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Executive Summary (Period between 4/23/2012 and 10/22/2012) 
The project continues according to schedule. As we move into our last semester of the project we 
continue the process of integrating the data from the individual objectives and tasks into an 
integrated final report.  Parallel to that work data from the tasks and objectives is being analyzed  
and manuscripts prepared to disseminate the information that has been generated. Work on the 
impacts of biomass harvest is continuing with the new graduate student but has benefited also 
from previous work done by our wildlife expert and his graduate students.  We have been able to 
leverage additional funding to continue the monitoring and analysis of the impacts of biomass 
harvest on songbirds for the 2013 season and that data will be reported in the final report. The 
tool for assessment and prioritization of needed stream channel work is currently being used to 
prioritize sites for stream channel work starting in 2013.  Our work on landowner attitudes will 
continue into 2013 providing additional information to inform our analysis.  The market for 
environmental services is continuously changing so we will incorporate the latest information on 
those developing markets as the project comes to a close.  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. 



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:  All data collected in 2011 and previous years has been analyzed 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.  Economic analysis is 
complete and we are developing a final report. 



Annual companion crop such as oat or barley or a vigorous perennial like Canada wildrye can 
also be seeded as nurse crops for native prairie plantings. Barley and oat can be harvested for 
grain or forage while Canada wild rye is only harvested for forage.  These companion crops have 
the potential to suppress weeds and also to provide yield of a marketable crop in the seeding year 
[Table 1]. However, they may reduce native plant biomass yields in the year following seeding 
compared to mowing for weed control in the seeding year.  
 
Table 1. Forage yield of switchgrass and a native plant polyculture mixture in the year following 
seeding for alternative companion crop treatments.  Average data from 3 environments. 

Grain yield and grassland biomass using from companion crops 
Companion Crop Grain Yielda Biomass Yieldb 

 Bu/acre Tons/acre 
Barley: Forage - 1.7 

Oat: Forage - 1.9 
Barley: Grain 55.0 1.7 

Oat: Grain 65.8 1.7 
Canada Wild Rye - 2.2 

Mowed - 2.3 
   

a Grain yield from seeding year 
b Biomass yield of grasslands one year after seeding year 

Work planned:  We are currently finalizing the manuscript and will submit it to a peer-reviewed 
journal. 

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:  Stand count and biomass yield data from 2012 has been analyzed and a final 
manuscript is being prepared. 

An alternative to use of a grassland drill for spring establishment is to broadcast the seed of 
native prairie plants in late autumn or winter. The seed is then incorporated into the soil by the 
freezing and thawing action of the soil and it will germinate when favorable temperatures occur 
in the spring.  However, we have found that competition with early emerging weedy species can 
greatly reduce establishment of native plants that are broad cast seeded in winter.  Native plant 
density is inadequate to achieve a productive stand.  

Work planned: We will continue manuscript preparation and will submit to a peer reviewed 
journal in fall 2013. 

 



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.  

Accomplishment:  All biomass samples from 2011 – 2012 harvest dates have been ground and 
subject to mineral analysis.  Final results were summarized in the previous report.  A manuscript 
is being prepared for submission to a peer-reviewed journal. Table 2 provides an overall 
summary of the results. The optimal time to harvest biomass is after a killing frost and before the 
first significant snowfall [often between November 1 and December 1]. This allows nutrients in 
the biomass to recede back to the roots before being removed with harvest; therefore limiting 
fertilizer requirements for future years. However, our results show that in many environments 
there may be limited loss of biomass from December to May which provides opportunities for 
diverse harvesting dates.   
 
 Table 2.  The effect of harvest date on the biomass yield and moisture content native prairie 
mixtures and switchgrass. 

 
 
 
 
 
 
 
 

 
Work planned:  We will continue manuscript preparation and will submit to a peer reviewed 
journal in summer 2013. 

 
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.  These following field and greenhouse studies were 
planned and initiated for the 2012 growing season. Because of the limited amount of ash that was 
generated we were forced to change the size of our field plots and to conduct a greenhouse study for 

  September December March May 
Yield Native mixture 1.6  1.3 1.5 1.5 

(tons ac-1) Switchgrass 2.7 2.4 2.4 2.3 

Moisture Native mixture 40.4 48.6 51.8 17.3 
(%) Switchgrass 46.2 51.1 67.9 14.3 



monitoring corn response to the ash.  Nevertheless, we will be able to provide new information on 
the use of native prairie ash on plant growth. 

Accomplishment:  Data collected in ash field and greenhouse studies in 2012 is currently being 
analyzed.  The trials were continued in 2013. 

We found that ash from a representative native grass-forb hay mixture contained 0.17% N, 
3.80% P, and 8.18% K. The ash from combustion of native plant material has value as a P or K 
fertilizer source for corn or for native prairie grasslands harvested for biofuels.  In a greenhouse 
study, we examined ash from combustion of baled native grass-forb hay as a fertilizer on corn.  
We applied ash at rates based on P content of ash, assuming medium levels of P in the soil.  The 
biomass of the corn at harvest was significantly higher than the control without ash amendments, 
indicating that native ash can be a potential source of P for field crops or for native biofuel 
grasslands (Table 2). 
 
Table 2.  Relative biomass yield of corn grown with variable rates of native plant biomass ash.  

Ash rate Biomass - % of control 
0.5X 121 
1.0X 121 
1.5X 139 
2.0X 138 
2.5X 154 

 

Work planned: Plant biomass yield and tissue mineral analysis will be conducted  in summer 
and fall 2013.  A manuscript will be prepared in the fall. 



 

II. Moving biomass from road/farm gate to facility 

The Mdewadanton Sioux Community has completed the construction of a biofuels staging and 
processing facility in Scott County with assistance from a NextGen grant.  The facility 
aggregates and processes (drying, size reduction) various biomass fuel stocks for use in Koda's 
CHP biomass facility located seven miles from this new facility. Following is a summary of the 
staging facility: 

• The staging area, surge facility has been completed by the Mdewakanton Sioux 
Community and has been operational for about 4 months now.  KODA purchases 
material from the surge facility. 

• The surge facility allows them to receive chip, dry and store material and will allow them 
to work with materials from grasses to woody biomass.  They are still not using grasses 
as there is currently no consistent supply of grasses.  They would be able to burn grasses 
that were processed through the surge facility. 

• The surge facility has a total area of 640 acres and the actually operational facility only 
covers under 40 acres of that area. 

• Before having access to material from the surge facility, KODA could only receive the 
material that they would be burning almost immediately.  The surge facility provides 
much greater flexibility in preparing and storing biomass for later use. 

• Now they will be able to harvest in the Fall and store material over the winter using it 
when needed.     

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.   

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 
Graduate research assistant Robert Dunlap has completed the first draft of a thesis chapter and 
manuscript assessing the impact of biofuel harvest on small mammal abundance, using data from 
the first four years of the LCCMR biofuels study. His analyses have shown that communities of 
small mammals (mice, voles, and shrews) undergo some changes in response to biofuel harvest. 
In particular, voles of the genus Microtus declined on fully harvested plots, whereas deer mice 



(Peromyscus) increased markedly on harvested plots during the final year of the study, a year in 
which Peromyscus populations appeared to erupt on sites that had been moderately (50%) to 
fully harvested. However, populations of short-tailed shrews (Blarina brevicauda) and overall 
species richness were unaffected by biofuel harvest. Robert presented results from this analysis 
at the annual meeting of the Minnesota Chapter of the Wildlife Society in January 2013. 

During the summer of 2012, Robert collected a fourth year of data on grassland bird abundance 
in the LCCMR biofuel plots. Although initial analyses suggested that no species were being 
impacted by biofuel harvest, more recent analyses based on all four years of data suggest that 
biofuel harvest may negatively impact Sedge Wrens and Common Yellowthroats, but benefit 
Grasshopper Sparrows. Robert presented these results at a regional meeting of the Midwest Fish 
and Wildlife Conference in Kansas in December 2012, and will write up results from the first 
four years of surveys as part of his Master’s thesis (target completion date: May 2013). During 
May and June of 2013, Robert will conduct one final round of grassland bird surveys to take 
advantage of a final year of harvest on the LCCMR biofuel plots. Data from this final year will 
be included in publications describing the impact of biofuel harvest on grassland bird 
communities.  

B. Water quality assessment 
Hydrology: 

Channel Reconnaissance and Data Collection 
In fall of 2011, aerial photographic analysis was used to determine where potential channel-
riparian corridor restoration sites were located. A total of 30 sites were found on 2 creeks within 
a subwatershed of the Blue Earth River Basin. These sites exhibited potential for channel-
riparian corridor restoration. The two creeks chosen for analysis are Elm Creek and Center 
Creek, which are 2 of the main sediment contributors to the Blue Earth River. The purpose of 
these assessments was to determine which areas are contributing the most sediment. The field 
data that was collected in fall of 2011 was analyzed in the spring of 2012 and the information 
was used to determine which sites were contributing the most sediment.  

Channel and Riparian Corridor Restoration 
In spring of 2012 a decision support tool score sheet by Beechie et al (2008) and the Modified 
Pfankuch Assessment (Asmus and Magner, 2008) were used as a guide to create the Stream 
Restoration Prioritization Score Sheet (SRPSS). The SRPSS was created to help prioritize 
restoration based on a set of 10 metrics. The metrics were chosen and assigned weights by 4 
researchers (Dr. Ken Brooks, Dr. Chris Lenhart, Dr. Joe Magner, and Mary Presnail) at the 
University of Minnesota. The SRPSS was broken into two categories. The first category is an 
“Inventory of Site Conditions”. The list of metrics in this category includes: 

A.) Estimated Amount of Annual Erosion 

B.) Instability Threatening Infrastructure or Loss of Land to Landowners 

C.) Modified Pfankuch for Low-Gradient Streams Score 

D.) Amount of Watershed Changes Causing Significant Alterations to Streamflow 

E.) Site’s Potential for Water Storage 



F.) Adjacent Land Use 

G.) Stage of Channel Evolution Model. 

The second category in the SRPSS is “Variables Affecting Cost to Restore”. Stream restoration 
projects can be extremely expensive and funding is often limited, therefore the following metrics 
were very important to include: 

A.) Length of Eroding Streambank 

B.) Amount of Wood, Woody Debris or Large Rock Available for Restoration. 

C.) Accessibility 

The sites were then ranked and the next step is to have an independent researcher test to make 
sure the tool is repeatable. This will be done in August of 2012. Once this is done, the next step 
will be to design restoration techniques for the prioritized sites. A final corridor plan will be 
prepared for 1-2 of the highest priority sites and restoration activities will be implemented. This 
will likely occur in 2013. 

C. Integrated assessment of ecological service markets 
Landowner willingness to supply biomass crops 
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. The results of this research are included in a 
Master’s thesis and will also form part of a PhD Thesis that will likely be finished in 2013. 

Assessment of Markets 
The project team continues to monitor the development of ecological service markets.  Since 
these markets are constantly developing and changing a final assessment will be made in 2013 
and incorporated in the final project report to represent the current state of those markets at that 
time with an approximation of future trends in those markets. 

Partner Rural Advantage continues to work on developing a suite of market tools and markets for 
ecosystem services that are being implemented on a trial basis.  Results of that work will also be 
included in the final report and assessment of ecological service markets for a number of services 
including water quality, carbon, pollinator habitat among others. 

There have recently been changes in the markets for payments for environmental/ecosystem 
services.  The State of California has adopted a carbon “cap and trade” carbon emissions trading 
program which has recently come into effect providing an example of a functioning carbon 
trading program. We will follow developments in that market and incorporate that information in 
our final report. In addition there is a growing market for water quality credits linked to the 
Chesapeake Bay initiatives and markets for biodiversity that will also be included in the final 
report. 

D. Life cycle assessment   
A woodchip LCA module is being added to the current five LCA modules as we complete the 
LCI inventory analysis. We will carry out the product-level contribution and sensitivity analysis 
with key parameters. As the biomass fuel mix at Koda Energy varies by local feedstock 



availability, it is hard to continue to receive feedstock with the lowest environmental impact such 
as switchgrass and prairie grass. Koda Energy biomass power plant expects a biomass fuel mix 
of barley grain and forage, oat grain and forage, Canada wild rye, woodchips and switchgrass. 
Those scenarios are being examined for seasonal variation in environmental impacts. 

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 
This work is ongoing.  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 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. 

This work continues and will be completed in 2013 and incorporated into the final project report. 

B. Valuation of ecological services 
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 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.  The protocols include an EcoPayPack Program Application 
which includes information on the applicant, site location and site information, a list of the 
ecological service payments being applied for and the landowners plan for establishing and 
maintaining the ecological services.  The Application for pollinator credits includes information 
on the applicant and location, a native pollinator species inventory, a management plan, guidance 
information for landowners, and a task and 3rd party verifier log 

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

 



 LEGAL NOTICE 

 
THIS REPORT WAS PREPARED AS A RESULT OF WORK SPONSORED BY NSP.   
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