
C H A P T E R  6 Biomass

BIOMASS IS ANY ORGANIC MATERIAL not derived from fossil fuels that can

be converted to a fuel useful for generating electricity. Biomass can be waste

products, as described in the Rahr Malting Case Study below, or crops planted

expressly to produce energy (“dedicated crops”), like the poplar trees described

in the case study below. Minnesota currently has 343 MW of biomass electric

generation capacity.1 The Union of Concerned Scientists estimates that with

existing technology, biomass could provide 6,690 MW of capacity to Minnesota,2 or

well over half the state’s current needs.

Biomass could provide

6,690 MW of capacity

to Minnesota,  or well

over half the state’s

current needs.

Biomass generates electricity by combustion,

which releases the stored solar energy 

contained in the plant matter.3 Unlike wind or

solar, a benefit of biomass is that it is 

“dispatchable” – that is, it can be turned on

and off on demand. Utilities in particular like

this feature, because it ensures that the power

is available when they need it the most.

S O U R C E S  O F  B I O M A S S

Also referred to as “feedstocks”, biomass for a

power plant can come from a wide variety of

sources, including the following:4

Wood Residues This refers to leftover wood

from other uses, and not wood harvested

expressly for biomass. The lumber, pulp, and

wood milling industries already extensively use

wood waste to produce power. Wood residues

can also come from forest thinnings, urban

tree trimmings, residual construction material,

demolition material, wood pallets, and other

waste.  

Agricultural Residues This includes primarily

mill residues (waste from a processing plant,

like nut hulls and oat hulls) and field residues

(left in field after harvest, like corn stover and

wheat straw). The removal of field residues for

energy must be balanced with the benefit to

soil quality that residues provide. 

Energy Crops These are crops that are 

“dedicated” for energy production. The most

promising include woody crops like willows,

hybrid poplars, maple, and sycamore; and

herbaceous crops like switchgrass and other

prairie grasses. Often these types of energy

crops offer environmental benefits over 

conventional crops, like less need for crop

inputs, habitat for wildlife and reduced erosion

and run-off.

Animal Waste Dry animal waste, primarily

from poultry, can be burned directly for heat

and power. Wet manure can be digested to 

produce biogas – see more in chapter 7.

Sewage Sludge Although the solids can be

burned, a more common option for producing

energy at a sewage treatment plant is 

anaerobic digestion, which produces energy

while treating the waste (see chapter 7). 

Biofuels Liquid fuels like ethanol and biodiesel

are primarily used in transportation 

applications, but could also be burned to 

produce electricity. See more in the chapter 8.

Approximate Costs of Various Biomass Feedstocks5

Feedstock Delivered cost ($/dry ton)

Urban wood wastes <$25-$35

Wood mill residues <$25-$55

Agricultural residues <$35-$55

Hybrid  poplars <$55-$70

Willows <$35-$75

Switchgrass <$35-$55



Biomass processing 

equipment at a co-firing

plant in Iowa
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C O N V E R T I N G  B I O M A S S  

T O  E L E C T R I C I T Y

Usually raw biomass as it is harvested is not

suitable to be used for power generation. It

must go through a process to prepare it for use

in an energy plant. If the biomass is being used

in a conventional power plant, the biomass is

usually “homogenized.”  

Homogenization converts materials of 

different sizes into a mixture of uniformly sized

particles. Most commonly homogenization

includes sorting and size reduction (by cutting,

grinding, or pulverizing). Sorting helps 

eliminate contaminants and size reduction

helps injection of material into combustor at a

more constant rate and creates greater surface

area for maximum burn efficiency.  

Technology to convert solid biomass to 

electricity is based in large part on existing

coal-fired technology, which is a well-developed

technology. Biomass is generally cleaner 

burning than coal, as it typically contains less

pollutant-forming components such as sulfur,

nitrogen and heavy metals. It does present a

few technical challenges in comparison to

coal, however.

Often biomass is high in alkali metal, such as

sodium, potassium and calcium. While the

combustion of these materials is not generally

considered an air pollutant, it can cause 

corrosion and deposits to form within the 

boiler, increasing the maintenance 

requirements of a biomass plant. The lower

heat content of biomass also means that a 

larger volume of boiler is required to produce

the same amount of energy as a coal-fired

plant. The space for storage and handling are

also greater than for coal plants.

Co-firing biomass with coal at existing coal

plants (typically in percentages of less than 15

percent biomass) shows much promise in the

near term for greatly expanding the use of 

biomass. Some modification of the existing

plant is necessary to allow co-firing, estimated

to be around $180 to $200 per kilowatt of 

biomass capacity. Several coal plants around

the country, including in Iowa and Wisconsin,

are experimenting with co-firing.

An option that shows great promise for the

future is gasification. Gasification generally

involves pyrolysis, or heating the biomass to

high temperatures in the absence of oxygen,

which causes the volatile portion of the 

biomass (this can be 70 to 80 percent) to gasify.

Much of the remaining biomass can be gasified

through a steam injection process. After 

cleaning, the gas can be used in very efficient

and low-polluting combustion turbines, such

as those that are currently used for natural gas,

or perhaps in fuel cells.  

Approximate fuel costs of biomass used in a 
conventional power plant 6

Delivered cost of the biomass ($/dry-ton)
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B E G U N  I N  1 9 9 4 ,  T H E

M I N N E S O TA  W O O D

E N E R G Y  S C A L E - U P  P R O J E C T ,
based in Alexandria, Minnesota, was

the first biomass to electrical 
energy research project involving hybrid poplars.
The project is a partnership between the
Western Minnesota Resource, Conservation and
Development Council (WesMin RC&D), the Oak
Ridge National Laboratories Biofuels Feedstock
Development Program, and local landowners.
The project focuses on developing a biomass
feedstock. Although there are no contracts 
currently established to use the biomass in an
energy plant, several options are under 
consideration. Currently, the project consists of
1,800 acres of privately owned cropland, all
located within 50 miles of Alexandria.
Landowners are supported in their efforts by
cost-share agreements for maintenance and pest
control while the WesMin RC&D and the
Minnesota Department of Natural Resources
work with landowners to plant and maintain
the poplars as well as measure and collect tree
growth data. The Biofuels Feedstock
Development Program calculates the hybrid
poplars annual yield. All of this data is then
combined with economic data to assess 
on-going feasibility of hybrid poplar projects.
The Minnesota Wood Energy Scale-Up Project
has brought together numerous stakeholders all
working to take charge of their energy future
by capitalizing on a locally grown, perennial,
renewable energy resource.

For more information contact:

Dean Schmidt

320-763-3191 x 5

dean.Schmidt@mn.usda.gov
★

C A S E  S T U D Y:

Minnesota Wood Energy 
Scale-Up Project

A tour group wanders

among tress enrolled in

the Minnesota Wood

Energy Scale Up Project.
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R A H R  M A LT I N G  I S  A

F A M I LY- O W N E D  M A LT I N G

B U S I N E S S located in Shakopee,
Minnesota. As a malting facility, the

plant must have a reliable energy
supply to operate its plant -- its two biggest 
processing costs are electricity and natural gas.
Rahr Malting produces 50,000 tons of biomass
annually, a low value by-product of the malting
process. Within 50 miles are numerous facilities
that could provide additional biomass by-
products, as well as farms that could grow 
energy crops to supplement Rahr’s biomass 
supply. Rahr is considering building a 20
megawatt combined heat and power facility
that at full capacity would be able to provide
for all of its electrical needs, generate an 
additional 12 megawatts for the surrounding
community, and supply a minimum of 20 to 30
percent of its process heating needs. 

According to Rahr, the project will have 
extensive direct and indirect effects on the local
economy from jobs created at the plant, the
construction of the project, increased 

agricultural demand, and the generation of
electricity.7 However, as of spring 2003, the 
project is still on hold. Rahr is currently awaiting
the outcome of proposed federal legislation
containing incentives for biomass energy 
generation. In addition, the company continues
to seek a partner to buy the 12 MW of excess
energy that will be produced. This power 
purchase agreement is a crucial component to
the project, and will be key to establishing the
project’s economic viability. The avoided energy
costs and reduced operating costs for waste
material transportation and disposal cannot
alone ensure the viability of the project.

For more information, see the report referenced at

the end of this section, or contact:

Paul Kramer

Vice President, Rahr Malting

952-496-7002

pkramer@rahr.com

★

C A S E  S T U D Y:

Rahr Malting

Rahr Malting



and pesticide use that pollute our water, and

loss of a useful soil amenity (for example,

manure that is burned). There can also be 

positive environmental benefits of growing

biomass – for example, some biomass sources

can reduce erosion, improving water quality

near streams and providing habitat for wildlife.  

When considering a renewable energy source

as complex as biomass with multiple benefits

and concerns, it is helpful to consider the net

environmental benefits of a biomass energy

project – that is, including all environmental

effects from the project, both negative and

positive, is there a net improvement in the

environment? The following criteria have been

developed to evaluate sustainable biomass

energy production:10

Impact on Water Quality Biomass crop growth

should minimize pollution due to erosion, 

pesticides, nutrients or waste products.

Impact on Soil Quality Soil quality should not

be degraded.

Effect on Wildlife There should be no 

detrimental impact on local wildlife in 

comparison to alternative land uses.

Effect on Air Quality Biomass energy 

production should result in net reductions in

air pollutants.
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Gasification could also result in high-value 

co-products along with electricity generation.

However, gasification is still an emerging 

technology, and it may be some time before

commercial gasification plants are available.

Some kinds of wet biomass can also be anaero-

bically digested to create methane-rich biogas.

This option is discussed more in the chapter 7.

E N V I R O N M E N TA L  

C O N S I D E R AT I O N S

Accounting for the environmental impacts of

biomass is perhaps more complicated than for

any other energy source considered here.

Although a renewable resource, biomass has a

much broader effect on the environment than

other renewable sources.  For example, while

there are no emissions from wind turbines, the

combustion of biomass produces pollutants

that can have effects on human health and the

environment.  

The environmental impacts we are most 

familiar with are those “from the smoke stack.”

The combustion of biomass can produce the

same air pollutants as fossil fuel combustion.8

These pollutants have been shown to cause

asthma and other health and environmental

problems. Depending on the type of generator

and emission control technology that is used,

pollutants can be kept to a level much below

existing fossil plants.  

One advantage that biomass has over fossil

fuel emissions is reduced impact on global

warming. Fossil fuels are the primary source of

the greenhouse gas carbon dioxide. Plants take

carbon dioxide out of the air as they grow, thus

neutralizing the effect of releasing the carbon

dioxide when the plant is burned, and thus

biomass can be considered a nearly “carbon-

neutral” source of energy.9

We are much less used to thinking about the

environmental impacts of growing the 

biomass. These impacts can include fertilizer
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Net Energy Balance Does it provide more

energy than is consumed in making the energy

(such as the energy used to produce fertilizer,

drive tractors, dry the crop, etc.)?

Biodiversity Does the biomass increase the

diversity of our nation’s genetic crop base?

E C O N O M I C  V I A B I L I T Y  

O F  B I O M A S S

The economic viability of biomass continues

to increase. However, biomass facilities using

dedicated energy crops currently cost more

than traditional fossil fuel plants. Perhaps if 

the full environmental impacts of these fossil

plants were included, the balance would

change.  In any case, just as for wind, the 

economics will improve over time as more

plants are built.  

There are many situations when biomass is

economically viable on its own right. When low

value sources of biomass are available as a

byproduct of another process, or that have no

other useful purpose, fuel costs can be 

dramatically reduced. This is why there are so

many biomass plants at paper mills, where

there is a lot of wood waste. Many studies also

suggest that the most economic use of biomass

is in co-firing at existing coal plants.

The economics also improve when waste heat

from electric generation is used for other 

purposes (see chapter 11 on Combined Heat

and Power). As was mentioned earlier, biomass

has the advantage of being able to produce

electricity on demand, which also adds value.

With the proper nurturing, biomass can

become an important part of our energy mix. 

Biomass plants in Minnesota

Facilities in Minnesota currently utilizing
“bioenergy” fuel sources often use milling
and logging residues. Some examples
include:

• Blandin Paper – Grand Rapids 

• Boise Cascade – International Falls

• Champion Paper - Sartell

• Potlatch Corporation – Cloquet

• Minnesota Power – Duluth

In 1994, Xcel Energy (then NSP) was
required to develop 425 MW of wind
power and 125 MW of biomass projects, 
in exchange for continued operation of its
Prairie Island nuclear plant. Projects that
are being developed to fulfill this 
requirement include:

• St. Paul District Energy – uses urban 
wood waste to produce electricity and 
heat (see case study in chapter 12)

• EPS/Beck Power – proposed to be built 
near St. Peter, using hybrid poplar trees

• FibroMinn –  plant near Benson utilizing 
turkey litter

Hybrid poplar wood chips

being unloaded in 

Crookston, Minnesota



E N D  N O T E S
12000 data from the Renewable Electric Plant Information
System (REPIS, version 6.0), U.S. Dept. of Energy, Office of
Energy Efficiency and Renewable Energy;
www.eren.doe.gov/repis. Note that of the total biomass
capacity, 151 MW is municipal solid waste, a fuel source
that many do not consider renewable.

2Data provided by Steve Clemmer, UCS. Biomass potential
is calculated based on data from Walsh, M.E, et. al.
Biomass Feedstock Availability in the United States: 1999
State Level Analysis, Oak Ridge National Laboratory,
January, 2000. Available online at:
http://bioenergy.ornl.gov/pubs/econ_
assess.html. Includes urban wood residues, mill residues, 
forest residues, agricultural residues, and energy crops
(e.g., switchgrass) that can be produced for $50 per ton or
less.

3Combustion of biomass is the only commercially viable
option for generating electricity at present – however,
researchers are working on ways to directly convert bio-
mass to hydrogen fuel, where it can be used in a fuel cell
without combustion. See chapter 10.

4Renewable Energy Policy Project, “BioEnergy: Biomass
FAQs”. Retrieved on October 21, 2002 from
http://www.crest.org/
articles/static/1/1004994679_6.html#bioc.

5Costs of feedstocks can vary widely depending on local 
conditions. From Bain, Richard, Biopower Technical
Assessment: State of the Industry and Technology, Golden,
CO: National Renewable Energy Laboratory, March, 2003;
and Walsh, M.E, et. al. Biomass Feedstock Availability in
the United States: 1999 State Level Analysis, Oak Ridge
National Laboratory, January, 2000.

6Note this is fuel costs only and does not include capital
costs or operations and maintenance costs of the plant.
This chart assumes a biomass heat content of 8000
Btu/dry lb (actual heat content varies by feedstock, from
about 6500 to 8500), and a conversion rate (heat rate) of
12,000 Btu/kWh, approximately the average for existing
coal plants.

7Rahr Malting, Rahr Malting 20 Megawatt Biomass to
Energy Project, Shakopee, Minnesota, October 2001.

8These emissions can include nitrogen oxides (NOx), low
levels of sulfur dioxide (SO2), particulate matter or “soot”
(PM), carbon dioxide (CO2), Volatile Organic Compounds
(VOCs), and other pollutants. Emissions vary widely
depending on the type of generator and emission controls
used.

9Note that biomass may cause some carbon dioxide 
emissions through the production and transportation of
the biomass (e.g., the trucks that deliver biomass to the
plant consume fossil fuel), so may not be completely 
“carbon-neutral”.

10Nelson, Carl, Renewable Energy from Farms: Building 
on the principles of sustainable agriculture to achieve 
sustainable energy, Minnesota: Midwest Sustainable
Agriculture Working Group, June 2002. Available at
www.mnproject.org

11From the U.S. Dept. of Energy – see reference 1.
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P H O T O G R A P H S

page 37 – National Renewable Energy Laboratory; page 38
– Chariton Valley RC&D; page 39 – Dean Schmidt/WesMin
RC&D (upper), National Renewable Energy Laboratory
(lower); page 40 – Paul Kramer/Rahr Malting; page 41 –
National Renewable Energy Laboratory; page 42 – National
Renewable Energy Laboratory; page 43 – Dean
Schmidt/WesMin RC&D

Hybrid poplars near

Alexandria
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H E L P F U L  R E S O U R C E S  F O R  C O M M U N I T I E S

All web links listed here are available (and updated

if necessary) at www.mnproject.org (click on 

“publications”)

Biomass Energy Resources and Information from

Minnesotans for an Energy-Efficient Economy.

Information on biomass projects in Minnesota,

including the Rahr Malting and hybrid poplar 

projects discussed in this chapter. Also a good

source of general information on biomass.

(www.me3.org/issues/biomass)

Energy from Biomass, Loni Kemp, The Minnesota

Project. This article details the three crops

Minnesota farmers have the most experience with

(corn, alfalfa, and hybrid poplar) that could be

used as biomass fuels.

(www.mda.state.mn.us/crp/biomass.htm)

Biomass for Electricity Generation, written by Zia

Hag, U.S. Department of Energy, Energy

Information Agency. This article details biomass

feedstock supply curves – how much the various

feedstocks cost, the likely supply quantity, and how

much it would cost to transport them – also 

provides predictions regarding energy generation

potential.

(www.eia.doe.gov/oiaf/analysispaper/biomass/

index.html)

Bioenergy: Biomass FAQs. Included on the

Renewable Energy Policy Project website that 

covers a broad range of biomass information from

feedstock descriptions to prices to associated 

environmental impacts.

(www.crest.org/articles/static/1/1004994679_6.

html#biof)

Biopower Technical Assessment: State of the

Industry and Technology. This recent (March 2003)

and detailed (277 pages) study of biomass power

by the National Renewable Energy Laboratory

assesses barriers, feedstock supplies, environmental

performance and lessons learned from existing

biomass plants as well as an economic analysis of

costs for biomass plants.

(www.eere.energy.gov/biopower/bplib/library)

U.S. Department of Energy. Primary biomass 

energy page at the Department of Energy.

(www.eren.doe.gov/RE/bioenergy.html)

U.S. Department of Energy, Office of Energy

Efficiency and Renewable Energy. Contains detailed

information regarding the various biomass

resources.

(www.eren.doe.gov/RE/bio_resources.html) 

Short Rotation Woody Crops: A role for the state of

Minnesota. Center for Rural Policy and

Development at Minnesota State University,

Mankato has published its policy paper on 

producing short rotation woody crops; discusses

economic and environmental benefits and barriers

associated with growing woody crops on 

agricultural lands.

(www.mnsu.edu/dept/ruralmn/pages/Publications/

publications.html)

Renewable Energy from Farms: Building on the

Principles of Sustainable Agriculture to Achieve

Sustainable Energy. Midwest Sustainable

Agriculture Working Group Position Paper

authored by Carl Nelson of The Minnesota Project

and published in June 2002. 

(www.mnproject.org)

From Plants to Power Plants: Cataloging the

Environmental Impacts to Biopower. This report

from the Natural Resources Defense Council

(NRDC), still in draft form, has a goldmine of both

technical and environmental information of 

biomass. Contact Nathaniel Greene, NRDC, 

212-727-4482, ngreene@nrdc.org


