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1. Introduction 

 

Biomass is an important alternative source of energy in Wisconsin. Currently, our state has 
three large biomass plants using diverse fuel sources like waste wood, railroad ties, municipal 
solid waste, and paper sludge [1]. In Rothschild a biomass plant burning waste wood and paper 
sludge is planned to have a capacity of 50MW. Preliminary plans also exist to a build biomass 
plant in Ashland on the shore of Lake Superior. Wisconsin also hosts several ethanol bio 
refineries and biodiesel production facilities [22]. 
 
The extent to which bio energy can actually be a large source of future energy depends on a 
variety of factors. In this paper we try to present some evidence from the European Union (EU). 
Biomass use is of growing interest because it can contribute to sustainable development as a 
renewable resource, is locally available, and can be easily converted into energy. Using biomass 
for the production of electricity or heat nevertheless still generates greenhouse gas emissions.  
 
The term biomass describes an organic material that is produced from plant-fed animals or 
from plants directly. Sources of bio energy include crop residues, forest and wood process 
residues, animal wastes, human sewage, municipal solid waste, food processing wastes, 
purpose grown energy crops, and short rotation forests. Biomass also can be converted into 
more convenient forms such as solid fuels (pellets, briquettes, ) liquid fuels (methanol, ethanol, 
etc) or gaseous fuels (biogas, synthetic gas, etc) to generate power or heat or a combination of 
both.  
 
One concern is how the production of biomass for energy will affect the land used to produce 
crops, impact water use, biodiversity, and sustainability. In general, experience in the EU has 
shown that biomass affects biodiversity, soil and nature conservation and that extensive use of 
bio energy competes with other uses for land and water [3]. The environmental benefits of 
biomass use also decrease if fertilizers have to be used to improve crop yields.  
 
The balance of the paper provides an overview of issues involved with Biomass based on the 
experience of the EU.  First, the paper describes the best practices with respect to bio mass 
sources and uses.  Second, it draws upon existing research from Europe in evaluating the 
environmental impact of bio energy. Third, we look at the economic impacts of bio energy. Last, 
the paper provides preliminary recommendations and outlook. 
 
 



16 

 

2. Biomass Use and Origin 
 
2.1 Optimal Source of bio-energy and availability 
 
 A major obstacle in evaluating the competitiveness of bio energy is that the current price of 
fossil fuels does not reflect their true costs from an economics perspective. Fossil fuels cause 
negative externalities through their emissions. Negative externalities in economics are costs 
associated with the production or consumption of a product, which are not incurred by the user 
or producer. These external costs can be caused by emissions of green house gases, dust 
particles, or other emissions related to the consumption of fossil fuels. Since the prices of fossil 
fuels generally do not reflect these external costs, the higher pecuniary costs of bio energy do 
not necessarily imply a lack of competitiveness. 
 
Accounting for all the economic effects from the consumption of fossil fuels, an EU study finds 
that only facilities using forestry residues and saw-mill waste were competitive with fossil fuel 
at 1998 prices. The most economical programs use biogas made from animal slurry and 
industrial organic waste, make use of woody biomass (short-rotation coppice) for industrial 
combined heat and power, gasification, and atmospheric pressure gasification of short-rotation 
coppice [8]. It is possible that the best sources of bio energy might change once more R&D 
effort is spent on converting biomass into energy. [17] The use of residues is generally 
preferable to harvesting energy crops because of the additional efforts required for growing 
and harvesting energy crops. If energy crops are to be used, perennial woody crops are 
preferable to annual energy crops because of the additional costs of planting annual crops. It 
seems that the most promising programs in the EU are obtained through the gasification of 
forestry residues and short-rotation coppice [8]. If fertilizers need to be used to improve crop 
yields, the “green” impact of using biomass decreases.  
 
Studies by the International Energy Agency confirm that organic residue and waste are the 
most cost effective sources of bio energy. In fact, one organic residue - black liquor (a residual 
material from the wood pulping process) – is already being used as a heat resource for pulp 
mills. Furthermore, the International Energy Agency claims that it is economical to use wet 
wastes for biogas production on farms and in food processing plants. Another source of bio 
energy on farms consists of the biomass left in the field after harvest [18]. However, the use of 
biomass commonly left in the field after harvest, needs to be viewed with caution, because this 
biomass is actually a source of nutrients for the soil.  
 
A UK study of the use of woody crops for biomass production finds room for productivity and 
use increases. This study also points to limitations of biomass production due to limited water 
availability. It finds that poplar and willow are ideal for the generation of biomass because of 
their favorable energy ratios and rapid growth rate. The most economical use of these woody 
crops would be for joint heat and power generation [1], [8].  
 
Support for these findings comes from a US study that analyzes the use of short-rotation wood 
crops like willow. Willow is particularly well suited as a supplier of biomass because it can be 
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produced in short time periods, its ease of vegetative propagation, broad genetic base, and 
ability to resprout after multiple harvests [11]. 
In support of the general findings by the International Energy Agency, evidence from UK shows 
that energy crops (e.g. bio ethanol from corn) have the poorest overall environmental 
performance.  The extensive use of machinery for harvesting corn requires large amounts of 
fossil fuel and fertilizer (fossil fuel based). The same study also confirms other quoted findings 
that bio energy is best is used in the form of biomass waste from forestry or agriculture [21]. 
 
2.2 Best use of bio energy 
 
In evaluating the use of bio energy several important aspects have to be considered: the 
availability of biomass, delivery and transportation methods, and the quality of the energy 
generation process [18]. Furthermore ecological sustainability, pollution, and competition with 
other crops need to be considered. 
 
When building a bio energy plant, it is also necessary to determine the appropriate size of the 
plant. Several possibilities with respect to size are economically viable: small on-farm heat, 
district combined heat and power, or large scale electricity plant. Ideally bio energy plants 
should be set up to handle multiple energy crops, but these are more difficult to design. The 
goal of biomass use needs to be clearly defined. Should the overall emission of greenhouse 
gases be reduced or should we focus on reducing our dependence on fossil fuels?  
 
Biomass tends to have low-energy density compared with fossil fuels. The lower density causes 
handling, storage, and transportation to be more expensive per unit of energy. These costs 
decrease if the biomass can be collected and prepared in close vicinity to the power/heat plants 
[19], providing a further argument for small decentralized plants.  
To reduce pollution, in particular the emission of CO2 and NO, studies have shown that 
retrofitting a coal plant to use cattle biomass (manure) or other biomass can be done in a cost 
effective way. For this type of refitting plants of the size of 50MW to 100MW are most suited 
[4], [21]. Plants of larger sizes have the advantage of economies of scale. However, large power 
plants need to be in central locations which increases the distance the biomass has to travel to 
the plant and therefore increases pollution from transport [4]. The negative effects of 
transporting biomass increase with the size of the power plants. Evidence from the UK shows 
that the optimal size of a biomass plant is about 50MW [21]. 
 
Experience from the EU shows that best performance of bio energy from an economic point of 
view can be achieved when joining the generation of heat and power [8]. 
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3. Evaluation of Bio energy 
 
3.1 Environmental performance 
 
An important goal of using bio energy is to decrease the environmental impact of the 
generation of power and heat. Just decreasing emissions cannot be the only goal. Harvesting 
bio energy needs to be environmentally sustainable, too. Fertilizers should only be used to a 
limited extent, so that the nutrient balance of the soil is not negatively affected. As with any 
crop, the balance between harvest and natural regeneration needs to be evaluated. 
Furthermore some biomass should never be used for aesthetic, recreational, biodiversity, or 
water management reasons. In this light, we will have a look at the environmental performance 
of the above discussed sources of bio energy.  
An EU study finds that bio energy can have significant environmental advantages compared to 
fossil energy sources, if the mitigation of global warming is the main goal. Experience in the EU 
shows a positive effect for net emissions of CO2. However, the results are not clear for other 
pollutants. Generally, the emission levels of bio energy production cannot quite be compared 
with the emissions level of fossil fuels because of the vastly different stages of technology of 
the two energy sources [8], [19]. 
 
Corn for ethanol production or oilseed rape for biodiesel production is not environmentally 
sustainable, because of the high input needs of fossil fuel, fertilizer and chemicals to meet 
growth targets. Research from the UK recommends using biomass waste from forestry or 
agriculture to minimize the environmental impact of bio energy production. The use of 
agricultural waste (manure) also has the advantage that it may reduce groundwater pollution. 
The use of forestry residues also contributes to reducing acidification levels in the forest as 
nitrogen is removed. The use of biomass residues may also facilitate waste disposal and hence 
reduce ground water pollution [8], [21]. 
 
Most studies recommend the use of woody crops, such as poplar or willow. However, if 
agricultural areas are converted from food crops to woody crops for energy production, 
groundwater problems can arise. Woody crops have larger roots, thus conversion of 
agricultural areas from food crops to woody crops would increase pressure on groundwater 
availability. This can easily lead to stressed water situation in some parts of the world. Aside 
from the use of woody crops, studies also recommend the use of wood residue. Here the 
question arises if the nutrient availability in the soil is going to be endangered by this practice. It 
seems that a trade-off exists between the use of bio-waste and soil nutrients. Using agricultural 
waste for the generation of energy is generally problematic for sustainable agriculture, because 
organic agriculture relies on closed nutrient cycles rather than using fertilizer. Hence, the 
International Energy Agency recommends that it needs to be carefully monitored how much 
biomass is being removed. If energy forests are being created, it is better if only woody parts 
are removed, leaving behind leaves, tops, small branches and bark [18]. 
 
In fact, the removal of excess wood from forest has already turned into a problem in Germany. 
The increasing amount of power plants fired with wood furnaces that run on wood pellets has 
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caused the demand for lumber to increase. (Germany has already reached its limit in the 
availability of waste wood) To satisfy the growing demand, harvesters (“woodcracker”) not only 
gather waste wood, but also remove the roots of trees and branches. This practice can threaten 
the ecological balance of the forest soil because of the loss of organic substances and minerals. 
About 50% of the minerals contained in trees are in needles, leaves, branches, and the treetop. 
The organic matter is then decomposed by microorganisms. If these parts of the trees are 
removed from forests, the soil will not be able to support remaining trees. [20] This view is 
supported by evidence from bio energy production in the UK. Their experience shows that the 
use of bio waste reduces biodiversity [21]. 
 
Many studies on the use of bio energy point at the low level of technology involved in 
producing energy crops. Improving the level of technology also involves increasing the amount 
of fertilizer that is being used. However, large use of fertilizer contradicts the “green” goal of 
using bio energy and may make sustainable agriculture impossible [14]. Since woody crops for 
biomass production are in competition with food crops, research recommends that energy 
crops should be grown on marginal or otherwise unusable land. From the point of view of 
environmental sustainability, competition with food crops needs to be avoided [5]. 
 
Even though harvesting woody crops have many problems from an environmental point of 
view, evidence from the Mediterranean economies shows that the use of poplar trees for 
biomass production has a positive environmental impact with respect to the emissions of 
energy production. Again, a large part of evaluating the environmental impact of bio energy 
and comparing it with fossil fuels depends on appropriately accounting for the emissions of CO2 
[6].  Research shows a substantial decrease in SO2 emissions for all case studies in the EU. 
 
A cost and benefit analysis of bio energy sources will have to pay attention to the protection of 
soil and water resources. A US study points out that bio energy can have potential negative 
environment consequences. It agrees with the findings from Europe that perennial biomass 
crops have advantages over annual crops. Perennial crops need fewer inputs, develop more 
below ground, and provide more habitat for wildlife [9].  
An analysis of the use of short-rotation woody crops such as willow to supply energy for the US 
finds problems of high production costs. This study concludes that the supply of bio energy 
through the harvest of woody crops needs significant improvements in yields and productive 
efficiency to be able to compete with fossil fuel sources of energy. Nevertheless it also 
concludes that willow can be cultivated on marginal agricultural lands, which can lead to 
improving site conditions, soil quality and landscape diversity [11]. 
 
3.2 Economic performance 
 
3.2.1 Competition with other crops 
 
Economics tells us that an increase in the demand for water and land, without any changes in 
supply, increases prices of water and land. The supply could increase only if more land or water 
would become available. The general problem with expanding the production of bio energy is 
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their competition with the production of food and fiber [18]. Expanding the production of 
energy crops could cause problems with water scarcity. 
 
While there is no evidence about problems with water or land supply, research in Germany has 
shown that general increases in the price of lumber since wood has been harvested for bio 
energy production. The rise in the demand for wood in Germany has pushed up prices of 
lumber across the board. Between 2003 and 2005, lumber prices have doubled in Germany. To 
counter the price increase, farmers are encouraged to use their acres in planting fast growing 
poplars and willows to supply the biomass power plants [20]. The producers of pellets are being 
criticized for starting to use more than just waste wood to produce the wood pellets. In most 
cases wood pellets (small pressed pieces of wood) are produced from waste wood, coming 
from the wood processing industry. Their use is rapidly increasing in the production of heat in 
Germany. The German Energy Pellet Association (DEPV) predicts that 500,000 pellet heating 
systems will be used by 2015 and that wood pellets will account for 10% of the heat generated 
in Germany. [13] 
 
In Mediterranean nations where water is very scarce, it is especially important to monitor the 
competition between the use of poplar trees with other crops and water suppliers. 
 
3.2.2 Employment Effects 
 
In addition to the environmental benefits, a region like Wisconsin could also benefit from bio 
energy in promoting employment and stimulating the local economy. Bio energy is a young 
sector, hence there is ample room for entrepreneurial companies to grow. Bio mass needs to 
be harvested, plants need to be retrofitted, and other ancillary activities need to be provided as 
well. Evidence from UK shows that biomass can contribute to rural development if biomass is 
used for heat generation. In order to benefit the local poor, more emphasis needs to be placed 
on small farm enterprises as producers of biomass. The price competition with fossil fuels, 
however, creates pressures to exploit economies of scale and create large farms to harvest 
biomass rather than using small farms. Nevertheless, local heating generation could provide 
some low skill jobs and reduce heating costs. Low skilled jobs could become available in areas 
where mechanization of harvesting is not possible or desirable [21].  
 
Other studies indicate that a potential for rural development exists. Bio energy generation 
requires smaller power plants than those that use fossil fuels to limit the environmental impact 
of these plants. These smaller plants need to be built and hence could provide a source for job 
growth [4]. Overall, the research on the employment effect does not reach conclusive results. 
Some research on the entire EU market for bio energy find no positive or negative employment 
effects, based on the assumption that eventually technology will improve [16]. Other research 
of the European Union finds small positive employment effects [8]. For Germany, it was 
estimated that supplying 5% of its energy demand from biomass would result in some 60–120 
thousand jobs [7].  
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Finally, according to the International Energy Agency, biomass has a higher labor to energy 
ratios than coal or gas, making some job growth in the energy sector possible [18]. Many of the 
jobs generated by the use of bio energy will be replacement jobs, as heat and electricity 
generation from fossil fuels will decrease and hence jobs in these sectors will disappear. 
Because the use of biomass is still in its infancy, many jobs can be created through research and 
development efforts.  
 
Research shows that harvesting poplar trees for biomass production is characterized by large 
economies of scale. So far the power plants and poplar plantations are at an early stage in the 
industry’s development. As an infant industry, there should exist significant opportunities for 
technological development in the future [6]. However, a similar analysis undertaken in the US 
points out that a limited supply of land could be a potential problem. Land also needs to be 
used for food needs, hence prices for agriculturally viable land will likely increase. Yet, 
technological advances should increase productivity and improve the efficiency of the 
conversion-process for energy crops [9]. 
 
Generally, it can be assumed that as technology improves, the smaller the employment effect 
will be. Most likely jobs created in the bio energy sector will be substitutes for jobs in other 
sectors [8]. 
 
3.2.3 General Economic Effects 
 
Experience from the EU shows that even at a more advanced stage of bio energy production, 
few bio energy technologies are competitive with common fossil fuel technologies [8]. 
However, to be able to fully compare the cost of biomass with fossil fuels and to evaluate the 
impact on the economy, the external cost of fossil fuel sources needs to be established. Most 
existing studies find the biofuel use decreases the amount of SO2 emissions. Many studies also 
find decreases in CO and NOx emissions, but these emissions depend more on the type of 
energy conversion than on the energy source.  
 
The largest impact of biomass will be on energy prices. Most studies show that energy from 
biomass can be produced at prices that are competitive with fossil fuels. Estimates of biomass 
from bio waste vary from $1 to $3 per Giga Joule. At $2 per GJ, the biomass cost is equivalent to 
oil priced at $ 20 per barrel. If all external costs of energy production are appropriately 
accounted for, biomass energy production might become competitive at even lower levels of 
fossil fuel costs [2]. 
 
Since energy generation from biomass is still in its early stages relative to fossil fuel, prices of 
energy generated with biomass are likely going to decrease in the future. Hence, given that 
prices of both fuel sources will be at similar levels it is possible that the overall economic effect 
of biomass will be neutral. 
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4. Recommendations and Outlook 
 
It is possible to reduce the emission of green house gases by substituting biomass for fossil fuels 
in generating heat and power. Research shows that using biomass for energy and heat 
production will likely not increase prices. Generally the biomass sector has some room to grow, 
even if the growth happens in an environmentally sustainable way. According to the US 
Department of Energy, Wisconsin has a capacity to produce a total of 8.7 million dry tons of 
cellulosic biomass (woodchips, grass, …) which is equivalent to 26.7 million barrels of oil and a 
total of 8.6 million dry tons of crop biomass which is equivalent to 26.4 million barrels of oil.  
Aside from environmental reasons, a state like Wisconsin could also benefit from bio energy if it 
were to promote employment or stimulate the local economy. Bio energy is a young sector, 
hence there is ample room for entrepreneurial companies to develop.  Much of the 
employment gains in the biomass energy sector, however, is likely to substitute for jobs in 
other sectors.  
 
In short, evidence shows that biomass can be used for energy production at competitive prices 
and have a positive effect on the environment.  
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