


































































































































 

  

   

   

 

  

  

 

  

  

 

  

 
 

   
 

 

 
 

  
 

                                                           
     

  
 

 
 

 
   

 

APPENDIX E-D. ASSESSMENT OF AVAILABLE FOREST BIOMASS  
By T.A. Volk, P. Castellano, R. Germain, and T. Buchholz, SUNY- ESF, Syracuse, NY 

Background 
The objective of this analysis was to provide an estimate of the sustainable level of woody biomass that 

could be harvested from forests in New York on an annual basis. Multiple restrictions and limitations were 

identified and applied to the available U.S. Forest Service (USFS) Forest Inventory Analysis (FIA) data 

during the development of these estimates. Due to the scale of these assessments and the nature of the 

available datasets, site-specific sustainability concerns could not always be incorporated into these 

estimates. Issues related to site-specific harvesting activities are covered in the discussion of best 

management practices and forest biomass harvesting guidelines in other sections of this report. During this 

analysis we applied restrictions at the county level and used a sustainable yield model at the township level 

to address concerns related to the sustainability when estimating the amount of woody biomass that can be 

harvested from forests and used for biofuels, bioenergy or bioproducts other than traditional forest 

products. The main restrictions applied are listed below in Table 1 and are discussed in more detail in the 

context of the methodology used to develop these estimates. 

Table E-D-1. Restrictions applied to address sustainability concerns during the estimate of annual 
biomass potential from NY forests. 

Limitation or Restriction Applied Issue or Concern Being Addressed 

Estimates of available woody biomass are based on 
the area of timberland14 in New York not 
forestland, so forest preserve15  and other protected 
areas were not included.  

Woody biomass in parks with harvesting restrictions 
and other protected areas that are not currently 
accessible for harvesting should not be included 

Set the upper limit for harvesting as the net annual 
growth rate16  on timberland in each county in New 
York. 

Depleting New York forest resources at a rate faster 
than they are growing by using a sustained yield 
approach. Under this restriction New York forest 
biomass capital within each county is not reduced.  

14 Timberland is defined by the U.S. Forest Service as forest land producing or capable of producing crops of industrial 
wood (more than 20 cubic feet per acre per year) and not withdrawn from timber utilization (formerly known as 
commercial forest land).
15 The Forest Preserve is defined as the State land within the Adirondack and Catskill Parks afforded constitutional 
protections that prevent the removal of timber; lands within New York's Forest Preserve exhibit exceptional scenic, 
recreational, and ecological value. (http://www.dec.ny.gov/lands/5263.html.) 
16 Net annual growth: The change, resulting from natural causes, in growing-stock volume during the period between 
surveys. Components of net growth are in growth plus accretion, minus mortality, minus cull increment, plus cull 
decrement. 
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Limiting the proportion of forest residues that can Because of the concerns related to nutrient removals 
be collected. In this analysis, 35% of the currently and biodiversity associated with the removal of 
unused residues from logging are left on site. In coarse and fine woody debris during biomass 
addition, estimates of increased biomass harvested harvesting, limits were set on the proportion of tops 
from the ‘all live merchantable17’ class were limited and branches that could be removed during 
to a four inch top diameter, meaning that all tops harvesting operations. Biomass harvesting 
and branches from these trees would also be left on guidelines that have been developed in other states 
the site. recommend that 20 – 33% of residues be left on site 

(Evans and Perschell 2009). 

Restricted removal of dead trees Mortality was assumed to be left on the site to 
provide habitat, snags, course woody debris and 
nutrients on site. 

Accounting for wood that is harvested for other 
forest products. 

Current harvesting levels of wood in New York’s 
forest are included in the estimates for a total 
amount of biomass removed for traditional forest 
products (veneer logs, sawtimber, pulp, fuelwood, 
post\poles\pilings, miscellaneous). The combination 
of harvests of traditional forest products and 
biomass for biofuels does not exceed the net annual 
growth in any county. 

Use of a sustainable yield management (SYM) This model was applied at the township level using 
model based on Vickery et al. 2009. road density data at the township level to address 

concerns related to site conditions, future 
demographics, or potential development that might 
impact long term sustained yield management. 

Modification of road density calculations in 
townships within the Adirondack and Catskill Parks 
to account for inaccessible areas classified as forest 
preserve.  

Since large areas of the forest preserve have 
restricted road access and harvesting policies, this 
was accounted for by removing the land area in the 
forest preserve in each township before calculating 
road density, which was the main factor used in the 
SYM model. This resulted in a higher road density 
in these townships and a lower estimate of the area 
where SYM could occur. 

17 Merchantable biomass: The main stem of all species > 5” d.b.h. between a 1-foot stump height and a 4” top diameter (outside the bark), including rough and rotten culls (same 

as all live merchantable biomass). 
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Methods 
Estimates of sustainable levels of woody biomass that could be harvested from forests in New York on an 

annual basis were calculated based on methodologies that had previously been developed and applied to 

determine amounts of woody biomass available in supply sheds in different regions of New York 

(Castellano et al. 2009). For this project, county-by-county estimates were developed using the most recent 

data available from the USFS FIA and Timber Products Output (TPO) Websites. The FIA data used is from 

inventories conducted in New York from 2002 through 2006. TPO data is from inventories and surveys 

conducted in 2007. 

The estimation procedure used followed two main steps. The first step was to determine the amount of 

technically available woody biomass from timberland in each county in New York. ‘Technically available’ 

is the amount of woody biomass that is available and accessible and within the limits of a sustainable yield 

from the timberland in each county (Castellano et al. 2009). The amount of this woody biomass that will 

actually be available for biofuels or other applications is strongly influenced by the socioeconomic aspects 

of growing and harvesting woody biomass. The second part of the process estimated the amount of 

technically available biomass that is likely to be available to harvest based on a recently developed model 

of sustainable yield management (Vickery et al. 2009). 

Step 1: Determination of Technically Available Woody Biomass 
Only woody biomass from timberland was considered for these assessments. Timberland is defined by the 

USFS as forest land producing or capable of producing crops of industrial wood (more than 20 cubic feet 

per acre per year) and not withdrawn from timber use. As a result, land where harvesting is prohibited due 

to regulations or guidelines, primarily forest preserve, was not included in this assessment. 

1.1 Portion of Technically Available Merchantable Biomass 

The portion of all live merchantable biomass that is available for biofuels was calculated by determining 

the net annual growth of growing-stock and then subtracting the amount of all biomass that is currently 

being harvested for traditional forest products in each county using the most recent TPO data.18   (The result 

of this process is that the amount of material that is currently harvested plus that portion of all live 

merchantable biomass that could be removed for biofuels or other applications does not exceed 100% of 

the net annual growth. The definition of merchantable biomass assumes that the tops (< 4 inches in 

diameter) and branches are not harvested. Rather than adjust the amount of biomass available for biofuels 

with a factor to estimate the amount of biomass in tops and branches, we assumed that all this material 

would be left on site in order to address concerns associated with biomass harvesting, especially nutrient 

removals from the site, coarse and fine woody debris removal and biodiversity (Evans and Perschel 2009). 

18 See http://ncrs2.fs.fed.us/4801/fiadb/rpa_tpo/wc_rpa_tpo.ASP 
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Portion of Technically Available Noncommercial Species.  This estimate was compiled by first 

identifying the amount of standing biomass of the noncommercial19  trees in each county based on the most 

recent FIA data. Biomass associated with all trees <5” diameter breast height (dbh) was then removed since 

this material is not easily harvested and collected. Then, 3% of this standing biomass value was assumed to 

be available each year for biofuels or other products each year. 

Portion of Technically Available Remaining All Live Biomass.  This estimate was compiled by first 

taking the difference between the FIA assessment of the total standing biomass (called all live biomass20 by 

FIA) on timberland in the county and all live merchantable biomass by county, which was determined in 

step 1.1. Next, the amount of sapling biomass (1- 4.9” dbh) was subtracted because this small diameter 

material will be difficult to collect effectively with current harvesting systems. Then, the amount of 

biomass associated with noncommercial species : 5� dbh was subtracted because it was estimated in step 

1.2 (see below). Three percent of the remaining biomass was assumed to be available each year for biofuels 

applications. 

Portion of Technically Available Recoverable Logging Residue.  This estimate was compiled by 

assuming that 65% of the available residues from current harvesting operations in each county based on the 

most recent TPO data were collected for biofuels or other applications. Leaving 35% of these residues on 

the site exceeds the range of current removal values of 20 – 33% recommended in biomass harvesting 

guidelines (Evans and Perschel 2009). In addition, we have assumed that all the tops and branches from any 

additional harvesting of merchantable biomass will remain on the site (see section 1.1). The 65% recovery 

figure has been used in national assessments of the availability of woody biomass (e.g. Perlack et al. 2005). 

Portion of Technically Available Recoverable Other Removals. This estimate was compiled by taking 

50% (the estimated recoverable portion) of the other removals21 as reported in the 2007 TPO data by 

county. Other removals include biomass from land clearing and cultural operations. 

Total Technically Available Forest Biomass by County. The total technically available biomass for each 

county was determined by adding the values from 1.1, 1.2, 1.3, 1.4, and 1.5. 

Step 2: Potentially Available Woody Biomass 
Potentially Available Forest Biomass Estimates for Scenario 1 

19 Noncommercial species: Trees species of typically small size, poor form, or inferior quality that normally do not develop into trees suitable for industrial roundwood products. 

22 Other removals: Unused wood volume of trees cut or otherwise killed by cultural operations (e.g. pre-commercial 
thinnings) or land clearings to non-forest uses. Does not include volume removed from the inventory by reclassification 
of timberland to productive reserved forest land. 
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This step accounts for differences in the amount of technically available biomass from timberland and the 

amount of woody biomass that is likely to be available due to socio-economic and sustainability constraints 

under current conditions. This is a complex set of factors in New York because over 85% of the timberland 

is controlled by industrial and nonindustrial private forest land owners in the State and there is an array of 

different opinions about forest management among them (Munsell and Germain, 2007). We adjusted for 

these factors based on a sustainable yield management (SYM) model recently developed by Vickery et al. 

(2009). The model estimates the proportion of the forested area within a township that is expected to be 

available for sustainable yield management now and into the future. Sustainable yield management was 

defined as “the ability for an area to be managed in such a manner that would ensure a continuous supply of 

timber through time” (Vickery et al. 2009). A number of different factors were assessed to determine what 

currently available parameters could be used to estimate SYM. Road density was found to be the primary 

variable influencing the likelihood of sustained yield management in a five-county region in central New 

York, and was the factor used to apply this model for these estimates. 

Using townships (by county) as the base study unit, road density was calculated as the length of major 

roads in miles divided by the township land area in square miles using ArcMap road and civil division 

datasets that were acquired from the NYS GIS Clearinghouse (http://www.nysgis.state.ny.us/). These 

datasets are maintained by the NYS Office of Cyber Security and Critical Infrastructure Coordination 

(CSCIC) and are of the highest quality and accuracy. The area covered by major water bodies in each 

township was removed to determine the total land area. For the townships that included forest preserve as a 

major land use, the determination of road density was modified by removing the land area and road mileage 

in the forest preserve. So the road density in these townships was determined by dividing the total length of 

major roads by the modified land area (total area of the township – area of the township in the forest 

preserve). 

The calculated road density for each township was then used in the model developed by Vickery et al. 

(2009) to estimate the likelihood of SYM in that township. This SYM factor for each county was 

determined by taking a weighted average of the township based on the land area of each township as a 

proportion of the total land area of the county in which the township is found. The county level SYM factor 

was applied to the estimated ‘technically available’ forest biomass calculated in section 1.6 in each county. 

The resulting forest biomass numbers are the estimates for the amount of woody biomass from timberland 

in NY that could potentially be available for biofuels or other applications on an annual basis for scenario 

1. Scenario 1 is the baseline scenario used for the siting model that was run for other portions of the 

biofuels roadmap project. 

Potentially Available Forest Biomass Estimates for Scenario 2 and 3 
An additional set of forest biomass estimates were made for Scenarios 2 and 3 for the siting model. These 

estimates were made using the following set of assumptions and steps. First the difference between the 

technically available biomass (section 1.6) and the potentially available biomass (Step 2.1) was calculated. 
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We assumed that additional demand for biomass would increase the level of harvesting by creating more 

market opportunities and increasing the level of interest among landowners. We assumed that 1/3 of this 

difference for the categories of merchantable biomass, non commercial species and remaining all live 

biomass would become available for the biofuels or other products. We also assumed that 100% of the 

recoverable material from current harvesting operations for traditional forest products that is not currently 

being used would be collected for the biofuels market. These additional materials in each county were then 

added to the values for Scenario 1 to estimate potentially available woody biomass for Scenarios 2 and 3. 

Results 
While New York State has 18.5 million acres (18,464,222 acres) of forest land according the USFS, not all 

of this land base was considered for these assessments. Only 15.8 million acres (15,781,242 acres) of New 

York’s forest land is classified as timberland, which removed all the land that is in federal, State or county 

parks that is not available for active management because of policies and regulations. Based on the current 

FIA data, the State-wide net annual growth rate growing stock is 9,551,724 odt 

(http://www.ncrs2.fs.fed.us/4801/fiadb/fim40/wcfim40.asp). Note that this is not total growth of the forest, 

because it does not include non-merchantable species, non-merchantable portions of trees and does not 

include all forests. 

The estimates of ‘technically available’ woody biomass from New York’s forests indicates that over 8.9 

million oven dry tons (odt) could be harvested each year (Figure 1, Appendix E-D). This is a Statewide 

average of 0.57 odt/acre of timberland. This amount of harvesting combined with current rates of removal 

for traditional forest products would not exceed the net annual growth rate of the NY’s forests. Of the 8.9 

million odt, 75% of this woody biomass would be hardwoods. The majority (57.4%) of the woody biomass 

is derived from the all live merchantable category, which includes a wide range of species across the State. 

The second largest category in terms of ‘technically available’ woody biomass was the noncommercial 

species, which made up 32.4% of the total. The total recoverable material provided about 10.1% of the 

total. The vast majority (89%) of the total recoverable material was made up of logging residues that are 
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APPENDIX E-E.  BEST MANAGEMENT PRACTICES FOR FOREST BIOMASS HARVEST 
By René H. Germain, Department of Forest and Natural Resources Management, SUNY-ESF 

Publication of the first New York State Best Management Practices (NYS BMP) Field Guide for Water 

Quality was a collaborative effort between the following organizations: Department of Environmental 

Conservation (NYS DEC), Empire State Forest Products Association (ESFPA), Sustainable Forestry 

Initiative (NYS SFI), SUNY ESF and the Watershed Forestry Program. The content of the field guide has 

not been revised since the initial publication in 2000. In 2009, the Watershed Forestry Program, in 

cooperation with ESFPA and NYS DEC, is leading the effort to revise the field guide to reflect new BMP 

knowledge, technologies and equipment as well as changing forest management practices, including 

specific BMPs associated with harvesting woody biomass for energy use. There are plans to hold several 

public meetings around the State to solicit feedback on the contents of the revised field guide. Furthermore, 

a technical review panel has been assembled to provide technical input and review. Publication of the 

revised BMP field guide is expected in 2010. 

Existing harvesting guidelines as described in New York State’s Best Management Practices (BMP) Field 

Guide are relevant to biomass harvesting, but may not adequately address the impacts of increased removal 

of biomass from the forest and the associated harvesting systems required for implementation. The harvest 

of smaller diameter trees, low-grade stems, tops, woody shrubs, and deadwood often associated with 

woody biomass harvesting operations could have adverse impacts on soil productivity, wildlife habitat, 

biodiversity, residual stands, forest regeneration, aesthetics, and water quality. 

• The potential loss of large volumes of coarse woody debris (CWD) and fine woody debris (FWD) 

is unique to biomass harvesting and could have significant impacts on nutrient availability and 

biodiversity. CWD is defined as tree tops, stumps, trunks or limbs greater than six inches in 

diameter at the large end.  CWD provides critical habitat for numerous vertebrate species. FWD 

includes leaves, twigs, limbs, and other woody debris primarily from tree tops less than six inches 

in diameter at the large end. FWD provides habitat for hundreds of species of fungi, lichens, 

bryphytes, and arthropods (Carey and Johnson 1995; Butts and McComb 2000; Ecke et al. 2002; 

Gunnarsson et al. 2004). 

• Biomass harvesting can remove up to twice the amount of nutrients as a conventional harvest, 

potentially resulting in declining long-term site fertility, ultimately impacting residual tree growth 

and future regeneration. Woody shrubs and herbaceous plants could also suffer the deleterious 

effects of nutrient losses. In general, it is possible to retain 30% of the FWD by scattering the tops 

from 20% of trees harvested (McInnis and Roberts 1994; Proe et al. 1994; Grigal 2004). However, 

the long-term effects on soil nutrients and site productivity are highly variable and site dependent 

(Tritton et al. 1987; Hendrickson 1988; Huntington and Ryan 1990; Hornbeck et al. 1990; Briggs 

et al. 2000; Grigal 2000; Kelty et al. 2008). 

E-74 



  

    

 

  

  

  

  

 

  

  

 

  

 

       

 

 

  

 

  

   

 

   

   

 

 

  

   

 

    

 

   

  

• Another characteristic unique to biomass harvesting is the potential to use woody shrubs, standing 

dead and dying trees – all of which contribute to wildlife habitat. The US Wildlife Service and 

others estimate that 120 species of birds, 140 kinds of mammals, and 270 species of reptiles and 

amphibians nest or forage in dead and decaying trees (Gurnel et al. 1995). Loss of this unique 

habitat could have short- and long-term impacts on wildlife. 

• Biomass harvesting that is not part of a forest management plan could lead to unsustainable 

harvesting, high grading, and even land conversions. Conversely, when biomass harvesting is part 

of sustained yield management it provides markets for low-grade wood that could promote 

silvicultural practices, such as thinning designed to improve residual forest stands (Munsell and 

Germain 2007a). Also, when biomass harvesting is implemented with deliberate forethought and 

planning, wildlife species can benefit by the creation of early successional habitat (Lehmkuhl et al. 

2002; Bies 2006). This is particularly important in a state such as New York where even-aged 

forests of 70 – 100 years dominate the landscape. 

• Biomass harvesting may be driven by natural disturbances from wind, ice, fire, and insect or 

disease damage. Sanitation and salvage harvests conducted under the context of silviculture can 

lead to healthy forest regeneration. 

Focus on Water Quality 

Forestry’s potential to cause water pollution via non-point sources has been well documented (Loehr et al. 

1979; Scholze and McNeilly 1993; Schuler and Briggs 2000; Ellefson et al. 2001). BMP use is intended to 

reduce, over time, the rate of soil erosion and subsequent sedimentation and nutrient loading of water 

bodies resulting from timber harvests (Martin and Hornbeck 1994). BMPs are a preventative innovation. 

Preventative innovations are generally slowly adopted because the immediate benefits associated with their 

use are limited. Consequently, BMP implementation across the State is inconsistent. In regions such as the 

NYC Watershed, there are programs to facilitate implementation that usually result in higher BMP 

implementation (Munsell et al. 2006; Munsell and Germain 2007b). As profit margins narrow for loggers, 

primarily due to increasing fuel costs coupled with lower log prices, BMP implementation can fall victim to 

expediency. 

Existing BMP guidelines are clearly appropriate for biomass harvesting, but are they adequate? Additional 

BMP measures may be necessary to address specific water quality impacts that are unique to biomass 

harvesting regimes. Principally, more wood fiber is potentially leaving the forest that would have been left 

on-site under traditional harvest conditions. This activity could adversely impact the “forest sponge” that 

serves to retain water and nutrients and deter erosion. The associated access system for logging machinery 

to secure smaller diameter trees, low-grade stems, tops, woody shrubs, and deadwood could impact a 

higher percentage of the harvest area, thus increasing the potential for compaction, drying, and disturbance 

of the organic layer thus accelerating surface run-off, erosion, and nutrient loading (Johnson and Curtis 

2001). Harvest systems associated with woody biomass operations customarily include feller-bunchers 
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working in concert with grapple skidders. Proper planning of skid trails is critical to minimize the area 

dedicated to the access system (Germain and Munsell 2005), particularly in forested riparian areas. 

Several states, including Minnesota, Missouri, Pennsylvania, and Wisconsin have made a concerted effort 

to adopt harvesting guidelines and BMPs specific to woody biomass harvesting. In most cases, biomass 

harvesting guidelines supplement existing harvesting guidelines. Some states are currently reviewing 

potential guidelines, while other states and certification programs are using existing guidelines and 

standards. The table below is adapted from the Forest Guild’s Assessment of Biomass Harvesting 

Guidelines. It summarizes different areas covered by both existing harvesting and supplemental biomass 

harvesting guidelines (Evans and Perschel 2009). New York has not adopted harvesting guidelines unique 

to woody biomass. 

Category Item States Certification Programs 
MN MO PA WI S FI* FSC* TF* 

Dead Wood 

Coarse Woody Debris , , , , , ,

 Fine Woody Material , , , ,

 Snags , , , , , ,

 Stumps/roots , , , , 

Soil/Site 

Productivity

 Nutrient retention , , , , , , 

Wildlife and 

Biodiversity

 Wildlife , , , , , , ,

 Plants , , , , , , ,

 Biodiversity , , , , , , , 

High Value Cons. Areas , , , , , , , 

Silviculture

 Sustained Yield , , , , , , ,

 Regeneration , , , , , , 

Residual Stand Thresholds , , , , , ,

 Biomass Driven Harvest/High 

Grading 

, , , ,

 Sanitation/Salvage for 

Insects/Disease 

, , , , 

Sanitation/Salvage for Fire , , , , , 
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 Conversion , , , , ,

 Re-entry , , , ,

 Aesthetics , , , , , , , 

Water 

Quality

 Planning , , , , , , ,

 Access System , , , , , , ,

 Sedimentation , , , , , , ,

 Nutrient Loading , , , , , , ,

 Riparian Areas , , , , , , ,

 Wetlands , , , , , , ,

 Soil Compaction , , , , , , , 

Organic Layer Disturbance , , , , , , , 

* Certification standards are not specific to biomass harvesting. 

Recommendations: 
Future guidelines should protect the functions and values of forest resources during woody biomass 

harvesting activities. The following recommendations are based, in part, on biomass harvesting guidelines 

from Minnesota, Missouri, Pennsylvania, and Wisconsin.  

These draft recommendations serve to supplement current guidelines as described in the NYS Forestry 

BMP Field Guide. Landowners and resource managers should consider all the various factors associated 

with local ecological conditions before adopting specific guidelines. 

• Soil and Site Productivity - Retention of nutrients 

o Maintenance of coarse and fine woody debris 

� Retain approximately 10-20% of the FWD 

� On soils with less than 20-inches to bedrock, or sandy soils, try to leave one-

third of the FWD 

� Avoid disturbance to forest floor and litter layer 

� Retain all stumps and roots (no exceptions) 

� Limit biomass harvesting on rocky sites with shallow soils 

� Limit whole tree harvesting on poor sites 

� Retain 2 – 5 non-commercial logs on forest floor per acre 

• Wildlife & Biodiversity 

o Preservation of high value conservation areas 

• Avoid high value conservation areas 

o Consider habitat requirements for rare and threatened wildlife species
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• Case by case basis depending on species habitat requirements 

o Consider site conditions for rare and threatened plants 

• Case by case basis depending on species site requirements 

o Consider structural complexity throughout harvest area 

• Retain small uncut islands for vertical structure and landscape diversity 

• Retain 5% of a salvage area to maintain CWD and snags 

• exceptions should be made for human health and safety or issues 

associated with control of insect or disease outbreaks 

o Consider biodiversity at appropriate spatial scale 

• Plan for retaining biological legacies 

o Retention of snags 

• Retain cavity trees and replacement snags (> 12 inches) 

• Important Note: Maintain compliance with OSHA regulations when 

operating around hazard trees 

• Silviculture 

o Must be part of sustained yield management based on documented growth and 

regeneration 

o Ensure regeneration 

o Biomass component should be part of the silvicultural prescription 

• Avoid re-entry into stand for biomass harvesting 

o Consider visual quality 

• Land Conversions 

o Forestlands should not be converted to short-rotation woody crop production 

o Grassland/meadow conversion should consider value as habitat for rare and threatened 

wildlife species (see above) 

• BMPs for Water Quality 

o Harvest plan should be complete prior to start of operation 

o Avoid biomass harvesting on slopes greater than 30% 

o Give special attention to access system (landing, roads and skid trails) 

� Should account for less than 10% of harvest area 

o Limit whole tree harvesting on less fertile sites to retain nutrient and avoid nutrient 

loading in streams and other water bodies 

� If conducting whole tree harvesting, retain slash on one-third of the site 

o Riparian Zones 

� Reduce amount of biomass available for harvest by 20% depending on site 

conditions 
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� Reduce amount of basal area harvested in order to retain approximately 10 – 20 

sq ft over the target residual basal area of remaining harvest area 

� Use cables as much as possible to pull logs out 

� Retain all existing deadwood 

• Otherwise, follow BMPs as outlined in the NYS Forestry BMP Field Guide 
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APPENDIX E-F. PRECISION NITROGEN MANAGEMENT (PNM) MODEL 
By  Dr. Jeffrey Melkonian, Department of Crop and Soil Sciences, Cornell University 

Background. We are using the Precision Nitrogen Management (PNM) model (Melkonian et al., 2007) to 

simulate biomass production and associated nitrogen (N) losses to the environment of grain maize and 

coppiced willow production systems. The PNM model runs on a daily time-step and is composed of a soil 

process model (LEACHN, the N module of LEACHM (Hutson, 2003; Hutson and Wagenet, 1992)) that is 

linked to two crop growth/N uptake modules: a maize model (Sinclair and Muchow; 1995) and a coppice 

willow model (Eckersten et al., 2006). Both crop models have been parameterized for New York State.  

LEACHN is a process-based, one-dimensional model that simulates water and solute transport, and 

chemical and biological N and carbon (C) transformations in the unsaturated soil zone. Flows between 

different pools of N and C are simulated in each soil segment as well as on the soil surface. LEACHN is 

well suited for simulating soil N and C processes and has been extensively used and tested in several 

studies (Jabro et al., 1994; Jemison et al., 1994a, b; Lotse et al., 1992; Sogbedji et al., 2001a, b; Sogbedji et 

al., 2006). The rate constants in the equations describing nitrification, denitrification, manure 

mineralization, and plant residue mineralization were calibrated based on multi-year, replicated field 

experiments (Sogbedji et al., 2000; van Es et al., 2006). These field experiments were conducted on large, 

hydrologically isolated lysimeter plots located on two contrasting soil textural classes where nitrate-N 

leaching, crop N uptake, and changes in soil nitrate (NO3)-N and ammonium (NH4)-N levels were 

intensively monitored (Sogbedji et al., 2001a; Sogbedji et al., 2006). 

The subroutines of the maize N uptake, growth, and yield model incorporate the effects of temperature, 

solar radiation, water supply, and parameters influencing the crop N budget during the three major phases 

of maize development: vegetative growth, anthesis, and grain fill (Muchow and Sinclair, 1991; Muchow et 

al., 1990; Sinclair and Amir, 1992; Sinclair and Muchow, 1995). Equations and descriptions of the 

processes in the model are presented in Sinclair and Muchow (1995). The maize N uptake, growth, and 

yield model has been well tested and provides a reasonable fit to total above-ground biomass and N uptake 

data that were collected over a range of conditions and were independent of those used in model 

development (Sinclair and Muchow, 1995). Several components of the maize N uptake, growth, and yield 

model (leaf appearance, sensitivity of leaf area development to soil water content and specific leaf N, and 

crop transpiration) were slightly modified for the climate and grain cultivars that are typical for New York 

State (Cox et al., 1990a; Jara et al., 1998; Cox et al., 1990b). Following these adjustments, we have found 

good agreement between measured and PNM model-simulated maize N uptake and yield for a number of 

locations in New York State. 

Components of the coppice willow model include calculation of potential and actual transpiration using the 

approach described by Priestly and Taylor (1972), root water uptake (Riha, 2003), seasonal development of 

leaf area, biomass production estimates using a radiation use-efficiency approach, N uptake by the willow 

E-81 



     

 

 

    

 

  

 

 

 

  

 

    

   

 

   

   

  

  

 

  

 

 

   

 

  

  

  

  

  

 

  

crop, and N and C dynamics associated with leaf fall.  Impact of low soil moisture and soil N on willow 

biomass production are also included.  

The PNM model is currently linked to the Applied Climate Information Service (ACIS) through the 

Northeast Regional Climate Center (Cornell University) to automatically access key drivers of the soil and 

crop processes (daily solar radiation, temperature, and precipitation) for any reporting station in the U.S., 

including New York State. Within the next few months, the PNM model will be modified to automatically 

access high resolution climate data (daily temperature and precipitation on a 4 km x 4 km grid) for the 

eastern U.S. to the 100th meridian (DeGaetano and Belcher, 2007; DeGaetano and Wilks, 2008). These data 

will allow application of dynamic simulation models like the PNM model to function at a much finer 

spatial resolution than is currently available via ACIS. 

Methods. Grain maize. Grain maize growth/N uptake and environmental N losses were simulated for three 

soil textural classes: sandy loam, silt loam and clay loam. Yearly maize growth and N losses associated 

with maize production on the three soil textural classes were simulated for 40 years of climate data from six 

locations around New York State where significant maize production takes place: Albany, Binghamton, 

Buffalo, Burlington (Vermont/representative of the Champlain Valley), Massena, and Syracuse. These 

locations (with Burlington as a surrogate for the Champlain Valley of New York State) also represent 

different climate regions within New York State as defined by the Northeast Regional Climate Center. The 

cultural and management practices applied in the model simulations for each location were representative 

of current grain maize production in New York State on these three soil textural classes. These included 

two tillage practices (no tillage and spring tillage) and two fertilizer N practices (seasonal crop N 

requirement all applied at planting or split between a small application at planting (30 kg N/ha) with the 

remainder of the N applied as a sidedress application on June 29th). Total seasonal N applications for each 

soil textural class followed current recommendations for grain maize in New York State (Ketterings et al., 

2003). Key outputs of the simulations were 35-year average reactive N losses to the environment (NO3-N 

leaching losses and nitrous oxide N2O-N production from denitrification and nitrification) from harvest to 

harvest. (The urea-ammonium nitrate-N and urea-N formulations used in the simulations were incorporated 

into the soil. Therefore, ammonia volatilization losses were negligible.) These outputs were averaged 

across the two tillage practices since the trends and absolute values between the tillage practices were 

similar.  

Coppiced willow. Data from several studies by the College of Environmental Science and Forestry / State 

University of New York (SUNY-ESF) at their Tully research site were used to calibrate the willow model 

(Adegbidi, 1999; Volk, 2002; Tharakan et al., 2008). Following calibration, coppiced willow production 

and N losses associated with this production were simulated at the end of a three year rotation for several 

locations across New York State and in the Champlain Valley of Vermont where willow growth and yield 

were monitored (Only data from clone SV-1 were used for the calibration and model performance testing. 

Previous clonal evaluations by SUNY-ESF have demonstrated that SV-1 is productive across a range of 
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sites in New York State.).  Coppiced willow production at these locations generally followed the guidelines 

developed for New York State (Abrahamson et al., 2002). For the first rotation, these guidelines include 

spring planting (year 0), coppicing at the end of the planting year, a 112 kg N/ha application in the spring 

of the year following coppicing (year 1) and harvest at the end of year 3. For subsequent three year 

rotations, an additional 112 kg N/ha application in the spring of the first year (following harvest) of each 

rotation and harvest at the end of year 3. Key outputs of the simulations were reactive N losses to the 

environment (NO3-N leaching losses, NH4-N volatilization losses, and N2O-N production from 

denitrification and nitrification) over the rotation (spring, year 1 to harvest at the end of year 3). 

For both the maize and willow simulations, the N2O-N component of total denitrification was estimated 

based on the percent soil saturation (water filled pore space, WFPS). The reported ratio of N2O -N to total 

denitrification ranged from 0.15 - 0.8 at 60% WFPS (Weier et al., 1993; Gillam et al., 2008), 0.25 - 0.9 at 

75% WFPS (Weier et al., 1993; Gillam et al., 2008) and 0.24 - 0.35 at 90% WFPS (Weier et al.). All 

simulations were done assuming mid-range values for these ratios. Nitrous oxide-N production from 

nitrification was simulated in a similar manner where N2O-N production associated with nitrification is 

calculated based on factors (obtained from the literature) that vary with WFPS (Bateman and Baggs, 2005; 

Mathieu et al., 2006). 

Note that all simulations were done assuming unrestricted drainage from the root zone.  

Results. Grain maize. The average yearly NO3-N leaching losses (Figure 1a-c) and N2O-N production 

(Figure 2a-c) were primarily a function of soil textural class. 

Leaching was the dominant N loss process on the coarser textured soil. Averaged across locations, N 

leaching losses ranged from approximately 45 – 50 kg NO3-N ha-1 yr-1 on the coarser textured soil (Figure 

1a) to approximately 10 – 11 kg NO3-N ha-1 yr-1 on the finer textured soil(Figure 1c). 
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Nitrous oxide-N loss (largely associated with denitrification) was the dominant N loss pathway on the finer 

textured soil (Figure 2c). Nitrous oxide N loss was negligible on the coarser textured soil (Figure 2a). 

Leaching and denitrification losses were intermediate for the intermediate textured soil, contributing about 

equally (approximately 25 kg N ha-1 yr-1 from each loss pathway) to the total N losses on this soil textural 

class (Figures 1b, 2b). Nitrous oxide N losses are generally higher on finer textured soils. These soils drain 

more slowly than coarser textured soils, remaining for a longer period of time in the % WFPS range where 

denitrification occurs. In addition, the finer textured soils tend to have higher soil organic matter (SOM) 

contents, providing more soil C for denitrification (denitrification is a microbial-driven process where soil 

C is the energy source for the denitrifiers). 
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to seasonal precipitation and average temperatures at the different locations. Massena and Burlington, with 

lower NO3-N leaching losses, have lower long-term average seasonal precipitation (900 and 909 mm, 

respectively) compared to Syracuse (1013 mm), Buffalo (1020 mm) and Albany (981 mm), locations with 

higher NO3-N leaching losses. In addition, long-term monthly average temperatures are generally lower at 

Massena and Burlington compared to the other locations, resulting in less SOM mineralization and less 

total inorganic N in the soil at these locations. It should be noted that year-to-year differences in N leaching 

and N losses generally can vary widely depending on the distribution and intensity of precipitation in a 

given year, regardless of the location. 

In general, there were slightly lower NO3-N and N2O-N losses when fertilizer N applications were split 

(starter N and sidedress N) compared to applying seasonal crop N needs at planting. This is because the 

active N uptake phase by maize does not occur until 5 – 6 weeks following planting. Nitrogen applied at 

planting, therefore, remains in the soil profile for this time period without significant crop N uptake and is 

subject to leaching and denitrification. Split N applications largely avoid these early season losses. Again, it 

should be noted that year-to-year differences in N leaching and N losses generally can vary widely 

depending on the weather conditions in a given year. (The PNM model is currently being used to assess the 

impact of early season weather on crop-available soil N for a given location and, based on this assessment, 

suggest adjustments to fertilizer N rates. Over the long term, this should result in lower N losses to the 

environment.) 

Summary. Total reactive N losses from grain maize under current N management practices ranged from 

approximately 30-35 kg N ha-1 yr-1 (finer soil texture class) to approximately 45-50 kg N ha-1 yr-1  (coarser 

/intermediate soil texture classes). It should be noted that the current recommended N rate is highest on 

intermediate textured soils since they generally have a higher yield potential than the coarser and finer 

textured soils. This, combined with relatively higher soil organic matter (SOM) contents and conditions 

more favorable to SOM mineralization, account for the slightly higher N losses on this soil textural class. 

(PNM model simulations suggest that it may be possible to reduce N rates on both coarse and intermediate 

textured soils with little or no yield loss.) 

Coppiced willow. Leaching losses (kg NO3-N ha-1 yr-1), ammonia volatilization losses (kg NH4-N ha-1 yr-1) 

and N2O-N losses (kg N2O-N ha-1 yr-1) are shown for three year coppiced willow rotations at several 

locations in New York State (Table 1). These locations were selected because modeled and measured three 

year rotation biomass yields were reasonably close. Percent N in harvested biomass is relatively well 

established for the clone SV-1 and this value was used to estimate N removal in the harvested biomass into 

the N component of the willow model. We assumed, therefore, that modeled N recycling and N losses were 

reasonable estimates of the actual values over the rotation for these locations.  

Total N losses for five of the seven site trials ranged from approximately 30 to 50 kg N ha-1 yr-1 (Table 1). 

Two of the site trials (‘Canastota, NY-2-rotation 1’ and ‘Canastota, NY-2-rotation 2’) had higher total N 
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losses (77 kg N ha-1 yr-1 and 88 ha-1 yr-1, respectively). The soil series where these trials were conducted 

had relatively higher SOM (7 – 12% compared to 2 – 5%) over the entire root zone compared to the soil 

series in the other trials. This high SOM resulted in significantly greater simulated SOM mineralization, 

higher levels of NO3-N and NH4-N in the root zone N, and larger potential N losses for these trials. It 

should be noted that, at least for agricultural soils, SOM values are more often in the range of 4 – 6%. 

Therefore, N losses in the range of 30 – 50 kg N ha-1 yr-1 may be more representative of coppiced willow 

production systems if we assume that production occurs on agricultural fields. 
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Table E-F-1. Simulated yearly average N leaching losses (kg NO3-N ha-1 yr-1), ammonia volatilization 
losses (kg NH4-N ha-1 yr-1), and nitrous oxide losses (kg N20-N ha-1 yr-1) over a three year rotation for 
several coppice willow trials in New York State where modeled and measured rotational yields were 
similar. Note that the N-loss data were calculated from the time of N fertilizer application (spring, year 1 
(planting year = year 0) to the harvest at the end of year three (each rotation is 3 years).  

Location 
Soil textural 

class 

Leaching loss 

(kg NO3-N ha-1 

yr-1) 

Ammonia 

volatilization 

(kg NH4-N ha-1 yr-1) 

Nitrous oxide 

loss 

(kg N20-N ha-1 

yr-1) 

Tully, NY-1 
Silt loam 21 4 4 

Tully, NY-2 
Silt loam 26 3 6 

Sheridan, NY 
Clay loam 13 4 34 

Wolcott, NY 
Sandy loam 29 1 <1 

Canastota, NY-1 
Clay loam 23 3 23 

Canastota, NY-2-

rotation 1 
Clay loam 27 5 45 

Canastota, NY-2-

rotation 2 
Clay loam 33 5 50 

Yearly N total N losses were similar between the maize and coppice willow systems (excluding the two 

high N loss coppiced willow sites (‘Canastota, NY-2-rotation 1’ and ‘Canastota, NY-2-rotation 2’) despite 

lower N inputs in the form of fertilizer in the coppiced willow systems. This may be explained in part by 

the significantly lower average yearly crop N uptake by coppiced willow compared to maize. This resulted 

in somewhat higher soil N levels in the root zone in the willow that are then subject to losses. This lower 
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crop N uptake is the result of two factors:  lower average yearly biomass yields in the coppiced willow 

systems compared to maize, at least for the sites examined here, and lower %N in the harvested biomass 

(dry weight) for coppiced willow compared to maize (0.29% for willow; 1.2 – 1.7% for maize grain). 
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APPENDIX E-G. POTENTIAL FEEDSTOCKS FROM URBAN WASTE 
By  Matthew Guenther and Mark Boustouler, Pace Energy and Climate Center 

Introduction 
This section will evaluate urban waste streams for their potential as biofuel feedstocks. These waste 

streams include potential biodiesel feedstocks, such as yellow grease, and potential ethanol feedstocks, 

including yard waste, paper waste, food waste, misc. woody waste, and other cellulosic material. The goal 

is to find out how much urban waste biomass is being generated in New York State, how it is currently 

being disposed, and what types of urban biomass are appropriate for use as ethanol or biodiesel feedstocks. 

Once these questions are answered a determination can be made as to whether urban biomass could become 

a sustainable source of biomass feedstocks for New York State.  

In conducting the evaluation the following assumptions were made:  

• All biomass material currently being recycled would continue to be recycled in the future. Thus only 

material that is destined for landfills or incinerators was considered. 

• If credible estimates were available of increased recycling rates in the future, this additional biomass 

was assumed not to be available for biofuel production. 

• We examined potential feedstocks only for ethanol or biodiesel.  

• This report uses the EPA’s 2007 Municipal Solid Waste (MSW) national report definition of MSW 

as “everyday items such as product packaging, grass clippings, furniture, clothing, bottles, food 

scraps, newspapers, appliances, and batteries. Not included are materials that also may be disposed 

in landfills but are not generally considered MSW, such as construction and demolition materials, 

municipal wastewater treatment sludges, and non-hazardous industrial wastes.” 

• None of the reports reviewed for this analysis specifically listed percentages of biomass in the urban 

waste stream, therefore such percentages and total biomass figures were inferred based upon other 

information. Paper, yard waste, food scraps, household wood waste, or yellow grease were 

considered to be acceptable biomass categories. 

• All tons mentioned are short tons. 

A comprehensive evaluation of the potential for urban waste streams as biofuel feedstocks in New York 

State is challenging due to lack of comprehensive data on urban wastes. This study used data from four 

waste characterization studies conducted in New York State, estimates from the 2000 United States 

Environmental Protection Agency (USEPA) national waste characterization study, and estimates of yellow 

grease production from a study by the New York State Energy Research and Development Authority 

(NYSERDA).. 
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Waste Characterization Studies Ethanol from MSW 

OCCRA 
The Onondaga County Resource Recovery Agency (OCRRA) conducted a waste characterization study in 

2005 (Dvirka and Bartilucci Consulting Engineers, 2006). In the OCRRA study approximately 47.1% of 

13,600 pounds of MSW sampled during a two-week period, or 6,406 pounds was biomass that could 

potentially be used as a feedstock for ethanol. The entire 6,406 pounds would not necessarily be used as a 

feedstock, as some of this material could have been recycled under current Onondaga county programs. 

NEST 
NorthEast-SouthTowns (NEST), a group of municipalities in Western New York State, also conducted a 

waste characterization study (NEST, 2003). This study provides a breakdown of the type of material 

recycled, percentage recovered, and price received for selling the material on the market. This study 

incorporated data on MSW generation and recovery rates for some municipalities, as well as estimates for 

municipalities that did not have data, based on EPA’s 1998 national figures. It is estimated that out of a 

population of 433,377 a total of 427,529 tons of MSW is generated annually. The breakdown of the 

biomass portion is as follows: 

• Paper waste 142,492 tons (37.3%)  

• Wood waste 19,008 tons (5%) 

• Food waste 37,824 tons (9.9%) 

• Yard waste 52,845 tons (13.8%)   

The recovery rate for each item is as follows:  

• Paper waste 58,304 tons (40.9%)  

• Wood waste 846 tons (4.4%) 

• Food waste 436 tons (1.2%) 

• Yard waste 29,412 tons (55.7%)  

The estimated total biomass in NEST’s MSW was approximately 252,169 tons (59% of the waste stream); 

of the total biomass present approximately 88,998 tons or 35.29% were recovered for recycling or 

composting. This leaves 163,171 tons of biomass or 38% of MSW potentially available as a biofuel 

feedstock.  See Figure 1, below. 
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Table E-G-1. 

Units: Gal Ethanol/dry ton 

Feedstock 

Short-term 

(dilute acid 

hydrolysis) 

Mid-term 

(dilute acid 

Hydrolysis) 

Mid-term 

(steam 

explosion) 

Long-term 

(dilute acid 

hydrolysis) 

Long- term 

(LHW) 

Mixed 

Paper 76.8 86 83.5 92.1 98.8 

Yard Waste 63.9 70 68.6 74.4 73.4 

(For additional details on ethanol conversion technologies please see Appendix H) 

It should be noted that very rough estimates were used for available paper waste and yard waste. According 

to the NYSDEC study roughly 11,583,000 tons of paper is in the MSW waste stream, along with 2,673,000 

tons of yard waste. Since the NYSDEC study did not list specific recycling rates or recovery rates for these 

two items, an estimation for recycling of paper waste was made based upon averages of the NEST waste 

characterization study and the NYC waste characterization study. Only the NEST study listed a recovery 

rate for yard waste, but it seemed like a good representation of a Statewide average. Actual yard waste 

recovery rates are difficult to estimate, since some people backyard compost rather than sending it to a 

facility. The assumed recycle rate for paper was 53% and the recovery rate for yard waste (i.e. composting) 

was 56%. The paper recycling and yard waste recovery rate are reflections of current waste management 

policies, so the actual future availability of MSW biomass resources will be highly dependent on future 

waste management strategies. 

In addition, moisture content was assumed for each feedstock. Figures for moisture content of paper waste 

and yard waste in MSW were taken from the “MSW Learning Tool” Website (University of Central 

Florida). Mixed paper waste had a moisture content of around 6%, while yard waste had moisture content 

of 60%. Moisture content of MSW will vary seasonally and regionally, but a figure for NYS was not found.  

The recycling and recovery rate, along with the moisture content of these two feedstocks were calculated in 

Table 2 below that depicts how many gallons of ethanol will be produced from mixed paper and yard waste 

based upon their respective tonnage from the 2000 NYSDEC study. The reader should understand that 

these numbers are to give an idea of the potential of converting MSW to ethanol, but are still very rough 

estimates. 
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Discussion on Ethanol Production Potential from MSW 
Based on the studies discussed above, approximately 54% of New York State’s MSW is suitable biomass 

feedstock for production of ethanol. The calculated national average was around 63.6%. However, the 

amount actually available for biofuel production will depend on material recovery rates, which are 

dependent on waste management policies. Each report states that material recovery rates could be higher, 

and each New York State study indicates that there are plans to increase the recovery rate for most biomass 

material, especially composting programs, which would reduce the quantity of food waste and yard waste 

available for biofuel production.

 There were only two studies from New York State that offered enough information to make an estimate for 

percentage of waste biomass available for ethanol production: the NYC waste characterization study and 

the NEST study. Estimated total biomass available for ethanol production from the overall MSW stream 

was 36% and 38% respectively, and the estimated averaged from the EPA study is 37%. Hence, it can 

reasonably be expected that the percentage of New York State’s MSW available for ethanol production 

would be around the same percentage. According to our rough estimate, ethanol yield from paper and yard 

waste is 426,488,032 gallons in the short term and 544,484,656 gallons in the long term with advanced pre-

treatment technologies. 

A complete and comprehensive analysis of the potential for MSW as a feedstock for ethanol would require 

an economic and resource recovery policy analysis of each county in New York State, similar to the study 

conducted by NEST. Such an analysis would clarify the competing uses for biomass in MSW and its 

corresponding market prices, conversion factors for MSW to ethanol, the market price of ethanol, and 

infrastructural/capital costs. In addition, other waste biomass resources are potentially available, but are not 

considered part of the MSW stream. For example, construction and demolition debris is a viable option, 

along with biomass waste from other industrial processes. However, such a study should evaluate the full 

environmental impacts of diverting waste destined for landfills and incinerators to ethanol production rather 

than recycling. 

This section has only touched the tip of the iceberg for the potential of non-agricultural biomass waste to be 

converted into biofuels. There is a need for future studies of this potential biofuel feedstock.  

Biodiesel from Yellow Grease 
For yellow grease, enough information was available from NYSERDA’s  “Statewide Feasibility of a 

Potential New York State Biodiesel Industry” report (LECG et al. 2003) to develop a simple production 

model (for a more detailed discussion of the production model please refer to Appendix L: Selected Future 

Production Pathways in New York). For the NYC metropolitan area an assumption was made that 90% of 

the yellow grease produced could be used for biodiesel production. Nevertheless, away from this densely 

populated area it is difficult to make assumptions about the percentage of yellow grease that could be 

available for biodiesel production, due to variables such as location of rendering plants and the economic 

feasibility of collection in more rural areas. Based on population density for 2006 from the NYS 
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Department of Health, the remaining counties were divided into categories and were assumed to have the 

following recovery rates: metro/suburban (80% capture), suburban/rural (70% capture), rural (60% 

capture), and mountain (50% capture). Hamilton County is estimated to produce considerably less yellow 

grease than any other, so it was estimated to have a capture value of 0%. Based on these assumptions, it 

was calculated that of the total 180million lbs of yellow grease produced within New York State, an 

estimated 150million lbs would be available for biodiesel production. In reality the amount of yellow 

grease captured for biodiesel production in a central facility will depend largely on the location of 

collection and rendering facilities, and the location of a biodiesel production facility itself. 

Additional data used as inputs for the model follow: 

• Total annual potential l yellow grease production in New York State was 180,000,000 pounds 

(LECG et al. 2003) 

• Yellow grease production estimated at 9.32pounds per capita (LECG et al. 2003) 

• As of August 7, 2009, the cost of yellow grease from renderer to biodiesel producer was 

$0.225/pound (Jacobsen, 2009) 
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Exhibit A 

Case Studies OCRRA NEST NYSDEC NYC EPA 
tons MSW evaluated 6.8 427,529 29,700,000 2,755,804 254,000,000 
tons biomass 3.2 252,169 17,523,000 1,401,602 161,544,000 
% of MSW is waste biomass 47.06% 59% 59% 50.86% 63.60% 
tons waste biomass recyclable N/A 88,998 N/A 413,371 68,230,000 
% waste biomass recyclable N/A 35.29% N/A 15% 42.24% 
tons biomass available for ethanol N/A 163,171 N/A 988,231 93,314,000 
% of waste biomass available for ethanol N/A 65% N/A 71% 57.76% 
% of total MSW available for ethanol N/A 38% N/A 35.86% 36.74% 
tons paper waste N/A 142,492 11,583,000 642,654 83,010,000 
% of MSW is paper waste N/A 37.3% 39% 23.32% 32.68% 
tons of paper waste recoverable N/A 58,304 N/A 413,371 N/A 
% of paper waste recoverable N/A 40.9% N/A 64.32% N/A 
tons woody waste N/A 19,008 N/A 27,558 14,210,000 
% of MSW is woody waste N/A 5.00% N/A 1% 5.59% 
tons woody waste recovered N/A 846 N/A N/A N/A 
% of woody waste recovered N/A 4.45% N/A N/A N/A 
tons food waste N/A 37,824 3,267,000 589,742 31,650,000 
% of MSW is food waste N/A 9.90% 11% 21.40% 12.46% 
tons food waste recovered N/A 436 N/A N/A N/A 
% of food waste recovered N/A 1.15% N/A N/A N/A 
tons yard waste N/A 52,845 2,673,000 141,648 32,630,000 
% of MSW is yard waste N/A 13.80% 9% 5.14% 12.85% 
tons of yard waste recovered N/A 29,412 N/A N/A N/A 
% of yard waste recovered N/A 55.66% N/A N/A N/A 
tons other waste N/A 175,360 N/A 1,354,202 92,456,000 
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