrification could increase the nitrogen reduction potential of perennial crop acreage. If
confirmed by research on performance and economics of such systems, introduction of energy
crops on a relatively small percentage of cropland could play an important role in reducing
nutrient loads to the Gulf of Mexico and other water bodies. EPA’s existing Section 319
program or new programs could become a source of payments to support establishment and
management of perennial crops to reduce nutrients and other nonpoint source pollution.
In addition to tracking federal programs, the local biomass group should explore state and local
government and private sector opportunities for ecosystem service payments related to soil,
water and habitat benefits of energy crops. Land rents or opportunity costs represent a large
percentage of the total production cost of biomass. Rising crop prices push rents or opportunity
costs higher. Situations in which a landowner willingly passes up the opportunity to maximize
agricultural revenue in favor of conservation objectives represent an implicit payment for
ecosystem services. A preliminary list of such opportunities includes:
•

Non-profit land trusts or conservancies: Land trusts use conservation easements and
fee-simple acquisition to promote desired land uses. Some trusts control land for the
purpose of habitat, wildlife and scenic conservation. Once a market for biomass crops is
in place, these land trusts may wish to consider biomass harvesting, consistent with their
conservation management objectives. Since such trusts do not generally count on
revenue from crop sales, the opportunity cost could be as low as zero. Any net revenue
received from sale of harvested biomass can go toward support of the trust’s conservation
mission.

•

Private nature preserves and fallow or idle land: Some private landowners keep land
out of crop production to enjoy its scenic, wildlife, hunting or other benefits. These
owners are effectively paying for ecosystem services by forgoing potential revenue.
Harvesting, as an alternative to prescribed burning, may provide a positive net return
consistent with land use objectives. Other parcels are not cropped because their
agricultural value is low due to size, soil productivity or other characteristics. If such
land is already in perennial cover, owners may find little opportunity cost in allowing
biomass to be harvested. If a biomass market and payments for carbon or renewable
energy credits become available, it may be economically attractive for owners of idle
land to begin growing grass energy crops. On eroded or otherwise impaired parcels,
establishment of perennial grasses or legumes for a period of several years can represent
a way to receive some crop revenue while soil productivity is restored.
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•

Fee hunting or birding: Payments to private landowners for hunting or birding rights or
other recreational activities represent a type of green payment for the habitat and scenic
value of a site. In such cases, the biomass management and removal practices would
need to be consistent with ensuring suitable habitat and an enjoyable recreational
experience for the person or group buying the rights.

•

Source water protection: The City of Decatur’s existing program to protect Lake
Decatur is an ongoing source of cost-share payments and other incentives for erosion and
nutrient reduction. This program has the flexibility to use local funds to demonstrate
innovative practices and to leverage local funds as match for state or federal grants.
There has been preliminary discussion of using City funds to support establishment of
energy crops in stream or ditch buffers, as recommended in the Long/Big Creek Resource
Plan. Other municipalities that draw public water supplies from lakes or rivers are
encouraged to consider implementation of source water protection programs, including
support for production of perennial crops.

•

Water quality trading: If the Decatur Sanitary District and other regulated wastewater
dischargers face new or tightened permit requirements to remove nutrients, they may find
it economical to pay for reduction of nonpoint source nutrient losses as an alternative to
installing nutrient removal facilities at their wastewater treatment plants. Contracting
with landowners to manage stands of energy grasses for maximum nutrient removal
could be an attractive option. A related option is to irrigate energy grasses with the
nutrient-enriched effluent from wastewater plants, especially the treatment lagoons
common in small Illinois municipalities. That scenario could increase biomass
production and beneficially use nutrients that would otherwise impair surface waters.

The per-acre value of ecosystem services related to renewable energy and greenhouse gas
reduction (discussed in the next section) is proportional to the yield in tons or MMBtus. By
contrast, the value of soil, water and habitat benefits will depend on the acreage, its location and
its management. Therefore, capturing the value of these benefits is particularly important to the
economic viability of native polycultures expected to produce lower yields but arguably greater
ecological benefits than switchgrass and miscanthus monocultures.

6.7 Establish Green Payments for Renewable Energy and CO2 Reduction
The next few years are likely to see movement toward implementation of regulatory and/or
voluntary programs to promote renewable energy and greenhouse gas reduction by means of
emission caps, renewable portfolio standards, carbon offsets or other mechanisms. The local
biomass learning group (or its successor) will stay informed about opportunities to take
advantage of such programs and will also explore the potential for establishing its own voluntary
green-tag program.
Today, the only mechanism in Illinois for sale of RECs or carbon credits related to biomass
energy is the Illinois Conservation Climate Initiative which provides payments for carbon
sequestration. Since there is no commercial market in Illinois to purchase agricultural biomass
and convert it to energy, there has been no reason for the Chicago Climate Exchange or the
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verifiers and brokers involved in marketing voluntary green tags to go to the trouble of setting up
a mechanism to aggregate, verify and trade credits or offsets derived from substituting biomass
for fossil fuels.
As part of the effort to establish markets for biomass and related ecosystem services, AWI and
the local biomass learning group have an interest in providing leadership in this area. We will
explore prospects for partnering with other Midwestern biomass initiatives (including, but not
limited to, the Green Lands, Blue Waters Consortium and the enterprises associated with the
Chariton Valley Biomass Project) to form a biomass industry association to advance this goal.
Two important considerations for this effort are the high differential that usually exists between
retail and wholesale value of marketable credits and the fact that credits are owned and sold by
the energy producer. These factors limit the extent to which the value of the credits would reach
farmers in the form of a higher price for energy crops. Any voluntary green tag program
established to help support early introduction of perennial energy crops should be designed to
keep transaction costs to a minimum.
We envision a green tag or similar instrument designed and marketed to promote a shift toward
new agricultural systems that produce clean, renewable energy and a bundle of other
environmental benefits. Buyers would be paying for a quantified carbon offset and also the
introduction of perennial crops managed to protect soil health, water quality and wildlife habitat.
Individual, corporate or institutional purchasers of such credits could see the change on the
landscape resulting from their investment in clean energy and environmental enhancement.
When Illinois puts an enforceable renewable portfolio standard in place, purchase of RECs by
electrical utilities and other entities subject to the RPS will become important to the economics
of biomass energy in the state. Alternatively, utilities could meet part of the RPS and take a step
toward more efficient distributed energy by building small biomass-fired cogeneration plants to
produce electricity for the grid and heat for sale to industrial or institutional customers.
We hope and expect that public distribution of this report will stimulate additional creative ideas
for capturing the value of both soil/water/habitat benefits and renewable energy/greenhouse gas
benefits from production and use of perennial bioenergy crops grown on Central Illinois farms.

6.8 Expand Outreach, Assistance and Information Exchange Activities
The action items to this point are intended to move toward establishment of a commercial market
for biomass plus a system of payments for related ecosystem services. As progress is made
along these lines, outreach and technical assistance should be available to landowners and
farmers considering whether to plant biomass energy crops and, if so, how to get started.
University of Illinois Extension, community colleges, NRCS, SWCDs, AWI, and other
organizations and businesses can provide information through customary methods such as fact
sheets, workshops, field days, and web sites.
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Some wildlife organizations and conservation agencies already have programs in place to loan
planting equipment or provide seed for native grasses. These may be expanded if justified by the
local level of interest.
The outreach effort should extend to public and private owners of non-farm land that may be
suitable for production of energy crops. As noted in Section 6.6, it may be feasible and
economical to harvest some biomass from nature preserves without adversely affecting
ecological function; some idle and damaged land may benefit from establishment of energy
crops and provide net revenue to the owners. Some parcels of public land have been identified
that may be suitable locations to demonstrate establishment and management of perennial energy
crops and the associated environmental benefits.
In May 2007, a small demonstration plot of energy grasses was planted in Decatur at the Farm
Progress Show site adjacent to the Richland Community College campus. The possibility of
establishing an “energy farm” in the Decatur area should be considered by the biomass learning
group to begin producing biomass at a commercial scale, provide large scale test plots, and serve
as an outdoor classroom for the outreach program.
The Green Lands, Blue Waters Consortium is planning a series of biomass energy workshops in
the states of the Upper Mississippi River Basin, including a workshop in Central Illinois. These
workshops will address many of the topics described in this roadmap, with an emphasis on
enterprise development to ensure that farm operations and rural communities benefit from
expanding uses and markets for perennial and cover crops.
As energy crops are introduced on the Illinois agricultural landscape, valuable experience will be
gained by researchers, conservation agencies, agricultural producers, and bioenergy enterprises.
The flow of information will not simply be one-directional from experts to stakeholders. There
should be a healthy exchange of information, ideas and perspectives among all participants in the
emerging bioenergy economy. The biomass learning group and AWI’s Shared Learning
Program events are structured to encourage and benefit from this type of lively interaction.

6.9 Encourage and Support Formation of Biomass-Related Enterprises
It will be at least three growing seasons before new stands of dedicated energy crops are ready
for harvest and energy conversion in Central Illinois. We are not aware of any significant local
acreage planted in switchgrass or miscanthus as of the summer of 2007; energy grasses planted
in 2008 will not be ready to harvest until late fall of 2009. Relatively small amounts of mixed
prairie biomass from nature preserves and (depending on provisions in the new Farm Bill) from
CRP or CREP lands may be available for winter harvest in 2007-08 and 2008-09. Experiments
with collection and energy conversion of corn stover could also begin any time after the 2007
corn harvest. Therefore, based on feedstock availability, an optimistic timeline for establishing a
biomass energy market in Central Illinois appears to be test burns and other energy conversion
demonstrations starting late fall of 2007 and full scale operations no sooner than fall of 2009.
This timeline affords a window to gauge local interest in growing and using biomass crops and to
see what comes out of the Farm Bill, other state or federal bioenergy and climate initiatives, and
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biomass-to-energy technology development. This is also a time for the local biomass learning
group members, other businesses, farm operators, and entrepreneurs to assess opportunities for
new or expanded bioenergy ventures. While the media spotlight has focused on new ethanol and
biodiesel plants and major R&D initiatives for cellulosic ethanol, smaller ventures related to use
of biomass for power and heat are also getting off the ground. The Monticello biomass energy
feasibility study is one nearby example. One small Illinois-based company has started to import
and sell small pellet mills from Europe; another is manufacturing outdoor cooking grills that
operate on chopped energy grasses or waste biomass with little or no preprocessing; a third is
adapting a corn-burner furnace it now makes to burn grass pellets. John Caveny, a Piatt County
farmer and businessman, has announced an agreement to begin commercial propagation of
miscanthus.
The Chariton Valley Biomass Project offers one model for moving from the R&D phase to fullscale operations. USDA and DOE demonstration grants for that project were administered by
Chariton Valley RC&D Inc. For-profit and not-for-profit corporations have been created to play
various roles in commercial operations and finding new markets for switchgrass.
The learning group has not yet engaged in much discussion of what, if any, new entities may be
needed in the future. There has been preliminary discussion of creating a biomass producer
cooperative to negotiate supply agreements with biomass purchasers. It is likely that, at least
initially, biomass harvesting would be done by local farmers equipped to do custom harvesting
of alfalfa and other hay. New ventures may be established in the future to make and market
grass fuel pellets, process biomass for delivery to an energy user or biorefinery, or undertake
other steps to add value to biomass beyond the farmgate.
Perennial biomass crops for power and heat or for transportation fuels can make an important
long-term contribution to energy security, mitigation of global climate change, and enhancement
of water quality and habitat. Mechanisms to appropriately value these ecosystem services and
other societal benefits are needed in order to make biomass energy competitive with fossil fuels.
It is entirely possible that one of the first local ventures related to biomass energy may be created
for the purpose of ensuring that farmers and landowners are compensated for producing these
benefits.
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