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Executive Summary (Period between 4/23/2011 and 10/22/2011) 
The project continues according to schedule.  We had a delay in the production and analysis of 
ash from combustion of grasses but that has been resolved and that work has initiated and we 
will be able to undertake the testing of ash as a fertilizer in 2012.  The work on establishment 
strategies and optimum planting and harvesting dates for the biomass feedstocks is now 
generating results that will contribute to our understanding of the best way to establish and 
harvest the crops.  Work on the impacts of biomass harvest continues and the project has brought 
on a graduate student this fall to initiate that work in Shakopee.  Field measurements have 
concluded for the hydrology work and the project will now concentrate on developing models to 
predict the impact of biomass crops on water quality based on the measurements that were taken 
prior to and over the course of this project.  Information from the hydrologic modeling will be 
used as we prepare the life cycle and economic assessments.  An assessment and prioritization of 
needed stream channel work is currently being carried out that will complement the water quality 
gains provided by the planting of perennial biomass feedstocks.  We continue to analyze the 
information from our landowner surveys and that analysis is providing information valuable as 
we explore ways to promote biomass cropping systems to landowners.  That work was presented 
at conferences over the summer.  We continue to monitor the developing market for 
environmental services and will incorporate information on those developing markets as the 
project continues.  The life cycle assessment is proceeding as planned and we continue to 
develop and integrate information on the economic impacts of the biomass production systems 
and their environmental impacts. 
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The project goal is to develop an efficient system for the production, pre-processing and 
delivery of biomass feedstocks for energy production that minimizes feedstock cost for 
energy facilities while maximizing landowner income and the environmental benefits of 
biomass production. 
 
The project objectives are: 
 
• Establish, research cultural practices, and estimate costs and potential cost savings for the 

establishment, management, pre-processing and transport of perennial biomass feedstocks 
from field to energy facility. 

• Estimate potential energy, wildlife, water quality, carbon and soil health benefits from 
targeted perennial biomass feedstock plantings.  

• Value environmental benefits for potential payments to landowners who provide 
environmental commodities. 

• Complete an integrated assessment of multiple ecological services markets currently being 
used; identify potential buyers of ecological services provided by perennial biomass energy 
crops; develop an integrated ecological services payment package. 

• Develop a model for the production, pre-processing and delivery of perennial biomass 
feedstocks to energy facilities including a life-cycle assessment of the system from field to 
facility. 

 

Technical Progress: 
 
I. Biomass crop production field to farm gate 
We are developing guidelines for production of biomass from native perennial crops. The 
biomass is intended for energy production.  These research activities will help us understand 
issues in producing biomass crops on farm from planting through harvesting.   
 
Experiment 1: Establishment strategies for weed control 
Objectives: weeds often provide excess competition with native grasses and prevent their 
establishment.  Our goal is to develop new approaches for weed control in establishing native 
perennial grasses and grass-forb polycultures.  Establishment treatments include spring oat, and 
barley companion crops, herbicides, and mowing for weed control.  

Experimental design: Randomized complete block with three replications 

Accomplishment:  We repeated this trial in 2011 at 1 location and harvested trials established in 
2009, 2010, and 2011 in December 2011.  We are currently analyzing this data to evaluate the 
effects of establishment treatments on biomass dry matter yield, botanical composition, nutrient 
content, and weed populations across all years of the study.   
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Experiment 2: Optimum planting dates for native perennial crops 
Objectives: There is debate regarding the best time to establish native perennial prairie plants.  
Some feel that winter and late spring overseeding is an effective and low cost approach.  We 
determined the effect of planting date on the establishment of native perennial plants. 

Experimental design: The experiment was replicated at three locations in Rosemount, MN, with 
each treatment randomly assigned to each replicate at each location (randomized complete 
block). 

Accomplishment: We broadcast seeded a mixture of switchgrass, big bluestem and Indian grass 
with four native forbs and four native legumes on three dates: early December 2010 before 
snowfall; and March and June 2011. To provide variable amounts of cover, we also compared 
seeding into a tilled seedbed with seeding into a fall seeded oat companion crop.  The seeding 
rate for native plants was 50 seeds per sq. ft.  Plots were seeded on a silt loam soil at Rosemount, 
MN.  

We collected stand count data using a frequency grid in spring of 2011 and biomass yield data in 
November 2011. The frequency grid is a metal frame containing 25 squares (15 by 15 cm) made 
from fence paneling. The frequency grids is randomly placed within a seeded area, and the 
number of cells containing 1 or more of the seeded plants are counted. Biomass yield is 
measured by harvesting a one meter square area to a 1 inch height from the center of each plot.  
The total biomass is dried at 30 C and yield expressed on a dry matter basis.  

Our preliminary observation on the effect of broadcast seeding dates on populations is that we 
had the greatest stands of native grasses and forbs by seeding in June which is the traditional 
time recommended for native plant establishemnt. Seeding in December resulted in very poor 
establishment.   However, weed competition with the grasses and forbs limited establishment and 
yield at all dates. Use of a fall seeded oat companion crop to provide ground cover did not 
enhance establishment.  Estimated seeding year yields at a late October harvest were less than 1 
ton/acre for the most successful June establishments.  

We are currently conducting a statistical analysis of this data from each plot which will help us 
determine optimum planting dates for biomass crops to optimize yield. Data will be analyzed as 
as a randomized complete block using a statistical program: SAS proc mixed (Version 9.2, SAS 
Institute Inc., Cary NC).  Replication will be analyzed as a random effect: seeding date and 
seedbed preparation effects will be fixed. 

 

Experiment 3: Optimum harvest dates for native perennial biomass crops:  
Native plants are typically harvested for biofuel after a killing frost in November, requiring long-
term storage of the harvested biomass.  With outside storage, plant biomass degrades and suffers 
from a loss of dry matter.  Instead of storage, an option is to have multiple harvests of forage 
from the field. 

Objectives: Determine the effect of harvest date on the yield, energy content, ash content, and 
persistence of native perennial grasses and grass-forb polycultures   

Experimental design: Randomized complete block with 4 replications. We sample plantings of 
switchgrass and native plant mixtures on four dates of harvest: September, December, March, 
May (before green-up).  Samples were collected from four locations.  
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Accomplishment:  Biomass samples have been collected for the September 2011 harvest dates.  
Another harvest will be carried out in December. September and December 2010 harvests have 
been subjected to mineral and nutrient analysis (Table 1) and moisture content and yields of 
biomass have been calculated for September and December 2010 as well as March and May 
2011 harvest dates (Tables 2, 3).  March, May, and September 2011 harvests are currently being 
ground for mineral and nutrient analysis. The December 2011 harvest will also be ground and 
analyzed. 
 
Data are thus far insufficient to assess the effect of harvest dates and vegetation types on mineral 
and nutrient profiles of harvested biomass. Mineral and nutrient data for 2011 biomass harvests 
will provide sufficient information to make such inferences.  Preliminary observations regarding 
biomass yield suggest that significant losses in yield were not observed between harvest dates 
(i.e. all yield differences were within the standard error).  Moisture content of harvested 
switchgrass and native mixture biomass was highest in March and lower in May than for all 
other sampling dates.  These observations suggest than in 2010, harvests of both switchgrass and 
native prairie mixture biomass could be delayed until May to reduce moisture content and the 
need for storage without significant losses in yield.   
 
 

Table 1:  Nutrient and mineral composition from September and December 
2010 biomass harvests by vegetation type across multiple Minnesota 

1
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1For switchgrass locations, N = 3.  For native prairie mixture locations, N = 3.

 

 

 

 

  September December  September December
  Nitrogen 0.60 0.55  0.64 0.58 
  Phosphorus 0.09 0.05  0.12 0.06 
  Potassium 0.49 0.18  0.49 0.18 

Percent  Sulfur 0.05 0.04  0.06 0.05 
 (%) Calcium 0.46 0.46  0.39 0.37 

  Magnesium 0.11 0.10  0.13 0.10 
  Sodium 0.01 0.01  0.01 0.01 
       
  Zinc 23.01 24.38  22.67 23.83 
  Iron 127.35 170.38  100.42 183.08 

mg kg-1 Manganese 70.28 78.63  62.08 75.42 
  Copper 8.00 10.75  8.67 8.42 
  Boron 11.85 13.00  9.92 12.25 

       
 

 

 

 Table 2: Average biomass yield and moisture content by vegetation type and 
sampling date across multiple Minnesota locations 
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Experiment 4: Fertilizer replacement value of biofuel ash: 
The combustion of herbaceous biofuels will generate a significant amount of ash that is often 
considered a waste product but that potentially could have value as a fertilizer.  Recycling of this 
ash to the soil will be an environmentally sound practice that also provides a productive use of 
the ash generated by combustion. 

Objective: The overall objective is to answer fundamental questions related to the agronomic use 
and potential environmental impacts of ash generated from combustion of herbaceous native 
perennial biomass at the Rahr Malting facilities.  

Accomplishment/update:   
We initiated activities to produce ash from combustion of native prairie grass hay.  We 
transported ten 800 lb bales of prairie grass hay to the University of Minnesota, Morris for 
incineration.  Some bales were used for calibration of the incineration unit and we generated 
about 150 lb of clean ash for use in field research in summer 2012.  
 
The laboratory analysis of a sample of the ash was conducted at the University of Minnesota.  
Results for selected physical and chemical characteristics are shown in Table 3, while Table 4 
shows the results of mineral analysis. These results will be used to conduct field research on the 
fertilizer value of the ash. 
 
These results are consistent with the limited data that has been reported for combustion of ash.  
The fertilizer nutrient content is low.  The samples do contain trace amounts of metals such as 
lead (Pb), cadmium (Cd) as well as sulfur (S) and silica (Si).  
 
 

 
 
 
 
 
 
 
 
 

  September December March May 
Yield Native mixture 1.6 (0.2) 1.3 (0.15) 1.5 (0.14) 1.5 (0.26) 

(tons ac-1) Switchgrass 2.7 (0.35) 2.4 (0.3) 2.4 (0.32) 2.3 (0.34) 

Moisture Native mixture 40.4 (2.6) 48.6 (2.9) 51.8 (3.6) 17.3 (5.2) 
(%) Switchgrass 46.2 (2.4) 51.1 (2.8) 67.9 (3.2) 14.3 (2.4) 

n Native mixture 6 8 7 7 
n Switchgrass 12 12 14 11 

Sample Water 
 Saturation 

Paste 
Total Neutralizing 

Power Moisture* 
Name pH ( mmhos/cm ) ( % CaCO3 ) ( % ) 
Ash 1 12.9 / 12.9 6.2 / 6.8 53.3 / 51.7 0.7 
Ash 2 12.5 7.0 45.4 1.2 
Ash 3 12.6 6.8 45.4 1.2 

*expressed on a dry weight basis 

Table 3:  Selected physical and chemical characteristics of ash generated 
by combustion of prairie grass hay 



Sample  Al  As B Ba Be Ca Cd Co Cr 
Blank < 6.56 < 18.56 < 0.88 < 0.80 < 0.08 3.62 < 0.88 < 3.12 < 1.12
Ash 1  6363.90 < 18.56 121.73 384.64 < 0.08 139400 0.90 4.03 64.10
Ash 2  7433.70 < 18.56 131.89 455.70 < 0.08 121080 < 0.88 4.23 72.76
Ash 2 

Duplicate  7425.30 < 18.56 133.79 466.85 < 0.08 123460 < 0.88 3.32 82.91
Ash 3  7127.30 < 18.56 128.79 456.94 < 0.08 117070 < 0.88 < 3.12 60.02

            
Sample  Cu  Fe K Li Mg Mn Mo Na Ni 
Blank < 1.36 < 1.28 103.27 < 0.40 < 14.08 < 0.24 < 2.16 28.80 < 2.56
Ash 1  61.59  8594.20 58623 5.14 37885.00 2723.30 5.91 2652.20 34.67
Ash 2  73.29  10581.00 68065 5.56 30512.00 3151.80 6.09 2995.30 41.78
Ash 2 

Duplicate  68.96  10098.00 68894 5.54 31200.00 3203.70 6.99 3014.80 49.63
Ash 3  72.15  10807.00 67113 5.13 30955.00 3207.00 5.20 2857.00 34.94

            
Sample  P  Pb Rb S Si Sr Ti V Zn 
Blank < 29.60 < 14.08 < 35.44 19.81 10.55 < 1.84 < 0.40 < 1.28 < 1.12
Ash 1  15230 < 14.08 95.02 940.94 466.69 305.48 184.47 8.45 124.79
Ash 2  16880 < 14.08 94.58 1086.80 513.28 348.10 155.83 9.34 116.46
Ash 2 

Duplicate  17092 < 14.08 70.10 1113.30 506.04 354.02 135.10 9.66 117.74
Ash 3  17289 < 14.08 72.98 1041.70 633.20 349.71 194.47 9.52 109.94
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Table 4:  Mineral analysis of ash generated by combustion of prairie grass hay* 



II. Moving biomass from road/farm gate to facility 

This activity is being undertaken by Koda Energy.  Some of the work was initiated prior to the 
project start date as part of their commercial operations but they continue to evaluate other 
options for supplying biomass to their facility.  One of the areas they have been exploring is 
developing a staging area for concentrating biomass and doing any preprocessing including 
drying required prior to shipping it to their Shakopee site.  Koda Energy was recently awarded a 
Next Gen Energy Grant in the amount of $480,000.  The funds will pay for construction of a 
biofuels staging and processing facility in Scott County.  The facility will aggregate and process 
(drying, size reduction) various biomass fuel stocks for use in Koda's CHP biomass facility 
located seven miles from this new facility.  Fuel stocks include urban wood waste (a contract in 
place with the city of Minneapolis), agri-byproducts and potentially dedicated energy crops.        

The Koda Energy Next Gen project will provide crucial information as we look at the supply 
chain of perennial crops to biomass facilities and will allow us to better estimate the cost of 
options for preprocessing and storing biomass crops.  Information from Koda Energy is being 
provided and continues to be incorporated into the Life Cycle Assessment and as part of our 
supply chain analysis.  See section III.D. Life Cycle Assessment for more detail. 

III. Measure and value environmental benefits 
In this area we will measure and evaluate the specific impacts of biomass crops on the 
environment including: 1) changes in grassland songbird populations on areas planted and 
managed for biomass feedstocks; 2) changes in water quality parameters (turbidity, sediment, 
nitrogen and phosphorus concentrations); 3) register values reflected in emerging ecosystem 
markets for water quality and carbon and others as they emerge such as biodiversity; and 4) 
preparation of a life cycle assessment which allows us to estimate environmental impacts 
associated with the production, harvest and combustion of biomass crops including an evaluation 
of resource use and emissions as the crops are produced, transported and combusted. 

A. Wildlife impacts 
Overview of 2009-2011 Accomplishments 
Using project funding obtained from the Legislative and Citizen’s Commission on Minnesota 
Resources (LCCMR) and the National Fish and Wildlife Federation (NFWF), we conducted 
surveys on 20-acre (approx. 8 ha) plots located near Crookston (16 plots), Morris (16 plots), and 
Windom (28 plots) during 2009-2011. These same methods and protocols will be used for 
surveying sites near Shakopee starting with the 2012 growing season. Each plot was surveyed 2-
4 times using an area-based search method that covered the entire plot (Johnson and Igl 1995), 
for a total of 426 surveys.  Many birds, especially sparrows, were detected primarily by their 
songs, but blackbirds and bobolinks were detected by both sight and sound. Plots were surveyed 
in 2009 (pre-harvest data) and again in 2010 and 2011 (post-harvest). Data from all grassland 
birds combined (21 species) are presented below.   
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There were significantly fewer birds detected in 2010 and 2011 than in 2009 (P = 0.002), but 
there was no evidence that bird abundance changed in response to biomass removal (P = 0.72).   
There was a tendency for fewer birds to be detected in high-harvest plots, but this pattern was 
also present in the pre-harvest data and therefore does not reflect an effect of vegetation removal.  
This demonstrates the importance of using a before-after control-impact (BACI) study design to 
establish baseline patterns before manipulating vegetation through biomass removal.  

We found similar results for species richness (i.e., total number of grassland songbird species 
detected per study plot; Fig. 2), although in this case there was indication that species richness 
was lower in highly harvested plots during 2011 (F3,144 = 2.58, P = 0.056). We have not yet 
completed formal analysis of these data using repeated measures to take account of region and 
plot-level effects. We also have sufficient data to allow individual analysis of abundance for 
Grasshopper Sparrows, Savannah Sparrows, Clay-colored Sparrows, Sedge Wrens, Common 
Yellowthroats, Brown-headed Cowbirds, Red-winged Blackbirds, and Bobolinks. Based on data 
collected through 2010, there was no evidence that any of these species had been affected by 
biomass harvest.  
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Planned Activities for 2012 
Data collection will continue for one more year at Windom and Morris. Bird surveys will also be 
initiated at the Shakopee plantings in the spring of 2012 and 2013 using methodology identical to 
that reported here for the LCCMR project. Data from these plantings will be combined with the 
LCCMR data to test for overall effects of biomass removal on long-term dynamics of grassland 
bird communities. 

A new Master’s student began in September 2011 and will take over responsibility for data 
collection and data analysis. Our plans are to have a thorough statistical analysis of all existing 
data before taking to the field in May 2012. 
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B. Water quality assessment 
Overview of 2011 Accomplishments 

Hydrology: 
Subsequent to the last report, monitoring of flow from perennial crops has ceased. Data from this 
monitoring are now being evaluated in two activities that are aimed at providing information on 
environmental services provided in the context of hydrologic and water quality improvement 
through perennial bioenergy crops.  

(1) Data analysis of the quantity and quality of water flows from plots and small watersheds with 
perennial crops is being performed to develop better algorithms for a modified SWAT model. 
Model modifications and testing – to validate performance of the model will be continued in 
2012 and then applied to different scenarios of land cover changes associated with bioenergy 
crops on watersheds in the Minnesota River Basin. Subsequent to this phase, model outputs will 
then be evaluated and modified as needed to conform with data needs by colleagues to complete 
life cycle and economic assessments.  

(2) To realize significant improvements of water quality associated with bioenergy crops, 
complementary riparian - stream channel rehabilitation will be needed in some locations that 
could include agroforestry buffer systems in riparian areas. These agroforestry systems have the 
potential to produce a variety of woody and herbaceous bioenergy crops in riparian areas not 
suited for annual crops. Research is underway to prioritize locations for such restoration in which 
environmental benefits can be realized in an economically sound manner.  The prioritization tool 
is planned to be completed by June, 2012.  

Planned Activities for 2012  
As indicated above, modeling will continue through 2012 as we bring on a new modeler through 
our EPA/MPCA grant to work on the modeling. The stream channel prioritization work will 
continue into 2012 with a tool ready by June. 
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C. Integrated assessment of ecological service markets 
Overview of  2011 Accomplishments 
The Ecological Services Team continues to meet as needed.  To date the team has accomplished 
the following: 

• The University of Minnesota together with Rural Advantage prepared and sent out a 
survey to landowners in a 9 county area to identify constraints to adoption of perennial 
(grasses and woody species) biomass cropping systems.  We received a roughly 50% 
response rate (over 500 responses) and the analysis of the data is complete and is reported 
on below.  A list of presentations and articles prepared from this work as well as a link to 
an article describing the work report is included as Appendix 1. 

A survey of Minnesota agricultural landowners was conducted to elicit farmers’ willingness to 
supply perennial bioenergy crops. The survey area in the northern Corn Belt region is primarily 
planted with corn and soybean. Using dichotomous choice questions, the respondents were asked 
about their willingness to grow perennial grasses and short rotation woody crops (SRWC) given 
a range of expected net incomes relative to current net incomes. The survey included questions 
about farmers’ attitudes about the environment and renewable energy, perceived barriers to 
growing perennial crops, land tenure, and demographic information.  

The results from this survey add to the broader understanding of farm households’ willingness to 
participate in the bioenergy market by growing perennial crops. At nonnegative relative net 
incomes, on average forty-eight percent of farmers were wiling to grow SRWC on at least some 
of their land with no significant difference between percentages at each relative net income. 
Seventy-two percent of farmers were willing to grow perennial grasses at non-negative relative 
net incomes. Farmers were more willing to supply grasses than SRWC at a given relative net 
income. This may be due to the longer commitment period, longer lapse in income, higher 
unavailability of harvesting equipment and costs of reconversion of SRWC compared to 
perennial grasses. Some farmers (17%) are willing to grow perennial grasses at net per acre 
incomes that are lower than their current net incomes. In contrast the percentage of respondents 
willing to grow SRWC at lower relative net incomes was not statistically different from zero. 
Perennial acreage and share of total acreage were non-decreasing in relative net incomes. 

This study illustrates the importance in understanding farm households’ willingness to supply 
when estimating aggregate supply in emerging bioenergy markets. Net incomes from growing 
perennial bioenergy crops must be at least as high as their current net income for more than a 
small share of farmers to be willing to supply in the bioenergy market. Farmers must also have 
higher returns than those from perennial grasses to be as likely to grow SRWC. Increasing 
relative net incomes from perennial crops does increase the quantity of perennial crops supplied 
with most of the increase coming from farmers who already participate in the market by 
increasing their perennial acreage. 

Planned Activities for 2012 
We will continue to work with the data from the surveys to extract additional information related 
to landowner willingness to supply biomass crops and present it in a format useful for extension 
education and potential biomass businesses. We are also hoping to convene a number of focus 
groups over the next year to further explore the results from the survey. 
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D. Life cycle assessment  
Overview of 2011 Accomplishments 
LCA module was modified and developed with further Life Cycle Inventory (LCI) updates for 
initial Life Cycle Impact Assessment (LCIA) results. The LCIs of biomass power feedstock were 
extended to include eight types of biomass: barley grain and forage, Oat grain and forage, 
Canadian wild rye, switchgrass, wood chips, and mixed prairie grasses. System boundary of 
biomass electricity includes biomass cultivation and harvest, biomass transport to drying facility, 
drying process, biomass transport to Koda power plant. To evaluate environmental performance 
of biomass electricity, hard coal fired electricity generated in Xcel Energy is chosen as reference 
system (see Figure 1). 

 
 

 
Figure1. Process flow diagram of biomass and conventional electricity system 

For biomass cultivation and harvest stage, direct emissions of use of the farm inputs, e.g. 
fertilizer emissions to water and air have been modeled and being added from other research 
groups. Upstream productions of fertilizers, pesticides, and energy use in farm machinery, e.g. 
diesel, by feedstock were obtained from Eco-invent database and added to LCA module. 
Currently, the harvested biomass is sent to biomass pre-processing facility to lower moisture 
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content. The dried biomass feedstock is transported to Koda biomass power plant. There are two 
intermediate biomass transportations: 1) from farm to biomass drying facility and 2) from the 
drying facility to Koda biomass power plant. The distance of each was assumed to be 25 miles 
(40 km). The LCI of drying facility includes direct emissions (from energy use in drying process) 
and upstream production of the energy and capital goods for operation equipment and facility 
construction. The direct emissions were obtained from emissions factors in the GREET model 
[1] and upstream emissions associated with energy and capital goods are from Eco-invent 
database [2]. The direct emissions data of the drying process are being updated with Koda 
Energy. For the LCIs of biomass power plant, the direct emissions data for combustion of 
herbaceous biomass and forest residue are obtained from the GREET model. However, more 
reliable data for process input data for energy, resource, and maintenance and output data for 
heat sold to Rahr malting and biomass electricity sold to Xcel Energy needs to be received from 
Koda Energy. For the reason, only direct emissions of biomass combustion are included for 
biomass electricity generation in your preliminary LCIA results. 

 As the biomass fuel that Koda Energy depends on local feedstock availability, their biomass 
power plant receives a mixture of barley grain and forage, oat grain and forage, Canada wild rye, 
woodchips and switchgrass. Several fuel mix scenarios were developed with other research 
teams: 1) pre-Koda as reference case (conventional hard-coal fired power generation in Xcel); 2) 
post-Koda (power generation with biomass fuel mix w/o mixed prairie grass); and 3) post-Koda 
(power generation w/ mixed prairie grass only).  

In LCI analysis, all emissions for a given pollutant throughout the life cycle are typically 
aggregated. As switchgrass LCI is currently the most complete, we carried out LCIA of 
switchgrass-only electricity generation (mono-combustion of switchgrass) and compared the 
results with reference case. Life Cycle Impact assessment (LCIA) is one of key phases in LCA 
that the product system is examined by assigning impact categories and category indicators to the 
set of LCI results [3]. Our preliminary LCIA is performed using an environmental assessment 
model developed by the US EPA called the Tool for the Reduction and Assessment of Chemical 
and other environmental Impacts or TRACI [4].  As shown in Table 1, the TRACI method 
assesses nine impact categories: three human health effects and six environmental impacts. 

Table 1. Impact categories in TRACI method 
 Human health effects 

(category indicator) 
Environmental impacts 

(category indicator) 

Impact 
category 

• Human health cancer (kg benzene-
Eq) 

• Human health non-cancer (kg 
toluene-Eq) 

• Human health criteria (respiratory 
effect) 

• Global warming 
• Ozone depletion 
• Acidification 
• Eutrophication 
• Photochemical smog 
• Ecological toxicity 

 
In all impact categories, switchgrass electricity outperforms hard coal electricity except for the 
impact of fertilizer applied to switchgrass crops on the eutrophication of surface waters.  
Eutrophication is a condition in an aquatic ecosystem where high nutrient concentrations 
stimulate blooms of algae. Eutropication often occurs when fertilizer enters surface waters when 
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it is applied to adjacent crops.  Figure 1 shows our preliminary LCIA results of global warming 
potential and the eutrophication effect of reference case and switchgrass electricity. The results 
indicate that switchgrass electricity has environmental savings of global warming effect as 664g 
CO2-eq per kWh electricity generation while electricity generation with hard coal produces 
1,187 g CO2-eq per kWh. However, eutrophication potential (0.25 g N) of switchgrass electricity 
has about two times higher than hard coal electricity (0.14g N/kWh) due to the impact of 
fertilizer on water bodies as a result of fertilizer use at farm.  

 
Figure 1. LCIA result comparison of hard coal electricity vs. switchgrass electricity 

 
Planned Activities for 2012 
As heat is co-product of biomass electricity sold to Rahr Malting, environmental savings of 
avoided conventional heating process at Rahr Malting will be credited to biomass electricity 
system by system expansion. 

Since each type of biomass fuel has different power conversion rate (kWh per ton) in Koda 
power plant, environmental impacts of biomass electricity generation hinge on the composition 
of the fuel mix. We are developing several fuel mix sub-scenarios based on seasonal variation of 
feedstock availability that Koda Energy can secure a constant fuel supply to their biomass power 
plant. Optimal fuel mix alternatives with the lowest environmental impacts will be found by 
comparing LCIA results between scenarios. As life cycle inventory data of all type of fuel 
biomass is validated, LCIA results will present significance of environmental impacts of biomass 
electricity generation system by the fuel mix scenarios and by life cycle stages. 

 
[1] ArgonneNationalLaboratory, "The Greenhouse Gases, Regulated Emissions, and Energy 

Use in Transportation (GREET) Model 1.8d.1," Argonne National Laboratory, 2010. 
[2] EcoInvent, "Ecoinvent Data v2.2," Data v2.2 (2010), Swiss Centre for Life Cycle 

Inventories, 2010. 
[3] ISO, "Environmental management - Life cycle assessment - Life cycle impact 

assessment, International Standard 14042," International Organization for 
Standardization (ISO), 2000. 
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[4] J. Bare. "Tool for the Reduction and Assessment of Chemical and Other Environmental 
Impacts (TRACI)," 2010; http://www.epa.gov/nrmrl/std/sab/traci/. 

 
 
IV. Economic assessment of biomass production and delivery system 
This research area looks at the financial and economic aspects of biomass production from the 
perspective of the landowner/farmer who may be interested in producing biomass feedstocks for 
the market and also the value of the environmental services (water quality, recreation, carbon) to 
society both qualitatively and quantitatively. 

A. Cost Benefit Analysis – Plan activities and begin data collection 
Overview of 2011 Accomplishments 
We have completed an initial cost benefit analysis based on the benefits received by converting 
land previously in annual crops to perennial biomass.  We are continuing to gather information 
on both the costs and benefits of perennial cropping systems related to improvements in water 
quality and storage.  The information we are gathering will be used to create a decision support 
tool that is being prepared under a $1,245,867 Section 319 project grant from the Minnesota 
Pollution Control Agency and the US Environmental Protection Agency.  We have been able to 
successfully leverage the RDF funding to expand the work to begin preparation of that decision 
support tool. 

The Section 319 developmental, educational and applied research project leverages and expands 
upon earlier work estimating impacts of wetlands and stream channel restoration, and conversion 
of annual crops to perennials by adding agroforestry buffers along riparian corridors, and an 
outreach component. The project integrates research results, fills in research gaps, and will 
prepare and disseminate a decision support tool for managers.   

In addition to addressing impaired water issues, this project aims to promote land use change to 
address those issues through economic drivers related to emerging markets for biomass for 
energy.  By taking that approach the work will provide opportunities for landowners and 
communities to generate employment and income through jobs and opportunities created to 
produce and deliver biomass to energy facilities. 

The Section 319 Project will evaluate the cost effectiveness of different conservation measures, 
including the use of perennial crops for bioenergy, as a way to guide decisions on what types of 
measures to promote by watershed managers.  The production of biomass crops will be one 
“working lands” conservation practice that will be evaluated and will build upon data that is 
generated by this RDF project. 

Planned Activities for 2012 
We will prepare our preliminary report of the economic analysis.  The report will be prepared in 
a manner that will allow us to easily update it as new information on the impacts and their values 
become available.  Some of that new data will come from the emerging markets for ecosystem 
services. We will continue to gather and incorporate new economic information as it becomes 
available.  This is a rapidly developing area of research which will allow us to update our 
information and incorporate the most up to date information in our reports. 
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B. Valuation of ecological services 
Overview of 2011 Accomplishments 
This will continue to be done in coordination with IIIC above.  Results from IIIC will be used to 
help determine how the public values ecological services which will allow us to use those values 
for our analysis.  In addition to the information gathered through the survey, we will be gathering 
data on the emerging markets for carbon and water quality credits.  Linda Meschke is involved in 
a USDA Conservation Innovation Grant project which is studying payments for environmental 
services in the Minnesota River Basin and Dr. Bill Easter and Dr. Dean Current on our team 
continue to serve on the National Advisory Committee for that project which will provide 
another source of information for this work. 

Linda Meschke and Rural Advantage have prepared a payment model (Ecopaypack) for 
providing payments to landowners.  Rural Advantage has developed protocols and procedures 
for payments for pollinator habitat. 

In the last quarter we have had a PhD student start to prepare a literature search for information 
on the impacts of conservation and land use practices on the water quality and storage that will 
be used to develop a decision support tool referenced in IV.A above. 

Planned Activities for 2012 
We will continue gathering data on existing options for payments for environmental services as 
well as new initiatives.  This information will be combined with the data generated through the 
survey instrument. 

Project Status: The project continues to meet the timeline with some minor delays but with 
good progress in most areas.   
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LEGAL NOTICE 
 

THIS REPORT WAS PREPARED AS A RESULT OF WORK SPONSORED BY NSP.   
IT DOES NOT NECESSARILY REPRESENT THE VIEWS OF NSP, ITS EMPLOYEES, 
OR THE RENEWABLE DEVELOPMENT FUND BOARD.  NSP, ITS EMPLOYEES, 
CONTRACTORS, AND SUBCONTRACTORS MAKE NO WARRANTY, EXPRESS OR 
IMPLIED, AND ASSUME NO LEGAL LIABILITY FOR THE INFORMATION IN THIS 
REPORT; NOR DOES ANY PARTY REPRESENT THAT THE USE OF THIS 
INFORMATION WILL NOT INFRINGE UPON PRIVATELY OWNED RIGHTS.  THIS 
REPORT HAS NOT BEEN APPROVED OR DISAPPROVED BY NSP NOR HAS NSP 
PASSED UPON THE ACCURACY OF ADEQUACY OF THE INFORMATION IN THIS 
REPORT.  
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V. Appendix 1 
 
List of Presentations/Articles 
 

Author/Presenter/Article/Title Event/Publication Location 

Gamble, Joshua, Establishment of 
Perennial Alley Cropping Systems 
on Riparian Agricultural Soils for 
Biomass Production and 
Ecosystem Services, University of 
Minnesota, Dept. of Forest 
Resources 

The 12th North American Agroforestry 
Conference, Agroforestry: A Profitable 
Land Use, 
June 4-9, 2011.  

University of 
Georgia.  
Athens, Georgia 

Current, Dean. Innovative 
Agroforestry Systems for Biofuel 
Production and more Sustainable 
Landscapes: Green Lands, Blue 
Waters in Minnesota, University of 
Minnesota/CINRAM/Forest 
Resources. 

The 12th North American Agroforestry 
Conference, Agroforestry: A Profitable 
Land Use, 
June 4-9, 2011.  

University of 
Georgia. 
Athens, Georgia 

Schulman, Candi. Landowner 
Constraints to the Adoption of 
Perennial Biofuel Crops. 
University of 
Minnesota/CINRAM/Forest 
Resources. 

The 12th North American Agroforestry 
Conference, Agroforestry: A Profitable 
Land Use, 
June 4-9, 2011.  

University of 
Georgia. 
Athens, Georgia 

David J. Smith, Candi Schulman, 
Dean Current, K. William Easter.  
Willingness of Agricultural 
Landowners to Supply Perennial 
Energy Crops. UMN/CINRAM. 
 

Selected Paper prepared for presentation at 
the Agricultural & Applied Economics 
Association’s 2011 AAEA & NAREA 
Joint Annual Meeting. July 24- 26, 2011. 
Published online at: 
http://ageconsearch.umn.edu/handle/103930 
 

Pittsburgh, 
Pennsylvania 
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