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ABSTRACT 
 

Biomass has been a resource for energy and materials in the northeastern U.S. for hundreds of 
years, and has the potential to dramatically increase its role in the decades to come.  The region 
has high agricultural productivity, well-developed transportation and fuel distribution 
infrastructure, technologically adept human and financial resources, and substantial demand for 
advanced biofuels, biopower, and bioproducts.  Perennial energy crops, especially willow and 
warm-season grasses grown on abandoned and marginal agricultural and mine lands, can play a 
central role in creating a sustainable bioenergy future for the region. A recent project in the 
northeastern U.S. (NEWBio) http://www.newbio.psu.edu proposes to develop thousands of 
hectares of these crops and develop concurrent energy businesses and biorefineries. 
 
A major critique of large scale biomass production is competition for land between food and 
energy crops. A commonly suggested solution is to limit energy crops production to marginal 
lands.  Physical marginality (soil quality, slope and location) is often used when discussing 
marginal lands. However, as important is the economic marginality (breakeven prices). One of 
the benefits of bioenergy crops is that they grow well on marginal lands. By combining 
economical margin with biophysical margin, we can provide a comprehensive map of marginal 
lands for food crops, and in so doing identify lands targeted for energy crops. This paper will 
briefly discuss the NEWBio project, and then focus on assessing marginal lands. This discussion 
will also infer how agroforestry systems can contribute to achieving bioenergy crop production. 
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The Northeast Woody/Warm-season Biomass Consortium (NEWBio) 
 
Increasing demand for bioenergy has fueled interest in sustainable bioenergy feedstocks. Energy 
crops, such as switchgrass (Pancium virgatum), miscanthus (Miscanthus x giganteus) and willow 
(Salix spp), are currently at the center of considerable attention due to their fast growth, high 
yield and environmental benefits (Perlack & Stokes, 2011). However, concern arises when 
commercial energy crop plantations intensify land competition and displacing food crops (Field, 
Campbell, & Lobell, 2008) and place greater cost burden on farmers (Duffy & Nanhou, 2001; 
Volk et al., 2006). A commonly suggested solution to these two problems is to limit the 
plantations to ‘marginal’ lands (Bryngelsson & Lindgren, 2013, Gelfand, I, et al. 2013). 
 
The Northeast Woody/Warm-season Biomass Consortium (NEWBio) is a regional network of 
universities, businesses, and governmental organizations dedicated to building robust, scalable, 
and sustainable value chains for biomass energy in the northeast.  It is a 5-year USDA funded 
project with the objective of  expanding  the sustainable and ecologically sound production of 
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perennial grasses and short rotation woody crops as a feedstock for fuel production and other 
uses.  The project has research, extension and education components and is developing large 
scale regional demonstration sites as a platform for scaling up a network of biomass production 
and conversion facilities across the Northeast. 
 
The focus of the project is on the three dedicated energy crops mentioned above. Shrub willow 
is a very attractive biomass crop because it is high yielding, fast growing, requires few inputs, 
has multiple stems and re-sprouts after being cut. They grow very well on underutilized and 
marginal fallow land and can improve soil conditions and microbial diversity.  Significant gains 
have been made in breeding cultivars for improved yields. The shrub willow reaches heights of 5 
to 7 meters (15 to 25 feet) in 3 years and averages 10-15 dry tons per hectare (4-6 tons per acre) 
per year. 
 
Switchgrass is a warm season bunch grass has gained importance as an energy crop because of 
its high yields, adaptability to marginal lands, and relatively low establishment and management 
costs. It is a hardy deep rooted perennial grass that grows to as high as 2 meters in a year (6 feet) 
and can also produce 10-15 dry tonnes per hectare (4-6 tons per acre). Switchgrass does well on 
a wide variety of soil types, including wet, shallow or rocky soils and is drought-tolerant. Its 
deep roots can break through tough soil layers improving long term soil structure. It is also 
excellent for wildlife habitat, providing seeds, browse, and shelter for a variety of species.  
Switchgrass requires little maintenance, no annual planting and only one harvest per year. 
 
Giant Miscanthus, a sterile hybrid, is among the highest yielding perennial energy crops, 
producing an annual average of up to 19-29 dry tonnes per hectare (8-12 tons per acre). It 
requires little maintenance, no annual replanting and only one annual harvest. It has excellent 
traits as an energy crop on marginal land due to its high productivity in colder climates, its deep 
roots exploiting soil nutrients and its high water-use efficiency. However, there are some 
constraints with planting material availability and costs, planting costs, and ensuring first year 
winter survival. However, over a life of 20 years, the returns for growing Miscanthus are 
favorable compared to other crops. For more details about the crops visit (NEWBio fact sheets: 
http://www.newbio.psu.edu/Extension/resources.asp) 
 
One of the keys to these using these energy crops is their ability to help restore degraded or 
‘marginal’ lands that otherwise would not be used for crop production. All three crops require 
little maintenance, provide favorable economic returns over a life of about 20 years, and provide 
important environmental benefits, including biodiversity, wildlife and land remediation 
(Abrahamson, L, et al. 1998, Heaton, 2006).  Farmers can make use of these lands that are low in 
productivity and potentially have environmental concerns. The hypothesis is that these energy 
crops can improve land quality over time. These crops have shown to grow well in low soil 
quality and, water logged conditions. The also maintain yields in drought years. The deep roots, 
especially of the perennial grasses are able to penetrate hard compact (poor drainage) soils. By 
doing so they improve the soil structure to allow roots and water to further infiltrate the soil 
profile. This in turn helps control soil erosion and excessive water runoff, improving the 
hydrology on site both vertically and horizontally. These crops also can grow on nutrient poor 
soils and require low amounts of fertilizers compared to most other crops.  In addition roots store 
carbon which in turn increases soil microbes leading to more turnover in nutrients. Therefore, in 

http://www.newbio.psu.edu/Extension/resources.asp


46 
 

an agroforestry context these crops can complement other crops and trees across the landscape, 
and improve the Land Equivalent Ratio especially in alley cropping situations (Vandameer, 
1989). 
 
Although the Northeast is heavily forested (about 67 percent of the land area), there is also a 
large amount of idle or unused (or as some call it ‘marginal’ land ).The word ‘marginal’ lacks 
clarity, is not well defined, in part because the question is marginal for what?  Marginal lands are 
intuitively regarded as the lands with barren soil. Soil quality of marginal lands such as soil 
texture, soil drainage, have been deeply examined by the previous studies (Kang et al., 2013). . 
Other biophysical factors, such as slope, erosion risk, and hydrologic regime also appear in 
different studies to define marginal lands. However, biophysical factors can only partially 
interpret the word “marginal”. 
 
Economically Marginal Lands 
 
From and economic perspective, these lands are idle or underutilized because they are not 
productive for farming certain crops and the returns are less than the cost of growing the crops. 
Since there are alternative uses for any piece of land the economic rent (return to the landowner) 
determines the highest and best use of the land. These crops have shown to provide positive 
returns on these ‘marginal’ lands compared to food crops because of their adaptability to poor 
growing conditions. The question is whether energy crops will compete with for example, high 
yielding corn on good lands. This will be determined by the price for energy crops, which is not 
competitive at this time. However, the objective of NEWBio is to focus on developing these 
energy crops on the ‘marginal’ lands not conducive to food crops, and therefore avoid the 
political issue of food vs. fuel competition. 
 
 

 
Figure 1: Multi-component analysis for marginal lands 
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Due the varied definitions of marginal lands, this research is a multi-component assessment of 
marginal lands as depicted in Figure 1. This figure implies a sustainable and comprehensive view 
on defining marginal lands. The sustainable assessment for marginal lands will expand the 
research scope by involving socioeconomic factors, which means it will examine the human role 
in defining and utilizing marginal lands.  Profit, cost, price are the socioeconomic factors 
contributing to the word “marginal” and, thus, need more attentions.  
 
The combined qualitative and quantitative analysis describes the research methods to assess 
marginal lands. The qualitative analysis aims to do a complete, detailed description. It focuses on 
a small but representative sample that contains rich information. On the other hand, the goal of 
quantitative analysis is to develop and apply mathematical or statistical models explaining 
phenomena from large samples. The combination of qualitative and quantitative analysis will 
present a clear picture of marginal lands with a detailed description and an accurate 
measurement. 
 
The biophysical-focus studies  (Gopalakrishnan, Cristina Negri, & Snyder, 2006; Tang, Xie, & 
Geng, 2010) create the gap to assess the socioeconomic factors. Therefore, this study starts with 
the exploration for defining the economically marginal lands.  The history of defining marginal 
lands from socioeconomic perspective can be dated back to 1930s, when Peterson and Galbraith 
(1932) define marginal land as land at the extensive margin of production. That is the land where 
revenue from optimal production just equals the cost (profit equals to zero), while the estimated 
profit used to classify a site as being “marginal” for one crop may result in land being considered 
profitable for another crop. Thus, specifying crops to land which are classified as marginal is 
prerequisite. 
  

 
Figure 2: economically marginal lands (adapted based on Von Thunen model and Swinton et al. (2011)  
 
In this study, “economically marginal lands” are interpreted as lands which are marginal to food 
crops but not marginal to energy crops. Graphically, it is the lands at the extensive margin of 
food crops but before the extensive margin of energy crops (the line segment between ab in 
Figure 2). Therefore, the key for identifying economically marginal lands is to determine the 
extensive margins (break-even points) for food crops and energy crops. Estimating the break-
even points of these different crops using the following equation(Jain, Khanna, Erickson, & 
Huang, 2010): 
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Where T is the life of the crop; Ct is the unit production cost of crop in period t; Yt is yield in 
year t and d is the discount rate. Thus, the follow-up research will focus on the estimation of 
production costs and yields for energy crops and food crops given the incomplete information on 
prices of energy crops. The study sites will be across the northeastern region of the United States. 
 
The objective of this study is to examine the marginal lands from a socioeconomics perspective 
and quantitatively identified economically marginal lands by doing profit analysis. It aims to 
answer two basic questions: what the economically marginal lands are and how many of the 
economically marginal lands are available. The answers to these questions will land the basis for 
further analysis on farmer’s willingness to supply energy crops from the economically marginal 
lands. 
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