Bioenergy Production Systems and Economic Opportunities and 
Effects on Ecological Resources
Principles:

· Feedstock production systems should enhance the environment.  Feedstock production systems will use water efficiently, will be managed with reduced fossil fuel inputs, increase soil organic carbon, have a positive energy balance, enhance rural economies, promote landscape-scale biodiversity. This can happen with drip irrigation and tree systems used to clean water (e.g. bioremediation) 
· Feedstock systems should fit the fuelshed. Specific feedstocks for specific locations across the landscape must be identified that provide adequate feedstock density, improve ecological outcomes of current cropping systems, and promote long-term ecological function. Feedstocks are adapted to different soils and landscape position. 
· Feedstock conversion systems must be flexible, integrated and efficient. Recognize that processing system will be a co-determinate of landscape characteristics and capabilities. Conversion systems must be appropriately located and sized to effectively utilize transportation, infrastructure, energy, water, co-products, appropriate location, emission controls , human capital, and be cost-effective. The feedstock production and conversion system are intimately linked by feedstock type, characteristics, transportation mode, delivery systems, and landscape characteristics etc.
· The Life Cycle Analysis (LCA) must encompass the full range of listed concerns. The metrics included in the LCA are critical. These must include greenhouse gas emissions, and also fugitive elements from the land (C, N, P sediment), soil organic matter, energy, water, and ultimately, qualitative factors such as direct and indirect impacts on wildlife habitat and human quality of life. 

Concepts:

· Large-scale biofuels production will be affected by and affect components of global change including:

· atmospheric CO2 and O3 concentration

· climate

· precipitation chemistry

· land-share competition

· water-share competition

· The nature and magnitude of these reciprocal effects per unit area are related in part to the details of the biofuels’ systems – land preparation, production, use

· Land-share and water-share questions (e.g. changes in precip. timing and distribution, competition for use) contain the greatest uncertainties with respect to global change impacts on biofuel production
· Instead of “farmers”, “producers” is the preferred word as both forestry producers and farmers are involved.  Using the term “farmers” conjures up the wrong picture and limits our view of biofuels in terms of corn-fields

· Consider single species vs multiple species –a diversified portfolio is important, including algae, prairie, switchgrass

· Consider centralized processing vs distributed processing - distributed processing brings production closer to the source of feedstock

· Production system functionality metric:
· High and stable levels of feedstock supply

· Feedstock conversion

· Transportation – challenge or opportunity for labor needs

· Feedstock Storage

· Energy Balance

· Carbon balance

· Water quality

· Farm net income - value added products (on the land)

· soil erosion

· soil carbon sequestration

· Wildlife habitat

· rural development

Knowns and Unknowns:

· Production logistics:
· Infrastructure

· Harvest – low impact
· Design equipment to handle more 

· Create infrastructure and education system

· Preprocessing

· Trained Labor – engineers and extension

· Easy to store in bins, uniform size

· Rail, trucks, 

· Market system

· Uses for the waste product

· Time considerations. This is a seasonal product 

· Storage at edge of farmers field

· 24/7 365 except for maintenance

· Scale

· Trained human resources
· competition for time management - when farmers get into ethanol production, they have no more time to farm other crops

· Water impacts – water quantity and quality

· Timing 

· Transportation

· Storage

When is the best time to harvest?

· Flexible conversion systems:
· Need flexible systems that can work with non-uniform feedstock. The fermentation process is not flexible. We have to match conversion processes to a variety of different feedstocks: woodchips, bark, switchgrass etc. The size of the front end feedstock intake is challenge because of the density situation.
· Match conversion to regional needs - we need different front ends for regional conditions. 
· Scale: a minimum production of 40-50 m/gal makes sense for chemical processing – half the size of corn ethanol processing.  On the other hand, for forestry, to produce 50 m/gal would require very little wood. Distances to transport feedstock can be 75 miles and up.
· Pre-processing: 
· There are a variety of pre-treatments to achieve a uniform product: such as enzymes, microbes, thermo techniques. 
· In pre-treatment technologies such as steam explosion, it does not matter if you are exploding woodchips etc. 

· If we can minimize energy to pre-treat, that will be an improvement. 

· Acid pre-treatment will require neutralization but you have sulfur by-products to work with.
· Reuse of by-products

· Co-processing: If we move from 50 m/gal to 80 m/gal production levels, logistics become more difficult.
· Sustainable and “efficient” process design such as woody cropping systems (short rotation concept):
· water is recycled

· water heat is captured

· chemicals in water is captured 

· water is reused

· less water is used  – different types of heat exchange, waste water stream

· cooling tower evaporation can be used

· once you get energy into water – it is a great holder. Good energy out and energy in

· pollutants in water is reduced

· toxics are minimized
· in the future, genomes will increase efficiency in processing
· We need to think in terms of process integration in biorefinery (e.g. gasification is a process that produces ash which could be sold as an organic potassium supply instead of going to the landfill).
Is economy of scale (small vs large) going to be at a level which can be moved around?
If it is mobile, will the chemical conversion be limited because of moving the acid around?
Can we provide feedstock similar enough so that one conversion process can do it? 
What opportunities are there  to generate clean streams for processing?
· Integration of biofuels production:
· Develop benchmarks, goals and standards for feedstock production: DOE can produce biomass, N efficiency.

· Integrate sustainable bioenergy opportunities in existing forest/ag management:
· Conventional forestry has not considered bioenergy and has not been  integrated.

· We need to understand the new opportunities for new markets, with new management approaches to system as a whole. 

· Site specific removal of ag and forest residues
· Match production systems with production cultures: need long term vision and short term steps.
· Identify regional-specific feedstock perennial systems for optimizing biomass.  

· Identify metrics and determine locations.

· Identify appropriate “marginal” lands for biomass systems

· Right plant species for various types of marginal lands

· Get immediate response from decision-makers because we have a lot of marginal lands
· Consider the question of marginal land from the point of view of the producer.! If corn production on CRP land is lower than the average in the county, that might be considered marginal.  Some CRP land may be very fertile but the land may be at risk for erosion and therefore it qualifies for CRP.
What about degraded lands vs. abandoned lands? 

Do we need to do selection work on marginal land to capture environmental stressors?

We know perennials mature later in summer. Can we apply growth regulators on the environment?

What about low productivity or environmentally-sensitive lands? The question is whether production is below average for a specific use or way above average for crop or tree production but fragile.

What is considered marginal land changes with corn price?
How do we know where we can or cannot remove stover?

How does marginal lands into logistics?

 Do we need to do selection work on marginal land to capture environmental stressors?

We know perennials mature later in summer. Can we apply growth regulators on the environment and sequence harvesting?

Where can we be with 2nd generation feedstocks moving toward lower impacts type system? 

· Life Cycle Analysis (LCA) of production systems –  from cradle to gate:
· Energy and labor invested in energy production systems

· Environmental impacts (direct and indirect)
· Measurements – SOM, GHG, NO3 leaching/emissions etc.

· Qualitative factors – wildlife, social factors

· Need to place value on what we measure  - valuation on things that we have been unable to value 

· Risk-cost-benefits analysis (e.g. asthmatic babies trump prescribed fires every time)

· Good decisions are based on several different metrics

· For the public, it may cost more in dollars but they want it done in an effective way

What trade-offs? Is it leaching or emissions that are more important to consider?

How to choose between alternatives what is the appropriate numerator –  is it what the public perception of what it values?
What is the choice mechanism? In making judgments about appropriate outcomes of alternatives, scientists often back off from making these judgments and usually a  22-year- old staffer makes the call.

When is better good enough? e.g. switchgrass may be good for all landscapes at initial levels but at the next level, it may not be beneficial

How can science inform the trade-offs? Public can be astute about exercising choice, e.g. Clean Air Act. 
· Development of “appropriate” genetic material:
· Breeding programs for dedicated energy crops on marginal lands
· Things to consider:

· Water use efficiency

· Maturity date question

· Root-shoot ratio

· Management time before feedstock goes into production plant

· Targeted information synthesis:

· A lot of money to do research has been in reinventing the wheel, which is a poor use of resources (e.g. we know that for switchgrass we can grow seed and operate the system in short time frame. What we are lacking is the demand side to produce ethanol.)
· Consolidate available info and consider it (e.g. forest soil productivity).

· We may look to ESA to manage the information flow, not to make any judgment on the information.

· Cognizance and monitoring of international land use and sustainable practices and fuel supplies:

· Forestry already has a number of standards in place which ag does not have. The laws in the US tend to push production off shore. If production does not comply with standards, you don’t get federal dollars. EPA standards apply to imports as well.
· If Brazil can graze more animals on the same land, produce ethanol more cheaply, utilize sugarcane for feed (as opposed to palm oil which drains the soil and releases carbon) and with benefits for global trade, it might be worth exploring as a model if we are truly interested in global climate change.  We need to be benchmarking against proven systems.

Is there a need for international sustainable agriculture practice standards and look at indirect land use implications?
Research Areas:

· Measurements in real time of alternative production systems:
· What high and low technical measurements can be used?

· What is the threshold (e.g., how much N and C are released filed by field?)

· Need real data to validate models, particularly for LCA

· We need to understand the new opportunities for new markets, with new management approaches to system as a whole.

** The group will collaborate on writing a special article in Issues in Ecology titled: the How, When and Where of Biofuel Feedstock Production.
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