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Abstract 

Following the principles set by the National Biofuels Roundtable, a workshop was 
held in March, 1995 which brought together a group of stakeholders and experts in 
the field of biomass energy and ecology. The mission of the workshop was to 
identify and set priorities for ecological research to ensure that large-scale biomass 
energy development in the North Central states occurs in an ecologically sound, 
sustainable manner. The workshop found that questions about the landscape-scale 
deployment of biomass plantations were most pressing. The workshop recommended 
that adaptive resource management principles be applied in a phased development of 
increasingly larger plantations. Each phase of development would help to answer 
questions about landscape-scale development; improving the design of subsequent 
phases. Principles of sustainable agriculture should also be applied to biomass 
plantations to minimize impact on soils and water quality, maintain productivity and 
benefit the rural economy. Results of the workshop will be helpful to natural 
resource and research agencies, as well as utilities and biomass energy developers. 



Introduction' 

One of the barriers to wider development of biomass energy sources is the lack of 
information about the environmental impacts of deploying biomass crops on a 
landscape scale. The National Biofuels Roundtable (1994) recognized this in 
developing its broad guidelines for application nationwide. These would have to be 
adapted to fit the dynamics of any particular region. The North Central States, 
including Minnesota, Wisconsin, Michigan, Iowa, and Illinois, have been identified as 
having great potential for developing biomass energy sources (Union of Concerned 
Scientists, 1993). Advocates of biomass energy have recognized that a 
multidisciplinary approach is needed to produce an acceptable plan for developing 
biomass energy in the region. 

To that end, a steering committee of major stakeholders and research institutions 
sponsored a workshop to develop an agenda for biomass energy ecological research in 
the region. The workshop brought together speakers and stakeholders from the 
important disciplines to suggest what research will be needed to answer concerns 
about the environmental impacts of large-scale energy plantations. This paper 
summarizes the major themes of the presentations and the discussions held by the 
participants . 

Presentations 

Full Fuel Cycle Impacts of Energy Technologies' 

Conventional generation of electric power imposes a significant toll upon the 
environment, from all aspects of the fuel cycle. Extraction of coal, oil, natural gas 
and uranium disrupts the environment where they are found. Transporting these 
fuels sometimes requires the construction of roads, railroads, pipelines and other 
facilities, and the consumption of fuel to move them. Power plants themselves 
disrupt the environment, and the transmission lines that move the electricity also have 
their impacts. Finally, the emissions and discharges produced as by-products of 
generation cause their own pollution and environmental degradation. 

In contrast, producing biomass fuels can be relatively benign, depending on the source 
of fuels. Using industrial and urban wood residues can help solve solid waste 
disposal problems. Growing plantation crops on current farmland produces no more, 

'The Workshop was funded by The National Renewable Energy Laboratory, Wisconsin Electric 
Utilities, Minnesota Power, Electric Power Research Institute, Oak Ridge National Laboratory - Biofuels 
Development Program and The Great Lakes Regional Biomass Energy Program 
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and often less environmental damage than conventional crops. Transportation 
distances are shorter, so less fuel is consumed. Conventional and toxic pollutants are 
equal to, or less than, natural gas due to low sulfur and metals concentrations. 

Greenhouse gas emissions can be minimized using biomass, especially with closed- 
loop plantation systems. With planting to replace consumed fuel resources, 
equalization could be possible. At least, biomass cycles "contemporary" carbon, 
rather than releasing fossil carbon. 

Sustainable Agriculture and Energy Crops3 

Sustainable agriculture seeks to maintain the productivity of agricultural systems by 
using cultural methods which minimize the use of chemicals and energy to sustain 
production. At the same time sustainable agriculture attempts to maximize the 
recycling of organic matter and natural fertilizers. Sustainable practices attempt to 
retain the soils, reducing runoff and pollution of water bodies. 

Defining agricultural sustainability is subjective, but extractive agricultures are always 
ecologically unsound. The "highest use" for a farm's land must take into account the 
farm's economics, the environment of which it is a part, and the social value of 
keeping people living on the land. Time scale is important: long-term soil 
productivity, for instance, and long-term avoidance of "boom & bust" economic 
fluctuations. 

Woody or herbaceous biomass can diversify the farmer's income mix. This gives the 
farmer flexibility in fluctuating economic conditions, helping to keep the farm 
profitable and intact. Biomass crops can be planted on marginal lands that require 
vegetative cover for critical periods, or would otherwise provide very little or no 
income without significant ecological damage. They can allow the farm to support a 
wider variety of wildlife and protect against soil erosion and nonpoint water pollution. 

The amount of energy that the biomass fuel provides must exceed that used to 
produce it. Species and varieties utilized must be adapted to the local cropping 
conditions and fit into the farm work schedule over the year. Breeding for higher 
yields should not be at the expense of pest tolerance and local soil and climate 
adaptations. Nutrient budgets, including the ash from crop combustion, must be 
computed and soils tested to minimize the use of imported fertilizer. 

Harvest must be timed to allow the farm to protect important wildlife species and to 
reduce soil erosion and nonpoint pollution. Leaving residues on the fields can protect 
against soil erosion and preserve soil texture. A market and cash flow must be 
guaranteed to reduce the risk for the farmer and allow the farmer the profitability 
required to think long-term. Regional planning, monitoring and research to determine 
impacts and causes would be needed to optimize placement of biomass crops in the 
landscape. 

3Presenters: Dennis Keeney, Leopold Institute; Bill Berguson, NRRI; Wendell Johnson, Univ. of 
Minnesota; & Jerry Hatfield, National Soil Tilth Inst. 



For example, biomass crops would grow well on Conservation Reserve Program 
(CRP) lands and would provide the protection that they need in addition to the income 
that the farmer needs. Biomass crops could also be planted as buffer strips or filter 
strips or in drainageways to protect surface waters from nonpoint fertilizer and 
herbicide pollution. 

Concepts and Principles of Landscape Ecological Planning4 

Landscape Ecological Planning is a tool to integrate resource use with biological 
sustainability. The scale of thinking has to be different - ecosystems, rather than 
populations or species. Processes and natural fluctuations have to be taken into 
account, and multiple scales of space and time must be considered. 

One approach is to look at the systems present, define the stresses on those systems, 
and their sources, evaluate strategies to relieve those stresses, and build on already 
successful approaches. 

The original and existing landscape features, vegetation patterns, soils, and 
hydrology, of an area will suggest patterns and uses that can succeed there. For 
example, grasslands and row crops could be the basis of plantation management in the 
Southern portion of Wisconsin, which was once dominated by prairies and oak 
savannahs. In the North, where forests mixed with wetlands and lakes were dominant 
woody species may be appropriate. In the ecological tension zone that crosses 
Wisconsin from northwest to southeast, a pattern of interspersed grassy and woody 
crops would be desirable. 

In looking at the sizes of plantations, lessons from studies of habitat patches can be 
useful. These too have to be considered in the context of the larger landscape. Patch 
design and interspersion have to be considered in relation to defined resource needs 
and explicit ecological goals: How many patches in a unit  area? How far apart? 
Can they be contiguous with existing forests, grasslands, waterways or other 
ecological features? Do composition and arrangement hinder or promote stated needs 
and goals. 

Finally, it is important to inventory the resources present at each stage of 
development, and to monitor processes as they develop. Constant assessment is 
needed both to successfully manage on a landscape basis and to inform future 
projects . 

4Presenters: John Probst, US. Forest Service - No. Central Forest Expt. Station; & Andrew Schiller, 
Oak Ridge National Lab. 



Adaptive Resource Management Approaches to Research' 

Adaptive Resource Management attempts to combine research and policy making. It 
recognizes that change is inevitable, systems are too complex and dynamic to easily 
predict the effects of management decisions, but that decisions must be made before 
complete understanding is achieved. Each policy is itself a hypothesis about how a 
system will respond. Thus it can be tested, and modified to account for what 
happened in the real world. This knowledge can then be applied to the next decision, 
hopefully improving its effectiveness. 

It is important to test hypotheses that reveal trade-offs between alternative land uses 
under biomass energy scenarios. Would increased demand for biomass fuels result in 
the conversion of marginal lands? Would the impacts be the same, more, or less than 
leaving those lands to natural restoration processes? Adaptive Resource Management 
approaches would allow these questions to be investigated concurrent with the scale- 
up of biomass plantations. 

A collaborative approach among stakeholders can muster the resources needed to 
carry out the necessary research. Current ecological studies in Minnesota and Iowa 
exemplify this method. Comparisons of bird species diversity parameters between 
plantations, natural forests, and croplands are helping to refine basic hypotheses such 
as: "Bird diversity and presence of forest-interior birds in plantation interiors is 
lower than woodlands of similar size but higher than in most agricultural crops and 
pastureland " . 

The results should help to design plantation layouts that maximize the potential habitat 
value of energy plantations. 

Ecological Lessons and Implications for Large Scale-up Projects6 

Experience from studies of existing small scale plantations, and from similar 
production systems can point out opportunities and pitfalls for attempts to develop 
biomass plantations on a large commercial scale. 

Studies of bird and small mammal populations indicate that plantations will be 
ecologically intermediate between woodlands and croplands. Landscape context, 
patchiness and size are important factors. Further research is needed to refine these 
indications and develop predictive capacity. 

Reducing soil erosion and resulting water pollution, especially on highly erodible 
lands, should be an important direction for demonstration and research. Methods of 
cropping that both reduce the need for fertilizers and pesticides, and retain soil should 

5Presenters: Tom Nudds, Univ. of Guleph; Christine Ribic, Univ. of Wisconsin; & James Cook, 
Nat'l Audubon SOC. 

6Presenters: Don Christian, Univ. of Minnesota-Duluth; Arthur Petersen, Univ. of Wisconsin- 
Madison; Tom Houghtaling, Minnesota Power; & Eric Vance, NCASI 
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be tested. Alternative nutrient sources such as sewage sludge (biosolids) may be 
useful. 

The balance between environmental protection and economics should also be 
considered. Landowner rights and preferences have to be accounted for in designing 
plantation systems. The economic and social costs of alternative management 
practices need to be acknowledged. 

Experience from the pulp and paper industry has shown that intensive management 
can be compatible with environmental quality. Following Best Management Practices 
for erosion control, such as leaving buffer zones along waterways, can protect water 
quality. Landscape-level analyses of biomass crop development will facilitate 
preserving or enhancing the environmental values of adjacent lands. Using alternative 
soil amendments could maintain soil structure and fertility. 

Discussion Results - Research Priorities 

Three work groups were given instructions to identify needs, priorities and 
implementation steps for the following research topics: 1)Ecological Research; 2) 
Environmental Quality Research; 3) Agricultural Sustainability Research; and 4) 
Policy Requirements to Support Research. Group facilitators directed the discussions 
in each group to try to elicit the most involvement, and reflect perspectives from all 
of the stakeholders participating in the Workshop. 

Each group reported the results of their discussion to the participants. The Steering 
Committee then organized the recommendations into topic areas. These are presented 
below. Priorities were not explicitly set by all of the work groups, but these issues 
came up several times in discussions, and most groups made similar 
recommendations. 

Landscape Issues and Biological Studies 

Investigate the effects of placing biomass crops in the landscape. Attempt to enhance 
patterns and features already present. Develop siting guidelines to maximize benefits 
and minimize disruptions. Develop tools to assess and predict water quality impacts 
of siting strategies. Develop Best Management Practices (BMP) for all plantation 
crops, at all spatial scales. Develop protocols to match crops to sites. Study options 
for the use of short rotation woody crops (SRWC) and herbaceous energy crops 
(HEC) in riparian areas, 

Study the role of habitat inclusions within plantations, both in terms of wildlife and 
economics. Determine location and structural features of planting that maximize 
habitat values. What is the optimum shape and arrangement of stands (blocks vs. 
corridors, size & number) for given species and species mixes? Investigate the 
benefits of heterogeneity in plantings (vs. monotypes). Establish a desired state (goal) 
for the landscape, including visual as well as biological aspects. 



Set priorities for species of concern: 1. Protected (threatened & endangered) species 
2. Local interest species. Gather data on occurrence and distribution, and design 
landscape-scale studies. Investigate wildlife source-sink relationships in herbaceous 
and woody crops. 

Production Practices 

Establish impacts of nutrient and herbicide application on poplars and grasses, soils 
and water quality. Research and develop methods to minimize short and long term 
chemical inputs. Transfer experience and knowledge of pulp and paper industry to 
energy plantations. Study trade-offs between residue left on ground, use of cover 
crops, and productivity of energy crops. Evaluate harvest cycle impacts on nutrient 
cycling, soils, wildlife. Investigate the use of biosolids (sewage sludge) as fertilizer. 
Study effects of alley cropping, strip intercropping. Determine erosion characteristics 
of different cultural methods. 

Evaluate genetic improvement of plant stocks, including disease resistance and yield 
(selection, crosses, genetic engineering). Investigate potential of other native warm 
season grasses, forbs and mixes. What is the most efficient way to replace organic 
matter and nutrients removed in harvest to sustain productivity and maintain 
environmental quality ? 

Global Issues 

Impacts of energy farming on carbon sequestration. 

Research Methods 

Assuming an adaptive resource management approach, investigators need to clearly 
specify the null hypothesis, and design experiments to provide adequate statistical 
power to reject it. Investigate "dose-response" relationships of alternative 
management approaches and habitat effects, emissions, etc. to develop predictive 
capabilities. 

Establish institutional cooperation for research funding & implementation , and 
coordinate agendas among stakeholders. May include alternative users (eg: fiber) in 
research implementation. 

Coordination and Planning 

There is a need for up-front proactive involvement of all stakeholders in project 
planning, design, etc. Include industrial, research, agricultural interests. 
Study public perceptions at start and during projects. Carry out social, economic and 
demographic studies of landowners. Investigate the balance between the environment 
and economics. 

Evaluate Conservation Reserve Program (CRP), commodity programs, etc. for 
biomass production opportunities. Try contract payments or other financial methods 



Evaluate Conservation Reserve Program (CRP), commodity programs, etc. for 
biomass production opportunities. Try contract payments or other financial methods 
to establish farm cash flows from energy crops. Identify the customers for 
energyhber crops. How do we relate human dimensions and value judgements? 

Research integrating biomass crops into existing farm systems. Use whole-farm case 
studies, demonstrations, education. How can these large scale supply/conversion 
demonstrations be encouraged, & supported? 

Fuel Cycle Related 

Study storage issues. Establish transportation impacts. Study air pollutant emissions 
including toxics from combustion technologies. Establish the effects of management 
practices on the energy balance of these crops. What are the net energy balances? 

Agricultural Sustainability 

Establish a definition of sustainability which includes: 
- Economics of rural development 
- Energy 
- Ecological/biological aspects 

What are the break even decisions that producers make? What are the multiplier 
effects? How do domestic and international trade fit  in? 

Implementation 

There is a need to develop an overall strategy, or strategies to focus research and 
development. What are the policy drivers for research? Develop collaboratives and 
coalitions to leverage resources and support in uncertain times. Establish 
communication, domestically and internationally, of research needs and results. Use 
the Utility Biomass Energy Commercialization Association to encourage utility 
promotion of biomass. 

Education should be a component, for the general public as well as the farm 
community. Needs and priorities - Factors include stability, development of a broad 
group of potential feedstocks, coordinating policy under agriculture, economics, 
energy and the environment. Determine relevant levels of government for each type 
of activity (local - state - federal - international). Include public and private sectors. 
Define barriers to entry into the industry, focus on information needed to overcome 
them. 

Summary 

Biomass energy development has great potential for reducing the life-cycle impacts of 
our energy production system. We are early enough in the deployment of these 
technologies to direct them in an ecologically sound, sustainable manner. Applying 



the principles of sustainable agriculture and landscape ecological planning are an 
important part of this process. Many questions about ecological impacts need to be 
answered, but there is no need to wait until the component elements have been 
researched one by one. Applying an adaptive research management framework will 
allow the research to proceed along with deployment by establishing a feedback loop 
between research, policy and development. 
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