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I. Introduotion

The objective of this paper is to present a broad overview of the

potential environmental impacts of biomass energy from energy

crops 1. The subject is complex because the environmental impact

of using biomass for energy must be considered in the context of

alternative energy options while the environmental impact of

producing biomass from energy crops must be considered in the

context of the alternative land-uses. Using biomass-derived

energy can reduce greenhouse gas emissions or increase them;

growing biomass energy crops can enhance soil fertility or

degrade it. Without knowing the context of the b_omass energy,

one can say little about its specific environmental impacts. The

primary focus of this paper is an evaluation of the environmental

impacts 2 of growing energy crops. I present an approach for

quantitatively evaluating the potential environmental impact of

growing energy crops at a regional 3 scale that accounts for the

1 An energy crop is a crop planted specifically to create
feedstock for either making a biofuel such as ethan01 or using in
a power generation facility. Corn, sugarcane, and short-rotation
tree plantations of poplar (Populus sp.), sycamore (Plantanus
occidentalus) or eucalyptus are examples of energy crops
currently in production.

2 For this discussion, environmental impacts refers to
changes to existing natural resources - soil, water, air, or
wildlife. These change_ can be either positive such as improved
water quality or negative such as increased soil erosion.

3 When considering a technology it is important to consider
the spatial scale at which that technology will be implemented.
Because energy crops require large acreages to produce sufficient
biomass to supply a power or ethan01 plant, it is necessary to
consider their impact at a regional scale (thousands of
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environmental and economic context of the crops. However, to set

the stage for this discussion, I begin by comparing the

environmental advantages and disadvantages of biomass-derived

energy relative to other energy alternatives such as coal,

hydropower, nuclear power, oil/gasoline, natural gas and

photovoltaics.

IX. Comparing Biomass energy with other energy sources

The environmental impacts of biomass energy should be addressed

in the context of other energy sources and on a complete fuel

cycle analysis. The comparison is complex as biomass energy can

be used for both power and fuel and it can substitute for fossil

energy, nuclear energy and other renewable energy technologies.

Table 1 outlines the main advantages and disadvantages of biomass

energy in relation to seven alternative energy sources - coal,

natural gas, oil/gasoline, nuclear, hydro, wind and

photovoltaics.

Coal -

Biomass-derived energy has the most environmental advantages when

compared to coal. Using wood to displace coal in power

generation has the greatest greenhouse gas emission benefit and

hectares). Two environmental issues that need to be addressed at

this scale are watershed water quality and biodiversity.
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the greatest air pollution benefit 4. A recent U.S. analysis

calculated that using the wood grown on a hectare of land in

short-rotation woody energy crops instead of coal could annually

displace 5.2 Mg of fossil C in CO 2 (Graham et al. 1992). The

analysis assumed a moderate annual standing yield of 14 dry Mg

biomass/ha/year. Tropical yields would likely be double that

with a concomitant doubling in CO 2 benefit. Biomass burns

cleanly and with much lower SO x and somewhat lower NO x emissions.

Two additional environmental benefits are the reduction in the

environmental damage associated with the mining of coal and the

avoidance of coal ash disposal problems. Wood produces much less

ash than coal and it can be returned to agricultural soil

(LeBlanc 1993).

Oilgasoline -

The greenhouse gas benefit of using biomass-derived ethanol to

replace gasoline is considerable but still less than that of

replacing coal because of the much higher energy content of

gasoline per unit of fossil carbon. In the U.S. the CO 2 benefit

of using cellulosic 5 energy crops for ethanol is estimated to be

4 Herbaceous crops can also be used for power generation
however there are greater technical difficulties due to the
greater alkali content of herbaceous biomass. This causes
slagging. Air pollution and ash residues are also greater with
herbaceous crops than with woody crops.

s Currently biomass-derived ethanol is typically produced
from starches or sugar and utilizes the grain from a crop
(excepting sugarcane or sugar beets). Biomass ca_ be derived
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about half that for displacing coal (Graham et al. 1992). If a

high fossil-input energy crop such as corn is used to produce

ethanol as a replacement for gasoline, the greenhouse gas savings

may be quite low. In the United States, the current process of

growing corn and converting it to ethanol produces 0.6 to 0.8

units of CO 2 for every 1.0 unit of gasoline-CO 2 displaced

(Marland and Turhollow 1991). The low ratio is due to the use of

fossil fuels (coal) in the conversion process. Brazilian ethanol

produced from sugarcane has a much higher net CO 2 benefit due to

higher per hectare yields and a lower use of fossil fuels in the

conversion process (La Rovere and Audinet 1993, Macedo 1993).

The greenhouse gas benefit of growing sugarcane to produce

ethanal could be increased if the residues from the crop were

used for power rather than burnt in the field and the bagasse was

more efficiently used for power (Macedo 1993).

There are also some air pollution benefits from using ethanol

rather than gasoline to power automobiles. Ethanol emissions are

lower in carbon monoxide, sulfur dioxide, and hydrocarbons but

slightly higher in NO x emissions (Macedo 1993, Graboski 1993).

They are higher in aldehydes but the aldehydes are mostly

acetaldehyde rather than the formaldehyde produced by the

combustion of gasoline (Macedo 1993). Acetaldehyde is both less

from cellulose although the technology is not operational. This
technology promises to vastly increase the potential supply of
feedstocks (Hohmann and Rendleman 1993).
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reactive and less toxic than formaldehyde. In general, ethanol

emissions are less toxic than gasoline emissions (La Rovere and

Audinet 1993). When compared to reformulated gasoline to which

oxygenates have been added, biomass-derived ethanol has no real

air pollution advantages or disadvantages other than the

reduction in CO 2 (Tyson et al 1993).

Natural gas -

The environmental advantages of displacing natural gas with

biomass-derived electricity are less than those for displacing

coal or oil. Not only does natural gas contains twice as much

energy per unit of carbon than coal but natural gas power plants

are more energy efficient than coal plants (Turhollow and Perlack

1991). Consequently the CO 2 benefit of substituting biomass for

natural gas, while still positive, is much less than that for

coal. The CO 2 benefits of natural gas and oil are comparable but

natural gas burns much more cleanly.

Nuclear and renewable energy sources (hydro, wind,

photovoltaics)-

The environmental advantages of biomass energy are fewer when

compared to greenhouse- neutral energy types such as nuclear,

wind, hydropower, and photovoltaics. The safety and waste

disposal problems associated with nuclear power, however, are

avoided with biomass. Biomass does not have the various land

loss and fisheries concerns that are associated with dams and
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hydropower. Furthermore, the land use change associated with

biomass power is a much less permanent and destructive one than

that associated with hydropower. On the other hand, biomass

power has more air pollution and greenhouse gas concerns than any

of these four alternative power sources. Biomass energy creates

some greenhouse gas emissions as fossil fuels are likely to be

used in the production of energy crops (fuel for tractors,

fertilizer etc.). While the greenhouse gas emissions per unit of

power produced are 1/10th to 1/20th of that from coal power, they

are still not zero (Turhollow and Perlack 1991)_

Land requirements-

Biomass energy's universal disadvantage is that it requires large

acreages of land. An efficient biomass power plant (33%) will

require 200 to 400 ha of land in energy crops per MW of baseload

power depending on the biomass yield. 6 Current cellulose to

ethanol technology will require 150-300 ha per million liters of

ethanol assuming energy crop yields typical of temperate

climates. Brazilian sugarcane to ethanol production currently

averages 163 ha per million liter while U.S. corn to ethanol

production averages close to 300 ha per million liters (Hohman

and Rendelman 1993, Macedo 1993). Thus it is important to

6 Assuming 4000 Mg of dry woody biomass are needed per MW
and annual harvested yields of i0 to 20 Mg/ha. Tropical yields
may be higher than this (Carpentiera et al. 1993). Higher yields
result in lower land requirements.
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consider and quantify the environmental impacts that could be

associated with major land-use shifts to growing energy crops.

Shifting from conventional agricultural land uses to energy crops

could change soil erosion patterns, water quality of regional

streams, wildlife abundance and kind, and regional air quality.

Characterizing and quantifying these potential impacts is

challenging as they will be dependent on multiple site- and crop-

specific factors.

I

II ' ....
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Table i. The environmental advantages and disadvantages of using Biomass Energy as

compared to other forms of energy.

,, , ,
, i |, ,, r i i i , i i

Biomass advantages and disadvantage_ ?

Alternative Reduced Reduced No Mining No No Positive Increased

energy forms CO 2 NO_ and impacts nuclear fisheries effect on NO x, SO x,
_O x wastes impact s water CO 2

_ualit_

Power: coal yes ,, .yes yes yes

Power: nuc lear yes yes yes

Power: hydro , yes yes ,,, yes

Power: wind yes yes

Power: yes yes

photovoltaic ,,,

Power: natural yes yes

gas

Liquid fuel : yes yes yes
gasoline

" i i

7 The CO 2 increases are due to the use of fossil fuels in the production of biomass.
Fossil fuels are used for tractors and in the manufacture of fertilizers. The NO x and SO x

emissions occur from the use of fossil fuels in production and from combusting or

gasifying the biomass to produce power. The emissions from both activities are quite low

but still greater than the zero emissions from nuclear, wind, hydro or photovoltaic.
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III. .Faotors Controlllng Environmental Impacts from F.nergy Crop

Produotion

Many factors control the potential environmental impacts of

growing energy crops, including a) the type of crop and its

management; b) the soil, climate, and topography of the land on

which the crops are grown; c) the former use of the land; d) the

location of the land in relation to other land uses; and e)the

quantity of land put into energy crop production. All of these

crop and site factors must be addressed if the regional

environmental impact of developing a biomass-based energy

industry is to be understood. In this section I review these

factors and how they will affect natural resources such as air

quality, water quality, soils, and wildlife. In the final

section I describe an approach for quantifying environmental

impacts to these resources which takes into account not only

crop and site factors but the economic drivers which will control

them.

Crop factors-

The type of energy crop grown to produce biomass is a deciding

variable in predicting environmental impacts from energy crop

production as different crops have different effects on erosion,

water availability and quality, wildlife habitat, and air

quality. For example, growing sugarcane is likely to create more

soil erosion and use more fertilizers than growing a eucalyptus
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crop. However, because tree crops will use more water than

herbaceous crops, they may reduce stream flow. Wildlife will

differentiate between different crop types; for example, tree

crops can provide habitat for forest bird species (Wright et al.

1993). Perennial grass species enhance soil carbon more than

annual herbaceous species such as corn (Gebhart et al. 1994).

Tree crops release more hydrocarbons into the air than do

herbaceous crops (Perlack et al. 1992).

The management of the crop is also important (Cook et al. 1991).

Interplanting a cover crop between trees in the early stages of a

short-rotation wood crop production is likely to reduce erosion

as compared to leaving the soil bare. The amount of fertilizer

applied and the timing of the applications will affect water

quality as will the choice of pesticides. In temperate climates,

harvesting trees during the winter reduces the loss of nutrients

from the site as the leaves are not removed. Burning crop

residues such as is done with sugarcane can have negative impacts

on local and regional air quality (La Rovere and Audinet 1993).

Site factors-

Site factors affecting the environmental impact of growing energy

crops include i) physical characteristics of the land such as the

soil type, climate, and topography; 2) former use of the land;

and 3) location of the land relative to other land uses.

Physical characteristics of the land will strongly influence the
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potential productivity of the energy crops and therefore the

likelihood that the land will be used for energy crops (Liu et

al. 1992, Geyer 1993). Soil type, climate, and topography will

affect probable erosion and runoff (OTA 1993). Soil type will

also influence the need for fertilizers and the rate at which

pesticides and fertilizers leach through the soil to contaminate

ground water. Highly organic soils will retain pesticides and

nutrients better than soils with a low organic content. Warmer

climates will enhance the breakdown of pesticides but will also

increase their volatilization.

The former use of the land is of paramount consideration.

Growing energy crops requires a land-use change. Their

environmental impact must be evaluated in terms of that change.

This is especially important at the regional scale and when

considering policies to promote or discourageenergy crops. For

example, in the United States growing switchgrass 8 rather than

growing soybeans has many environmental advantages. Compared to

soybeans, switchgrass will increase soil carbon, reduce erosion,

improve water quality, and provide better animal habitat. Thus a

policy which encouraged the production of switchgrass on land

that was formerly in soybeans would be for the environmental

good. However, if that same policy promoted the conversion of

8 Switchgrass (Panicum virgatum) is a drought-tolerant
native grass species with a wide natural range in North America.
It is the model herbaceous energy crop selected by the U.S.
Department of Energy and is well-suited for cellulose to ethanol
conversion (Wright et al. 1993).
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forests to switchgrass, the environmental impacts would be

negative. Valuable forest habitat would be lost and water

quality would likely be degraded in the land conversion process.

Finally, the location of the energy crops in relation to other

land uses will strongly influence water quality and wildlife

impacts. Perennial energy crops such as trees or grasses that

receive low levels of fertilizers or pesticides can serve as

streamside filters if planted adjacent to streams. They can

absorb nutrients coming from more heavily fertilized conventional

crops upslope and can catch sediment as it moves downslope. Both

actions can improve local water quality. If st_eamside planting

is extensive and nonpoint source pollution from agriculture is a

regional problemt perennial energy crops could improve regional

water quality (OTA 1993, Okken and Van Doorn 1993). A small

amount land in energy crops planted adjacent to a region's

streams could have a much larger influence on water quality than

double or triple that acreage planted upslope.

If planted on agricultural land, energy crops can promote

regional and local wildlife but not always. The addition of

woody energy crops in particular increases the structural

diversity to agricultural landscapes which should enhance

biodiversity 9 at the regional scale. Measurements of bird

9 Biodiversity refers to the number and kinds of species
present in an area.
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abundance, type and number of species indicate that woody crops

can serve some of the habitat functions of natural forests (OTA

1993, Wright et al. 1993). Woody energy crops planted adjacent

to forests may serve to increase the amount of forest interior

habitat or serve as corridors between forest patches, permitting

the movement of forest animals between forest patches in the

agricultural landscape (Cook et al. 1991). However, woody energy

crops are not a substitute for natural forests (Cook et al.

1991). Producing energy crops can negatively affect wildlife if

the crops displace a food source that the original land use

provided. For example, birds migrating from Canada to Mexico and

South America use the corn left in the fields of the midwestern

United States. If switchgrass displaced large acreages of corn

in this region, this food source would disappear with no obvious

replacement.

0

Quantity of land dedicated to energy crops

The quantity or percent of land converted to energy crops will

clearly influence the impact which energy crops have on a region.

If energy crops are a minor component of the region they will

have less impact on regional environmental resources. However,

their impact cannot be assumed to be simply a linear function of

the amount of land planted to energy crops. This is particularly

true for wildlife and water quality impacts. However, even

impacts such as erosion that can be calculated on a per hectare

basis and do not depend on the relationship of the land-use

i
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change to other land uses, will not be simply linearly related to

the amount of land planted to energy crops. Soil types,

topography, and former land-use will vary within a region and

affect even these impacts (Graham & Downing 1993).

Interactions among factors-

The factors cannot be considered in isolation as they are highly

related and interact in affecting the environment. For example,

soil, climate and topography, crop type, and crop management will

affect energy crop productivity and therefore the quantity of

land needed to produce a specific supply. Even former land-use

by itself can affect energy crop productivity 10. Assessing the

potential environmental impacts of energy crop production

requires an integrated approach which considers all these

factors. To be successful, however; the approach must also

include the economic and policy drivers which will control where

energy crops are most likely to be grown and what land uses they

will displace.

10 The soil compaction commonly associated with pasture may
reduce expected energy crop yields.
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Table 2. The strength of the relationship between regional impacts on natural resources

from energy crop production and the factors controlling those impacts.

r , _ , ,,

Natural resources Type of energy Management Soil, Former use Location Quantity
crop of energy Climate, of land of land of land

crop Topography in energy An energy

, , crops crops

Soil fertility XX XX X X, ,,,,, , , ,,

Stream and river XX X X X

water quantity , ,, ,, , , ,, ,,

Stream and river XX XX X XX X X

water _ualit_ .........

Wildlife XX X X X X

Air quality X XX X X
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IV. Quantltatively Predioting Environmental Impaot

To quantitatively predict the environmental impacts of energy

crop development, we have developed a 6 st_e approach (Figure

1). The approach links together geographically-explicit

databases on soils, topography and landuse, economic models of

energy crop production, simulation models of crop growth and

environment, and spatially-explicit hydrologic models. Economic

models are an especially important link because economics will

determine both where energy crops are profitable and what

management regimes are most profitable. The initial step is

characterizing the region in which biomass energy crops are to be

grown.

Stage I. Characterization of the region

In the first stage we characterize the region as to:

- climate and topography

- soil quality

- current land use : types and location

- management practices associated with current land uses

. - profitability of current land use. (returns to land and

management)

For many environmental analyses this information is most useful

if it is in a mapped form and in a geographic information system

(GIS). A GIS is a combination of computer software and hardware

which permits one to create and manipulate digital maps (called
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coverages) to answer such questions as where do wet soils co-

occur with agriculture and what is the extent of their overlap.

National or regional databases may also be useful to characterize

the soils, topography and climate of a region if they can be

linked to some geographic unit such as a county and thus entered

into the GIS. The greater the spatial specificity (i.e., the

smaller the geographic unit), the better the ability to predict

impacts. In the U.S., many agricultural data are collected at

the county-level and this is useful for characterizing crops that

are grown in a region. Frequently the most difficult data to

acquire are land use maps. Satellite imagery can be used to map

land use but not without considerable difficulty and expense.

Information on current management practices in a region is

generally available in the U.S. from county extension agents and

may be regionally specific.

The profit from current land use can come from published

information or can be modeled as a function of market price,

yield and production costs. We have frequently used a crop

simulation model which predicts conventional crop 11 yield on the

basis of soil characteristics, climate, and management practices

(Downing and Graham 1993, English et al. 1993). This model is

described in Stage 3. Understanding the relationship between

11 Conventional crops is the term we use to refer to the
dominant crops currently growing in the region which are not
energy crops. In the United States, these are generally corn,
wheat, soybeans, rice, or cotton.
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potential profit from conventional land use by soil types greatly

improves the projections of where energy crops would be grown.

In the U.S., most publicly available information on profit from

current land use is too general to use to project where energy

crops would be grown. It lacks the geographic specificity that

is needed to project environmental impacts.

Stage 2. Develop energy crop management scenarios and production

costs

In the second stage we determine energy-crop management practices

and estimate production costs 12. This determination is based in

part on our characterization of the region. Some energy crops

are more appropriate for some soils and climates than others. In

our analyses, we have generally chosen an energy crop management

scenario and developed production costs based on that scenario.

Others, with better information on the relationship between

energy crop yields and specific management practices have

selected management practices which maximize energy crop profits

(Liu et al. 1993). This is the ideal situation but often yield

data are too scarce to allow it.

12 For the purposes of our modeling efforts production costs
(S/hectare/year) include all fixed and variable costs of
production except returns to land and management.
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Stage 3. Model energy crop production - both yields and

environmental impacts

To predict energy crop yields and on-site environmental

parameters such as erosion, runoff, nutrient and pesticide losses

we use the EPIC crop simulation model. EPIC (Erosion

Productivity Impact Calculator) was developed by the U.S.

Department of Agriculture and has been adapted to many of the

major crops of the world. It has been parameterized to model the

growth and yield of most major temperate crops incl_ding the

energy crops - corn, switchgrass, and sorghum; and some tropical

crops such as rice, swgarcane, and cassava (Williams et al.

1989). The model is sensitive to many of the factors controlling

regional environmental impacts - soil type, topography, climate,

crop type, and crop management. By running the model under many

climate, crop, and soil regimes, we can create tables predicting

not only crop yield but also per hectare values of erosion (Mg

soil/yr), runoff (cm/yr), and nitrogen and phosphorous nutrient

loss (kg/yr) to runoff or groundwater as a function of climate,

• soil, and topography. Changes in the environmental values

associated with a land use switch to a specific energy crop can

be easily calculated by comparing the EPIC predictions for the

conventional crop to those predicted for the energy crop. We

often express the change both as an absolute value and as a

percent increase or decrease, unfortunately, the model has not

yet been adapted to short-rotation woody energy crops though work

is underway to do so.
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Stage 4. Calculate breakeven farmgate price of biomass from

energy crops

Using both the energy crop production costs and yields associated

with land of a specific soil/climate and the current expected

profit from that land under its current land use, we calculate

the biomass price that ensures an equivalent profit to the

landowner (Eq. I). This price is referred to as the breakeven

farmgate price and does not include the cost of transporting the

biomass to the location where it is to be used.

Profitp, s,c _= {Pricee,s, c * Yielde,,,c} - Coste,s, c

Eq. 1

where,

Profitp,s, c ($/ha/yr) = Profit from current landusep

on soil s in climatec;

Pricee,,, c ($/Mg) = Breakeven farmgate price of energy

crop, on soil s in climatec;

Yielde,s, c (Mg/ha/yr) = Harvested yield of energy

croPeOn soil s in climatec; and

Coste,a, c ($/ha/yr) = Cost of producing energy

croPeOn soil s in climate c.

The breakeven farmgate price is used to assist in identifying

which lands would be most likely converted to energy crop

production. The actual price that would be required to induce a

landowner to switch to producing an energy crop might be lower or
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higher 4epending on the landowner's perception of risk, equipment

constraints, and cultural factors. Nonetheless, the farmgate

breakeven price is a viable tool for assessing the sequence in

which different lands would be converted to energy crops. It is

a first order approximation of the biomass price that a landowner

would demand.

Stage 5. Model where landuse change will occur.

There are several approaches to modeling where land-use change

will occur. They differ in the extent to which economic

optimization is invoked and whether or not transportation costs

to the conversion facility 13 are included. The following text

outlines these approaches going from simplest to most complex.

Without transportation and without 0Dt_mizatiQn

A. This approach assumes a certain offered farmgate price based

on what a conversion facility might be willing to pay a landowner

for biomass. It assumes all land that can profitably produce

biomass at that price converts to biomass production and all land

that is not profitable for biomass continues its current land-

use. Profitable land is defined as land with a breakeven

farmgate price less than that offered by the conversion facility.

This approach overestimates land use change as not all profitable

13 A conversion facility may be an ethanol plant, a power
plant, or any other facility that uses biomass in its production
process.
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land will convert.

B. This approach is similar to approach A but assumes land

converts to biomass production based on some probability

distribution related to degree of increase in profit. To be

accurate this probability distribution should be based on a

survey of regional landowners. However, if such data are

lacking, this approach can provide some information as to the

sensitivity of land use change to the hypothesized probability

distribution. The probability distribution can be as simple as

assuming 30% of all land that can profitably produce biomass goes

into energy crop production. Or, it can be a complex function

relating likelihood of conversion to relative increase in

landowner profit.

With transportation b wit o o

C. This approach is similar to approaches A or B but uses a

delivered biomass price 14 to the conversion facility instead of a

farmgate price. The offered farmgate price is calculated by

subtracting the transportation cost from the offered delivered

price. This approach, like the previous approaches, assumes only

land that can produce biomass profitably at the offered farmgate

price converts to energy crops. The approach requires that the

distance from the potentially profitable land to the conversion

14 A delivered price is the price the conversion facility
would pay for the biomass at the facility. The price includes the
farmgate price and the transportation costs.
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facility is known. Knowledge of distance is esse_itial in

calculating transportation costs. A GIS which contains road

coverages in addition to land-use and soil coverages is very

useful for this application (Noon and Daly, in press).

Without transportation bu_with oDtimization

D. In this approach, linear programming is used to optimize net

agricultural return or minimize product costs for the region

given certain predefined constraints (English et al. 1993,

Alexander et al. 1993). These constraints could include- the

quantity of biomass needed from the region or the farmgate price

a conversion facility is willing to offer; and/or the amounts of

conventional crop or livestock production needed from the region.

In this approach one must track what land uses occur on what

soils under what climate conditions in each model solution.

Unlike the previous approaches, this approach does not assume

that the current location of conventional land uses will remain

the same with energy crop production. The location of all land

uses may shift.

With t_ansmortation and with optimization

E. This approach is identical to approach D but uses a delivered

biomass price instead of an farmgate price. It is the most

complex of all approaches.
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Stage 6 - Model environmental impacts resulting from predicted

land use changes.

Modeling environmental impacts to different natural resources

requires different amounts of information (Table 3). Often

information is lacking, especially mapped information. In this

situation the probable impact can only be qualitatively discussed

and not quantitatively predicted.

Soil fertility, water quantity, and air quality

Regional impacts on soil fertility, water quantity, and air

quality largely depend on how much and what type of landis

converted and are the easiest to model in terms of data

requirements. They can be calculated by linking the per hectare

environmental impacts determined in Stage 3 to the land-use

change predictions from any of the approaches used in Stage 5

(Figure i). Maps of land use change are not necessary. An

example of such an analysis is shown in Figure 2 (Graham and

Downing 1993). In this figure, the impact of growing switchgrass

in two regions of the state of Tennessee with different climates,

crops, and soils is compared. Switchgrass grows well in the

southeastern U.S. with yields sometimes in excess of 34 dry Mg/ha

(Sladden et al. 1991). The figure shows that erosion losses

would be dramatically reduced in both regions as a consequence of

planting switchgrass because highly erosive conventional crops

such as corn, cotton and soybeans would be displaced. Nitrate

losses in runoff would also decrease in both regions but more in
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the Memphis region than in the Nashville region. This difference

is due to the difference in the mix of conventional crops in the

two regions. Soybeans, which release more nitrate than any other

crop, are more dominant in the Memphis region.

Evapotranspiration, the loss of water from a site due to

evaporation and crop transpiration, would decrease because

switchgrass uses water more frugally during the summer than the

conventional crops. Theoretically, this decreased water use

could _ncrease summer water flow in streams. Phosphorous

fertilizer use would change in both regions with energy crop

production. Soybean production uses less phosphorous fertilizer

than does switchgrass; so in the Memphis region the change from

soybean production to switchgrass production would increase

phosphorous fertilizer use. Figure 2 illustrates the complexity

of environmental impacts and the need to consider current land

use when evaluating the potential environmental impacts of

growing energy crops.

Wildlife

Regional animal wildlife impacts depend not only on how much and !

what type of land is converted but also where that land is in

relation to other land uses. One must create maps of projected

land use associated with specific biomass demands or prices to

predict regional wildlife impacts. To create these maps one must

decide whether land-use change will be a function of field size

as well as economic characteristics. If land-use change is
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predicted using approaches B or C, one must determine where (ie.,

which parcels of land) the predicted land use change occurred.

This can be done by randomly assigning land uses to parcels of

land using probability distributions based on the land-use change

statistics created in Stage 5. Once such maps are created they

can be used as input to spatially explicit models of animal

behavior and habitat. To date this type of modeling has not been

done with energy crops although it has been done for other forms

of land-use change.

Water quality

Regional water quality impacts depend on not only how much and

what type of lan_ is converted and where that land is in relation

to other land but also the topographic position of the land in

relation to streams and lakes. Again, one must create maps of

projected land use associated with specific biomass demands or

prices. There are water quality models such as AGNPS or ANSWERS

which predict stream water quantity and quality as a function of

topography, climate and land use pattern (Engle et al. 1993,

Young et al. 1989). By linking these models with maps of land-

use change one can predict water quality. This type of modeling

of water quality has not yet been done with energy crops.

However, we are currently undertaking such a study with Purdue

University to look at the potential water quality impacts from

growing energy crops in two 1,000+ ha watersheds in the state of

Indiana.



page 27

Table 3. Modeling environmental impacts to different natural

resources on the basis of land use change: required additional

information.

il,l l,,,, , , .............................

Natural Acreage and Neighboring Topography

.......resources type of land ' lan d use and waterways

Soil x

fertility

Water x

quantity ..............

Water_qua%ity x x x

Wildlife x x
i, IH,|,

Air quality x i

V. Conolusions

In this paper, I have attempted to briefly review the

environmental impacts of energy crops and biomass energy and have

described an approach for quantifying those impacts. The impacts

of energy crop production should be considered in the context of

current land-use and how that land-use might change with a demand

. fcr biomass. The importance of considering the role of economics

in driving that change cannot be too highly stressed. The types

of energy crops and their management will strongly control

biomass energy's environmental impacts. Likewise the location

and extent of energy crop plantings will be deciding factors.

The soil type, topography, climate and spatial relationship to

other land uses will in particular affect the impacts on wildlife
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and water quality.

Biomass energy has many environmental benefits if the crops are

well managed and well suited to the site but they are not

universally advantageous. Governments face a serious challenge

to develop policies and regulations that take advantage of the

potential environmental benefits of energy crops and minimize

their potential negative impacts (Trindade 1993). The value of

the environmental benefits needs to be quantified and

incorporated in cost comparisons between biomass and other energy

sources 15.

15 In the United States energy crops are not economically
competitive with fossil energy sources in most situations. The
Electric Power Research Institute, a research institute funded by
U.S. power companies, estimates that the delivered price of
biomass must fall below $2.37/GJ before biomass power can be
competitive with new coal power plants (personal communication,
Evan Hughs, EPRI - assumes an electricity production cost of
$0.055 kwh). Ethanol from corn grain can currently be produced
for $0.30/liter while gasoline costs $0.15/liter to produce
(Hohmann and Rendleman 1993). At current oil prices
(<$25/barrel) Brazil's sugarcane to ethanol production is also
more costly than using fossil fuels (Macedo 1993). The new
ethanol technologies which can use cellulose rather than only
starches or sugars (such as the current corn and sugarcane
technologies) may bring down the price but only if the feedstock
cost is very low (Hohmann and Rendleman 1993).
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