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 Will the introduction of the biomass fuel cause a risk of deposit formation on heat 
transfer surfaces?  Will the introduction of the biomass fuel cause a risk of bed 
agglomeration in fluidized bed combustion systems? 

 Will the presence of alkali metals in wood ash, and increased flue gas volume, affect the 
desulfurization system?  

 Will the introduction of the biomass fuel affect SCR or SNCR systems? 
 Will changes in fly ash composition and the mass flow rate affect electric precipitators or 

other types of flue gas filter?  
 How will co-firing affect ash utilization possibilities? 
 How will the burners, fuel processing and feeding systems, boiler automation and other 

boiler plant auxiliary equipment need to be altered to accommodate the introduction of 
the biomass fuel? 

(Veijonen, et al, 2003) 
 
 

6.4 BIOMASS RESOURCE ASSESSMENT  
 
In the early stages of planning for the development of a biomass combustion facility, a thorough assessment 
should be made of the availability, quality, reliability and affordability of feedstocks.  Feedstock supply 
chains are well developed in the Adirondack Mountains region, where there are longstanding markets for 
low-grade wood, and are emerging in the Finger Lakes region.  In many other areas of the state, securing a 
reliable supply of appropriate and affordable biomass fuel may be among the most challenging aspects of 
developing a biomass combustion facility; however, doing so is key to a successful biomass direct-firing 
operation.  Therefore, this should be among the first issues addressed. 
 
Wood fuel sourcing issues, including fuel availability, quality and pricing, are addressed in Chapter 4 – 
Crosscutting Issues: Wood Fuels.  Fuel-related issues specific to direct and co-fired biomass operations, 
such as the operational and maintenance impacts of various fuels, are addressed below. 
 
 
6.4.1 General Properties of Biomass Fuels  
 
Despite their wide variety of shapes and sizes, biomass fuels are surprisingly homogenous in many of their 
fuel properties.  Nearly all have a gross heating value between 15-19 GJ/tonne (6,450-8,200 Btu/lb).  Most 
agricultural residues fall on the lower end of this range (15-17 GJ/tone, or 6,450-7,300 Btu/lb), and most 
woody materials fall on the upper end of the range (18-19 GJ/tone, or 7,750-8,200 Btu/lb).  The most 
important determinant of heating value is moisture content, which averages around 40% for green wood, 
15%-20% for air-dried biomass and near 0% for oven-dried biomass.  The energy density of biomass is 
typically lower than that of fossil fuels, even after densification; the ash content of biomass is also lower 
than that of most coals, and its sulfur content is much lower.  Unlike coal ash, which contains toxins, most 
biomass ash may be used to enrich soils for farming.34  Biomass is also easier than coal to gasify (see 
Chapter 6, Biomass Gasification) or process thermochemically to produce higher-value fuels, such as 
methanol or hydrogen (U.S. DOE Biomass Energy Data Book). 
 
Some properties of biomass fuels can cause maintenance and emissions problems.  For example, biomass 
fuels are generally high in alkalis such as sodium and potassium, which cause bed sintering, slagging and 
fouling; and chlorine, which causes corrosion and can lead to HCl emissions and dioxin formation.  
Frequently, the impacts of biomass fuel properties are somewhat dependent on the type of combustion 
system being used.  For example, the high moisture content of biomass increases flue gas volume per unit 
heat release, which requires a larger cyclone size and back-pass width in CFB boilers.  Some clean wood 
fuels have low ash content that can cause bed inventory problems and require periodic bed topping in 
fluidized bed systems. (Basu, 2006). 
 
 
                                                           
34 This depends on the feedstock source.  Some urban waste wood, for example, may contain metals and chemical 
contaminants that render the ash unsuitable for soil enrichment. 
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6.4.1.1 Assessing fuel characteristics 
 
There are a number of important variables to be aware of when assessing biomass fuels.  Even within fuel 
types, wide variance is to be expected.  For example, moisture content can vary from 25wt% - 60wt% for 
bark and sawmill residues, to below 10wt% for dry wood chips.35  Ash sintering temperatures can vary 
widely as well, from 800 to 1,700 degrees C.  Pretreatment can control some variables, but increases fuel 
costs.  The alternative to pretreatment is a more sophisticated combustion system that is able to accept more 
heterogeneous and low-quality fuels.  This alternative will increase up-front costs, but can decrease fuel 
costs and fuel supply-related risk over the life of the project.  Operations and maintenance costs will also 
vary based on fuel and system specifications. 
 
Important biomass fuel parameters include particle dimensions, bulk and energy density, gross and net 
calorific value, and moisture content.  Also important are levels of nitrogen, chlorine, sulfur, as well as 
other elements that will be present to varying degrees in the fuel.  The major elements in biomass fuels, and 
their importance, are discussed briefly below.  For more detailed values, ranges and technological methods 
for reduction of these elements, see Table 12. 
 

 Nitrogen: The amount of nitrogen oxides (NOx) formed during biomass combustion 
depends to a great degree on the amount of nitrogen (N) present in the biomass fuel.  
However, NOx formation is also a function of combustion temperatures.  Because most 
NOx is formed when combustion temperatures are between 800 and 1,100 degrees C, 
hotter-burning biomass combustion systems will emit more NOx than cooler-burning 
systems.  NOx reduction can often be achieved using primary measures such as carefully 
controlling air ratios and recirculating flue gases.  If these measures are not successful, 
secondary measures, such as selective catalytic or non-catalytic reduction, may be used. 
 

 Chlorine: Chlorine (Cl) is important for two reasons.  First, it causes emissions of 
hydrogen chloride (HCl), which is associated with the formation of compounds that can 
present environmental and health hazards, such as polychlorinated dibenzo-p-dioxins and 
dibenzofurans (PCDD/F).  Second, it has corrosive effects and can damage equipment.  
PCDD/F formation can be reduced by reducing the amount of fly-ash particles in the flue 
gas, making sure combustion is as complete as possible, and using fuel with low amounts 
of excess oxygen and low concentrations of Cl.  A secondary approach is to install an 
efficient dust precipitation technology that operates at low temperatures (<200 deg. C). 
 

 Sulfur: Sulfur (S) is important both because it causes sulfur dioxide (SO2) emissions, and 
because it plays a role in corrosion processes.  A large portion of S is bound in the ash, 
with the remainder being emitted with the flue gas as SO2 and, to a lesser extent, sulfur 
trioxide (SO3).  The efficiency of S fixation in the ash depends on the concentration of 
alkaline earths (especially Ca) in the ash, as well as the efficiency and technology used 
for dust precipitation. 
 

(Van Loo, et al, 2008) 
 
 

                                                           
35 Wood fuels in New York State typically have a moisture content of between 30% and 55%, with 40% being average.  
Wood from unfamiliar sources should be assessed for moisture content, as this will impact both the monetary value of 
the fuel and its heating value. 
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Table 12.  Guiding Values and Guiding Ranges for Elements in Biomass Fuels and Ashes. Source: 
Van Loo, et al (2008). 
 

Element Guiding concentrations in 
fuel wt% (d.b.) Limiting parameter 

Fuels affected 
outside guiding 

ranges 

Technological methods 
for reducing to guiding 

ranges 
N <0.6 NOx emissions Straw, cereals, grass, 

olive residues 
Primary measures (air 
staging, reduction zone) 

 <2.5 NOx emissions Waste wood, fibre 
boards 

Secondary measures 
(SNCR or SCR process) 

Cl <0.1 Corrosion Straw, cereals, grass, 
waste wood, olive 
residues 

Fuel leaching, automatic 
heat exchanger cleaning, 
coating of boiler tubes, 
appropriate material 
selection 

 <0.1 HCl emissions Straw, cereals, grass, 
waste wood, olive 
residues 

Dry sorption, scrubbers, 
fuel leaching 

 <0.3 PCDD/F emissions Straw, cereals, waste 
wood 

Sorption with activated 
carbon 

S <0.1 Corrosion Straw, cereals, grass, 
olive residues 

See Cl 

 <0.2 Sox emissions Grass, hay, waste 
wood 

See HCl emissions 

Ca 15-35 Ash-melting point Straw, cereals, grass, 
olive residues 

Temperature control on 
the grate and in the 
furnace 

K <7.0 Ash-melting point, 
depositions, 
corrosion 

Straw, cereals, grass, 
olive residues 

Against corrosion: see Cl 

 - Aerosol formation Straw, cereals, grass, 
olive residues 

Efficient dust 
precipitation, fuel leaching 

Zn <0.08 Ash recycling, ash 
utilization 

Bark, woodchips, 
sawdust, waste wood 

Fractioned heavy metal 
separation, ash treatment 

 - Particulate emissions Bark, woodchips, 
sawdust, waste wood 

Efficient dust 
precipitation, treatment of 
condensates 

Cd <0.0005 Ash recycling, ash 
utilization 

Bark, woodchips, 
sawdust, waste wood 

See Zn 

 - Particulate emissions Bark, woodchips, 
sawdust, waste wood 

See Zn 

Explanations: Guiding values for ashes related to the biomass fuel ashed according to ISO 1171-1981 at 550 deg. C; 
analytical method recommended for ash analysis: pressurized acid digestion and inductively coupled plasma mass 
spectrometry (ICP) or flame atomic absorption spectrometry (AAS) detection; N and S analysis recommended: 
combustion/gas chromatographic detection; Cl analysis recommended: bomb combustion/ion chromatographic 
detection. d.b. = dry basis. 
 
 
Ash Content 
 
Another important variable to be aware of is ash content.  The ash content of a fuel is largely governed by 
the concentrations of ash-forming elements silicon (Si), calcium (Ca), magnesium (Mg), potassium (K), 
sodium (Na) and phosphorus (P).  K, P and Mg are plant nutrients, and Ca is a liming agent, making these 
elements important in the use of ashes as fertilizer.  They are also important in determining the optimum 
operating temperature for combustion systems, because they impact the melting temperature of ashes.  For 
example, Ca and Mg increase the melting temperature of ashes, while K and Na decrease it; Si, in 
combination with K and Na, can lead to the formation of low-melting silicates in fly-ash particles.  
Knowing the concentrations of ash-forming elements in biomass fuels is therefore important for controlling 
ash sintering, melting and slagging.  Furthermore, K and Na, in combination with Cl and S, play a major 
role in equipment corrosion. 
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Clean wood has a relatively low ash content, while some grassy fuels can have a much higher ash content; 
fuels contaminated with mineral impurities can also have high levels of ash (see Table 13). 
 
 
Table 13.  Ash Content by Fuel Type. Source: Leckner, et al (1993), as quoted in Loo, et al (2008). 
 

Fuel Type Ash Content as wt% (d.b.) 
Bark 5.0-8.0 
Woodchips w/ bark 1.0-2.5 
Woodchips w/out bark 0.8-1.4 
Sawdust  0.5-1.1 
Waste Wood 3.0-12.0 
Straw and Cereals 4.0-12.0 
Miscanthus 2.0-8.0 
Notes: Ash content measurement according to ISO 1171-1981 at 550 deg. C. 
Wood product ash values range from soft wood (lower ash content) to hard wood (higher ash content). 
 
 
Low ash content simplifies de-ashing, ash transport, storage, utilization and disposal, but can create bed 
inventory problems in some types of boilers.  High ash content fuels generally have higher dust emissions; 
burning fuels with high ash content will impact the selection and design of several system components 
including the heat exchanger, cleaning system and dust precipitation technology. 
 
 
Moisture Content 
 
In addition to the elements listed above, the moisture content will directly impact the heating value of the 
fuel, and can have implications for fuel handling and pretreatment.  Most smaller facilities will rely on their 
fuel supplier to deliver fuel that, while subject to expected seasonal fluctuations, meets agreed-upon 
standards for moisture content when averaged over a year.  However, when buying fuel from an unfamiliar 
source, the moisture content should be measured at the time of delivery to ascertain that it is within 
acceptable ranges.  On this basis, a calculation of net calorific value may be made.  The price paid for the 
fuel may also depend on the results of this calculation. 
 
For more information on biomass fuel characteristics, several online databases may be consulted.  These 
are: 
 

 BioBank, a project of the International Energy Agency, at www.ieabcc.nl 
 BIOBIB, a project of the Institute of Chemical Engineering, Fuel and Environmental Technology 

at the University of Technology, Vienna, Austria, at www.vt.tuwien.ac.at 
 Phyllis, a project of the Netherlands Energy Research Foundation, at www.ecn.nl/Phyllis 

 
Additional information is available from biomass resource organizations such as the Biomass Energy 
Resource Center (BERC), at www.biomasscenter.org/. 
 
 

6.5 PROJECT DEVELOPMENT 
 
In addition to those technology-specific topics already addressed, there are many more general factors to be 
taken into consideration when developing a direct or co-fired biomass facility.  These include siting and 
permitting processes, project financing, and energy offtake issues.  Because these aspects of development 
are common to many types of biomass projects, they are handled in the three crosscutting issues chapters 
(Chapters 1, 2 and 3). 
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CHAPTER 7: BIOMASS GASIFICATION 
 
 
This chapter provides an introduction to biomass gasification, including a discussion of the technology.  It 
also addresses key steps in the development of a successful biomass gasification project, including: 
 

 Technology Assessment 
 Site Selection Issues 
 Environmental and Permitting Requirements 
 Economic Feasibility and Financing 

 
 

7.1 BACKGROUND 
 
Gasification is an emerging technology that provides a way to transform solid biomass feedstocks into a 
combustible gas.  The process of gasification involves heating biomass at extremely high temperatures, but 
with insufficient oxygen to allow complete combustion of the fuel.  Under these conditions, the biomass 
solids break down to form synthesis gas, or syngas (producer gas, a related product, is created using a 
similar process, but at lower temperatures).  When these volatile fuel vapors are extracted from biomass, 
solids, such as ash and other small particulates, are left behind (see Gasification Process Primer, below, and 
Figure 8). The syngas can be cooled, cleaned, filtered, and then burned in a gas turbine, gas reciprocating 
engine, or steam turbine.  Syngas could potentially be used in a fuel cell as well, but this would require a 
costly gas purification system to ensure reliable fuel cell operation. 
 
The New York State RPS recognizes gasification as a method for processing adulterated biomass 
feedstocks into clean fuels. Adulterated biomass feedstocks are materials derived from woody or 
herbaceous biomass where a treatment or coating has been applied; and animal byproducts and wastes.  
Feedstocks in this category include landfill biomass, animal manures, source-separated waste wood, and 
biomass from mixed waste.  These feedstocks must undergo primary fuel conversion to biogas or biofuels 
before undergoing energy conversion.  For more information, see Chapter 1 – Crosscutting Issues: 
Environmental Regulations and permitting.  Also see the RPS Biomass Guidebook, available online at 
http://www.nyserda.org/rps/RPS_Biomass_Guide.pdf. 

While limited in the number of full-scale commercial installations, biomass gasification technologies have 
been used for thermal energy generation (primarily steam), electricity generation, mechanical power 
generation, and combined heat and power (CHP).  Gasifiers offer a flexible option for thermal applications, 
as they can be integrated with existing gas fueled devices such as ovens, furnaces, boilers, etc., where 
biobased syngas may replace fossil fuels.  Gasification technologies using biomass byproducts are popular 
in the pulp and paper industry where they improve chemical recovery and generate process steam and 
electricity at higher efficiencies and with lower capital costs than conventional technologies.  In some 
cases, additional processing of the syngas may produce liquid fuels.  Like other gaseous fuels, syngas gives 
greater control over combustion levels when compared to solid fuels, leading to more efficient and cleaner 
boiler operation. 

Of the three biomass technologies considered in this guidebook, biomass gasification is the least deployed 
and commercially available technology. However, it has great potential, and is anticipated to have 
widespread applicability once adequately proven to those specifying equipment for industrial and large 
commercial energy users. 
 
A 2004 study funded by the US Department of Energy and Oak Ridge National Laboratory examined the 
market for CHP using opportunity fuels.  This study identified a market potential of over 100 GW of 
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electricity from alternatively-fueled CHP (see Table 14).36  The greatest potential in both thermal 
generation and electric capacity was attributed to possible biomass gasification applications. 

 

Table 14.  Results Summary of the 2004 Study Examining the Market for CHP Using Opportunity 
Fuels. Source: US DOE, Oak Ridge National Laboratory, and Resource Dynamics Corporation. 
 

Fuel Potential Thermal Output 
(Estimated Trillion BTU/yr) 

Potential Electric Capacity 
(Estimated GW) 

Anaerobic Digester Gas 240 9.0 
Biomass Gas 2450 89.0 
Coalbed Methane 15 0.5 
Landfill Gas 82 3.0 
Tire –Derived Fuel 40 1.5 
Wellhead Gas 3 0.1 
Wood (Harvested) 270 10.0 
Wood Waste 220 8.0 

  
 
 
The opportunity represented by such market potential studies is compelling.  However, in order to realize 
the potential of alternative biomass fuels coupled with gasification technologies, developers must overcome 
design, siting, operational, and financing barriers. 

                                                           
36 Combined Heat and Power Market Potential for Opportunity Fuels, Resource Dynamics Corporation, 2004.  This 
study was funded by US DOE and ORNL.  It can be found at 
http://www.eere.energy.gov/de/pdfs/chp_opportunityfuels.pdf. 
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Gasification Process Primer 
 
Gasification converts carbonaceous materials, such as coal or biomass, into synthetic gas or syngas (a 
mixture of carbon monoxide and hydrogen), by reacting the raw material at high temperatures with a 
controlled amount of oxygen and/or steam. Gasification can be applied to many different types of organic 
materials. 
 
The advantage of gasification is that the syngas can be combusted more efficiently than direct combustion 
of the original fuel because it can be combusted at higher temperatures, so that the thermodynamic upper 
limit to the efficiency (defined by Carnot efficiency) is higher. Syngas may be burned directly in internal 
combustion engines, used to produce hydrogen or methanol, or converted (via the Fischer-Tropsch process) 
into synthetic liquid fuels. 
 
Gasification of fossil fuel is currently used on industrial scales to generate electricity. However, almost any 
type of organic material can be used as the feedstock for gasification.  Gasification can also begin with 
materials that are not otherwise useful fuels for direct combustion, such as organic waste. The high-
temperature combustion refines corrosive elements such as chloride and potassium, leaving them in the ash 
and allowing clean gas production from otherwise problematic fuels. 
 
Gasification relies on chemical processes at elevated temperatures >700°C, which distinguishes it from 
biological processes such as anaerobic digestion that produce biogas. 
 
In a gasifier, the carbonaceous material is first dried to achieve the desired moisture content.  It then 
undergoes several different processes: 
 
1.  Pyrolysis.  The pyrolysis process occurs as the carbonaceous particle heats up. Volatiles are released 
and char is produced. The process is dependent on the properties of the carbonaceous material and 
determines the structure and composition of the char. Biomass fuels are an ideal choice for pyrolysis 
because they have so many volatile components (70% to 85% on dry basis, compared to 30% for coal). 
 
2.  Combustion.  Possible intermediate combustion processes may occur as the volatile products and some 
of the char reacts with oxygen to form carbon dioxide and carbon monoxide, providing heat for the 
subsequent gasification reactions. 
 
3.  Gasification.  The gasification process occurs as the char reacts with carbon dioxide and steam to 
produce carbon monoxide and hydrogen.  In addition, the reversible gas phase water gas shift reaction 
reaches equilibrium very fast at the temperatures in a gasifier. This balances the concentrations of carbon 
monoxide, steam, carbon dioxide and hydrogen.  The primary categories of gasification are partial 
oxidation or indirect heating. 
 
In essence, a limited amount of oxygen or air is introduced into the reactor to allow some of the organic 
material to be "burned" to produce carbon monoxide and energy, which drives a second reaction that 
converts further organic material to hydrogen and additional carbon dioxide. 
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Figure 8.  The Gasification Process. 

 
 
 
 
Many aspects of a biomass gasification project are similar to the other biomass technologies covered in this 
guidebook.  Such crosscutting issues as fuel and feedstocks, environmental and permitting requirements, 
project financing and power offtake are covered in Chapters 1, 2 and 3 of this guidebook.  However, there 
are a number of issues specific to biomass gasification.  This chapter addresses these technology-specific 
issues. 
 
 

7.2 TECHNOLOGY DEVELOPMENT AND COMMERCIALIZATION 
 
Biomass gas is not yet widely used as an energy source because a cost-effective, efficient gasifier that 
produces high-quality gas has yet to be produced.  The capital cost for gasifiers is too high, but several 
companies are working to change that.  Near-term applications would generate power using a steam turbine 
in a stand-alone operation, or provide supplemental steam or combustion gas at an existing power plant. 
 
Several existing companies would be capable of installing and servicing systems in New York if market 
conditions encouraged gasification installations.  However, using gas turbines and combined-cycle plant 
layouts is currently considered higher-risk than a traditional power plant because of the market’s limited 
experience with the technology.  Before any advanced gasification installations could occur, performance 
guarantees and warrantees would need to be in place.  While no companies in New York have yet provided 
these vital securities, there are some currently working toward that goal.  Several companies are interested 
in testing the technology, although to date none have done so on a commercial scale in New York. 
 
One major player in this field is Taylor Recycling in Montgomery, New York.  Taylor Recycling’s affiliate 
Taylor Biomass Energy has been working on a proprietary indirect fluidized gasification system project for 
several years.  The originally proposed project was a 300 dry tons-per-day facility designed to use product 
gas in a steam boiler system with an electric generation output capacity of 11.5 MW.  The site design was 
changed to accommodate a combined cycle generating facility that includes not only a steam turbine 
generator but also a combustion turbine generator. With these changes, the overall efficiency of the system 
improved to the point that the power island has a gross output rating of approximately 24 MW.37  When 
completed, the Taylor Recycling project will be the largest biomass gasification installation in New York 
State (Taylor, 2009). 

                                                           
37 A decision was made to replace the gasification process that had been investigated with a process developed by 
Taylor Biomass Energy. This new process incorporated a gas conditioning reactor to improve the product gas stream by 
reducing the condensable tars by 90% and in the process, raise the hydrogen content in the gas to approximately 45%.  
Due to the increase in hydrogen, the heating value of the conditioned gas decreased from 450 Btu/scf to 375 Btu/scf, 
however the volume of gas produced increased and as a consequence the energy content production rate remained 
constant at approximately 133 dth/hour. 
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7.3 NEW YORK STATE MARKET/PROJECT EXPERIENCE 
 
There are limited numbers of gasifiers in operation in the U.S.  Most of the biomass gasifiers use mill and 
crop residues as fuel.  Of the non-biomass (fossil fuel) gasification applications, most are either large 
combined cycle turbine demonstration projects operating on coal (usually possible only through substantial 
government support), or small heating applications with crude gasification systems.  Coal-fed combined 
cycle gasifier applications over 50 MW have had some success, but they are generally too expensive for 
smaller industrial applications.  Some notable gasification projects have recently been announced by 
Johnson Controls, a major energy service company.38  However, those installations will be limited to 
boiler/steam turbine configurations. 
 
The two biggest hindrances to gasifier commercialization in the U.S. are the high capital costs of gasifier 
systems, and the lack of performance and reliability guarantees for gas turbines and engines operating on 
syngas.  In addition, syngas presents energy content and gas clean-up issues.  Several manufacturers of gas 
reciprocating engines, such as Caterpillar and Waukesha, have used landfill and digester gas, but have not 
yet used syngas in the U.S., although wood-derived syngas has been demonstrated in gas reciprocating 
engines by GE Jenbacher at several European installations. 
 
As new gasification systems are developed and installed, efficiencies should continue to increase, costs 
should be driven down, and technical risks will be addressed and mitigated.  State and local government 
initiatives, and the rising cost of fossil fuels, will also contribute to the development of future biomass 
gasification applications. 
 
If implemented, the Taylor project described above would be a significant milestone in the 
commercialization of biomass gasification projects. 
 
 

7.4 TECHNOLOGY STATUS: COMMERCIAL MATURITY AND NEW DEVELOPMENTS  
 
 
7.4.1  Commercial Maturity 
 
Compared with direct and co-fired biomass systems, gasification is not yet an established commercial 
technology, but there is great interest in the development and demonstration of gasification.  One reason is 
that a gaseous fuel is more versatile than a solid fuel, as it can be used in boilers, process heaters, turbines, 
engines and fuel cells, distributed in pipelines, and blended with natural gas or other gaseous fuels. 
 
Some gasification technologies using biomass and black liquor have developed to the point of large-scale 
demonstration.  However, gasifier systems have not reached widespread commercial availability for 
systems suitable for integration with hydrogen separation technologies for fuel cells or fuel synthesis. This 
is due in part to areas of fuel chemistry that are not established enough to support commercial 
demonstration programs and facilitate the development and scale-up of advanced gasifiers and gas cleanup 
systems.  However, it should be noted that the Taylor Recycling project has been redesigned to use Solar 
Turbine gas turbines in a combined cycle configuration for much greater electricity production than 
originally planned. 
 
With respect to engine-based systems in the size range covered in this guide, Nexterra has announced a 
partnership with GE Jenbacher to offer equipment configured for CHP plants in the 2-10 MW range that 
                                                           
38 Johnson Controls (JCI) has announced a partnership with Nexterra for developing projects that use Nexterra’s fixed 
bed updraft gasifier.  JCI/Nexterra installed a gasification system at the University of South Carolina. The resulting fuel 
is used in a combined heat and power system that creates 1.38 MW of electric power. The gasifier runs on wood 
residue with a moisture content of 25-55%.  JCI, in an Energy Service Performance Contract with DOE, has plans to 
install a gasifier from Nexterra at Oak Ridge National Laboratory. The syngas produced by the gasifier will be coupled 
with a DOE-supported Super Boiler to provide 60,000 lbs/hr of steam to fulfill the lab’s thermal needs. The fuel is 
wood residue with a moisture content of 10-50%. It is scheduled to be operational by late 2009. 
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use a Nexterra gasifier and a GE Jenbacher engine to produce power and heat at 60% efficiency.  Nexterra 
is offering its gasifier technology only and not a turnkey package.  The integration with other key 
components (e.g., fuel handling and treatment), the facility and the electrical grid is not offered. The system 
integrator role must therefore fall to the project developer, engineering procurement and construction, or 
host energy consumer organizations.  These entities often perceive too much risk in using gasifier 
technology beyond the proven steam generation application.  To overcome this perception of risk, project 
developers and engineering procurement and construction firms are in need of demonstration data on 
sustained integrated performance that meets technical, environmental, and safety requirements at a 
sufficiently large scale.  Such demonstration data is essential to support gasification commercialization. 
 
Biomass gasification research and development is continuing in several key areas: 
 

 Feed Pretreatment 
 Gasification 
 Gas Cleanup and Conditioning 
 Syngas Utilization 
 Process Integration 
 Sensors and Controls 

 
 
7.4.2 Recent Developments 
 
This section summarizes two biomass gasification technologies that have made recent advances in 
commercialization in the U.S.  These projects offer many lessons learned, both for developers of biomass 
projects and for permitting agencies, with respect to feedstock assessment, RPS eligibility, environmental 
compliance and technology scaling for projects in the size range (<10 MW) considered in this guidebook. 
 
 
Taylor Recycling 
 
The Taylor gasification technology is an indirectly-fired circulating fluidized bed gasifier.  It is based on 
knowledge gained at a pilot scale system built by FERCO at the McNeil Plant in Burlington, VT.  The 
technology strategy has been to build off of the success of the DOE-supported FERCO technology, expand 
the range of possible feedstocks, and broaden the system design so that it works not just with boiler/steam 
turbines, but also with other practically available generating equipment, such as gas turbines (see Figure 9). 
 
The Taylor project takes a novel approach to addressing the concentration of contaminants contained in the 
synthesis gas produced.  This has been a significant limitation to the widespread use of biomass gasification 
for power or synthesis applications. The contaminants consist, primarily, of condensable hydrocarbons 
(tars) that restrict heat recovery from the gases and cause fouling of downstream equipment.  Previously, 
the most prevalent solution to this has been to limit the use of the hot syngas in boilers or other similar 
direct combustion devices. However, this restricts the potential efficiency of such systems and virtually 
eliminates both the use of high efficiency power production via gas turbines, and the use of the gas for 
synthesis.  To avoid these drawbacks, Taylor has developed an advanced, indirectly heated gasification 
process that effectively converts the tars in the gas to non-condensable, lower molecular weight species. 
This allows a higher level of the sensible energy contained in the synthesis gas to be recovered while 
simplifying any secondary conditioning of the gas that might be necessary. 
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Figure 9.  Taylor Gasification Process. Source: Taylor Biomass Energy, LLC. 
 
 

 
 
 
In the gasifier, biomass is contacted only by the heat carrying material, and steam. No air or oxygen is 
added so there are no combustion reactions taking place, providing environmental advantages. The biomass 
is rapidly (in less than one second) converted into medium calorific value gas (14-17 MJ/Nm

3
) at a 

temperature of approximately 850oC.  Any unconverted material, along with the cooled heat transfer 
material, passes through the gasifier and is separated from the product gas. The product gas continues to the 
gas conditioning step prior to any final gas cleanup that might be needed, while the solids are conveyed into 
the process combustion reactor. 
 
In the combustion reactor, air is introduced.  This consumes the char and, in the process, reheats the sand to 
approximately 1000oC.  In the combustion reactor all remaining carbon is consumed, resulting in a carbon-
free ash. Due to the combustion conditions and the fact that the unconverted material is essentially carbon, 
emissions are low from this step in the process. The reheated solids are separated from the flue gas and 
returned to the gasification reactor. Ash is removed from the flue gas, resulting in a high temperature 
(1000oC) clean gas stream, available for heat recovery. 
 
The gas conditioning reactor is the key element of the Taylor Process that provides enhanced gas 
compositions along with the improved heat recovery potential. Within the gas conditioning reactor, the 
product gas contacts the high temperature solids (1000oC) providing an optimum environment for steam 
reforming of the tars. The tars are converted to lower molecular weight compounds that augment the 
quantity of synthesis gas produced. 
 
The additional residence time provided by the gas conditioning reactor in the presence of a catalytic 
medium (the hot circulating solids) allows the synthesis gas to reach water gas shift equilibrium. As a result 
the hydrogen content of the synthesis gas is enhanced compared to other biomass gasification processes 
(Taylor, 2009). 
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Nexterra 
 
Nexterra’s gasification technology is intended to provide a clean, versatile and low cost means of 
converting wood and other solid fuels into syngas to produce heat and power at plant-scale applications. 
Nexterra initially developed gasification systems to displace natural gas at saw mills, panel board plants, 
pulp and paper mills, and institutional facilities using wood fuel.  Future applications include next 
generation systems that are capable of operating on coal and other low cost fuels. 
 
Nexterra’s technology is a fixed-bed, updraft gasifier.  Fuel, sized to three inches or less, is bottom-fed into 
the center of the dome-shaped, refractory lined gasifier.  Combustion air, steam and/or oxygen are 
introduced into the base of the fuel pile. As fuel enters the gasifier, it moves through progressive stages of 
drying, pyrolysis, gasification and reduction to ash. Combustion air (20 - 30% of stoichiometric), steam 
and/or oxygen are introduced through the inner and outer cone into the base of the fuel pile.  Partial 
oxidation, pyrolysis and gasification occur at 1500 — 1800 °F, and the fuel is converted into syngas and 
non-combustible ash.  The process is maintained by simultaneous control of combustion air and fuel feed 
rate. Combustion temperatures in the fuel pile are tightly controlled and kept below the ash melting 
temperatures to ensure that there is no formation of “clinker” and that the ash flows freely.  The ash 
migrates to the base of the gasifier and is removed intermittently through an automated in-floor ash grate. 
Syngas exits the gasifier at 500 — 700°F.  The syngas can be combusted in a close coupled oxidizer with 
the resulting flue gas directed to heat recovery equipment such as boilers, thermal oil heaters, air-to-air heat 
exchangers, and turbines.  A diagram of this system is shown in Figure 10. 
 
Nexterra is also developing systems to directly fire syngas in industrial boilers, kilns, dryers and other 
equipment. 
 
Figure 10.  Nexterra Fixed-Bed Updraft Gasifier. Source: Nexterra. 
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Nexterra has partnered with Johnson Controls, an energy services company, and GE Jenbacher, a gas 
reciprocating engine manufacturer.  In partnership with Johnson Controls, Nexterra has been awarded 
biomass gasification projects at the University of South Carolina (1.4 MW CHP plant fueled by wood 
residue, now in operation) and US DOE’s Oak Ridge National Laboratory (coupled with the DOE funded 
Cleaver-Brooks Super Boiler, Nexterra’s gasifier will produce 60,000 lb/hr of saturated steam and displace 
fossil fuels currently in use).  Nexterra has also announced that its biomass gasification system at Dockside 
Green is now operational and providing heat and hot water to residents of a green development in Victoria, 
British Columbia.  In addition, it was recently announced that the University of Northern British Columbia 
will install a Nexterra biomass gasification system to heat its Prince George campus. 
 
 
 

7.5 ENVIRONMENTAL/PERMITTING ISSUES  
 
Biomass gas, when produced in an efficient, state-of-the-art gasifier, burns as cleanly as natural gas. 
Emissions from biomass gas combustion include SO2 and NOx particulates, Hg, CO, and CO2.  The types 
of particulates and contaminants present in biomass gas will depend on the quality and type of gasifier 
used, and the feedstock. Some types of biomass, especially when used in certain types of gasifier systems, 
produce a great deal of tar that must be removed. 
 
Generally, biomass gasification emissions levels are similar to those from conventional natural gas turbine 
facilities and slightly higher than those from natural gas combined-cycle applications.  They are 
substantially lower than those from coal-fired power plants, co-firing applications, and direct-fire biopower 
applications.  Mercury emissions from the combustion of gasified biomass are low compared to coal 
combustion.39  Life cycle greenhouse gas emissions from the combustion of gasified biomass are either 
small or negative, depending upon the biomass resource used.  See Chapter 1 - Crosscutting Issues: 
Environmental Regulations and Permitting, and appendices for more information on emissions and 
permitting requirements. 
 
 
 

7.6 TECHNOLOGY ASSESSMENT 
 
 
7.6.1 Energy Conversion 
 
In electricity generation and CHP applications, gasifiers can be integrated with boiler/steam turbines, gas 
turbines, and spark-ignited gas reciprocating engines. 
 
 
Firing in Boilers or Heat Applications 
Firing the raw gas in boilers or heat applications, such as kilns after removal of dust and particulates, is the 
simplest application since the gas is kept hot and the tar problem is avoided. This market is one where all 
types of gasifiers can compete. For these applications, low tar content is not essential if the wall 
temperature of the gas pipe system can be maintained above the level where tars condense. 
 
Gas Turbine Operation 
Gas turbines operate at very high temperatures, up to 850° C. Some of the compounds formed from ash 
forming elements in the biomass exit the gasifier in a gaseous or liquid state. Also, at low concentrations of 
such compounds in the hot gas entering the turbine, severe deposition and corrosion (for instance on turbine 
blades) can be expected. Possible solutions to this problem include operation of the gas turbine at low inlet 
temperature, gas cleaning for removal of the troublesome compounds or gasification under conditions 
where the formation of these compounds is minimized. 
 

                                                           
39 US Environmental Protection Agency, AP 42, Fifth Edition - Compilation of Air Pollutant Emission Factors, 
Volume 1: Stationary Point and Area Sources, and US EPA eGRID 
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Engine Operation 
For engine operation, the dust content in the gas should be as low as possible. Spark ignition engines can be 
operated on 100% producer gas. Compression engines (diesel engines) require at least 10-20% diesel oil to 
bring about ignition of the gas. In both cases a down-rating of the engine should be expected. 
 
Neither engines nor turbines can tolerate tar in the gas, although work is ongoing to develop more tolerant 
engines.  Thus, it is the responsibility of the gasification operator to deliver clean gas. 
 
Conditioning and cleanup of the syngas will likely be required for reliable operation with the suite of 
generation prime movers in the <10 MW size range.  Prime movers have been operated using some 
medium heating value biogas, but there is not much collective experience with this fuel.  Many equipment 
providers will not guarantee performance, emissions, or reliability of their equipment if it is run on gasified 
biomass fuel.  Operation on low heating value biogas and the effects of impurities on prime mover 
reliability and longevity need to be demonstrated before commercial guarantees are offered as a normal 
course of business.   Until that is the case, it can be expected that the majority of biomass gasification 
projects will continue to be for thermal energy/steam generation.40 
 
 

7.6.2 Gasifier Types 
 
Two principal types of gasifiers have emerged: fixed bed and fluidized bed. Fixed bed gasifiers are 
typically simpler, less expensive, and produce a lower heat content syngas. Fluidized bed gasifiers are more 
complicated, more expensive, and produce a syngas with a higher heating value. Within those types, there 
are further distinguishable biomass gasifier types.  Each has its own set of advantages and disadvantages.  
The basic types are listed below: 
 

 Updraft Fixed Bed 
 Downdraft Fixed Bed 
 Bubbling Fluidized Bed 
 Circulating Fluidized Bed 
 Entrained Flow Fluidized Bed 

 
 
Each type has advantages and disadvantages, which are identified in Table 15.  Diagrams of several of the 
more common types of gasifiers are shown in Figure 11. 
 

                                                           
40 This points to a potential role of support for both NYSERDA and the US DOE.  Since the gas turbine and gas 
reciprocating engine markets are driven by natural gas as the primary fuel source, there is justifiable concern about the 
future availability of gas turbines and gas engines for gasification applications; it will be important to keep prime 
mover combustion and control system development in sync with developments in the gasification and biomass 
industries. 
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Figure 11.  Gasification Pathways. Source: National Renewable Energy Laboratory. 
 
 
 
 
 
 
 
 
 

Fixed Bed 

Fluidized Bed 
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Table 15.  Advantages and Disadvantages by Gasifier Type.  
 
 

Gasifier Type Advantages Disadvantages 
Fixed Bed -  
Mostly for small scale applications.  Fixed-bed gasifiers typically have a fixed grate inside a refractory-lined shaft. The 
fresh biomass fuel is placed on top of the pile of fuel, char, and ash inside the gasifier.  Fixed-bed gasifiers come in 
Updraft and Downdraft types. 
Updraft - Biomass is introduced 
from the top and moves downward. 
Oxidizer (air) is introduced at the top 
and flows downward. Syngas is 
extracted at the bottom at grate level. 

 Mature for heat  
 Small scale applications 
 Can handle high moisture  
 No carbon in ash  

 Feed size limits  
 High tar yields  
 Scale limitations  
 Producer gas  
 Slagging potential  

Down Draft - Biomass is introduced 
from the top and moves downward. 
Oxidizer is introduced at the bottom 
and flows upward. Some drying 
occurs. Syngas is extracted at the top.  

 Small scale applications  
 Low particulates  
 Low tar  

 Feed size limits  
 Scale limitations  
 Producer gas  
 Moisture sensitive  

Fluidized Bed -   
The primary gasification process takes place in a bed of hot inert materials suspended by an upward motion of oxygen-
deprived gas. As the amount of gas is augmented to achieve greater throughput, the bed will begin to levitate and 
become “fluidized.”  
Fluidized bed gasifiers can be designed to use a portion of the pyrolysis gases to generate the heat to drive the process, 
or they can be externally fired.  Sand or alumina is often used to further improve the heat transfer.  Notable benefits of 
fluidized bed devices are their high productivity (per area of bed) and flexibility. Fluidized bed gasifiers can also 
handle a wider range of biomass feedstocks with moisture contents up to 30% on average.  Fluidized bed gasifiers 
come in Bubbling, Circulating and Entrained Flow types. 
Bubbling - At the lower end of 
fluidization, the bed expands and 
begins to act as a fluid. As the 
velocity is increased, the bed will 
begin to “bubble.” 

 Large scale applications 
 Feed characteristics 

Direct/indirect heating  
 Can produce syngas  

 Medium tar yield  
 Higher particle loading  

Circulating - With a further increase 
in airflow, the bed material begins to 
lift off the bed. This material is 
typically separated in a cyclone and 
“recirculated” to the bed. 

 Large scale applications 
 Feed characteristics  
 Can produce syngas  

 Medium tar yield  
 Higher particle loading  

Entrained Flow - With still higher 
velocities, the bed material is 
entrained (i.e., picked up and carried 
off in the airflow). 

 Can be scaled  
 Potential for low tar  
 Can produce syngas  

 Large amount of carrier gas 
 Higher particle loading  
 Particle size limits  

 
 
The vast majority of manufacturers with commercial products offer fixed bed downdraft designs. 
Approximately 20% of the designs are fluidized bed systems. For large scale applications, the preferred and 
most reliable system is the circulating fluidized bed gasifier.  For small scale applications, downdraft 
gasifiers are preferred. 
 
There is still a considerable amount of development activity underway to address technical barriers and 
operational issues (See Table 16). 
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Table 16.  Technical Barriers and Operational Issues. 
 

Hydrogen 
Separation 

Some gasification technologies using biomass and black liquor have developed to the point of large-
scale demonstration. However, gasifier systems have not reached widespread commercial availability 
for systems suitable for integration with hydrogen separation technologies for fuel cells or fuel 
synthesis. This is due in part to areas of fuel chemistry that are not established enough to support the 
commercial demonstration programs and facilitate the development and scale-up of advanced 
gasifiers and gas cleanup systems. 

Syngas 
Cleanup and 
Conditioning 

The raw gases from biomass systems do not currently meet strict quality standards for downstream 
fuel, chemical synthesis catalysts, or those for some power technologies. These gases require cleaning 
and conditioning to remove contaminants such as tar, particulates, alkali, ammonia, chlorine, and 
sulfur.  Available cleanup technologies do not yet meet the needed cost, performance, or 
environmental criteria needed to achieve commercial implementation. 

Sensors and 
Controls 

Development of effective process controls is needed to maintain plant performance and emissions at 
target levels with varying load, fuel properties, and atmospheric conditions. New sensors and 
analytical instruments are under development to optimize control systems for thermochemical 
systems. 

Process 
Integration 

As with all new process technologies, demonstrating sustained integrated performance that meets 
technical, environmental, and safety requirements at a sufficiently large scale is essential to 
supporting commercialization. Applications such as black liquor integration in paper mills have the 
added complexity of being attached to an existing commercial process where the unit operations 
associated with steam production, power, pulping, and chemical recovery must all be integrated. 

Containment 
(materials of 
construction) 

Experience with existing gasifiers indicates that gasification reactions are difficult to contain. 
Development of materials for reactor shells and internals, refractory materials to line containment 
vessels, vessel design, and increased knowledge of bed behavior and agglomeration should improve 
performance over the long term. 

 
 
 
 

7.7 SITE SELECTION ISSUES 
 
This section focuses on site selection and integration issues specific to biomass gasification.  Site selection 
issues relevant to biomass projects in general are covered in Chapter 1 – Crosscutting Issues: 
Environmental Regulations and Permitting. 
 
There have been a very limited number of actual commercial installations of biomass gasification systems 
in New York State and the United States on which to develop a clear set of industry “best practices.”  
However, it is clear, based on the experience of gasification technology providers, project developers, 
engineering firms, and energy users who have considered biomass gasification, that successful integration 
of the project with the site is the primary goal and challenge of site assessment/selection.  Successful 
integration results in both economically and technically viable projects. 
 
Site selection for biomass gasification projects should be undertaken with the understanding that a full State 
Environmental Quality Review (SEQR) and Storm Water Management Pollution Prevention Plan (SWPPP) 
will be required.  These were the major permitting activities associated with the Taylor Recycling Project. 
 
Because commercial site selection and permitting experience for biomass gasification projects is so limited, 
excerpts from the Taylor Recycling project permits are reproduced below.  These give a good idea of the 
regulatory and permitting hurdles a project is likely to face.



7-14 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Taylor Recycling SWPPP and Construction Activity General Permit Example 
 
The Taylor Recycling site is served by a number of ponds. The ponds are so situated that through 
the use of ditches, piping, culverts the water produced during storms is directed to these ponds. 
These ponds will be expanded to create protected areas to comply with Corps of Engineer’s 
requirements for wetland mitigation.  The ponds take up a surface area of approximately three 
acres and are covered in the General Permit to construct under a specific Storm Water Pollution 
Prevention Plan (SWPPP). The General Permit sets forth the industry accepted best practices that 
must be followed during and after actual construction on site. 
 
SWPPP was prepared in support of a Notice of Intent (NOI) for a SPDES Construction Activity 
General Permit. The NOI is submitted to the NYDEC. As covered in the NOI, the construction 
area on the 95 acres of property includes approximately seven acres. 
 
The application requires the following information: 
 

 Site coordinates using the DEC interactive map. 
 Nature of the construction. 
 Existing and post land use (residential, commercial, industrial…). 
 Whether the property is used for any agricultural purposes, is a remediation site, or has 

state ownership. 
 How many acres will be disturbed and the types of soil present on the site. 
 Duration of construction. 
 Tributaries into which the water flows. 
 Existing systems into which the water may enter. 
 May the storm water enter a combined sewer? 
 DEC authorized Erosion and Sedimentation Control by DEC Blue Book. 
 In conformance with the DEC design manual, a listing of Post Construction Storm Water 

Management Practices. 
 A listing of all the erosion control and sedimentation control practices used on the site 
 Specific details on storm water management practices 
 A listing of pre and post construction impervious areas 
 A listing of all the post construction storm water control devices installed 
 Storm water discharge points from the site 
 Other DEC permits that will be required as part of the construction. 
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Taylor Recycling – Qualifying Gasified MSW in NYS RPS 
 
The proposed project was qualified under the New York State Renewable Portfolio Standard 
(RPS) for sorted and separated biomass from various sources of fuel such as Construction and 
Demolition (C&D) material as well as Mixed Solid Waste (MSW). Qualification requires 
sorting and separating along with gasification with emissions that are less than or equal to 
[those from] unadulterated biomass. 
 
In regard to this qualifying standard, Taylor collected over a thousand pounds of MSW from 
the Orange County New Hampton Transfer Station in Goshen. This material was sorted and 
separated.  The biomass portion was sent to Toll Manufacturing in New Jersey for pelletizing. 
The pelletized material was then sent to the National Renewable Energy Laboratory (NREL) 
in Golden Colorado for Toxicity Characteristic Leaching Procedure (TCLP) and gasification 
process testing.  These tests took place in NREL’s pilot scale gasifier, which was configured 
to accurately simulate the operational characteristics of the Taylor gasifier. Tests for material 
received indicated that the gasifier would produce medium calorific gas capable of being 
compressed for direct injection into a combustion turbine.  Ash recovered after the testing 
was subjected to TCLP testing and results showed no component approaching regulatory 
standard limits. 
 
Eighty-seven percent of the MSW received from Orange County could be used in the 
gasification process. However, almost 20% of this 87% are plastics or plastic based materials. 
Most concerning is the fact that such material, even if not accounted for in the production of 
renewable energy, may not be part of the fuel mix to qualify under the RPS. Thus a 
substantial proportion of the material coming in will need to be excluded if the fuel is to 
qualify under the NYS RPS. 
 
The material tested at NREL had an actual Btu content per pound of 7,870 as tested. By 
weight of the material, the plastics, textiles, and styrofoam made up 20% of the material that 
could be used in the gasifier. This plastics based material is very high in Btu content with an 
estimated value of 18,000 Btu/pound.  Remaining material without the plastics had a Btu 
content of 5338 Btu/pound. Thus by weight 20% of the material coming from plastics 
provided 46% of the heating value, so eliminating plastic material from the MSW would 
produce a significant reduction in the heating value of the fuel. 
 
An evaluation is needed to determine whether the additional MSW to fuel the gasifier and sell 
RECs justifies eliminating the plastics in the fuel supply. 
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7.8 ECONOMIC FEASIBILITY AND PROJECT FINANCING 
 
Financing is a key part of the entire project development process.  In most respects, financing a biomass 
gasification project is similar to financing other biomass projects.  However, developers of gasification 
projects should be aware that financiers may well assign greater risk to a technology that is both capital 
intensive and not fully commercialized. 
 
For a detailed discussion of the financing process, see Chapter 2 – Crosscutting Issues: Financing.  A 
financial case study is presented in Appendix 3.



8-1 
 

REFERENCES 
 
2008 Local Law No. 76. http://www.nyc.gov/html/dob/html/reference/code_internet.shtml. 
 
USEPA-AgSTAR.  www.epa.gov/AgStar. 
 
ASTM International Committee E50. ASTM E 1528 – Practice for Limited Environmental Due Diligence. 
http://store.ihs.com/specsstore/controller?event=LINK_SEARCH&search_value=astm%20e%201528&mid
=w092. 
 
Bayerische Landesanstalt fur Landwirtschaft. Biogasausbeuten verschiedener Substrate. 
http://www.lfl.bayern.de/ilb/technik/10225/?sel%20list=26%2Cb&strsearch=&pos=left. 
 
Cornell Waste Management Institute. Composting. http://cwmi.css.cornell.edu/composting.htm. 
 
Badger, Phillip C. 2002. Processing Cost Analysis for Biomass 
Feedstocks. ORNL/TM-2002/199. http://bioenergy.ornl.gov/main.aspx (search by title or 
author). 
 
Basu, P. 2006. Combustion and Gasification in Fluidized Beds. Journal of Hazardous Materials. 138 (2): 
416. 
 
Bavarian State Institute for Agriculture. 
www.lfl.bayern.de/ilb/technik/10225/?sel%20list=26%2Cb&strsearch=&pos=left 
 
Benson, Derek. Treesource Solutions/Catalyst Renewables. 
 
Doshi, K. (Program Director at Biomass Energy Resource Center). 2009.  Interview with the author. 
 
ECCNYS 2007.  http://www.dos.state.ny.us/code/energycode/Code.htm. 
 
Energy Research Center of the Netherlands. ECN-Biomass. http://www.ecn.nl/phyllis/. 
 
Financial Times. April 18, 2009. 
 
German Biogas Association. http://www.biogastagung.org/en/. 
 
Gerrard, Michael B. 1997. “Municipal Powers Under SEQRA,” New York State Bar Journal. 
 
Gray, Donald, Paul Suto and Cara Peck. 2008. “Anaerobic Digestion of Food Waste.” EPA-R9-WST-06-
004 Final Report.  Prepared by East Bay Municipal Utility District. 
www.epa.gov/region/waste/organics/ad/EBMUDFinalReport.pdf. 
 
Griffin, Mary, Jeffery Sobal, and Thomas Lyson. 2008. An Analysis of a Community Food Waste Stream. 
www.springerlink.com/content/mr5517258x451262/. 
 
H.R. Res. 1, 111th Cong. (2009) (enacted). 
 
International Energy Agency. Bioenergy Task 32. http://www.ieabcc.nl/.  
 
Keoleianan, G.A. and T. A. Volk. 2005. Renewable Energy from Willow Biomass Crops: Life Cycle 
Energy, Environmental and Economic Performance. Critical Reviews in Plant Sciences.  
 
New York City Department of Environmental Protection. 
http://www.nyc.gov/html/dep/html/home/home.shtml. 
 
New York City Department of Sanitation. http://www.nyc.gov/html/dsny/html/home/home.shtml. 



8-2 
 

 
New York State Department of Environmental Conservation; Solid Waste Management Facilities. 
www.dec.ny.gov/chemical/8495.html. 
 
New York State Energy Research and Development Authority. www.nyserda.org. 
 
New York State Energy Research and Development Authority. 2006. New York State Renewable Portfolio 
Standard: Biomass Guidebook. http://www.nyserda.org/rps/RPS_Biomass_Guide.pdf. 
 
New York State Online Citizens’ Guide.  
http://www.nysegov.com/citGuide.cfm?ques_id=1403&superCat=28&cat=5&content=relatedFAQs 
 
New York State. What is a critical environmental area?. 
http://www.nysegov.com/citGuide.cfm?ques_id=1403&superCat=28&cat=5&content=relatedFAQs. 
 
Nexterra, Gasification Technology, http://www.nexterra.ca/technology/index.cfm. 
 
Oregon State University. Oregon Wood Innovation Center. http://owic.oregonstate.edu/biomass.php. 
 
ProCon.org. State by State Dairy Cow Emissions. http://milk.procon.org/. 
 
Pronto, Jennifer Lynne. 2009. Cornell Department of Biological and Environmental Engineering. Personal 
communication. 
 
Ragland, K.W., L.D. Ostlie, and D.A. Berg. 2005. Whole Tree Energy Power Plant. 
http://www.mrec.org/confer/2005_WholeTreeEnergy.pdf. 
 
State University of New York College of Environmental Science and Forestry. Biomass. 
http://www.esf.edu/willow/. 
 
Stoffdaten. Gärtechnik und gesetzliche Grundlagen. Vergärung organischer Reststoffe in landwirt-
schaftlichen Biogasanlagen 
 
Taylor Biomass Energy, LLC. Technology. 
http://www.taylorbiomassenergy.com/TBE%20Technology.htm. 
 
United Nations Food and Agriculture Organization. 2009. The potential use of wood residues for energy 
generation. http://www.fao.org/docrep/T0269E/t0269e08.htm. 
 
United States Department of Agriculture. Rural Energy for America Program. 
 
United States Department of Energy. 2004. Combined Heat and Power Market Potential for Opportunity 
Fuels. http://www.eere.energy.gov/de/pdfs/chp_opportunityfuels.pdf. 
 
United State Department of Energy. 2006. Biomass Energy Databook. 
 
United States Department of Energy. Industrial Technologies Program. 
http://www1.eere.energy.gov/industry/bestpractices/. 
 
United States Department of Energy. Industrial Technologies Program 2004. Steam Tip Sheet #22. 
http://www.nrel.gov/docs/fy04osti/36924.pdf. 
 
United States Department of Energy. Industrial Technologies Program. 2006. Steam Tip Sheet #20. 
http://www.nrel.gov/docs/fy06osti/39322.pdf. 
 



8-3 
 

United States Department of Energy. Industrial Technologies Program. Improving Steam System 
Performance: A Sourcebook for Industry. 
http://www1.eere.energy.gov/industry/bestpractices/pdfs/steamsourcebook.pdf. 
 
United States Environmental Protection Agency. Anaerobic Digestion of Food Waste – Funding 
Opportunity No. EPA-R9-WST-06-004 Final Report. 
 
United States Environmental Protection Agency. The AgSTAR Program. http://www.epa.gov/agstar/. 
 
Van Loo, Sjaak, and Jaap Koppejan, eds. The Handbook of Biomass Combustion & Co-firing. London: 
Earthscan, 2008. 
 
Veijonen, Kati, Pasi Vainikka, Timo Jarvinen, and Eija Alakangas. 2003. Biomass Co-Firing – An Efficient 
Way to Reduce Greenhouse Gas Emissions. 
http://ec.europa.eu/energy/renewables/studies/doc/bioenergy/0000_cofiring_eu_bionet.pdf. 
 
Vienna University of Technology.  Institute of Chemical Engineering. http://www.vt.tuwien.ac.at/. 
 
Wright, Peter. 2001.  “Overview of Anaerobic Digestion Systems for Dairy Farms.”  Natural Resource, 
Agriculture and Engineering Service (NRAES-143).  
www.manuremanagement.cornell.edu/Docs/Overview%20of%20AD%20for%20Dairy%20Farms%20-
%20Wright%202001.pdf. 
 
Yarano, Daniel, Christina Brusven.  “Windustry’s Community Wind Toolbox: Chapter 13, Power Purchase 
Agreements.”  http://windustry.advantagelabs.com/sites/windustry.org/files/PowerPurchaseAgreement.pdf.



A-1 
 

APPENDIX A: ENVIRONMENTAL COMPLIANCE 
 
 
This Appendix summarizes the environmental impact characteristics of small to medium scale applications 
of the three biomass technologies addressed by this Guidebook; and it addresses the environmental review 
framework in place for all such projects in the State of New York. 
 
 

Agricultural digesters 
 
In New York, at this writing, there are at least 16 farms using agricultural digesters. The plug-flow type is 
most prevalent, but there are also several other types in use, including complete mix and hybrid systems 
(mixed and plug-flow). 
 
Anaerobic digestion results in a reduction of volatile solids, fixed solids, chemical oxygen demand, soluble 
chemical oxygen demand, volatile acids, Kjeldahl nitrogen, organic nitrogen, and phosphorus.  The effluent 
from agricultural digesters can be used as animal bedding or fertilizer to further reduce its environmental 
impact.  Specifically, the effluent can be spread in warmer months when the fields are dryer and nutrient 
uptake is at its maximum.  This will improve water quality, because the nutrients are in their organic forms 
and can easily be taken up by plants resulting in less runoff (Wright, 2001). 
 
GHG air emissions are significantly reduced by agricultural digestion.  Depending on the type of digester, 
methane may be reduced by as much as 12.87CO2e T/animal/yr. 
 
Digesters may also help control water pollution.  Pathogens including fecal coliforms, fecal streptococcus, 
and M. avium paratuberculosis have been shown to be significantly reduced when digesters are used as part 
of a manure management system.  Oxygen demand has also been show to be reduced.  This lessens the 
depletion of dissolved oxygen in surrounding waters. 
 
Agricultural digesters can also reduce manure odors, by up to 97%.   
 
Although beneficial in many respects, the effluent from agricultural digesters has been shown to result in an 
increase in ammonia nitrogen, which increases water toxicity.   Another concern is the release of volatilized 
ammonia into the air; to ensure that this is kept to a minimum, the crust over any manure storage lagoons 
should be well maintained. 
 
There can also be safety issues associated with agricultural digesters.  Biogas is highly corrosive and 
flammable.  To prevent safety hazards the biogas storage and use system needs to be constructed according 
to standard engineering practices for handling a flammable gas (Natural Resources Conservation Service 
Conservation Practice Standard 2005).  Another potential problem is human exposure to H2S, which can be 
fatal.  However this problem can easily be mitigated by ensuring that plant operators have proper H2S 
hazard training (Martin, 2008). 
 
The environmental impacts of agricultural digesters are summarized in Table 17. 
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Table 17.  Environmental impacts of an agriculture digester facility. 
Environmental 
Characteristic Impact Environmental Footprint Level of 

Significance 

Possible 
Mitigation of 

Impacts 

Additional 
Notes 

Solid Waste 
Emissions 

Digester 
performance 
(% reduction 
from influent 
to effluent) 

Digester Type Farm A: 
Plug-flow  

Farm B:  
Covered 
Lagoon 

Farm C: 
Mesophilic 
intermittently 
mixed   

Total Solids 21.5 21.7 35.4  

  Total volatile 
solids 29.7 26.3 39.6 

Reduction in 
total volatile 
solids, 
chemical 
oxygen 
demand and 
volatile acids 
causes 
reduction in 
odor 

Fixed solids nsd 16.5 31.1 - 

Mitigation of 
solid waste 
from digester 
through its 
application as 
a fertilizer or 
as animal 
bedding. 

Nutrients 
are released 
from their 
organic state 
and are 
much more 
readily 
available to 
plants 
during the 
growing 
season, 
initially as 
ammonia 
but quickly 
converted to 
soluble 
nitrate. The 
filtrate, 
being less 
viscous, 
does not 
stick to 
leaves and 
does not 
suppress 
plant 
respiration 

Chemical oxygen 
demand 41.9 26.8 38.5 

Reduction in 
total volatile 
solids, 
chemical 
oxygen 
demand and 
volatile acids 
causes 
reduction in 
odor 

Soluble chemical 
oxygen demand 
 

30 
 

28.1 
 

58.8 
 

- 
 

Total volatile 
acids 86.1 74.0 87.8 

Reduction in 
total volatile 
solids, 
chemical 
oxygen 
demand and 
volatile acids 
causes 
reduction in 
odor 

  

Total Kjeldahl 
nitrogen nsd nsd nsd - 

Organic nitrogen nsd nsd 36.3 - 
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Ammonia 
nitrogen + 33.4 nsd + 24.9 Increases 

water toxicity 
 

 
 
 
 
 

Total phosphorus nsd nsd nsd - 
Orthophosphate 
phosphorus + 23.0 nsd 64.4 - 

 

Air Emission 
(reduction 
due to use of 
digester) 

CH4 (CO2e T 
/animal/yr) 3.03 12.06 - 

12.87 2.32 - 3.03 - 

Maintaining a 
crust over the 
lagoon will 
minimize the 
loss of 
ammonia 

 H2S (% volume 
of biogas) 0.193 0.0086 0.31 

The amount 
of H2S in 
biogas is 
proportional 
to the amount 
of SOx 
released after 
biogas 
combustion 

N2O - - - - 
NH3 - - - - 

Water Quality 

Oxygen Demand 
(lbs/animal/day) 

8.4 
~9.75 - 
10.4 5.1 

A reduction 
in oxygen 
demand 
lessens the 
risk of 
depleted 
dissolved 
oxygen in 
surrounding 
water 

- - 

Pathogens 
(% 
reduction) 

Fecal Coli-forms ~99.9 ~90 ~99.9 Reduced 
potential of 
contaminatin
g surrounding 
water  

- - 
Fecal Strepto-
coccus - ~75 ~90 
M. avium 
paratuberculosis ~99 - - 

Nutrient Enrichment 

- - - 

No 
significant 
reduction in 
nutrient 
enrichment 

- - 

Notes:  (Farm A = 550 Dairy Cow Herd, Farm B = 1500 - 1600 Dairy Cow Herd (400-450 "dry"), Farm C = 750 to 860 Dairy Cow 
Herd) 
Data collected from EPA AgStar case studies: http://www.epa.gov/agstar/resources.html   



A-4 
 

Table 18.  Possible public opposition to the establishment of an agriculture digester facility. 
 

Environmental 
Characteristic Impact Sub- 

Category Level of Significance Possible Mitigation of Impacts 

Community 

Public 
nuisance 

Odor Should significantly reduce odors from 
existing manure management operations  

Noise 
Plant processing noise as well as 
additional traffic noise, especially if food 
processing waste is trucked in 

Compliance with local noise 
pollution levels; truck 
deliveries during business 
hours 

Vibration Minimal - 

Increased 
traffic 

Increases in truck traffic can potentially 
damage roads and/or cause traffic safety 
concerns 

- 

Resources 

Demand on 
community 
services 

Gas and electricity production can 
increase demand on some services, such 
as emergency/fire response services.  
  

- 

Use of existing 
facilities 

Can existing facilities be retrofitted to 
minimize impacts to community and 
environment? 

Storage of seasonally-
produced food wastes may be 
accomplished using existing 
silos or other buildings 

Quality of 
local area 

Economy Could potentially affect property values, 
tourism  - 

Aesthetics 

The visual impact of the facility may be 
significant to the community. These 
aesthetic impacts can be quantified for a 
specific community but not for 
communities in general 

Screening with trees, fences, 
existing facilities or 
geographical features; use of 
silos and other existing 
structures 

Future open 
spaces / 
recreational 
land 

Fear of negative impacts to wildlife and 
ecosystems, aquatic environment and 
surrounding rural areas. Will the 
establishment of proposed facility set a 
precedent for further industrial 
development?   

- 

Risk 

Hazardous 
materials / 
Explosion 

Fear of public health hazards, accidents. 

Well ventilated buildings. 
Explosion proof motors, 
wiring and lights. Flame 
arrestors used on gas lines. 
Use of gas alarms and 
detectors 

Public Health 
and Safety 

There may be long-term uncertainties 
about the general health impacts caused 
by the plant, such as increases in local 
air pollution, chemical runoff and water 
pollution. 

- 

 
 
 

Environmental characteristics of direct combustion and co-firing. 
 
The environmental characteristics of direct combustion and co-firing can be broken into upstream processes 
associated with feedstock cultivation, collection and transportation; energy conversion processes; and waste 
disposal. 
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Facility air emissions from biomass energy conversion are generally significantly lower than those from 
coal fired power generation.  Nevertheless these direct combustion technologies may pose significant 
environmental impact risks that do require careful attention to ensure that projects are sited, designed, 
constructed and operated to avoid significant adverse impacts. 

If feedstocks are sourced from waste streams or sustainable, closed-loop energy crop systems, biomass can 
achieve a near net zero increase in atmospheric carbon dioxide over the life cycle of the fuel. Plant air 
emissions from co-firing contain significantly lower levels of SOX compared to coal-only firing, with a 
linear decline as more coal is removed; consequently, emissions of SOX from direct combustion can be 
minimal, assuming feedstock contains low concentrations of sulfur.  Levels of PM10 emissions from 
biomass firing can be higher in some instances than from coal firing, depending on feedstock input; 
however, installation of a cyclone separating device can minimize this impact (Zhang, Habibi and MacLean 
2007). Ash production is dependent on individual fuel properties, the type of combustion system used, and 
interactions between co-fired fuels (Robinson, et al. 1998).  Uncontaminated ash can be returned to the soil 
as a low grade fertilizer; ash that contains high concentrations of heavy metals must be disposed of 
appropriately.  Condensed steam contains minimal pollutants and is considered of minor environmental 
impact (Groscurth, Kuhn and al 1998). 

Upstream processes associated with cultivation and transport of dedicated feedstocks, such as conversion of 
forest and grassland to farmland for dedicated energy crops, can release significant amounts of carbon 
trapped in the soil, creating a “carbon debt” that can be quite significant.  However, the selection of 
appropriate feedstocks for cultivation can help minimize this impact.  For example, replacing annual crops 
with perennial energy crops reduces soil disturbance and erosion (Brown, et al. n.d.). The use of waste 
materials for feedstocks can result in very attractive economic as well as environmental profiles for 
biomass power production.  NYSERDA has identified wood and wood wastes as New York’s largest 
renewable and sustainable resource. Collecting wood residue directly from forested areas can lead to soil 
degradation through reduced nutrient recycling; collection of such material needs to be managed 
appropriately to mitigate this impact.  In addition to directly reducing GHGs such as CO2, NOX and SOX 
produced during energy production, the use of waste wood diverts material from landfills, lessening landfill 
decomposition and the release of CO2 and CH4 into the atmosphere. 

In addition to air emissions, impacts to the local community can include noise pollution, aesthetic impacts 
and impacts associated with truck traffic related to supplying the plant with large volumes of biomass fuel 
and/or feedstocks.  The lower energy density and rural origins of many biomass feedstocks implies that 
demands on transportation networks will increase with increased biomass use, consequently increasing the 
potential for traffic accidents and placing additional demands on local services. 

Regardless of feedstock selection, when compared with coal, biomass direct combustion and co-firing 
present a more environmentally friendly alternative with significantly lower greenhouse gas emissions (see 
Table 19). 
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Table 19.  Environmental Impacts of a direct combustion and co-firing facility. 
Environ-
mental 

Characteristic 
Impact Environmental Footprint Level of 

Significance 

Possible 
Mitigation of 

Impacts 
Notes 

Air 
Facility 
Air 
Emissions 

  Coal 
Only 

Direct 
biomass 
combustion 
(figures for 
stoker boiler 
and fluidized 
bed using 
wood 
residue) 

Co-
Firing 
(10%) 

  

- - 

CO 
0.02 
- 
0.41 

0.077 - 5.533 0.02 - 
0.41 

No appreciable 
difference in CO 
emissions 

NMHC (non-
methane 
hydrocarbons) 

- - - 

Appropriate 
selection of 
feedstock reduces 
NMHC emissions 

Appropriate 
selection of 
feedstock 

- 

NOx (g/kWh) 
1.46 
- 
2.59 

0.408 - 0.95 1.31 - 
2.33 Variable 

Primary and 
secondary NOx 
emission abatement 
equipment, low 
NOx burners, 
advanced primary 
NOx reduction 
techniques such as 
a two stage 
combustion and 
reburn 
technologies, 
selective non-
catalytic NOx 
reduction 
techniques and 
selective catalytic 
NOx techniques. 

NOx 
emissions 
impact of 
biomass is 
variable and 
not easily 
quantified 

N2O - - - 

Less easily 
quantified as 
biomass may 
contain similar N 
content as coal. 
For example, 
switchgrass 
contains 0.92lbs N 
per MMBtu 
comparable to coal 
N content of 
0.93lbs N per 
MMBtu 

- - 
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SOx (g/kWh) 4.2 - 5.2 0.036 3.9 - 
4.7 

Assuming biomass 
with negligible 
sulfur 
concentrations, 
emission decline 
linearly as the coal 
fraction is reduced 

Installation of wet 
limestone-
gypsum flue gas 
desulphurization 
equipment. 

Most biomass 
has nearly 
zero sulfur 
content. SOx 
emission 
reductions 
occur on a 
one to one 
basis with the 
amount of 
coal offset 

VOC (g/kWh) 0.02 0.01 0.02 
No appreciable 
difference in VOC 
emissions 

- - 

PM10 (g/kWh) 0.2 
0.136 
- 
0.428 

0.2 

Increase in 
particulate emission 
in some 
circumstances, 
dependant on 
feedstock compared 
with coal only 
firing.  

Bag house - 
cyclone 
separating device 
separates out 
particulates; can 
be retro-fitted to 
existing facilities. 

- 

Upstream 
Emissions 
(based on a 
10% co-
firing rate) 

 CO (g/kWh) 0.05 - 0.26 - 0.06- 
0.25 

Despite production 
of upstream 
emissions through 
cultivation and 
transport, life cycle 
environmental 
footprint for most 
emissions is still 
reduced comparable 
with coal (NOx is 
an exception for 
non-residue 
biomass feedstocks; 
cropping systems 
can be NOx 
intensive). 

Radius of 
biomass 
collection 
generally limited 
to 50miles 

 

NMHC (non-
methane 
hydrocarbons) 

- - - 

NOx (g/kWh) 0.45 - 0.79 - 
0.45 
- 
0.75 

SOx (g/kWh) 0.1 - 0.1 

VOC (g/kWh) 0.04 - 0.07 - 
0.04 
- 
0.06 

PM10 (g/kWh) 0.1 - 1.3 - 0.1 - 
1.2 

  

Land Agricultural 
land 

Land 
Resource - 

Possibility that 
energy crop 
production will 
reduce food crop 
land 

Use of 
conservation 
reserve program 
(CRP) land to 
grow dedicated 
energy crops; use 
of waste 
feedstocks 

- 

Carbon 
Sequestration 
(by feedstock) 

Short 
Rotation 
Woody 
Crop 

Willow carbon 
sequestration 
(SOC) 296g 
m−2 yr−1 

Carbon 
sequestration 
dependant on 
specific crop type, 
farming practice, 
climate, soil 
conditions and soil 
carbon saturation. 
Ranges may vary 
from 36 - 710 g m−2 
yr−1  

- - 
Herbaceous 
Crop 

Switchgrass 
carbon 
sequestration 
(SOC) 298g 
m−2 yr−1 

Forest 
Residue 

Average 
carbon 
sequestration 
(SOC) 338g 
m−2 yr−1 
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Herbicides 
and 
Pesticides 
(by 
feedstock) 

Short 
Rotation 
Wood Crop 

12 x less 
herbicides and 
19 x less 
insecticides 
compared to 
corn 
production 

Energy crops act as 
filter systems, 
removing pesticides 
and excess fertilizers 
from surface water 
before it polluted 
groundwater or 
streams/rivers.  

- - 

 
Herbaceous 
Crop 
(Switchgrass) 

Equal amounts 
of herbicide 
compared to 
corn 
production. 
Insecticide is 
rarely used at 
all.  

Fertilizers Increased use of fertilizer 
(Potassium and Nitrogen) 

Nutrient overload in 
surrounding areas 

Short rotation 
coppice, miscanthus 
and other energy 
crops require lower 
fertilizer inputs than 
common 
agricultural crops. 
Recycling of 
nutrients by using 
ash waste from co-
firing reduces the 
need for chemical 
inputs.  

- 

Municipal 
Land 

Existing 
Facilities - - - 

At co-firing 
rates above 
5%, 
modifications 
to existing 
plants may be 
needed, such 
as fuel 
receiving and 
handling 
equipment. 
Biomass 
drying may 
also be 
necessary, 
depending on 
boiler 
configuration 
and the 
acceptable 
level of 
derating 

Landfills 

CO2 
73.8kg / 
100Kg oven 
dried biomass 

During landfill 
decomposition, 
wood waste releases 
roughly equal 
amounts of methane 
and CO2. 
Combustion 
mitigates this 
impact. 

Removal of wood 
waste from landfills.  - 

CH4 
18.3Kg / 
100Kg oven 
dried biomass 
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 Solid 
Waste 

Biomass Ash 
Deposition 
(g/Kg fuel) 

Wood 0.04 
Ash deposition rates not 
affected significantly 
when co-firing wood or 
similar low-ash, low 
alkali, low-chlorine 
fuels.  

Use of low ash, low-
alkali, low chlorine fuels 

Deposition 
rates depend 
strongly on 
both 
individual 
fuel 
properties and 
interactions 
between the 
co-fired fuels 

Switchgrass 2 

 
 
Straw 

12 Ash deposition rates 
increase when co-firing 
high-chlorine, high 
alkali, high ash fuels 
such as herbaceous and 
agricultural residues Wheat Straw 30 

Coal Ash 
Deposition 
(g/Kg fuel) 

Pittsburgh #8 2 - 

Combined 
Ash - 

Co-fired ash does not 
meet ASTM standard 
(C618) and therefore 
cannot be used in 
cement manufacture 

Use of ash as a 
byproduct dependant on 
content of organic and 
inorganic pollutants. 
Uses include low grade 
fertilizer, road 
construction and 
landscaping. 

- 

Mercury and 
other heavy 
metals 

Co-firing of sub-
bituminous coal and high 
chlorine biomass (chicken 
waste) - 80% reduction in 
mercury  

Mercury emissions 
strongly related to 
chlorine content of 
biomass. There is 
potential for reduced 
mercury, however, there 
is also risk of increased 
lead 

Heavy metal emission 
can be avoided almost 
entirely by improved 
sorting of waste and 
good plant design 
(metals can be removed 
in the flue gas) 

ASTM 
standards for 
concrete 
admixtures 
require 100% 
coal ash. 
Efforts are 
underway to 
demonstrate 
suitability of 
commingled 
biomass and 
coal ash in 
concrete 
admixtures, 
but in the near 
term, co-fired 
ash will not 
meet ASTM 
specifications.  

Co-firing of sub-
bituminous coal and low 
chlorine biomass (wood 
pellets) -  50% reductions 
in mercury 

  

Water Usage Facility - - - 

Increase in 
water 
consumption 
considered 
negligible 
compared to 
coal-only 
operation 
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 Biomass 
Cultivation 

Short 
Rotation 
Woody Crop 
(poplar) 

42m3/GJ 

Water use for cultivation and 
production of energy from 
biomass crops is 70-400 
times larger than that 
required to create energy 
from a mix of non-renewable 
resources.  This wide range is 
dependent on differences in 
crop characteristics, 
agriculture production 
conditions and climatic 
circumstance.  

Average water use 
for bioenergy crops 
grown in the US is 
58m3/GJ. 
Cultivation of 
perennial low input 
crops reduces need 
for water usage 
(switchgrass) 

- 
Herbaceous 
Crop 
(Miscanthus) 

37m3/GJ 

Quality   - 
Runoff during crop 
establishment could be 
comparable to or greater than 
that from annual row crops, 
especially for tree crops 
treated with herbicides to 
suppress competing 
vegetation. 

- 

It has been 
projected that 
displacing 
annual crops 
with perennial 
biomass crops 
would reduce 
runoff -- 
decreasing 
soil erosion 
and 
improving 
water quality. 

Liquid 
Waste 

Sewage - - - - 

Industrial 
Waste - - - - 



A-11 
 

Table 20.  Possible public opposition to the establishment of a Direct Combustion and Co-Firing 
Facility. 

Environmental 
Characteristic Impact Sub 

Category Level of Significance 
Possible 

Mitigation of 
Impacts 

Notes 

Community 

Public 
nuisance 

Odor Will plant emissions create undesirable odors?     

Noise 
Plant processing noise as well as additional traffic 
associated with the plant (fuel deliveries, waste 
removal) 

Compliance 
with local noise 
pollution 
levels; 
appropriate 
scheduling of 
truck traffic 

  

Vibration Minimal - - 

 Increased 
traffic 

Increases in traffic movement and flow of high goods 
vehicles. Damage to road systems through increased 
heavy traffic, with possible additional expense to 
taxpayer. 

    

Resources 
Demand on 
community 
services 

Demands (and thus costs) on local infrastructure 
facilities might increase with new or expanded 
facilities. If new facilities create economic 
opportunities resulting in increased population, this 
can put added pressure on infrastructure, at increased 
cost.  

  

  

 
Use of 
existing 
facilities 

Can existing facilities be retrofitted thus mitigating 
impact to community and environment? 

Prior land use 
replaced by 
plantation. On 
degraded lands 
or excess 
agricultural 
lands. 
Plantations 
should never 
replace natural 
forests.  

  

Quality of 
local area 

Economy Affects property prices, tourism and business     

Aesthetics 

If the facility is built in an undeveloped area, the 
visual impact of the facility may be significant to the 
community as may the potential plant or animal 
habitat loss. These facility-related effects can be 
quantified for a specific community but not for 
communities in general 

    

 

Future 
open 
spaces / 
recreational 
land 

Fear of negative impacts to wildlife and ecosystems, 
aquatic environment and surrounding rural areas. Will 
the establishment of proposed facility set a precedent 
for further industrial development and deter people 
from moving to the area?  Land use implications of 
energy crop, especially since increasing land areas for 
this purpose could affect marginal and ecologically 
sensitive areas (wetlands, wildlife habitat) and 
conservation reserve program (CRP) lands.  

    

Risk 

Hazardous 
materials / 
Explosion 

Fear of public health hazards, accidents. 

Compliance 
with health and 
safety 
standards 

  

Public 
Health and 
Safety 

There may be long-term uncertainties about the 
general health impacts caused by the plant. Increases 
in local air pollution, chemical runoff and water 
pollution. 

 Compliance 
with 
environmental 
standards, 
permits 
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Environmental characteristics of biomass gasification. 
 
Biomass gasification is a relatively new technology; data on environmental impacts associated with the 
process are still being collected.  Some, such as air emissions, are dependent on the type of gasifier and 
feedstock. As with direct combustion and co-firing, gasification can potentially reduce GHG emissions and 
produce a near net zero increase in atmospheric carbon dioxide. The U.S. DOE has estimated that carbon 
displacement from biomass gasification could displace at least 18 million tons of GHG from fossil fuels 
(Climate Vision 2009).  SO2 and NOX emissions may also be decreased by 80-90% comparable with 
traditional energy production methods (Climate Vision 2009). Overall, facility air emissions are 
considerably reduced through the production and burning of syngas (see Table 21). 

Upstream environmental characteristics associated with gasification of biomass are similar to those 
associated with direct combustion and co-firing described above. 

 

Table 21.  Potential environmental impacts of a biomass gasification facility. 
 

Environmental 
Characteristic Impact Environmental Footprint Level of 

Significance 

Possible 
Mitigation 
of Impacts 

Additional 
Notes 

Air 
Bubbling 
Fluidized 
Bed (BFB) 

CO 
Pulp Sludge - 

At 
temperatures 
higher than 
1200-1300⁰C, 
little or no 
methane, 
higher 
hydrocarbons 
or tar is 
formed and H2 
and CO 
production is 
maximized 
without 
requiring a 
further 
conversion 
step.  

Installation 
of wet 
scrubbers 
can help 
reduce flue 
emissions 
including up 
to 50% of the 
tar in syngas 
and the 
potential to 
remove up to 
97% of tars 
from end 
emissions 

As a new 
technology, 
there is still 
limited data 
available on 
biomass 
gasification 
efficiency. 

Wood  - 

NOx  
Pulp Sludge 25ppm 

Wood  - 

SO2 

Pulp Sludge 9ppm 

Wood  - 

Organic 
Carbon 

Pulp Sludge - 
Utilization of 
syngas reduces 
overall GHG 
emissions 
when 
compared to 
traditional 
power 
production. 

Treatment of 
wastewater 
from 
scrubbers 
using settling 
chambers, 
sand and 
charcoal 
filtration, can 
produce 
effluent 
within EPA 
drinking 
water 
guidelines,   

Wood  - 

NH3 
Pulp Sludge - 

Wood  - 

H2S Pulp Sludge - 
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Wood  - 

Centralized 
Fluidized 
Bed (CFB) 

CO Bark 250mg/m3 

Circulating 
fluidized bed 
gasification 
has not been 
tested to the 
same extent at 
BFB, emission 
figures may 
change with 
further 
development 
of the 
technology 

Use of steam 
reforming 
catalysts for 
naphthas has 
been found 
more 
effective at 
removing tar 
from 
emissions 
compared to 
commercial 
steam 
reforming 
catalysts for 
light 
hydrocarbons 

NOx  Bark 250mg/m3 

SO2 Bark 100mg/m3 

Organic 
Carbon Bark 150mg/m3 

NH3 Bark 5mg/m3 

H2S Bark 5mg/m3 

Fixed Bed 
(FB) 

CO MSW - 

Tendency to 
produce larger 
quantities of 
tar compared 
to other 
gasifier types 

Downdraft 
gasifiers can 
consume up 
to 99.9% of 
the tar 
formed, 
minimizing 
tar clean-up 

NOx  MSW 120ppm 

SO2 MSW 79ppm 

Organic 
Carbon MSW <10ppm 

NH3 MSW  - 

H2S MSW  - 

Black 
Liquor Gas 
Combined 

CO 
Black Liquor     0.41 lbs/ton 
Solids  BLS 
 

- 
Bubbling 
fluid beds 
and 
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Cycle NOx  Black Liquor     1 lbs/ton 
Solids  BLS 

circulating 
fluidized bed 
gasifiers 
provide 
possible high 
converse 
rates with 
low tar and 
unconverted 
carbon 

SO2 
Black Liquor     0.04 lbs/ton 
Solids  BLS 

Organic 
Carbon 

Black Liquor  - 
Solids 

- NH3 
Black Liquor  - 
Solids 

H2S Black Liquor  - 
Solids 

Upstream 
Emission (g 
kWh–1) 

CO 1.81 
Despite 
production of 
upstream 
emissions 
through 
cultivation and 
transport, 
overall 
environmental 
footprint is 
still reduced 
comparable 
with coal only 
combustion 

Radius of 
biomass 
collection 
limited to 
50miles 

 

NOx  12.0 - 14.0 

Particulates 0.4 - 0.59 

Hydrocarbons 0.76 

  

Land Agricultural 
land 

Land 
Resource - 

Possibility that 
energy crop 
production will 
reduce food 
crop land 

Use of 
conservation 
reserve 
program 
(CRP) land 
to grow 
dedicated 
energy crop 

- 

Crop Type 

Short 
Rotation 
Woody Crop 

Willow 
carbon 
sequestration 
(SOC) 296g 
m−2 yr−1 

Carbon 
sequestration 
dependant on 
specific crop 
type, farming 
practice, 
climate, soil 
conditions and 
current soil 
carbon 
saturation. 
Ranges may 
vary from 36 - 
710 g m−2 yr−1  

- - Herbaceous 
Crop 

Switchgrass 
carbon 
sequestration 
(SOC) 298g 
m−2 yr−1 

Forest 
Residue 

Average 
carbon 
sequestration 
(SOC) 338g 
m−2 yr−1 

Herbicides 
and 
Pesticides 

Short 
Rotation 
Wood Crop 

12 times less 
herbicides 
and 19 times 
less 
insecticides 
compared to 
corn 
production 

Energy crops 
act as filter 
systems, 
removing 
pesticides and 
excess 
fertilizers from 
surface water  

- - 
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Herbaceous 
Crop 
(Switchgrass) 

Equal 
amounts of 
herbicide 
compared to 
corn 
production. 
Insecticide is 
rarely used  

Fertilizers Increased use of fertilizer 
(Potassium and Nitrogen) 

Nutrient 
overload in 
surrounding 
areas 

Short 
rotation 
coppice, 
miscanthus 
and other 
favored 
energy crops 
require lower 
fertilizer 
inputs than 
common 
agricultural 
crops. 
Recycling of 
nutrients by 
using ash 
waste from 
co-firing 
reduces the 
need for 
chemical 
inputs.  

  

Municipal 
Land 

Existing 
Facilities - - - - 

Landfills 

CO2          73.8kg / 
      100Kg oven 
      dried biomass 

During landfill 
decomposition, 
wood waste 
releases 
roughly equal 
amounts of 
methane and 
carbon 
dioxide. 
Combustion 
mitigates this 
impact. 

Removal of 
wood waste 
from 
landfills.  

- 

CH4        18.3Kg / 
        100Kg oven 
        dried biomass 

Solid Waste 
- Char/Ash 
(kg/kg 
feed) 

BFB 

Pulp Sludge 0.091 
Ash deposition 
rates not 
affected 
significantly 
when co-firing 
wood or 
similar low-
ash, low alkali, 
low-chlorine 
fuels.  

Inclusion of 
ash removal 
system 

Gasification 
of MSW and 
sewage 
sludge can 
result in ash 
containing 
heavy 
metals, 
which can 
leach into 
water and 
soils if ash 
is not 
properly 
disposed of 

Wood  0.03 

Low 
temperature 
operation 
keeps 
temperatures 
below the 
flow 
temperature 
of the ash 
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CFB Bark        0.01-0.04 
High 
temperature 
operation 
keeps 
temperatures 
above the 
melting point 
of ash 

FB MSW  10 

  

Water 

Usage 

Facility - - - 

Increases in 
water 
consumption 
considered 
negligible 
compared to 
coal-only 
operation 

Biomass 
Cultivation 

Short 
Rotation 
Woody Crop 
(poplar) 

42m3/GJ 

Water usage 
from the 
cultivation and 
production of 
energy from 
biomass is 70-
400 times 
larger than the 
amount of 
water used to 
create energy 
from a mix of 
non-renewable 
resources.  
This wide 
range is 
dependent on 
differences in 
crop 
characteristics, 
agriculture 
production 
conditions and 
climatic 
circumstance.  

Average 
water usage 
for bioenergy 
crops grown 
in the US is 
58m3/GJ. 
Cultivation 
of perennial 
low input 
crops 
reduces need 
for water 
(switchgrass) 

- 

Herbaceous 
Crop 
(Miscanthus) 

37m3/GJ 

Quality - - 

Runoff during 
crop 
establishment 
could be 
comparable to 
or greater than 
that from 
annual row 
crops, 
especially for 
tree crops 
treated with 
herbicides to 
suppress 
competing 
vegetation   

It has been 
projected 
that 
displacing 
annual crops 
with 
perennial 
biomass 
crops would 
reduce 
runoff -- 
decreasing 
soil erosion 
and 
improving 
water 
quality 
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Liquid 
Waste 

Sewage - - - - 

 
 
 
Industrial 
Waste 

- 

Use of wet 
scrubbers to 
mitigate 
emissions and 
tar results in 
the production 
of wastewater 

Settling beds, 
sand and 
charcoal 
filtration can 
be used to 
clean waste 
water 

- 



A-18 
 

Table 22.  Possible public opposition to the establishment of a biomass gasification facility. 

Environmental 
Characteristic Impact Sub 

Category Level of Significance 
Possible 

Mitigation of 
Impacts 

Additional 
Notes 

Community 

Public 
nuisance 

Odor Will plant emissions create undesirable 
odors? - - 

Noise Plant processing noise as well as additional 
traffic associated with the plant. 

Compliance 
with local noise 
standards; 
scheduling of 
truck traffic at 
appropriate 
times 

- 

Vibration Minimal - - 

Increased 
traffic 

Increases in traffic movement and flow of 
high goods vehicles. Damage to road 
systems through increased heavy traffic and 
possible additional expense to taxpayer. 

- - 

Resources 

Demand on 
community 
services 

Demands (and costs) increase with new or 
expanded facilities. If development leads to 
population increase, this can put added 
pressure on infrastructure  

- - 

Use of 
existing 
facilities 

Can existing facilities be retrofitted thus 
mitigating impact to community and 
environment? 

Prior land use 
replaced by 
plantation. On 
degraded lands 
or excess 
agricultural 
lands. 
Plantations 
should never 
replace natural 
forests.  

- 

Quality of 
local area 

Economy Could affect property prices, tourism and 
business - - 

Aesthetics 
Visual impact may be significant to the 
community, as may potential plant or 
animal habitat loss.  

- - 

Future open 
spaces / 
recreational 
land 

Fear of negative impacts to wildlife and 
ecosystems, aquatic environment and 
surrounding rural areas. Will the 
establishment of proposed facility set a 
precedent for further industrial 
development and deter people from moving 
to the area?  Land use implications of 
energy crops, especially since increasing 
land areas for this purpose could affect 
marginal and ecologically sensitive areas 
(wetlands, wildlife habitat) and 
conservation reserve program (CRP) lands.  

- - 

Risk 
Hazardous 
materials / 
Explosion 

Fear of public health hazards, accidents. 
Compliance 
with health and 
safety standards 

- 
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Public 
Health and 
Safety 

Uncertainties about general health impacts 
(air pollution, chemical runoff and water 
pollution). 

Compliance 
with health and 
safety standards, 
environmental 
regulations and 
permits 

- 
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Environmental Review And Permitting 
 
Before a biomass energy plant can be constructed, numerous discretionary approvals must be obtained from 
local municipal boards, state agencies and, in some cases, from federal agencies.  In New York, most 
projects will be required to undergo an environmental review under the State Environmental Quality 
Review Act (SEQRA).  New York City has a separate but similar City Environmental Quality Review 
(CEQR).  In addition, if the federal government funds a project partially or in its entirety, the project will 
also be subjected to the National Environmental Policy Act (NEPA). 

 
State Environmental Quality Review Act (SEQRA) 
 
This section provides an overview of the SEQRA process.  It is meant to help developers understand the 
objectives and methods of the SEQRA program.  For more detailed and complete information on SEQRA, 
refer to SEQRA guidance documents available online at the NYSDEC’s website, at 
http://www.dec.ny.gov/regulations/2374.html. 

Under the State Environmental Quality Review Act (SEQRA), an environmental review of the project must 
be conducted before permits are issued.  The SEQRA process begins with the lead agency (the agency 
taking responsibility for the SEQRA process) classifying the project as either a “Type I,” a “Type II” or an 
“Unlisted” action.  If the project is considered a “Type II” action, the SEQRA process ends and further 
environmental review is not required.  Otherwise, further review under SEQRA is required. 

For projects classified as Type I or Unlisted, the lead agency, with input from other interested agencies, 
must determine whether the action will have a significant environmental impact, considering the following 
areas of potential impact: 
 
6 NYCRR Part 617.7(c) Criteria for determining significance: 
 
(1) These criteria are considered indicators of significant adverse impacts on the environment: 
(i) A substantial adverse change in existing air quality, ground or surface water quality or quantity, traffic 
or noise levels; a substantial increase in solid waste production; a substantial increase in potential for 
erosion, flooding, leaching or drainage problems; 
(ii) The removal or destruction of large quantities of vegetation or fauna; substantial interference with the 
movement of any resident or migratory fish or wildlife species; impacts on a significant habitat area; 
substantial adverse impacts on a threatened or endangered species of animal or plant, or the habitat of such 
a species; or other significant adverse impacts to natural resources; 
(iii) The impairment of the environmental characteristics of a Critical Environmental Area as designated 
pursuant to subdivision 617.14(g) of this Part; 
(iv) The creation of a material conflict with a community’s current plans or goals as officially approved or 
adopted; 
(v) The impairment of the character or quality of important historical, archeological, architectural, or 
aesthetic resources or of existing community or neighborhood character; 
(vi) A major change in the use of either the quantity or type of energy; 
(vii) The creation of a hazard to human health; 
(viii) A substantial change in the use, or intensity of use, of land including agricultural, open space or 
recreational resources, or in its capacity to support existing uses; 
(ix) The encouraging or attracting of a large number of people to a place or places for more than a few 
days, compared to the number of people who would come to such place absent the action; 
(x) The creation of a material demand for other actions that would result in one of the above consequences; 
(xi) Changes in two or more elements of the environment, no one of which has a significant impact on the 
environment, but when considered together result in a substantial adverse impact on the environment; or 
(xii) Two or more related actions undertaken, funded or approved by an agency, none of which has or 
would have a significant impact on the environment, but when considered cumulatively would meet one or 
more of the criteria in this subdivision. 
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If the lead agency makes a negative determination, the SEQR process ends.  If it makes a positive 
determination, it must create a draft Environmental Impact Statement (EIS), which will contain information 
on potentially significant environmental impacts of the project, mitigation measures that could minimize 
these impacts, and a range of reasonable alternatives to the proposed project.  It must then make the draft 
EIS available for public comment.  Once public comment is received, the agency must create a final EIS in 
response to the comments, identifying its proposed final action.  Finally, each involved agency must certify 
that all requirements of SEQRA have been met and that the chosen action avoids or minimizes adverse 
environmental impacts. Once this certification has been obtained, the lead agency may undergo its final 
action.41 
 
 
 National Environmental Policy Act (NEPA) 
 
NEPA requires federal agencies to take into consideration the environmental impacts and alternatives of 
any proposed action that is federally funded or undertaken directly by a federal agency.  Depending on the 
effect the proposed project will have on the environment, there are three different levels of review.  First, 
the proponent agencies have listed certain actions as “categorical exclusions”, which implies that these 
actions are exempt from review. Thus, when a project involves federal funding, the first step is to 
determine if the action has been categorically excluded from NEPA application.  Second, if the action has 
not been categorically excluded, the agency involved in the project must prepare an environmental 
assessment (EA), which will be subject to notice and public comments.  If the EA determines that the 
action will not have a significant effect on the environment, the agency issues a “finding of no significant 
impact” (FONSI) and the NEPA review process is over.  However, if the EA concludes the proposed action 
will have a significant effect on the environment, the agency must prepare an “environmental impact 
statement” (EIS).  NEPA documents must be filed with the federal Environmental Protection Agency 
(EPA) for review.42 
 

 
Air Pollution Control 
 

Advice on addressing air pollution permit responsibilities is presented in Guidebook Chapter 1 – 
Crosscutting Issues: Environmental Regulations And Permitting.  This appendix outlines air permit 
responsibilities generally. 

Biomass energy projects, such as gasification facilities and direct and co-firing systems, will most likely 
generate air pollutants (i.e. particulate matter (PM), sulfur dioxide (SO2) nitrous oxide (NO2), ozone, etc.) 
as a result of the electricity generation process.  In order to release these pollutants into the ambient air 
these biomass energy facilities will be required to obtain an air quality permit from federal, state and/or 
local authorities. 

At the federal level, air pollution is regulated under the Clean Air Act (CAA).  The CAA authorizes the 
EPA to limit the amount of pollutants that mobile and stationary sources can emit into the ambient air.  The 
EPA enforces such emissions limitations through a permitting program, which in some cases is directly 
administered by the individual states through a “state implementation plan”.43   New York administers its 
own air pollution program. 

Under the Clean Air Act and New York State law and regulations, the Department of Environmental 
Conservation’s Division of Air Resources (DAR) administers the State’s air pollution permitting program.  
The two most common types of air pollution control permits issued by the DAR are Title V facility permits, 
and state facility permits.  Title V facilities include facilities that are considered “major” or that are subject 
to New Source Performance Standards (NSPS) (see 6 NYCRR Part 201-6).  A facility is considered 
“major” if it emits or has the potential to emit at least 100 tons per year of a regulated pollutant, which 
includes NOx, SOx, and particulates.  Facilities subject to state facility permits generally fall under one of 
the following categories: their actual emissions exceed 50% of the threshold that would make them major 
                                                           
41 http://www.dec.ny.gov/permits/6189.html 
42 http://www.epa.gov/compliance/basics/nepa.html#oversight 
43 http://www.epa.gov/air/caa/peg/understand.html 
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but their potential to emit does not meet this threshold; they require permit conditions that limit their 
emissions below levels that would otherwise make them subject to certain requirements; they have been 
granted variances from air regulations; or they are new facilities that are subject to NSPS or that emit 
hazardous pollutants (see 6 NYCRR Part 201-5).44 

Some projects do not require air control permits. These include activities that are exempt or trivial (see 6 
NYCRR Part 201-3) and facilities that are considered minor for air pollution purposes and therefore do not 
require permits but are required to be registered with the DEC (see NYCRR Part 201-4). 

In addition to New York State’s emissions limitations and permit requirements, any biomass facilities sited 
within New York county or within the City of New York (NYC) must comply with particular ambient air 
conditions for said areas.  Biomass projects proposed for areas within NYC or the NYC watersheds should 
consult the NYC Department of Environmental Protection (DEP) for additional air pollution regulations. 

 
 
Water Regulations 
 
The construction and operation of a biomass facility may require several permits for the discharge of 
process wastewater and stormwater.  In addition, the facility may require additional permits if the 
construction and/or operation of the same will likely disturb a wetland area. In New York, in most cases 
these permits are issued by the NYSDEC.  Nevertheless, federal agencies such as the USEPA or the Army 
Corps of Engineers may be involved. 
 
Relevant elements of New York State’s water resource protection framework are outlined below. 
 
 
Federal water pollution control 
 
Water pollution is primarily regulated at the federal level by the Clean Water Act (CWA).  The federal 
CWA prohibits any discharge of pollutants into national surface waters from a “point source”45 without a 
permit.   To enforce its provisions, the CWA established the National Pollutant Elimination Discharge 
System (NPDES) permit program.  The NPDES program requires each discharger to obtain a permit to 
discharge pollutants into surface waters and to periodically submit discharge monitoring reports to the 
EPA.   Moreover, the CWA prohibits the discharge of dredge and/or fill material into wetlands without a 
permit, known as the Section 404 permit.    Section 404 permits are issued by the Army Corps of 
Engineers. 

As the CAA, the CWA authorizes the EPA to allow individual states to administer their own NPDES 
program.  When administered by a state, the NPDES program is referred to as the State Pollution Discharge 
Elimination System (SPDES).  New York administers its SPDES permit program through the DEC.  The 
New York SPDES is broader than the federal NPDES program as it covers point source discharges into 
groundwater as well as surface water.46 

 
 
Wastewater regulations in New York 
 
Biomass energy systems that eliminate wastewater discharge through a point source (i.e. discrete outlet or 
pipe) into a surface water body, groundwater, or into a sewage treatment plant are required to obtain a 
SPDES permit from the DEC unless the point source discharges less than 1,000 gallons per day of sewage 
wastewater (including animal manure) to groundwater and this wastewater does not contain industrial or 

                                                           
44 http://www.dec.ny.gov/chemical/8569.html 
45 Section 502(14) of the CWA defines a “point source” as “any discernible, confined and discrete conveyance, 
including but not limited to any pipe,  ditch, channel, tunnel, conduit, well, discrete fissure, container, rolling stock, 
concentrated animal feeding operation, or vessel or other floating craft, from which pollutants are or may be 
discharged. This term does not include agricultural stormwater discharges and return flows from irrigated agriculture.” 
46 http://www.dec.ny.gov/permits/6054.html 
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any non-sewage waste.47  Concentrated Animal Feeding Operations (CAFOs) may obtain a SPDES General 
Permit GP-0-09-001.48  A dairy farm is considered a CAFO when it contains at least 200 mature dairy cows 
(milked or dry).49 

 
 
Stormwater regulations in New York State 
 
Developers of a proposed biomass project may also need to obtain a SPDES permit from the DEC for 
stormwater discharges.  Stormwater is water from rain and melting snow that flows over buildings, paved 
surfaces, and soils, picking up pollutants along the way before being discharged into waterways.50  If 
construction activities disturb one or more acres of land, the project will require a SPDES permit for 
Stormwater Discharges for Construction Activities, excluding certain agricultural projects.51  Post-
construction, project operators must ensure that their individual SPDES permit addresses stormwater 
discharges, obtain the SPDES Multi-Sector General Permit for Stormwater Discharges Associated with 
Industrial Activity, or certify under the No Exposure Exclusion that activities at the project site will not be 
exposed to stormwater.52 

 
 
Freshwater Wetlands Regulations 
 
If the project is located in a freshwater wetland or in one of its adjacent areas, it will require a permit if it 
may adversely impact the natural values of the wetland or its adjacent areas. The permitting authority is the 
Adirondack Park Agency (APA) if the project is located in the Adirondack Park. Otherwise the permitting 
authority is the DEC. However, normal agricultural activities, the harvesting of natural products, and 
selective cutting of trees and harvesting of firewood are exempt from freshwater wetlands permitting.53 

 
 
Tidal Wetlands Regulations 
 
If the project is located in a tidal wetland or in its adjacent areas and it will alter the wetland or its adjacent 
areas, it will require permitting by the DEC54.  In addition, if the project requires dredging, discharging 
dredge or fill material, or constructing certain structures in wetlands and waterways, it will require a permit 
from the Army Corps of Engineers.55 

 
 
Wild, Scenic and Recreational Rivers Regulations 
 
Generally, no structures can be built within half a mile of a river designated by the DEC as possessing 
outstanding scenic, ecological, recreational, historical and scientific values.56 These rivers are categorized 
as “Wild”, “Scenic”, and “Recreational”. Generally, no structures may be constructed within half a mile of 
these rivers without a permit from the DEC (unless the project is located in the Adirondack Park, in which 
case, an APA permit is required).57 The DEC will not permit development within half a mile of a “Wild” 
river.  For the other rivers, agricultural activities located at least 100 feet from the river bank do not require 
a permit.  Forest management activities, which include the harvesting of woodland as part of a forest 
                                                           
47 http://www.dec.ny.gov/permits/6306.html 
48 http://www.dec.ny.gov/docs/water_pdf/factsheetgp009001.pdf 
49 http://www.dec.ny.gov/docs/water_pdf/gp009001.pdf 
50 http://www.dec.ny.gov/chemical/8468.html 
51 http://www.dec.ny.gov/chemical/43133.html 
52 http://www.dec.ny.gov/chemical/9009.html 
53 http://www.dec.ny.gov/permits/6279.html 
54 http://www.dec.ny.gov/permits/6359.html 
55 http://www.dec.ny.gov/permits/6349.html 
56 http://www.dec.ny.gov/permits/6033.html 
57 http://www.dec.ny.gov/regs/4610.html 
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management program, do not require a permit if they are located on slopes of 15% or less, beyond the 100-
year floodplain, and/or are located at least 150 feet from the banks of a “Recreational” river and at least 250 
feet from the banks of a “Scenic” river. 

 
 
Adirondack Park Agency Regulations 
 
If the project is located within the Adirondack Park, it may be subject to Adirondack Park Agency (APA) 
regulations.58 APA approval is needed for projects being developed in designated critical environmental 
areas, within a quarter mile of a designated wild, scenic and recreational river, as well as in other 
designated areas within the Park. Please visit 
http://www.apa.state.ny.us/Property_Owners/permitChecklist.html to determine whether your Adirondack 
Park-located project requires APA approval. 

 
 
Solid Waste Regulations 
 
Biomass energy facilities use diverse materials as feedstock, ranging from forest and agricultural resources 
to animal waste to construction materials.  In some cases, these materials are grown on-site to be used as a 
fuel source of the biomass facility. However, some materials used as biomass feedstock come from 
discarded materials that have entered the solid waste disposal chain.  In the latter case, the biomass facility 
and/or the feedstock is most likely regulated under federal, state and local waste management laws and 
regulations. 

 
 
Resource Conservation and Recovery Act (RCRA) 
 
At the federal level, the EPA administers the Resource Conservation and Recovery Act (RCRA), which 
establishes a regulatory framework for the management of solid waste.  Under RCRA, solid waste is either 
classified as nonhazardous or as hazardous waste.  The solid waste classifications are regulated separately.  
In particular, RCRA Subtitle D establishes general guidelines for the handling and disposal of 
nonhazardous solid waste. The management of nonhazardous solid waste is mostly delegated to the states 
and local governments.  The EPA retains authority over some aspects of the design and operation of solid 
waste disposal facilities.59 New York State administers its own RCRA program. 

On the other hand, RCRA Subtitle C creates a very rigorous federal program for the management of 
hazardous waste. Under RCRA, solid waste that is listed as hazardous waste or that exhibits hazardous 
characteristics must be handled in accordance with strict guidelines.  In essence, in a “cradle-to-grave” 
approach, RCRA’s Subtitle C regulations cover the generation, transportation, and treatment, storage and 
disposal of hazardous waste. 

 
 

New York State’s Solid Waste Management Program 
 
Biomass projects may require a Solid Waste Management Program permit from the DEC under 6 NYCRR 
Part 360 as a solid waste management facility.  Under Part 360, solid waste is defined as “any garbage, 
refuse, sludge from a wastewater treatment plant, water supply treatment plant, air pollution control facility 
and other discarded materials including solid, liquid, semi-solid or contained gaseous materials, resulting 
from industrial, commercial, mining and agricultural operations.”60  Additionally, discarded material is 
defined as that “disposed, burned/incinerated, including burned as fuel for the purpose of recovering usable 
heat, or accumulated, stored or physically, chemically or biologically treated instead of or before being 
                                                           
58 http://www.dec.ny.gov/permits/6238.html 
59 http://epa.gov/epawaste/inforesources/pubs/orientat/index.htm 
60 http://www.dec.ny.gov/regs/4415.html 
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disposed of.”61  There are Part 360 exemptions for certain solid wastes that are beneficially used under the 
Beneficial Use Determination Regulations (see 6 NYCRR Part 360-1.15(b)).62 Biomass projects are not 
specifically addressed by DEC solid waste regulations.  Therefore, the determination of whether a Solid 
Waste Management Program permit is required for a biomass facility depends on the type of feedstock 
used, the size of the facility, and its location.  Project developers should meet early in the development 
process with the state, regional and local authorities to address how the biomass facility will be classified in 
the state, regional or local solid waste management plan. 

 
 
Waste Transporter Regulations 
 
Those transporting regulated waste generated or disposed in New York require a Part 364 waste transporter 
permit from the DEC. Regulated waste includes nonhazardous byproducts of an industrial or commercial 
process, waste oil, and nonresidential raw sewage or sewage-contaminated waste. Transporters of 
municipal solid waste and of a single truckload of non-hazardous regulated waste (except medical waste 
and residential septage) weighing less than 500 pounds are exempt from this permit.63 

 
 
Coastal Zone Management Regulations 
 
Biomass energy facilities sited near coastal areas and inland waterways need to consider federal, state and 
local coastal zone management regulations prior to beginning construction and operation. Through the 
Waterfront Revitalization of Coastal Areas and Inland Waterways Act (Waterfront Revitalization Act), 
New York State regulates the use and protection of the State’s coasts and waterways.64  The New York 
State Department of State is the agency in charge of administering the state’s coastal zone management 
program.   Following the direction provided by the Waterfront Revitalization Act, local authorities have 
enacted their own Local Water Revitalization Programs to further regulate the use of coastal zones in their 
communities.  Therefore, developers of biomass energy projects that could possibly affect coastal areas or 
inland waterways should consult with both the state and the local government to determine the specific 
state and local requirements for the proposed site of the facility. 

In addition, biomass projects that are funded in part or in their entirety by federal and/or state entities must 
comply with additional requirements set by the New York State Department of State or the federal agency 
involved.  At the federal level, the Coastal Zone Management Act, administered by the Department of 
Commerce’s National Oceanic and Atmospheric Administration (NOAA), requires all federal agencies 
taking a direct action or funding an action to carry out the same in a manner consistent with the state and/or 
local coastal zone management policies.65 To that effect,, if a biomass project is in a coastal area and 
requires federal approval, the lead agency must obtain a Coastal Consistency Certification from the New 
York State Department of State.66  Conversely, if the project is in a coastal area and requires state, instead 
of federal approval, the applicable state agency must complete a Coastal Assessment Form in order to 
ensure that the state action is consistent with state coastal policies.67 

 

                                                           
61 http://www.dec.ny.gov/regs/4415.html 
62 http://www.dec.ny.gov/chemical/8498.html 
63 http://www.dec.ny.gov/chemical/8785.html 
64 http://www.nyswaterfronts.com/consistency_coastalpolicies.asp 
65 http://www.nyswaterfronts.com/consistency.asp 
66 http://www.nyswaterfronts.com/consistency_federal.asp 
67 http://www.nyswaterfronts.com/consistency_state.asp 
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New York State Office Of General Services (OGS) Regulations 
 
If your project involves New York State-owned underwater lands, you may need to obtain approvals or 
easements of their use from the OGS before commencing the project.68 Visit 
http://www.ogs.state.ny.us/aboutOGS/regulations/statutes/chapter2.html for more information. 

 
 
Local Regulations 
 
Land use regulation in New York State is largely within the jurisdiction of local municipalities (towns, 
cities, villages and hamlets), meaning that each project must be individually planned to comply with the 
requirements set by the municipality or municipalities within which it lies.  The developer of a biomass 
project will likely have to address the local planning board and/or town board, the zoning board of appeals 
(ZBA), the building department, and other regulatory and advisory entities created by the local legislature.  

In general, planning boards have the authority to evaluate applications for rezoning, subdivision, site plan 
review, variances and the issuance of special use permits.  In addition, planning boards (or, in some cases, 
town boards) oversee a project’s compliance with SEQRA and serve as an advisor to the local ZBA or 
other local entities.69  ZBAs serve as local appellate fora, with authority to interpret local zoning regulations 
and to hear claims for wrongly issued or denied permits and for misapplication of zoning maps and/or 
regulations.  In addition, in certain municipalities the ZBA may have appellate jurisdiction to grant 
variances and special use permits. Finally, the local department of building is the local body authorized to 
issue certificates of occupation for a facility and oversee building regulations.70 Although building 
requirements are not necessarily environmental in nature, they are an integral part of local permitting and 
must be considered holistically with the related environmental requirements. 

                                                           
68 http://www.dec.ny.gov/permits/6269.html 
69 NYS Local Government Handbook, available at http://www.nysl.nysed.gov/scandocs/. 
70 NYS Local Government Handbook, available at http://www.nysl.nysed.gov/scandocs/. 
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APPENDIX C: RESOURCE ASSESSMENT 
 
 

Biomass Market Information 
 
The number of biomass facility and component vendors is increasing as biomass technologies penetrate the 
U.S. market.  There are many sources of information on such vendors, including chambers of commerce 
and business registries.  One source of information on vendors, sorted by state, can be found at: 
http://energy.sourceguides.com/businesses/byGeo/US/byP/biomass/boiler/boilers.shtml 
 
Biomass feedstock and fuel suppliers are similarly increasing in number.  Some online resources for 
locating biomass suppliers are listed below: 
 
http://www.dec.ny.gov/docs/lands_forests_pdf/primary.pdf (Directory of Primary Wood-Using Industry in 
New York State) 
http://www.dec.ny.gov/docs/lands_forests_pdf/secondary.pdf (Directory of secondary wood products 
manufacturers in New York State. 
http://www.dec.ny.gov/docs/lands_forests_pdf/spr2008winter.pdf (Price report on stumpage and cordwood 
price in New York State, winter 2009). 
http://www.dec.ny.gov/lands/46935.html (Low-Grade/Underutilized Timber and Mill Residue Products 
Markets). 
http://www.biomassconnections.com/forum (Biomass connections online forum)  
http://www.recycle.net/exchange/index.html (Online listing of available and wanted materials) 
 
On future source of information is the NYS Biomass Energy Alliance (formed April 1, 2009).  This 
organization has no online resources as yet, but may be accessed by email: info@newyorkbiomass.org, or 
telephone: (315) 453 3823. 
 
 

Resource Assessment Summary Report 
 
The following summarizes the availability of resources and potential for development, by region, for each 
of the three biomass technologies addressed in this guidebook. 
 
 
Agriculture Digester Technology 
 
Agricultural digesters use organic materials, mostly manure and food waste, as their feedstock. The manure 
used for most agricultural digester facilities, both nationally and in New York, is collected from dairy 
operations.71  According to the AgStar Program, as of February 2009, there were 13 manure agricultural 
digesters operating in New York with a combined capacity of 15,904 MWh.72  Twelve of the operational 
digesters in New York use manure collected from dairy farms, while the remaining one uses manure from a 
duck farm.  The operational digesters in New York are spread out over nine counties, with the major 
concentration located in the Finger Lakes region. 
 
Because of the high cost of transporting manure, agricultural digesters are most likely to be successfully 
developed in areas with large concentration of dairy farms.  At present, dairy production in New York is 
concentrated in Central and Western New York with some significant activity in the Thousand Islands 
Seaway region, north of the Adirondacks.  Counties located in the Lower Hudson Valley, New York City 
and Long Island lack dairy operations and are therefore unlikely sites for agricultural digesters. 
 
New York has great potential to expand the use of agricultural digesters for energy production.  Currently, 
there are more than 5,600 dairy farms in New York State with a combined amount of more than 620,000 

                                                           
71 http://www.epa.gov/agstar//operational.html 
72 http://www.epa.gov/agstar//news/digest/ 
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milk cows.73  Moreover, New York has an inventory of over 100,000 beef cows, 85,000 hogs and pigs, and 
2.4 million chickens (4,000,000 layers and 2,000,000 broilers).  In addition, according to Cornell 
University’s Manure Management Program, New York State has nine identified food waste sources: food 
processing facilities/plants; supermarkets; fast food franchises; correctional facilities; restaurants; 
colleges/universities; K-12 public schools; hospitals; and nursing homes.74  These facilities are the best 
source of food waste for use in agricultural digesters.  Food processing facilities are concentrated in the 
Niagara Frontier region in Western New York and in Long Island. 
 
 
Biomass gasification 
 
The primary feedstocks used in biomass gasification are low-grade woody biomass, urban wood wastes 
and/or residue from industrial mills.  Usually, the low-grade timber used for gasification processes is 
obtained from the residues of harvesting, thinning and land-clearing activities conducted on commercial 
logging and silvicultural operations and from municipal solid waste.  The feasibility of biomass gasification 
projects greatly depends on the availability and proximity of these feedstocks, which are generally drawn 
from an area within a 30- to 50-mile radius around the gasifier. 
 
Approximately 62% of NYS is forested, with the major forested areas concentrated in the Adirondack and 
the Catskills Forest Preserves; other significant forested areas exist in Central and Western New York. The 
forestry industry, which includes commercial logging, is well established in NYS and it contributes $4.6 
billion annually to the State’s economy.75 
 
Markets for primary and secondary wood products in New York State are well-established.  However, low-
grade timber resources are underused throughout most of the State.  According to the New York State 
Department of Environmental Conservation, there exist several low-grade/underutilized timber and mill 
residue products markets in New York, which are concentrated in the Adirondacks, the Finger Lakes and 
the Niagara Frontier regions.76  The market for low-grade timber offers a variety of grades of wood 
appropriate for biomass facilities.  These include pulpwood (clean wood chips), bole chips (wood with 
bark), and whole tree chips, also called hog fuel or “dirty” chips (whole trees fed into a grinder). 
 
Municipal waste streams are more difficult to quantify, however, there are established recycling operations 
that could supply feedstocks to gasification projects.  MSW streams are most robust in the urban, densely 
populated areas of the state, including New York City and its surrounding suburbs; Long Island; and the 
several upstate metropolitan regions (i.e., Albany-Schenectady-Troy, Binghamton, Buffalo, Rochester, and 
Syracuse). 
 
Based on this analysis of feedstock availability, gasification projects are most likely be developed in 
upstate New York, within geographical proximity of low-grade wood supplies in the Adirondacks, 
Catskills, Finger Lakes and Niagara Frontier regions; or in the more densely populated areas of the state, 
where municipal waste streams offer inexpensive fuel.  However, it is worth noting that development of 
such projects, which are likely to be viewed as experimental and risky due to the lack of commercial 
precedents, may be more difficult in densely populated areas. 
 
 
Biomass direct-firing and co-firing 
 
In New York, wood is and will most likely continue to be the most common feedstock for biomass direct 
combustion and co-firing operations.  Sources include waste wood (i.e. urban waste wood, mill and 
industrial residues) and forestry products.  Dedicated woody energy crops may eventually become a viable 
fuel source, but at present are too expensive and not widely available.  Crop residues are not generally 

                                                           
73http://www.agcensus.usda.gov/Publications/2007/Full_Report/Volume_1,_Chapter_1_State_Level/New_York/index.
asp 
74 http://wastetoenergy.bee.cornell.edu/IMS/default.asp 
75 http://www.dec.ny.gov/lands/309.html 
76 http://www.dec.ny.gov/lands/46935.html 
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available in sufficient quantities, and grasses are difficult to process and handle, present combustion system 
maintenance problems, and lack developed supply chains. 
 
Due to feedstock transportation costs, wood-fed biomass combustion operations will likely be confined to 
the same forested regions as biomass gasification facilities, e.g. the waste wood and forestry markets 
located in the Adirondacks, the Niagara Frontier and the Finger Lakes regions.   Existing and emerging 
wood markets in those regions can serve as an incentive for development of biomass combustion facilities.  
Wood brokers will be an essential component in the emerging market for waste wood and low-grade forest 
products. 
 
Facilities designed to use urban waste wood as their primary feedstock can be located near urban centers.  
However, some of these feedstocks carry the risk of contamination, and electricity generated through the 
direct combustion of such feedstocks may not qualify under the RPS.  In addition, environmental 
permitting requirements may be more difficult to satisfy for facilities burning wood from recycling centers 
and other municipal waste streams. 
 
Note that NYSERDA’s soon-to-be-released Renewable Fuels Roadmap will include an assessment of 
biofuels availability and market dynamics in New York. 
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APPENDIX D: EVALUATING ECONOMIC VIABILITY 
 
This appendix provides guidance on the financial and economic assessment of biomass projects using the 
technologies considered in the guidebook.  More information on this topic is presented in Chapter 2 – 
Crosscutting Issues: Financing. 
 
There are several ways to evaluate the economic viability of a potential project.  The two most common are 
simple payback analysis and discounted cash flow analysis (DCF).  Both methods require determining 
costs, revenues, and savings attributable to the project, determining the comparable costs of a baseline or 
alternative case, and developing net annual cash flows (pro forma).  Key distinctions are that DCF always 
takes into account the time value of money and examines the total life of the project, using such metrics as 
the net present value (NPV) of future earnings, life cycle cost (LCC), and internal rate of return (IRR).  
Simple payback, by comparison, gives equal weight to all cash flows before the payback date and no 
weight to any subsequent cash flows. 
 
 

Simple Payback Analysis  
 
Companies frequently require that the initial outlay for any project be recoverable within some specified 
period of time.  This is defined as the payback period.  It is calculated by determining the number of years 
it takes before the cumulative cash flows equal the initial investment.  Some consider just a “simple 
payback” where no discount rate is applied. 
 
In simple terms, simple payback can be defined as: 
 
Simple Payback Period (years) = Investment Costs ($)/Annual Savings ($/yr) 
 
Companies using a simple payback period typically define a cutoff period (e.g., two years) and will not 
accept projects whose payback takes longer than the cutoff.  One of the pitfalls of using a payback rule is 
that a company will tend to accept too many short-lived projects and too few longer-lived ones, despite the 
fact that they may have positive net present values. 
 
 

Discounted Cash Flow/Net Present Value Analysis 
 
DCF analysis examines the total costs and revenues during the life of a project and determines the sum of 
the present values of all cash flows.  This is sometimes referred to as a net present value (NPV) or 
discounted cash flow (DCF) analysis.  It depends solely on the forecasted cash flows from the project and 
the opportunity cost of capital and recognizes the time value of money by applying a discount rate to future 
cash flows.  The discount rate is the opportunity cost of capital, in other words, the expected rate of return 
offered by other assets equivalent in risk to the project(s) being considered.  In simple terms LCC can be 
defined as follows, where PV means present value: 
 
Net Present Value = PV(Investment costs) + PV(Non-fuel operations and maintenance costs) + PV(Energy 
costs) + PV(Other costs) + PV(Other revenues) 
 
In the case of a biomass CHP or thermal project the present value of energy costs are energy savings 
relative to the baseline alternative. 
 
Only projects with a forecasted positive net present value should be pursued.  When comparing multiple 
mutually exclusive alternatives the project with the higher net present value is the preferred choice. 
 
Closely related to net present value is “internal rate of return” (IRR).  The IRR is the discount rate at which 
the net present value of a project is zero.  Some companies use investment rules dependent on IRR. In those 
cases, only projects with IRR greater than the internal cost of capital are accepted.  Whenever the net 
present value of a project is a smooth declining function of the discount rate, this IRR rule is equivalent to 
accepting project investments with positive net present value. 
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Data Needs of Economic Evaluation 
 
Much of the data and assumptions required to make a reasonable evaluation is gathered in the process of 
site assessment described in the Guidebook; past utility bills, quotes from equipment providers and 
packagers, or public sources of key equipment costs and performance.  Typical but not all possible data 
needs are broken down below. 
 

 Determine Biomass Supply Costs 
o Local sources of biomass (dry tons/day) 
o Moisture contents of biomass (%) 
o Fuel composition 
o Tipping fee costs or revenues if applicable ($/ton) 
o Feedstock sorting costs if applicable ($/ton) 
o Treatment and drying equipment costs ($/ton) 
o Current and projected ($/ton)  
o Delivery costs ($/ton) 
o Other revenues – tipping fees ($/ton) 

 
 Determine Electricity and Demand Displaced by Biomass System 

o Electric capacity (kW) 
o Site annual peak demand (kW) 
o Site annual electricity usage including daily and seasonal variations (kWh) 
o Power island equipment availability (%) 
o Site electric load displaced by project (kWh/year) 
o Electricity sold to utility/wholesale market (kWh/year) 
o Monthly peak demand (kW) 
o Average monthly demand reduction (kW) 

 
 Determine Fuel Thermal Load Served by the Biomass System 

o Thermal energy (MMBtu/year) 
o Existing site boiler/furnace efficiency (%) 
o Efficiency of biomass-fueled equipment (%) 
o Baseline site fuel displaced by biomass system if any (MMBtu/year) 

 
 Determine Fuel Consumption of Biomass System 

o Site electric load displaced by biomass system (kWh/year) 
o Electricity sold back to utility (kWh/year) 
o Electrical efficiency (% HHV) or heat rate (Btu/kWh) 
o Fuel consumption (MMBtu/year and tons/day) 

 
 Determine Energy Savings 

o Electricity displaced (summer/winter, on/mid/off peak kWh) 
o Displaced demand (summer/winter kW) 
o Electricity sell back (kWh) 
o Ratchet demand or stand-by charge ($/kW) 
o Electricity rates ($/kW and $/kWh) 
o Buy back electricity rate ($/kWh) 
o Displaced fuel rate if any ($/MMBtu) 
o Biomass fuel consumption rate ($/MMBtu or tons/day) 
o Value of displaced electricity 
o Electricity sell back ($/year) 
o Total cost of fuel ($/ton) 
o Forecast future year energy costs (escalation factors are sector and site specific) 
o Supply curves for all alternative sources of fuel ($/ton) 
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 Determine Total Investment Costs 
o Required site modifications ($) 
o Fuel handling and treatment equipment costs ($) 
o Feedstock storage costs ($) 
o Energy conversion capital equipment is applicable – e.g. gasifier or digester ($) 
o Converted fuel gas conditioning equipment ($) 
o Genset equipment costs ($/kW) 
o Boiler modifications if applicable ($) 
o Emissions control equipment if applicable ($) 
o Heat recovery equipment cost ($) 
o Heat recovery utilization equipment cost ($) 
o Controls and interconnect costs if required ($) 
o Ash handling equipment if applicable ($) 
o Electrical switchgear ($) 
o Electrical transformers ($) 
o Labor and materials ($) 
o Project and construction management ($) 
o Engineering and permitting fees/schedule ($) 
o Contingency (% of investment costs) 

 
 Determine Financing Options 

o Debt to equity ratio 
o Interest rate 
o Internal cost of capital 
o Depreciation schedule 
o Leasing terms if applicable 
o Construction schedule 

 
Inclusion of the value of incentives related to renewable and clean energy also needs to be a part of any 
biomass project economic assessment. These include but are not limited to those listed in Table 25. 
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Table 23.  Biomass Project Incentives. 
 
Investment Tax 
Credit 

An investment tax credit (ITC) allows a taxpayer to take a fixed percentage from 
the cost of an eligible energy project as a credit against taxes.  In short, an ITC 
effectively reduces income taxes for qualified tax-paying owners based on capital 
investment in eligible energy projects.  ITCs for various investments are authorized 
by both the federal and state governments. 
 
At the federal level, developers of biomass energy projects can elect to take an ITC 
of 10% of the cost of the project during the taxable year in which the energy 
project was put in service (initiated operation).  (Internal Revenue Code, §48).  The 
American Recovery and Reinvestment Act of 2009 (ARRA) extended the ITC for 
biomass projects until January 1, 2014.  Therefore, to take advantage of the ITC, 
biomass energy projects must be put into service by the deadline of the ITC.  It is 
worth noting that to qualify for the federal investment tax credit, the property for 
which the ITC is sought must have been constructed or reconstructed by the 
taxpayer.  Nonetheless, if the taxpayer acquired the property at a later time, the use 
of the property, in this case energy production, must have been initiated by the 
taxpayer. (IRS Form 3468, Investment Credit). 
 
Prior to the enactment of the ARRA in February 2009, the energy tax credits could 
be undercut by a “double dipping” provision that reduced or barred the use of the 
credits if the energy project was in some way financed by federal, state or local 
subsidies.  However, the ARRA repealed this limitation and now energy projects, 
individual or commercial, are eligible for the full amount of the renewable energy 
tax credits. Note that biomass energy properties that qualify for grants under the 
ARRA are not eligible for any energy credits, including ITC. 
 
Although the ITC and other tax credits are key for the future development of large 
scale renewable energy facilities, these types of incentives are likely not adequate 
for small-scale projects, such as biomass facilities with a capacity under 10 MW.  
The reason for this discrepancy is that small-scale projects might not have 
sufficient tax liability to take advantage of them.  Federal support for wind power 
comes in the form of the federal production tax credit (PTC) and accelerated 
depreciation.  However, these incentives benefit only those project owners with tax 
liability sufficient to take advantage of them. 
 
Small-scale projects that do not have sufficient tax liability to take advantage of tax 
incentives can opt to apply for cash grants, discussed below. 
 

Production Tax 
Credit 

A production tax credit (PTC) allows a taxpayer to take a credit on a per kilowatt-
hour basis for renewable energy generated at a qualified energy facility. 
 
At the federal level, biomass facilities qualify for a PTC.  However, the amount of 
the PTC depends on the type of biomass technology in use.  In particular, closed-
loop biomass projects (i.e. dedicated energy crops) can elect for a 2.1¢ / kWh PTC 
while open-loop biomass projects (i.e. waste biomass) can opt for a 1¢/kWh PTC.  
Under the ARRA, closed-loop and open-loop biomass projects put into service 
before January 1, 2013 are eligible for the PTC.  The PTC for closed-loop projects 
lasts for 10 years after the election.  PTC for open-loop projects lasts only 5 years. 
(DSIRE, Renewable Electricity Production Tax Credit). 
 
In New York, biomass facilities using anaerobic digesters to generate energy may 
qualify for a PTC. (DSIRE, New York Incentives). 
 



D-5 
 

As discussed above in the ITC section, the ARRA eliminated the “double dipping” 
provisions of previous laws that limited the eligibility of projects for tax incentives 
if the projects were subsidized by the federal, state or local governments.  At 
present, all qualified energy projects, such as biomass energy facilities, can take 
advantage of the ITC or the PTC.  Note that biomass energy properties that qualify 
for grants under the ARRA are not eligible for any energy credits. 
 
Also, note that small-scale energy projects with a small tax liability may not take 
full advantage of the PTC and will be more benefited by using other types of 
incentives, such as cash grants. 
 

Cash Grants A cash grant is a monetary amount provided to an energy developer by a public or 
private entity to cover a percentage of the costs of the energy project. 
 
The 2009 ARRA created a new renewable energy grant program.  Under the 
ARRA grant program, biomass projects put into service in 2009 or 2010 will have 
the option of taking a cash grant from the Department of Treasury in lieu of the 
ITC or PTC energy credits.   Biomass projects are eligible for a 30% grant.  As of 
this writing, the Department of Treasury will accept grant applications until 
October 1, 2011. Note that only tax-paying entities are eligible for the grant.  
States, municipalities, non-profits, members of pass-through entities cannot opt for 
the cash grant incentive. (DSIRE, Renewable Energy Grant). 
 
Small-scale projects will be greatly benefited by cash grants as this type of 
incentive allows projects to offset construction costs. 
 
In New York, biomass projects installed by low-income homeowners may qualify 
for an Assisted Home Performance Grant. Single-family homeowners may qualify 
for a grant of up to $5,000.  Buildings with 2-4 units may qualify for grants of up to 
$5,000 without the necessity of providing income verification of the tenants.  
However, if the tenants qualify based on their income, the building can receive a 
grant of up to $10,000.  (DSIRE, New York Incentives).  Part of the costs can be 
covered by loan programs sponsored by NYSERDA or other entities. 
 

Accelerated 
Depreciation 
Schedules 

Accelerated depreciation schedules (ADS) allow businesses to recover investments 
sooner by permitting a larger deduction of the capital investment during the first 
year of the investment.  In short, ADS provides greater depreciation deductions, 
eases debt burden and shortens payoff periods. 
 
For energy projects, the federal government has in place a Modified Accelerated 
Cost-Recovery System (MACRS) and authorizes bonus depreciation in some cases.  
If the energy investment qualifies for the accelerated depreciation schedule, the 
taxpayer can deduct 50% of the capital investment of the property during the first 
two years.  The remaining 50% of the investment is depreciated over an ordinary 
depreciation schedule.  (DSIRE, Modified Accelerated Cost-Recovery 
System (MACRS) + Bonus Depreciation (2008-2009)). 
 
ADS is appropriate for energy projects with sufficient tax liability to take 
advantage of the tax benefits afforded.  However, small-scale projects might not be 
able to take full advantage of this type of incentive. 

Loan Guarantees Under a loan guarantee programs the federal or state government or a private entity 
acts as the guarantor of a monetary obligation (i.e. a loan).  This implies, that if the 
borrower defaults in his obligation to pay the loan, the guarantor would respond for 
such payments.  In the energy sector, loan guarantees are intended to reduce 
technology risk associated with innovative energy technologies and encourage 
early commercial use of new or significantly improved technologies in energy 
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projects. 
 
At the federal level, the Department of Energy (DOE) has established a loan 
guarantee program for energy projects located in the United States that employ a 
new or significantly improved technology for the generation of energy and that 
avoid, reduce or sequester air pollutants and/or emissions of greenhouse gases. 
 

Utility Purchase 
Mandates/Renewable 
Portfolio Standard, 
Renewable Energy 
Credits 

Utility purchase mandates in the form of a renewable portfolio standard (RPS) 
require utilities to generate a certain percentage of electricity from renewable 
sources or account for the use of renewable energy with renewable energy credits 
(RECs).  In an RPS system,  RECs represent the environmental benefits or 
attributes of the use of renewable energy. 
 
New York State adopted an RPS of 24 percent by 2013 for renewable energy.  
(DSIRE, New York Renewable Portfolio Standard).   In general, RECs are tradable 
commodities.  However, in New York, there is no open market for  RECs.  All 
RECs must be purchased by NYSERDA. 
 

Cap and Trade 
Renewable Energy 
and Energy 
Efficiency Set Aside 
Allowances 

On cap and trade systems, a specific number of emissions allowances may be set 
aside to be awarded to renewable energy and energy efficiency projects.   These 
set-aside allowances provides additional value stream to renewable energy and 
energy efficiency projects by providing a set percentage of auction revenues to 
support projects. 
 

Emissions Offsets 
(ERC) 

Emissions offsets allow electricity generating units (EGU) to fund alternate 
projects that reduce emissions of greenhouse gases and use the reduction in 
greenhouse gases attributed to these projects to “offset” their own greenhouse 
emissions, thereby neutralizing their operation. In other words, offsets compensate 
for reduction or avoidance of emissions that would have been emitted and act as a 
compensating equivalent to emissions reductions made at a specific source. 
 

Voluntary REC Voluntary RECs refer to energy credits bought by consumers who want to use 
renewable energy to supply their electricity needs. Voluntary REC market enables 
customers to buy renewable electricity from their utility or buy a REC from a 
broker to account for the use of renewable energy.  (Lori Bird, Interaction of 
Compliance and Voluntary Energy Markets, October 2007, NREL) 
 
Note that the RECs bought by utilities to meet mandatory RPSs are referred to be 
in the compliance market as opposed to the voluntary market. 

 
 
Significant Modifications to Federal Incentives in the American Recovery and Reinvestment Act of 2009 
In addition to unprecedented increases in appropriations for government clean energy related programs, 
ARRA also included notable new and modified tax incentives targeting clean energy that could directly 
impact how renewable projects such as biomass are financed.  Specifically, ARRA provides multi-year 
extension the production tax credit (PTC), allows PTC eligible technologies to elect the investment tax 
credit (ITC) instead, and allows projects to forego the ITC and instead elect a cash grant from the U.S. 
Treasury of equivalent value.  It also removes the double-dipping penalty formerly triggered by the use of 
“subsidized energy financing.”  ARRA also expands the federal loan guarantee program to cover 
commercial rather than just innovative “non-commercial” projects. 
 
In the case of open-loop biomass systems covered in this guide, these modifications are quite material.  The 
optional 30% ITC is significantly more valuable than the current available PTC for open-loop biomass.77  

                                                           
77 Closed-loop biomass refers to dedicated energy crops.  All other biomass feedstocks are considered “open-loop” 
biomass. 
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Open-loop biomass systems are currently eligible for only half the PTC value that closed loop biomass and 
other renewable energy systems can claim.78 
 
 

Calculating the Pro-Forma 
 
From the information described above, the forecasted annual cash flows or a pro-forma can be calculated. 
Various tools are available to calculate energy costs and savings based on the data described above. These 
include spreadsheet and software models developed by government agencies and private industry.  These 
tools are helpful in conducting scenario analyses to address the risk factors identified in the cross-cutting 
finance chapter of the guidebook. 
 
 
Illustrative Example Assessment of Biomass Project Economic Viability 
 
This section will use both simple payback and DCF/NPV methods to evaluate a simple hypothetical 
biomass project. 
 
 
Simple Payback 
 
The projected savings and required investment of a potential biomass project are shown in the following 
table. To simplify the analysis, only the major costs and savings are shown. They include energy costs 
(electricity savings and fuel costs), non-fuel operations and maintenance costs, and installation costs. In an 
actual project evaluation, it is important to capture the savings or revenues from all value streams. Factors 
that affect savings include  baseline electricity costs (demand and energy charges), ability to sell/price for 
export power, other utility costs (standby charges), total fuel costs, fuel consumption, operations and 
maintenance costs, hours of operation, load factor, and the value of thermal energy. 
 
Sample Projected Annual CHP Saving 
 

Current Annual Purchased Electricity Costs  $1,600,000 

Current Annual Fuel Costs $900,000 

Baseline Total Annual Costs $2,700,000 

Projected Annual Purchased Electricity Costs  $240,000 

Projected Annual Biomass Fuel Costs  $900,000 

Projected Annual Additional O&M Costs  $90,000 

Projected Total Annual Costs  $1,230,000 

Projected Annual Energy Savings  $1,470,000 

Projected Annual REC Revenue Streams $195,000 

TOTAL SAVINGS/REVENUE $1,665,000 

Investment Costs  $12,000,000 

30% Investment Tax Credit/Treasury Grant ($3,600,000) 

TOTAL INVESTMENT $8,400,000 

Simple Payback  5.0 years  

 

                                                           
78 The full PTC was $21/MWh and escalates 2% per year.  Open loop biomass systems are eligible to receive half of 
the PTC, $10.5/MWh. Very few closed-loop biomass systems operate in the U.S. 
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This project has a simple payback period of just over five years. Depending on the customer, this may or 
may not meet the payback cutoff hurdle.  It should be noted that this example project relies heavily on 
renewable energy incentives to achieve this marginal payback. 
 
 
Discounted Cash Flow/Net Present Value 
 
In order to evaluate the net present value of the project the projected annual cash flows for the entire life of 
the project need to be considered. The projected cash flows of the same project for the 15 year life of the 
project are shown in the following table. Projections for future electric and fuel prices are assumed. These 
assumptions are usually based on local biomass feedstock suppliers, public information/forecasting models, 
in-house price forecasting, or historical data. The company considering the project uses a nominal discount 
rate of 7.5% to reflect the internal cost of capital. 
 
 
Table 24.  Sample Biomass Annual Cash Flows ($000) and NPV. 
 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Energy Savings1 1,470 1,499 1,529 1,560 1,591 1,623 1,655 1,689 1,722 1,757 1,792 1,828 1,864 1,902 1,940
Revenue from RE Incentives2 195 199 203 207 211 215 220 224 228 233 238 242 247 252 257
Total Net Annual Cash Flow 1,665 1,698 1,732 1,767 1,802 1,838 1,875 1,913 1,951 1,990 2,030 2,070 2,112 2,154 2,197

Intalled Costs 3 (8,400) NPV 7,538
Annual Discount Rate 7.5%

1. Includes net electricity purchases, net biomass fuel costs, and additional O&M related to the biomass project
2.  Includes REC net revenue stream
3.  Costs are net 30% ITC

YEAR

 
 
 
 
Based on the projected cash flows, this project has a net present value of $7,538,000.  This positive value 
indicates that it is preferable to the current situation and should be pursued if no other capital investment 
being considered has a higher NPV. 
 
 

Other Considerations  
 
In many cases there are other potential value streams associated with a well-designed project that are 
difficult to quantify in a traditional economic assessment, but should be considered in the investment 
decision. They include but are not limited to: 
 

 Improved reliability of energy service 
 Potential independence from the grid if project is CHP 
 Improved productivity of core business processes if feedstock is a waste product of the host 

industrial process 
 Potential sale of ancillary services to utility or transmission operator 

 
The value of these benefits depends on the characteristics of the customer, energy use patterns, electric 
utility, and regulatory environment.
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APPENDIX E: GLOSSARY 
 
1-Hour Ozone Area 
The surface ozone concentration in parts per billion backward averaged over –one hour. 
 
8-Hour Ozone Area 
The surface ozone concentration, in parts per billion backward averaged over – eight hours. 
 
2009 American Recovery and Reinvestment Act - ARRA 
An act signed into law on February 17, 2009, designed to jump-start the economy.  The Act was a response 
to the recession and global economic crisis of 2008-2009.  It includes measures to modernize the nation’s 
infrastructure and enhance energy independence. 
 
Adsorption 
The condensation of gases, liquids, or dissolved substances on the surfaces of solids. 
 
Anaerobic Digester 
An enclosed system designed to optimize naturally occurring anaerobic bacteria to accelerate 
decomposition of the feedstock. 
 
ASTM E 1528 
A tool for identifying and current or past potential environmental concerns at low-risk sites. 
 
Attainment Area 
Any area that meets the national primary or secondary ambient air quality standard for a pollutant. 
 
British Thermal Units - BTUs 
The amount of heat energy needed to raise the temperature of one pound of water by one degree F. 
 
Brownfield Site 
A parcel of land, the use or development of which may be complicated by the presence of pollution or 
hazardous materials from a previous use.  Frequently, brownfields are abandoned industrial sites. 
 
Buffer Zone 
An area of land separating two different zones or areas to help each blend more easily with the other, such 
as a strip of land between industrial and residential areas. 
 
City Environmental Quality Review – CEQR 
New York City’s requirement that a proposed project incorporate consideration of environmental factors 
early in the planning, review, and decision-making processes of local government agencies. 
 
Combined Heat and Power - CHP 
The production of electricity and thermal energy from a single fuel source.  CHP systems are frequently 
described as capturing the waste heat from electricity production, which dramatically increases fuel 
efficiency. 
 
Comprehensive Environmental Response, Compensation, and Liability Act - CERCLA 
Federal law that provides a federal “superfund” to clean up uncontrolled or abandoned hazardous-waste 
sites as well as accidents, spills, and other emergency releases of pollutants and contaminants into the 
environment. 
 
Comprehensive Plan 
A general plan to control and direct the use and development of a large piece of property.  Towns 
frequently adopt a municipal comprehensive plan for the development and preservation of land and 
resources within the town.  General goals set forth in a municipal comprehensive plan are supposed to be 
supported by the municipality’s zoning ordinance. 
 



E-2 
 

Construction and Demolition Waste (C&D) 
Waste building materials, dredging materials, tree stumps, and rubble resulting from construction, 
remodeling, repair, and demolition of homes, commercial buildings, and other structures and pavements. 
 
Cyclone Burner 
A type of combustion system requiring fuel of 3.5 mm maximum size and a 12% maximum moisture 
content. 
 
Debt Financing 
Taking a loan or issuing a bond to provide capital. 
 
Digestate 
Post-digested solids from an agricultural digester. 
 
Dry Basis (D.B.) 
Fuel moisture calculated as the percentage difference between the wet weight of the fuel and the dry weight 
of the fuel, relative to the dry weight. 
 
Emission Reduction Credits (ERCs) 
Government credits issued when an air pollution source, such as a boiler, reduces its emissions of 
nonattainment pollutants.  ERCs are bankable for current and future use and can be bought and sold in 
emission trading markets. 
 
Endogenous 
Occurring inside the body. 
 
Environment Assessment Form (EAF) 
A form used by an agency or municipality to assist it in determining the environmental significance or 
nonsignificance of a contemplated action. 
 
Environmental Impact Statement (EIS) 
A document that provides a means for agencies, project sponsors and the public to systematically consider 
the potential environmental impacts of a contemplated development project.   An EIS facilitates the 
weighing of social, economic and environmental factors early in the planning and decision-making process, 
and includes proposed alternatives and mitigation measures. 
 
Environmental Site Assessment (ESA) 
A desktop review, based on previous uses of a site, performed as a preliminary environmental risk 
assessment of sites/operations that are to be purchased.  The ESA can help identify any latent 
environmental exposure that may come with the property.  Also referred to as environmental screening 
analysis, preliminary risk analysis and/or preliminary site assessment. 
 
Equity Financing 
Financing by an investment partner or partners, who will in return receive shares of ownership in, and/or 
revenue from, the project being financed. 
 
Extraction turbine 
A steam turbine equipped with an opening through which partly expanded steam is bled at one or more 
stages. 
 
Farm-Financed Model 
Model of agricultural digester financing that places the burden of financing on the farm hosting the 
digester.  Usually a project developer is employed to design and construct the system. 
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Feedstock 
Raw materials that may be treated or converted to create fuels.  Biomass feedstocks in New York include 
forestry products, crop residues, municipal waste streams, manure and food processing waste. 
 
Fluidized Bed Combustion 
A combustion system that burns fuel, in the form of small particles, in a hot bed of granular material, such 
as sand.  Air is blown up from underneath, so that combustion takes place in turbulent suspension.  At 
operating temperatures, the fuel and granular bed behave as a fluid. 
 
Fuel 
Processed feedstocks that have been pretreated and are ready for combustion, such as pre-sized or dried 
wood chips. 
 
Genset 
A distributed generation system; an electricity generator located in proximity to the end user.  Many 
gensets are CHP units. 
 
Grate (Stoker) System 
Combustion system using an automatic feeder to distribute fuel onto a grate, where it burns. 
 
Greenfield Site 
A site being developed for the first time. 
 
Greenhouse Gas (GHG) 
A gas, such as carbon dioxide, methane, or ozone, that contributes to global warming (also known as “the 
greenhouse effect”). 
 
Hazardous Air Pollutant (HAP) 
Pollutants that are known to cause or are suspected of causing cancer or other serious health effects, such as 
developmental problems or birth defects. 
 
“Home Rule” State 
A state that largely delegates land use regulation to local municipalities.  New York is a home rule state. 
 
Investment Tax Credit (ITC) 
A credit subtracted from one’s total tax liability, designed to spur investment in types of projects the 
government wishes to support.  ITCs are available for investment in certain types of renewable energy 
projects. 
 
Joint Venture (JV) 
A business undertaking by two or more persons engaged in a single defined project. 
 
Load Profile 
A measure of the time distribution of a building’s energy requirements, including the heating, cooling, and 
electrical loads. 
 
Low-Grade Forest Products 
Less valuable wood harvested by loggers as a side-product. After selling their high-value saw logs and 
veneer-logs, loggers may sell the remaining low-grade wood, including tree tops and less desirable types of 
trees, to wood brokers, who process it to create wood fuels, mulch and other products. 
 
Major Source 
Any stationary source or group of stationary sources that emits or has the potential to emit at least 10 
tons/year of any hazardous pollutant or 25 tons/year of any combination of hazardous air pollutants. 
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Microturbine 
Small combustion turbines, approximately the size of a refrigerator, with outputs of 25-500 kW. 
 
Mixed Municipal Waste 
Municipal solid waste that has not been sorted into specific categories (such as plastic, glass, wood, etc.) 
 
National Ambient Air Quality Standards (NAAQS) 
Nationwide outdoor air quality standards established by the U.S. EPA. 
 
Net Metering 
For electric customers that generate their own electricity, net metering allows for the flow of electricity 
both to and from the customer – typically through a single, bi-directional meter.  Net metering allows 
excess electricity generated on-site to be sold back onto the grid. 
 
New Source Performance Standard (NSPS) 
Uniform national EPA air emission and water effluent standards that limit the amount of pollution allowed 
from new sources or from modified existing sources. 
 
New York State Pollution Discharge Elimination System Permit (SPDES) 
Permit that regulates point source discharges to groundwaters and surface waters in New York.  
 
Nonattainment Area 
Any area that does not meet the national primary or secondary ambient air quality standards for a pollutant. 
 
Nongovernmental Organizations (NGOs) 
An organization that pursues an issue or issues of interest to its members by lobbying, persuasion, and/or 
direct action, but has no participation or representation by any government. 
 
Non-Recourse Financing 
A loan secured by the project itself as opposed to some other type of collateral. 
 
Notice of Intent (NOI) 
A form required by NYDEC for stormwater discharge from a construction site.  Any site qualifying for 
coverage under the SPDES General Permit for construction must submit a NOI form in order to obtain 
permit coverage. 
 
Offset Source Area 
The area from which emissions offsets may be obtained.  Refers to a method used in the 1990 Clean Air 
Act to give companies that own or operate large emissions sources in nonattainment areas flexibility in 
meeting overall pollution reduction requirements when changing production processes.  Emissions of 
criteria air pollutants may be increased if an offset (reduction of a somewhat greater amount of the same 
pollutant) is obtained. 
 
Opportunity Fuels 
Fuels that are not commonly used but are available in a particular geographical area, thus representing an 
opportunity for alternative fuel use in that area. 
 
Organic Rankine Cycle (ORC) 
A Rankine cycle process that uses an organic, high molecular mass working fluid having a lower boiling 
point than water. 
 
Oxidative stress 
Increased oxidation leading to proliferation of free radicals that cause cell damage. 
 
Parlor Waste 
Manure and other waste from the floor of the milking parlor in a dairy operation. 
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Pile Burner 
 A type of combustion system in which fuel is burned in a pile.  Pile burners typically consist of cells, each 
having an upper and lower combustion chamber. 
 
PM2.5: 
Fine particles, less than 2.5 microns in diameter, linked to heart and lung disease in humans. 
 
Potential To Emit (PTE) 
The total emissions that a facility would release by operating at a maximum load for 24 hours per day and 
365 days per year. 
 
Power Purchase Agreement (PPA) 
A long term contract between a generator of electricity and a purchaser of electricity. 
 
Process Emissions 
Emissions from industrial processes other than combustion. 
 
Production Tax Credit (PTC) 
A federal tax credit for electricity generated using eligible renewable energy resources. 
 
Pro-Forma Financial Statement 
A financial statement prepared on the basis of assumed events and transactions. 
 
Pulverized Biomass Combustion 
A mixture of fuel and primary combustion air is injected into the combustion chamber. Combustion takes 
place while the fuel is in suspension and gas burnout is achieved after secondary air addition. 
 
Pyrolysis 
A process during gasification when the carbonaceous material heats up, releasing volatiles and producing 
char. 
 
Rankine Cycle 
A closed-loop thermodynamic cycle, and the basis for standard steam turbine operation. 
 
Reactive Oxygen Species (ROS) 
Ions or very small molecules including oxygen ions, free radicals and peroxides, and characterized by an 
unpaired electron, which makes them unstable. 
 
Renewable Energy Credit (REC) 
A credit representing the positive environmental attributes of renewably-generated electricity.  For 
example, RECs may represent avoided emissions. 
 
Renewable Portfolio Standard (RPS) 
A law requiring utilities to generate a certain percentage of their electricity using renewable resources.  
New York State is one of a number of states that has adopted an RPS. 
 
Solid Waste Management Plan (SWMP) 
A plan for the collection, transportation, treatment, and disposal of solid waste. 
 
Special Use Permit 
A permit to use a property in a manner identified as a special exception by a zoning ordinance. 
 
Staged Combustion Design 
A combustion system using two or more chambers to combust the fuel in different phases. 
 
State Environmental Quality Review Act (SEQRA) 
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A New York State act requiring all state and local government agencies to consider environmental impacts 
during decision-making.  Most, if not all, biomass projects of the types covered in this guidebook will be 
subject to the SEQRA process. 
 
Steam Turbine 
A reciprocating engine driven by steam. 
 
Stormwater Pollution Prevention Plan (SWPPP) 
A plan to prevent pollution due to stormwater runoff during construction. 
 
Suspension Burner 
A combustion system that burns fuel particles in suspension, using forced air to create a turbulent 
environment.  Requires fuel in the form of pulverized fine particles 6 mm in diameter or smaller and having 
a maximum moisture content of 15%. 
 
Synthetic Gas (syngas) 
A combustible gas produced by biomass gasification, composed largely of carbon monoxide and hydrogen. 
 
Tax Equity Investments 
A type of investment by individuals seeking to reduce their tax obligations by using Investment Tax Credits 
or Production Tax Credits available from qualifying renewable energy projects. 
 
Thermal Offtake Agreement 
Agreement to sell heat, usually in the form of steam or hot water. 
 
Type I Action 
An action that meets or exceeds specified SEQRA thresholds, and is therefore likely to have an adverse 
effect on the environment, such that an environmental impact statement will be required. 
 
Type II Action 
One of a number of specifically listed actions that are categorically deemed to have no significant impact 
on the environment, or that are otherwise precluded from environmental review under SEQRA. 
 
Ultra Fine Particles (UFPs) 
Particles less than 1 micron in diameter, linked to heart and lung disease in humans. 
 
Uniform Procedures Act (UPA) 
A state act governing the administration of applications for permits submitted to NYSDEC or its agents 
within the state. 
 
Unlisted Action 
Actions that are not listed as Type I or Type II under SEQRA. 
 
Updraft Gasifier 
A type of gasifier in which fuel enters the gasification chamber from above, falls onto a grate and forms a 
pile. Air from below the grate is blown up through the fuel pile. 
 
Wet Basis (W.B.) 
Fuel moisture calculated as the percentage difference between the wet weight of the fuel and the dry weight 
of the fuel, relative to the wet weight. 
 
Whole Tree Burner 
A closed-loop biomass system designed to combust entire trees or tree segments up to 20 feet in length. 
 
Zoning Variance 
A license or official authorization to depart from a zoning law. 
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