TEST BURN OF PRAIRIE BIOMASS:
CEDAR FALLS UTILITIES ELECTRICAL
GENERATION PLANT (2013)

cally lower than coal.
• Chlorine level (linked to fouling)
close to average of two types of
coal used by CFU
• Low potential for slagging
and fouling

EMISSION STACK
TEST RESULTS
• Opacity (soot level) much
lower than coal.
• Particulate matter compared
to coal: 0.007 lb/MMBtu vs
0.562 lb/MMBtu
• Nox, HCL and Mercury all
lower than coal.

Above: Transferring pellets from boxcar

CONSIDERATIONS FOR PRODUCTION

LAB ANALYSIS
• Sulfur and mercury levels dramati-

• CO higher than coal, but CFU
states that this is because the
boiler is tuned for coal and not for
biomass. Tuning the boiler for biomass would reduce CO emissions.

to furnace and conducting the test burn.
Burned 40 tons of prairie biomass pellets
in the stoker furnace at 5MW output

• All four diversity mixtures are productive on marginal farmland; however,
the 5-species C4 grass mixture is the
least productive.
• The high-diversity mixtures (16- and
32-species) are as productive as a
switchgrass monoculture and are more
resistant to weedy invasion.
• The relative productivity of the four
diversity treatments differs between
soil types suggesting that seeding mixtures designed for biomass production
should be specifically tailored to each
new site to maximize productivity and
stand success.
• Switchgrass monocultures are drought
tolerant, recover well from flooding,
and are not subject to changes in species composition. In contrast, flooding
drastically altered the species composition of the high-diversity mixtures

Clorific Value (BTU/Lb)

• Fall harvests capture more biomass than
spring harvests (more foliage on stems).
Slagging potential for fall harvested
biomass is equivalent to spring harvest;
however, the fouling potential for fall
harvests is medium compared to low for
spring harvests. Fall harvests remove
winter cover for wildlife.
• It is easier to form smaller pellets (1/4
in.) from prairie biomass. Densification
of larger pellets was difficult due to
stems that resisted grinding. The smaller
pellets remained intact through several
stages of handling, various forms of
transport, and storage.
• White indigo was the only legume that
recovered well from extended flooding.

Feedstock

Advantages

Disadvantages

Switchgrass
monoculture

• Lowest seed cost/acre
• Drought and flood resistant
• Highly productive
• Consistent annual yields

• Susceptible to weed
invasion
• May require fertilizer
• Provides little ecological
service

5 C4 Grass
Mixture

• 2nd lowest seed cost/acre
• Resistant to weed invasion
• Previously established on CRP
• Drought resistant

• Lowest Yields
• Likely to require fertilizer
• Not flood resistant
• Limited ecological services

16 Species
Mixture

• Provides ecological services
• Highly productive w/o fertilizer
• Resistant to weed invasion

• 2nd highest seed cost
• Resistant to drought but
not flooding

32 Species
Mixture

• Provides best ecological services
• Resistant to weed invasion
• Good productivity w/o fertilizer

• Highest seed cost
• Resistant to drought but
not flooding
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GOALS
Determine best mixture of prairie species for sustainable,
maximum production of biomass
Determine the response of wildlife to habitat provided by
biomass planting

0

16 Species
Mixture
Harvested Fall
2011. Tested
March 2012

PRAIRIE POWER
PROJECT

COMPARISON OF BIOMASS FEEDSTOCKS

FUEL CALORIFIC VALUES
FROM LAB ANALYSIS
14000

suggesting that the additional cost of
these seed mixes may not be worth the
risk in a floodplain.

Determine energy production and by-products of biomass
combustion in Cedar Falls Utilities power plant test burn
For more Information, contact
Eric Giddens at
eric.giddens@uni.edu

Measure changes in soil carbon and nitrogen in
prairie plantings over time

• 4 treatments of different mixes of
prairie species

BIRD AND BUTTERFLY HABITAT
Major Findings (2010–2014)

• Surface soil C concentration increased from
2008-2014 for all three
soil types. Nearly all of the
observed increases in soil
C concentration were
driven by changes in the
top 3 inches of soil.

• 3 soil types

• On marginal agricultural land

• 4 replicates

• Use of perennial plants requiring only
one tilling and seeding

• 48 test plots
• Plot size 0.8–2.5 acres/treatment

• Seeding rates at a cost level appropriate for agricultural operations

• Planted prairie buffer around each
field and maintained ~ 12 ft. mowed
area between plots

• Documented 45 species of butterflies and 40 species of birds in plots.
• Bird and butterfly abundance,
species richness and diversity
consistently greater in P16 & P32
than G5 & G1. P16 & P32 and
G5 & G1 similar.

CEDAR RIVER ECOLOGICAL RESEARCH SITE
Clockwise: Sub-surface sampling

Three soil types:

by U.S. Soil Tilth Lab, Surface sampling,

Soil Types

% Clay

% Sand % Silt

Available water capacity CSR

Flager Sandy Loam

9.6

72.5

17.9

Low

50

Waukee Loam

11.8

70.2

18.0

Medium

79

Spillville-Coland Complex

21.7

41.2

37.1

High

60

Truax no-till drill seeding

HARVEST
Late March (2012)

• Bird abundance and richness in
2010 ~3x greater in P16 and P32 and
~2x greater in G1 and G5 than annual
row crops.
• Bird and butterfly abundance
peaked in 2010 and then declined.
• While overall bird abundance declined, the percentage of grassland
species increased over time.
• Grassland birds of conservation
concern (Dickcissel, Grasshopper
Sparrow, Henslow’s Sparrow and
Sedge Wren) successfully nested in
the plots. Nest success rates similar
to other grassland habitats in the
region.

G1 Switchgrass

• During early establishment, soil
type directly affected vegetation
structure and composition which
resulted in differences in bird and
butterfly species composition
among soils.

N
G5 Warm-season grass mix

• The high-diversity mixtures (16and 32-species) are as productive
as switchgrass monoculture and are
more resistant to weedy invasion.

Legend
Soils

P16 Biomass mix
Top row: 200 total 550 lb. square bales

Clay
Loam
Sand

Middle and bottom row: Ground baled
material to transport to pelletizer

Treatment
1
16

5
32

P32 Prairie Mix

SOIL CARBON AND
NITROGEN DYNAMICS

• Percent increases in surface soil C concentration
from 2008 to 2014 were
greatest for the sandy loam
soil, ranging from 13.2%
under the switchgrass
monoculture to 26.6%
for the 16-species mix.
The sandy loam soil is
the most depleted in soil
C compared to the other
two soil types. This result
demonstrates that planting
perennial cropping systems
on marginal agricultural
land can enrich depleted
soils with organic carbon.
• The 16- and 32-species
mixes fostered greater
increases in soil C concentration than the 5-species
mix and the switchgrass
monoculture.
• Surface soil N concentrations decreased from
2008-2014 under all
vegetation treatments;
the 16-species mix reduced
N concentration the least.
• We observed an increase
of ~0.4 ton C/ac in sandy
loam surface soil, averaged
across the four perennial
cropping systems, for the
5-year period beginning
in May 2008 and ending
in May 2014. The results
demonstrate a strong
potential for these unfertilized perennial systems to
enhance C sequestration in
the 5 year period following
grass planting.
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• Plot size at scale applicable for use
of farm machinery in planting and
management

SAMPLING SOILS AND SEEDING
RESEARCH PLOTS
Mid-May & Early June (2008)
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EXPERIMENTAL DESIGN

BIOMASS PRODUCTION
By Treatment
10

G1 > G5
Productivity
G1= 7.6–8.8 Mg/ha
G5= 6.6–7.8 Mg/ha
P16= 7.4 –8.6 Mg/ha
P32= 7.3–8.5 Mg/ha
Variability
G1 < G5 < P16 < P32
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Overall Comparison
Loam > Sand Soil
Type Comparison
Sand
P16 > G5
Loam
P32 > G5 and P16
Clay
G1 and P16 > P32
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APPLIED ASPECTS

By Year

Comparison of Years
2011 > 2010, 2012, 2014
Comparison Within Years
2010 – no difference
2011 - P16 and P32 > G1
and G5
2012 – no difference
2013 – G1 > P16 and P32
2014 – G1 > G5
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