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Notice

This report was prepared by NESCAUM in the course of performing work contracted for and sponsored
by the New York State Energy Research and Development Authority (hereafter “NYSERDA™). The
opinions expressed in this report do not necessarily reflect those of NYSERDA or the State of New

York, and reference to any specific product, service, process, or method does not constitute an implied

or expressed recommendation or endorsement of it. Further, NYSERDA, the State of New York, and

the contractor make no warranties or representations, expressed or implied, as to the fitness for particular
purpose or merchantability of any product, apparatus, or service, or the usefulness, completeness, or
accuracy of any processes, methods, or other information contained, described, disclosed, or referred to in
this report. NYSERDA, the State of New York, and the contractor make no representation that the use of
any product, apparatus, process, method, or other information will not infringe privately owned rights and
will assume no liability for any loss, injury, or damage resulting from, or occurring in connection with,

the use of information contained, described, disclosed, or referred to in this report.

NYSERDA makes every effort to provide accurate information about copyright owners and related
matters in the reports we publish. Contractors are responsible for determining and satisfying copyright or
other use restrictions regarding the content of reports that they write, in compliance with NYSERDA’s
policies and federal law. If you are the copyright owner and believe a NYSERDA report has not properly

attributed your work to you or has used it without permission, please email print@nyserda.ny.gov



Abstract

A clean, high-efficiency wood-heat industry has great potential for growth in New York State (NYS).
That potential includes promoting business opportunities and jobs while reducing reliance on imported
fossil fuels that drain dollars from the State’s economy. A sustainably managed thermal biomass,
specifically wood heat, industry can also help support NY'S climate mitigation efforts. Dependence on
fossil fuel and rising energy costs, combined with the projected impacts of climate change, underscore
the importance of increasing sustainable energy systems based on locally derived fuels. Today, NYS is
the nation’s second largest consumer of wood for heating, and its use is increasing rapidly. Between
2005 and 2012, the number of NY'S homes using wood as the primary heating source grew about
60%. Wood smoke, however, is already the largest source of carbonaceous fine particulate matter in
rural NY'S counties, which can have serious health impacts. Furthermore, excessive smoke from
inefficient devices often generates smoke nuisance complaints that pit neighbor against neighbor

even in these relatively less-populated areas.

The goal of this report is to provide NYS with an analytically based framework to guide development

of a viable wood heating industry and advance energy and environmental goals. The report evaluates
critical technical, environmental, public health, economic, and policy issues related to development

of a sustainable industry in NY'S. It assesses potential wood feedstocks, their availability, combustion
technologies, and the implications of feedstock and technology choices. It identifies critical actions to
create a pathway that: (1) stimulates the necessary research, investments, and policies to build appropriate
capacity; (2) maintains feedstock supplies; and (3) ensures public health and environmental protection.
Given that the market for wood heat is growing regionally and nationally, a key objective is to provide
information to help inform the regulatory community, industry, and consumers about options for cleaner
and more efficient wood-burning technologies. The report will provide information for future stages of

the Renewable Heat NY program, NYS’s wood heat initiative that was launched in 2014.

Keywords
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Acronyms, Abbreviations, and Glossary

Bag house

BATs
BAU
Bole chips

Btu
CHP
Close-coupled gasifier

CoO
Combustion Efficiency

Cyclone

Delivered efficiency

Energy services
company (ESCO)

ESP

Gasification
Grates

HAPs
Heat load

HHV

ICI
LHV

A type of particulate removal device that removes particulates out of
air or gas. Baghouses typically have a particulate collection efficiency
of 99% or better, even when particle size is very small.

Best available technologies available commercially today
Business as usual technologies, typical installed units installed

Woodchips produced from the main stems or trunks of trees and
includes bark

British thermal unit
Combined heat and power

A boiler that produces combustible gases under controlled conditions
in the primary combustion chamber or combustor, and burns the
gases to produce heat in an adjacent chamber.

Carbon monoxide

Ability to burn fuel measured by unburned fuel and excess air in the
exhaust

A type of particulate control device that creates a dual vortex to
separate coarse from fine dust. Cyclones typically have a particulate
efficiency of 50-70% with wood-fired devices

Overall efficiency of the boiler inclusive thermal efficiency of the heat
exchanger, radiation and convection losses - output divided by input

A company that provides energy services to a building owner, typically
including the financing and installation of energy improvements

Electrostatic precipitator — a highly efficient (typically 90% efficiency
for fine particles) filtration device that removes fine particles, like dust
and smoke, from a flowing gas using the force of an induced
electrostatic charge minimally impeding the flow of gases through the
unit

The pyrolysis reaction in which heated biomass is converted to
combustible gases in the primary combustion zone

Slotted or pinhole grates that support the burning fuel and allow air to
pass up through the fuel bed from below

hazardous air pollutants

The demand for heat of a building at any one time, typically expressed
in Btu/hour or million Btu/hour.

Higher heating value or gross calorific value- often but not always
used to calculate efficiency values in U.S. wood technologies

industrial, commercial, and institutional

Lower heating value — lower calorific value of wood, used to calculate
efficiency values in European wood technologies
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Life-cycle
cost analysis
Mill chips

MBtu
MMBtu
Modulating fuel feed

Multi-cyclone
NnBATs

NOXx
On/off fuel feed

Over-fire air

Payback

PM

Pyrolysis

Seasonal efficiency
Sensitivity analysis
Sizing

SOx

Stack temperature

Suspension burning

Thermal efficiency

Turn-down ratio

A method of economic analysis that includes all costs associated with
ownership. Includes price, installation, operation and maintenance
costs and accounts for inflation over time and time-value of money.

Woodchips produced in a sawmill. Typically produced from slabwood,
and debarked green saw logs

thousand British thermal units
million British thermal units

A fuel feed system that adjusts fuel feeding rate up or down in
response to heat load

A particulate removal device that includes a number of cyclone
separators

best technology that is technically available but not commercially
available, anticipated to be available by 2020

nitrogen oxides

A fuel feed system that delivers fuel to the grates on an intermittent
basis

Combustion air supplied above the grates and fuel bed

A method of economic analysis in which cost effectiveness is based
on installed cost and ownership savings. Also refers to the number of
years it takes an improvement to pay back the investment

particulate matter

The oxidation process by which solid wood is converted to
intermediate combustible gases and combustible solids through a
variety of thermochemical reactions

Efficiency of a heating system averaged over an entire heating
season

Part of economic analysis used to determine how sensitive the results
of the analysis are to changes in the input variables

Process of specifying the size (measured in MMBtu/hour or MMBH) of
a heating plant

Sulfur oxides — air pollutants implicated in acid rain caused by
combustion of fossil fuels; modern wood systems have 1/6 the sulfur
dioxide emissions of fuel oil

The temperature of the combustion exhaust gases passing into the
chimney

A type of combustion in which fuel is blown into the combustion
chamber, with some or all of the solid fuel particles burning in the air
(in suspension)

Effectiveness to transfer heat from the combustion process to the
water or steam in the boiler, exclusive radiation and convection losses

Range of rates that combustion can be achieved by a biomass burner.
Calculated by dividing the maximum system output by the minimum
system output.
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Two-stage combustion

Under-fire air
Volatiles

Whole-tree chips

A combustion system in which the primary combustion furnace, or
combustor, is separate from the boiler, with the two connected by a
constricted opening or a blast tube. The boiler combustion chamber
forms the secondary chamber

Combustion air added under the grates

Fuel constituents capable of being converted to gases at fairly low
temperatures

Woodchips produced in the woods by feeding whole trees or tree
stems into a mobile chipper
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Summary

A clean, high-efficiency wood heat industry has significant potential for growth in New York State
(NYS or the State). That potential includes promoting business opportunities and jobs in the thermal
biomass and specifically, wood heating industry while reducing reliance on imported fossil fuels that
drain dollars from the State’s economy. A sustainably managed wood heat industry might also help
support NYS climate mitigation efforts. Dependence on fossil fuel combined with the projected impacts
of climate change, underscore the importance of increasing sustainable energy systems based on locally
derived fuels. There are significant challenges, however, that need to be overcome with a move to
biomass heating. Once installed, these units will operate for decades with little to no opportunities to
improve efficiency or emissions performance. As NYS embarks on programs that encourage use of
biomass as a renewable fuel for heating, policy options will be needed ensure that growth in this sector

does not lead to future problems.

Today, NYS is the nation’s second largest consumer of wood for heating, and its use is increasing rapidly.
Between 2005 and 2012, the number of NYS homes using wood as the primary heating source grew
about 60%. Although New York is a large segment of the wood heating market, in the overall thermal
heating sector, wood heating currently provides less than 2% of NYS overall residential heating market
and use in the industrial, commercial, and institutional (ICI) sector is insignificant. Although overall use
for heating is low, this sector does have a significant impact on New York’s air quality. Particulate matter
emissions from wood heating operations — primarily residential — are larger than emissions from the
transportation sector or all other heating fuels in the residential and ICI sector combined. Because it is
already the largest source of carbonaceous fine particulate matter in rural NYS counties, it can have
serious health impacts. Furthermore, excessive smoke from inefficient devices often generates smoke

nuisance complaints that pit neighbor against neighbor even in these relatively less-populated areas.

This report provides an analytical framework to guide NYS in expanding the use of wood in heating
applications, developing a viable industry and advancing energy and environmental goals. The report
evaluates critical technical, environmental, public health, economic, and policy issues to inform its
development. It assesses potential wood fuel feedstocks, their availability, biomass combustion
technologies, and the implications of feedstock and technology choices. It identifies critical actions to
create a pathway that: (1) stimulates the necessary research, investments, and policies to build appropriate

capacity; (2) maintains feedstock supplies; and (3) ensures public health and environmental protection.

S-1



Given that the market for wood heat is growing, a key objective is to provide information to help inform
the regulatory community, industry, and consumers about options for cleaner and more efficient

wood-burning technologies.

The six elements of the report are summarized in the following sections:

¢ Wood heating markets and opportunities.

o Relative performance, cost, and availability of clean and efficient combustion technologies.
e  Public health and environmental impacts associated with an expanded industry.

e  Economic impacts of expanded wood use and the introduction of advanced technologies.

e  Policy options for promoting the effective and efficient implementation of objectives.

e  Future needs in pursuing objectives.

S.1 Wood Heating Markets and Opportunities

NYS is the second largest market for residential wood-burning devices in the country, and use of
wood-burning devices continues to grow. The existing market for residential wood-burning devices is
dominated by high-emitting, low efficiency devices that burn cordwood. The total number of units is
greater in the New York City metropolitan area, but the percentage of regular use is much higher in
Upstate areas. Wood heating in ICI applications is currently limited primarily to pellet and saw mills,
and in a few schools and hospitals.

The cost-effectiveness of wood as a replacement fuel for home heating oil is highly dependent on the

cost of home heating oil. Research suggests that in many installations, oil prices over $3 a gallon,
combined with low wood prices, create conditions where wood can be competitive with oil as a
replacement heating fuel. However, in some instances even with high oil prices, oil boilers may still be
the most cost effective option in some situations because of low capital and installation costs. Analysis
indicates that there is sufficient local wood supply for NY'S to support increasing use of wood heating
from 2% to approximately 5% of the State’s total (current plus future) residential heating needs, assuming

little growth in the ICI wood heating and biofuel production sectors.

More than 10 million tons of green wood are estimated to be available annually in NYS to support growth
in the wood heating industry without impacting current wood uses. Of that amount, it is estimated that
5.25 million tons of green wood could be used for heating homes and businesses. Green wood is wood
that has not been dried, or “seasoned” to reduce moisture content, which improves efficiency during

combustion. Green wood is measured in green tons. By way of comparison, if a 5.25 million ton annual
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harvest level could be sustainably achieved, the volume would be capable of providing fuel feedstock for
any one of the following three heating scenarios:

1. 437,500 homes using wood pellets (assuming 2 green tons of feedstock per 1 ton of wood
pellets, and 6 tons of wood pellet use per home per year), representing 3.8% of NYS residential
thermal heating needs. A similar number of homes could be heated using cordwood instead of
pellets.

2. 10,500 schools or similarly sized community-scale facilities (assuming 500 green tons of wood
used annually).

3. 262 college campuses or similarly sized district energy facilities (assuming 20,000 green tons of
wood used annually).

It is unlikely, however, that wood heating markets alone can provide sufficient financial incentives for
harvesting. Low-grade wood suitable for fuel use is typically obtained as a by-product of harvesting for

high value products (sawlogs), forest management efforts, or when land is cleared for development.

S.2 Relative Performance, Cost, and Availability of Clean and
Efficient Combustion Technologies

Efficiency and emission improvements in wood-burning devices are expected as a consequence of
recently adopted federal emission standards in the United States and ongoing technology development
efforts and policy initiatives in Europe. Oversizing, a common installation practice for all thermal
systems, significantly reduces efficiency, increases emissions, and increases capital costs. The use

of full thermal storage for residential central-heating cordwood units, as is common in Europe, leads

to significantly improved performance.

Converting from oil and propane to wood heating can save consumers’ money over time because of
lower fuel costs when these petroleum fuel prices are high. Installing more advanced wood-burning
units using “best available technology” yields greater lifetime cost savings due to higher efficiencies,
lower maintenance costs, and significantly reduced emissions compared to current “business as usual”

technologies.

Higher-efficiency, lower-emitting residential wood-burning units are recently available in the NYS
market. A wider array of high performance units are commercially available in Europe but not yet
marketed in the United States. Many of the cleanest and most efficient units are designed to burn

wood pellets, a fuel market that is more mature in Europe than in the United States.
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S.2.1 Public Health and Environmental Impacts Associated with Implementation

Wood combustion raises concerns from the public health community as this source category emits

fine particulates at higher rates than liquid fuels such as propane and oil. Exposure to fine particulate
matter in smoke can lead to increased risk for respiratory and cardiac mortality, lung function decrements,
exacerbation of lung disease, lung cancer, and developmental and immunological effects. A large
percentage of the general population (upwards of 50%) is susceptible to adverse health impacts as a result
of acute and chronic fine particulate exposure, including children, asthmatics, persons with respiratory or

heart disease, diabetics, and the elderly.

Although NYS meets federal fine particulate air quality standards as of March 2015, the air quality
modeling of different wood devices analyzed in this report suggests that installation of some technologies
have higher potential to degrade local air quality. This detail is of particular concern in areas with
sensitive populations, such as people with cardiovascular and respiratory conditions at homes, schools,

or hospitals, and illustrates the importance of proper installation with adequate controls and emission
limits. The modeling results provide insight that otherwise is absent because air quality monitoring and
stack testing are not typically performed at these types of installations and locations.

Air quality modeling indicates that where current conditions show elevated background air pollution
levels, technology selection is of great importance; a single polluting, wood-burning boiler or stove can
lead to pollution levels above health-based air quality standards in the immediate vicinity of the source.
At the neighborhood level, modeling predicts that the choice of wood technology (and associated
emissions) installed at a large institution (e.g., school) has a demonstrable effect on local air quality,
especially in neighborhoods where wood burning is not already widespread. In neighborhoods where
wood burning is already widespread, impacts from an institutional source can be exacerbated by the
neighborhood impacts and vice-versa. The effect of change-outs (i.e. replacing older low-efficiency,
high emission systems) in neighborhoods is noticeable, but results indicate that aggressive changeout

regimes will be necessary to fully address potential problems.
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The influence of surrounding terrain on dispersion of stack emissions is another key factor in

the modeling analysis. The modeling results indicate that proper siting and stack design must go
hand-in-hand, and that technologies must be designed to disperse smoke above trapping terrain
features. For homes, terrain influences may dramatically increase concentrations, and adjustments to
chimney design to improve dispersion may not be feasible. The “business as usual” wood technologies
at institutional and residential settings had the highest potential adverse impacts on air quality, and in
some modeled settings, certain technologies may produce unacceptable levels of fine particulates on an

hourly, daily, or even annual timescale.

The most significant decision in controlling air impacts resulting from installation of a wood-fired heating
unit is the choice of technology. Higher emissions from dirtier units may be mitigated through higher
stacks, proper sizing, thermal storage, and improved fuel quality, but choosing a modern technology

with advanced emission controls is likely the most effective strategy for reducing air impacts.

S.3 Economic Impacts of Expanded Wood Use and the Introduction
of Advanced Technologies

For this report, a macroeconomic analysis was conducted for four statewide scenarios of future trends

in the adoption of heating technologies. The analysis examined the local implications of converting
conventional fuel oil heating equipment to advanced technology wood-heating devices using locally
sourced wood fuel products (pellets, chips, and cordwood). Across all four scenarios, the regional
economy would generate between 285 and 495 jobs? per year (not including numerous jobs related to
feedstock supply), which translates into 5,000 to 10,000 jobs over a 20-year time frame. The largest driver
of manufacturing sector economic impacts was the number of new wood-heating devices purchased by
households and businesses and the associated manufacturing required to produce wood heating products.
New pellet mill construction had a significant effect on outcomes. Depending on the scenario, between

509 and 849 million gallons of oil would be displaced over the 20-year time frame.

1 Jobs include both temporary and permanent jobs.

S-5



S.4 Policy Options for Effectively Promoting Cleaner and More
Efficient Biomass Industry

A review of state and federal rules indicates that the biomass industry has been primarily regulated
through a patchwork approach. Currently, only a limited subset of residential devices and a few large

ICI devices are subject to emission standards that reflect best performing equipment. In NYS, small

ICI boilers and most residential devices are not subject to any emission standard. Emission standards

for medium-sized units vary widely by state. Therefore, without further regulation, high-emitting,
low-efficiency devices in ICI applications can be legally sold and installed in NYS. State environmental
regulations and building codes do not cover all aspects of biomass installations that impact performance
and emissions. To ensure best performance and emissions, systems using new technologies and standards

must be properly sized and designed.

For both existing and new technology wood-burning devices, standardizing fuel and creating wood
fuel specifications will lead to improved efficiency and emissions performance. In fact, low-emitting,
high- efficiency devices will not work properly if used with mismatched fuels. Analysis of European
regulations demonstrates that a comprehensive regulatory framework, combined with fuel standards
matched to proper technology, can foster a robust, clean, wood-heating sector.

A comprehensive program that encourages consumers to choose high-efficiency, low-emission units can
help NYS’ wood heat market develop in a meaningful way. Well-designed incentives require standards
be set to achieve improvements in efficiency, emissions, system sizing, and installation design; in other
word, improvements that will help both consumers and the wood heat industry. Incentives alone do not
move markets and the volatile nature of fuel prices (both fossil and wood prices) make it difficult to
ensure long-term growth in this market. In the residential market, wood traditionally has been used for
space (supplemental) heating rather than central (primary) heating. Use for supplemental heat means that
users can fuel switch from year to year, which means wood use often trends with oil prices. Moving the
market to primary heating might provide a key element to stabilize use and the market needs. Other
necessary aspects of a multi-pronged program include assisting equipment manufacturers and fuel
suppliers, training the design and installation workforce, providing outreach and training to energy
auditors and code enforcement officers, supporting product certification and testing, updating building
codes, providing targeted education and outreach to potential consumers, and supporting research and
development that advances the technology while reducing manufacturing costs and improving air quality.
Properly designed programs can also help address the significant emission issues surrounding the existing

inventory of devices by encouraging the replacement of older low-efficiency and high-emitting devices.
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S.5 Future Needs

To promote a robust market for cleaner and more efficient wood-burning devices in NYS, targeted
education and outreach targeted to consumers will be integral so that they are better informed when
considering the purchase, installation, and use of biomass units. General outreach and education is
also beneficial, and can itself be a strategy for increasing the use of efficient biomass stoves and boiler.
However, a targeted outreach and education strategy and plan tied to a specific policy or incentive

program may produce greater results.

The education and outreach plan should be developed early in the planning process for any policy or
incentive program, and should be adopted before the program is rolled out to the general public. This
strategy will help maximize program benefits by combining the dissemination of information with clear

opportunities for consumers.

Establishing a local presence through working with local organizations and individuals will be an
important component for outreach and education in local communities. Relevant NYS agencies should
partner with local municipal governments to design and execute an effective consumer education and
outreach plan. Efforts should also include local groups, such as low-income assistance organizations,

that have an understanding of local consumer needs, constraints, and market entry barriers. These
organizations may also have established outreach and education platforms that are trusted by constituents.

Involving consumers in the planning effort can help determine what will resonate with a larger audience.

In doing outreach, it is important to have clear messages, simple instructions, and streamlined
administrative processes. The heating season is a heightened opportunity to increase education and

outreach efforts when consumers are thinking about heating options.

Providing training for the proper installation of woody biomass units is also needed to develop a wood
heat industry in NYS. To this end, NYS could establish minimum technical qualifications for installers,
which could be tailored to the different types of units. This certification could be enforced through the
establishment of a statewide registry and through NYS and local permitting and inspection practices.

Consideration should be given to requiring NYS issued professional licenses.
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NYS should expand training opportunities, such as NYSERDA’s Renewable Heat NY (RHNY) training
program, on the design and sizing of commercial systems and the integration of these systems with new
or existing heating systems. Vocational schools, community colleges, and State universities may be
interested in providing coursework on biomass heating units and systems as part of plumbing, HVAC,
or other relevant programs. Schools may be able to certify installers, which could increase the number
of installers who understand how critical it is to properly size biomass units for homes and businesses.
Coursework offered by trade organizations, often for continuing education units (CEUS), is currently a
major source of information transfer to consumers. By accepting biomass coursework for NYS-managed
professional licenses, NY'S could encourage the practice of offering CEUs for biomass boiler courses.

Efforts to improve technologies and fuels are another important element in boosting the growth of a wood
heat industry. Manufacturers of wood heat units and suppliers of biomass fuels would benefit greatly from
moving not only toward better technologies but also implementing best practices when designing, sizing,
integrating, installing, and operating systems. The standard industry practice of oversizing heating
systems does not work well for wood-fueled heating units as it can result in the heating unit mainly
operating below its maximum performance level while leading to increased emissions. Adding thermal
storage to wood-heating units can reduce the need for oversizing while improving system efficiency and
lowering emissions, especially for units used for heating during spring and fall (shoulder season) months
when load demand is not consistent. Furthermore, matching the appropriate fuel to the device is vital for

ensuring clean, efficient operation.

S.6 Conclusion

For NYS to successfully grow its wood heat industry, it must proceed on a path that serves consumer
needs and reduces fossil fuel consumption while protecting the public from adverse health impacts of
wood smoke. Sustainable harvesting and efficient use of biomass fuels will also be necessary to justify
wood burning as a credible climate mitigation measure. The long-term cost-effectiveness of a move to

wood heating will be highly dependent on future prices of heating oil and wood.

Energy efficiency and environmental performance issues can be addressed, as they must be, if the

NYS wood heat industry is to expand. Experience in Europe highlights the market growth and resource
development opportunity that exists for wood heat through the development and promotion of clean and
efficient combustion devices. Without improved efficiency and lowered emissions from wood-burning
devices, the NYS market for wood heat is likely to remain limited primarily to rural and semi-rural

locations.
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Advanced technologies and appropriate fuel use coupled with proper installation, maintenance, and
operation will be crucial to achieving a fuller measure of the NYS wood heat industry’s potential.
Tested and emerging policy options can help toward this end. Each of these options, however, has its
own advantages and disadvantages that NYS must weigh in laying out a feasible approach to expanded
biomass use. Ultimately, the path that NYS embarks upon will have long-term ramifications for the

well-being of the State’s citizens and environment.
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1 Introduction

Renewable biomass resources can be used for heating in many settings, from residential to large-scale
industrial applications. In the U.S., a wide selection of biomass thermal devices are available, ranging
from highly polluting, inefficient technologies to cleaner-burning, highly efficient technologies. These
devices can combust biomass feedstocks from a variety of agricultural and forestry sources. Growth

of the renewable wood heat market presents an important opportunity for states to reduce dependence on
imported fossil fuels and promote economic growth. However, a number of technology and regulatory
issues should be carefully considered to eliminate or minimize long-term adverse impacts on the
well-being of forests, air quality, and public health, and maximize the potential for local economic
growth. This report is intended to provide information that will enable NYS to make policy choices
that are informed by consideration of the impacts on public health, the well-being of the State’s forests,
and economic growth.

1.1 Purpose

This report assesses the current economic and regulatory framework for wood heating in NY'S to assess
different future scenarios for wood heating in the State. To understand the implications of different policy
options, the Project Team assessed the current and future availability of potential wood fuel feedstocks
and evaluated the performance characteristics of combustion technologies. From this analysis, the Project
Team identified actions that would: (1) stimulate the necessary research, investments, and adoption

of policies to build appropriate renewable wood heat capacity; (2) maintain feedstock supplies; and

(3) ensure public health and environmental protection.

In particular, this report:

e  Compares current and potential future wood-heating feedstocks and technologies to each
other and to current and potential future fossil fuels in terms of trends, barriers, and policy
trajectories.

e  Assesses environmental and public health implications of wood heating options.

e  Compares the environmental and public health impacts of wood heat with fossil-fuel heating
options.

o Identifies best management practices to improve performance efficiency, reduce emissions,
and promote sustainability, safety, and public health.

o Evaluates the commercial viability of wood-heating technologies, and the potential for job
creation and other economic benefits to NYS.

o  Delineates the need for additional research, workforce training, and public outreach.



e Analyzes policy options in the context of local, state, regional, national, and global events and
markets.

This report gathered input from stakeholders through in-person meetings, webcasts and surveys, review of
existing literature and data, and new economic and air quality modeling analyses. In addition, members of
the Project Advisory Committee, which is comprised of experts from the public health and environmental
field as well as experts from biomass technologies and markets, provided input on the various analyses.

The analysis was focused primarily on the use of woody biomass, although this report provides
background information on other solid biomass heating fuels. The initial analysis concluded that heating
technologies for utilization of other biomass sources are not fully developed nor have they been fully

assessed for environmental impacts.

1.2 Report Structure

The report compiles information and analyses on the current use of wood heating technology and
evaluates technical, environmental, public health, forest health, economic, and policy issues associated

with the use of wood for heating. The report is divided into the following four parts:

e  Part 1 focuses on research completed by the Project Team, including:

Market patterns and technology and fuel use trends (Chapter 2).

Regulations and policies affecting the biomass industry (Chapter 3).

Northeast incentive programs for biomass (Chapter 4).

Existing training framework for the biomass industry (Chapter 5).

Existing outreach and education initiatives to support growth of the market (Chapter 6).

O O O O O

e  Part 2 details the information that was compiled for the technology and fuel analyses, including:

o Fuel types and supply in NYS (Chapter 7).
o Wood heating technology assessment (Chapter 8).

e  Part 3 provides information on the analyses conducted by the Project Team, including:

o  Air Quality Impacts Analysis (Chapter 9).
o  Economic analysis (Chapter 10).

e  Part 4 contains conclusions and recommendations based on the analysis in the preceding
chapters, including:

o Recommendations for best practices (Chapter 11).
o  Conclusions and recommendations for future NY'S efforts related to wood heating efforts
(Chapter 12).



1.3 NYSERDA Biomass Heat Programs

This report complements NYSERDA'’s considerable work on biomass heat-related efforts. Most recently,
in Governor Andrew M. Cuomo announced in his 2014 State of the State address the launch of
Renewable Heat NY, “a long-term commitment to help the high-efficiency and low-emission biomass
heating industry reach scale.” Through this program, New York State is pursuing a multi-pronged market
development strategy to stimulate growth in a manner that will ultimately lead to a self-sufficient biomass
heat industry. NYSERDA also has a Biomass Heat Research and Development program. Together, the

programs support the following objectives:

e Increased installations of high-efficiency and low-emissions pellet-fired, and advanced cord
wood boiler heating systems:

e A net reduction in particulate (PM2s) and carbon monoxide (CO) emissions through retirement
of older inefficient systems and replacement with advanced technology heating systems,
resulting in air quality and public health improvements in localized areas, entire valley
communities, and perhaps regionally.

e  Avibrant manufacturing base in New York for biomass heating equipment and fuel.

o  Sufficient demand for bulk pellet fuel suppliers so they can invest in depots for storage and
trucks for bulk delivery that will yield higher consumer (and potential investor) confidence and
reduce delivered pellet fuel prices.

o A well-trained heating system design and installation workforce with sufficient demand for
services, along with knowledgeable energy auditors and code enforcement officers, to promote
properly sized and safe installations, reduced component failure, lower system design,
installation, and O&M costs, and increased system longevity.

e  Advances in heating system components, emissions control technology development, and wood
biomass processing that will drive down PM2s and CO emissions.

e  Product certification, testing, and manufacturing automation to reduce production costs of
advanced heating system components and emissions controls technologies.

¢ Animated financial markets offering reasonably priced financing alternatives to support
continued, sustainable growth of the industry absent direct incentives.

e  Health and safety studies and long-term monitoring and characterization of wood smoke to
track health effects due to combustion by-products, and chart progress in improving air quality
in rural communities.

e  Evaluation of various feedstocks (wood pellets, cordwood, grass, wood chips) and
physical/chemical composition to identify clean, low-emission fuels.



2 Patterns and Trends

This chapter provides recent market conditions related to wood heating applications for NYS’ residential
and industrial, commercial and institutional (ICI) sectors to gain an understanding of the current
deployment of different fossil fuels and the environmental impact of woody biomass compared to

those other fuels.

2.1 Methodology

The most recent comprehensive data available was compiled for various residential and commercial space
heating applications. Obtaining data for the residential market was difficult as there are only a few recent
estimates of existing residential installations of wood burning equipment, and all of them come with
guestions regarding accuracy. Obtaining data for the ICI sector also proved challenging. Limited data
exist on ICI units sized 1 to 10 million British thermal units (MMBtu), and data for units less than

1 MMBtu were largely lacking. To the extent possible, the limitations of the analysis were highlighted
based on the limitations of the underlying data.

The following data resources were used to compile information on the residential sector:

e U.S. Energy Information Administration (EIA) - Nationwide energy use information,
publically available on the EIA website (www.eia.gov).

¢ Residential Wood Combustion Tool - The U.S. Environmental Protection Agency (USEPA)
estimates residential wood combustion emissions using its Residential Wood Combustion
(RWC) Tool for the National Emissions Inventory (NEI). As part of the process for developing
the NEI every three years, state environmental agencies are given an opportunity to review,
comment, and provide supplementary data for the estimates USEPA generated using the RWC
Tool. The RWC Tool is a relational database tool built on a Microsoft Access framework that
relies on estimates of annual activity, emission factors, and control factors to generate emissions
for each county in the United States. The RWC Tool enlisted data from the American Housing
Survey, U.S. Census, the Mid-Atlantic/Northeast Visibility Union (MANE-VU), and appliance
sales data from various sources to estimate the number of wood-heating devices in NYS homes.
Calculation of burn rates and emissions profiles are also discussed in these technical documents.
The estimates for installations and emissions from the RWC Tool are, however, inexact. These
estimates represent average emissions according to regional profiles of unit installations, burn
rates, fuel quality assumptions, and control equipment.

e  Sales Data - Domestic sales data of wood-burning devices are publicly available from the
industry’s trade group Hearth, Patio & Barbecue Association (HPBA). Information about
data collection methodology is not available on the group’s website. Data are available for
equipment shipped from 1998 through 2012.


http://www.eia.gov/

The following data resources were used to compile information on the ICI sector:

e U.S. Energy Information Administration (EIA) - Nationwide energy use information,
which is publically available on the EIA website (www.eia.gov).

e New York State Permitting Database - Staff from the Division of Air Resources of the
NYS Department of Environmental Conservation provided NESCAUM with information
from an internal permitting database. This included information on ICI boilers that have
obtained a State Facility permit or a Title V permit, as well as a limited number of sources
that have permit registrations. Note that this information largely does not include boilers less
than 10 MMBtu per hour burning fuels other than coal or wood, as those sources are considered
exempt activities per NYCRR Part 201.

e New York Oil and Propane Database - This subset of a database from the USEPA Area
Source Boiler inventory database was last updated in April 2010. It includes ICI boilers that
are 100,000 Btu and larger. Visit http://www.epa.gov/ttn/atw/boiler/boilerpg.html for additional
information.

e Oak Ridge National Laboratory Report - Information was used from the “Characterization
of the U.S. Industrial/Commercial Boiler Population” report, submitted to Oak Ridge National
Laboratory in May 2005 and written by Energy and Environmental Analysis, Inc. Visit
http://energy.gov/sites/prod/files/2013/11/f4/characterization_industrial_commerical_boiler_po
pulation.pdf to find this report.

2.2 Residential Heating in New York State

In contrast to other areas of the United States, oil is the primary fuel used for residential heating in the
Northeast and in particular, New York State. According to the EIA, NYS uses 1.8 billion gallons of

No. 2 heating oil (distillate) each year,2 much of it for residential heating. At the same time, use of wood
heat in residential applications is increasing. Approximately one million wood-burning devices utilized
for generation of heat are currently installed in homes across NYS. These units provide primary (main)

heating, secondary heating, and recreational heating to homes.

Fuels used for heating homes in New York have waxed and waned in popularity over the years. In the
1940s, coal was the predominant residential heating fuel in NYS. In the 1950s, there was a shift to heating
oil, and the current shift is to natural gas. The percentage of NYS homes heated with fuel oil peaked
around 1960 at 65.2%. At that time, only 22.8% of NYS homes were heated with natural gas. In 2010,

natural gas was the primary heating fuel in 55.0% of NY'S homes; use of fuel oil had dropped to 28.7%.

The percentage of homes heated by electricity rose from a negligible amount to 9.4% in 2010. Growth

2 New York Biomass Energy Alliance, http://www.newyorkbiomass.org/default.aspx?PagelD=3449
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in the number of homes heated primarily by propane has been limited, increasing from 1.1% in 1970 to
3.2% in 2010. Residential heating trends in NYS are depicted in Figure 2-1.

Figure 2-1. Primary Heating Fuels in New York State Homes 1940-2010

Source: US Census 2010, 2011
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This shift in use patterns applies to wood heating as well. The percentage of homes heated with wood
declined dramatically in the 1940s and fell to nearly zero in 1970. Since the 1970s, however, use of wood
has steadily increased and the number of homes heating with wood now exceeds the previous peak in the
1940s. Figure 2-2 shows the number of homes in the State heated primarily by wood during the period
from 1940 through 2010.



Figure 2-2. Homes Heated Primarily with Wood in New York State 1940-2010

Source: US Census 2010, 2011
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The number of homes heating with wood continues to grow at a significant rate. Between 2005 and
2012, NYS experienced a 60% increase in the number of homes using wood as the primary heating fuel,
as shown in Figure 2-2. This trend is not unique to NYS. The entire Northeast region has experienced

significant growth in wood heat in recent years.

Figure 2-3 depicts increases in residential use of wood in Northeast states. The increases range from
60% to 160%.3

3 EIA, Energy Today, Increase in Wood Heating Most Notable in the Northeast (March 17, 2014),
http://www.eia.gov/todayinenergy/detail.cfm?id=15431.



Figure 2-3. States with the Highest Percentage Increase in Wood Home Heating (2005-2012) Using
Wood as their Primary Heating Source.

Source: U.S. Census Bureau, 2005 and 2012 American Community Survey.
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Only California exceeds NYS in the total number of homes using wood as the primary heating fuel. A
state-by-state summary of wood consumption for residential use is in Figure 2-4 Approximately 2.0%
of NYS homes (143,342 NYS households) are heated with wood, significantly less than some other
nearby states in proportion to the number of households, notably Vermont (15.1%), Maine (12.0%),
and New Hampshire (7.8%). NYS’ unique character, however, being home to both densely urban and

distinctly rural areas, makes per household comparisons against more rural states less meaningful.

The increased use of wood for home heating depicted in does not correspond to other data showing
lower national sales figures for new residential wood burning devices. This could mean new sales are
concentrated in the Northeast, units being put in place are being purchased on the secondary (used)
market, or that existing units are being used more heavily. While 143,342 NYS homes use wood for
primary heat, an additional 500,000 NYS homes use wood for supplemental heat. Increased use by
these units could account for a portion of the increase in wood fuel, but there are no data to support
this hypothesis.



Figure 2-4. Total Number of Households Using Wood for Heating, Ranked by State

No data available for Alabama.

Source: US Census 2010.
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Conventional wisdom often assumes that wood is predominantly used for home heating by lower income

households. EIA data shown in Figure 2-5, however, indicate that higher income households are more

likely to own and use a wood-burning device, while lower income families are more likely to burn larger

amounts of wood. This trend may be due to a number of reasons, including use of less efficient devices,

lower quality housing that may be poorly insulated, or heavier reliance on wood for primary heating.



Figure 2-5. Use of Wood Heating Appliances by Income

Source: U.S. Energy Information Administration, 2009 Residential Energy Consumption Survey
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2.2.1 Current Inventory

Woodstoves and fireplaces dominate the current NYS inventory of wood-burning devices. In 2011,
there were approximately 549,000 fireplace installations in the State, of which approximately 88%
were used for pleasure heating. Woodstoves—including fireplace inserts as well as freestanding and
pellet-fired woodstoves—account for an additional 433,000 