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A B S T R A C T

Background: Biomass facilities have received increasing attention as a strategy to increase the use of renewable
fuels and decrease greenhouse gas emissions from the electric generation and heating sectors, but these facilities
can potentially increase local air pollution and associated health effects. Comparing the economic costs and
public health benefits of alternative biomass fuel, heating technology, and pollution control technology options
provides decision-makers with the necessary information to make optimal choices in a given location.
Methods: For a case study of a combined heat and power biomass facility in Syracuse, New York, we used stack
testing to estimate emissions of fine particulate matter (PM2.5) for both the deployed technology (staged
combustion pellet boiler with an electrostatic precipitator) and a conventional alternative (wood chip stoker
boiler with a multicyclone). We used the atmospheric dispersion model AERMOD to calculate the contribution of
either fuel-technology configuration to ambient primary PM2.5 in a 10 km×10 km region surrounding the
facility, and we quantified the incremental contribution to population mortality and morbidity. We assigned
economic values to health outcomes and compared the health benefits of the lower-emitting technology with the
incremental costs.
Results: In total, the incremental annualized cost of the lower-emitting pellet boiler was $190,000 greater,
driven by a greater cost of the pellet fuel and pollution control technology, offset in part by reduced fuel storage
costs. PM2.5 emissions were a factor of 23 lower with the pellet boiler with electrostatic precipitator, with
corresponding differences in contributions to ambient primary PM2.5 concentrations. The monetary value of the
public health benefits of selecting the pellet-fired boiler technology with electrostatic precipitator was $1.7
million annually, greatly exceeding the differential costs even when accounting for uncertainties. Our analyses
also showed complex spatial patterns of health benefits given non-uniform age distributions and air pollution
levels.
Conclusions: The incremental investment in a lower-emitting staged combustion pellet boiler with an electro-
static precipitator was well justified by the population health improvements over the conventional wood chip
technology with a multicyclone, even given the focus on only primary PM2.5 within a small spatial domain. Our
analytical framework could be generalized to other settings to inform optimal strategies for proposed new
facilities or populations.

1. Introduction

As many states in the United States (US) seek to increase the use of
renewable energy to address climate change, biomass fuels such as

wood pellets and wood chips have received increasing attention. For
example, in New York State, the Clean Energy Standard requires 50% of
electricity generation to come from renewable resources by 2030 (New
York State, 2016). While this will largely be achieved by hydro, solar,
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and wind, biomass combustion qualifies provided that the facilities
fulfill other permitting criteria, including air permitting requirements
to ensure that local air quality does not violate standards set by state
and local agencies and the US Environmental Protection Agency (EPA).
Additionally, several states are beginning to include the renewable
heating sector as well to meet greenhouse gas targets as part of their
climate change mitigation strategies. At the same time, individual
businesses and institutions are making choices between biomass and
competing technologies, with the choices influenced by myriad factors
such as fuel costs, fuel reliability, state and federal regulations, and
renewable energy incentive programs.

However, biomass has higher particulate emissions than common
oil-fired heating systems and the science regarding carbon neutrality is
unsettled as life cycle carbon emissions depend on future sustainable
forestry practices (Cornwall, 2017; Schulze et al., 2012). Biomass is
often marketed to smaller commercial facilities that do not require
permitting and/or stack testing, so performance criteria are often not
monitored or are captured only at commencement of operations.
Concerns exist about the impact of wood combustion emissions on
ambient air quality that would be reduced with gas-fired or oil-fired
boilers or eliminated using renewable heating technologies such as
ground- or air-sourced heat pumps powered with zero-emission elec-
tricity resources such as wind or solar energy. While combined heat and
power (CHP) systems can be more efficient than stand-alone electricity
generating units, in a cold-weather setting, air quality concerns may be
heightened for high-emitting CHP facilities given their greater use in
the winter when atmospheric conditions such as strong radiational
inversions may enhance the impact of primary pollutant emissions (Ries
et al., 2009).

Making decisions about using biomass is challenging given the
heterogeneous biomass fuels and technologies with different combus-
tion designs. The moisture and ash content are two important char-
acteristics of biomass fuels. Wood pellets typically have 7% moisture
content or less, and low ash content. In contrast, moisture in wood chips
varies significantly, with greater than 40% moisture content being
common, and wood chips may have higher levels of ash. Both of these
factors inhibit optimized combustion. Boiler combustion chamber de-
signs may be simple or multi-stage with oxygen sensors and sophisti-
cated computerized controls for optimization. The emissions profiles
can vary by orders of magnitude depending on the fuel-technology
combination and whether emissions control technology is used
(Chandrasekaran et al., 2011). As a result, air quality and correspond-
ing public health implications may also be highly variable. In addition,
wood chips can come with and without bark. Bole chips, which include
bark and have less desirable burn characteristics, are less expensive but
have fine particulate matter (PM2.5) emissions that would substantially
exceed emissions from high quality pellets and increase emissions from
wood chips without bark. In either case, emissions from wood chips are
higher than fuel oil and other combustion fuels. Only by matching the
correct fuel with the appropriate technology and emissions controls can
systems operate with high efficiency and low emissions.

Federal emissions standards for new wood boilers only apply to
larger (greater than 10 MMBTU/hour) facilities, so smaller facilities
outside of non-attainment areas do not generally have permitting or
stack testing requirements. Beyond standard permitting criteria, decid-
ing whether individual facilities are optimally configured is further
complicated by the importance of population patterns for public health
impacts, including both population density and vulnerability attributes
of the population. A more advanced emissions control technology or
lower-emitting fuel-boiler technology combination or both may be
necessary and cost-justified in one setting but not in another setting.
These geographic complexities are heightened when considering facil-
ities in urban environments, where population density is higher,
surrounding buildings may influence dispersion patterns, and baseline
concentrations of PM2.5 and other pollutants may be greater.

Evaluation of alternative technological options is often informed by

health impact analyses and related cost-benefit analyses. While such
analyses have been done for numerous federal regulations (US
Environmental Protection Agency, 2011b, 2012, 2014) and other
specific case examples (Driscoll et al., 2015; Fann et al., 2009; Levy
et al., 2009), there have been few similarly detailed investigations of
individual biomass facilities. This is largely because such analyses are
either not required or require more time and effort than would typically
be available, but also because of challenges in accurately characterizing
emission rates, modeling pollutant fate and transport in complex urban
settings where many current and potential biomass facilities are
housed, and accurately quantifying incremental costs and benefits.
While standard evaluation criteria for proposed new power plants
rarely include a formal cost-benefit analysis to determine the plant fuel-
technology-emissions control configuration, insight from specific case
studies may inform future standards or criteria.

In this study, we focus on a case example of an advanced-technology
CHP biomass system at the Gateway Center at the State University of
New York College of Environmental Science and Forestry (SUNY-ESF)
in Syracuse, New York. As a relatively new facility funded in part by the
New York State Energy Research and Development Authority
(NYSERDA), significant stack testing was conducted to evaluate both
efficiency and emissions performance, providing key input data for
atmospheric dispersion modeling and subsequent health impact model-
ing. We also evaluated a counterfactual scenario, reflecting a conven-
tional configuration that could have been deployed at SUNY-ESF.
Parallel characterization of emissions for this conventional configura-
tion was conducted, allowing for comparisons of the emissions rates
and corresponding air quality and health effects, along with the
incremental costs of the more advanced technologies. The Gateway
Center is also located at a college campus and is immediately adjacent
to a major sports arena and in close proximity to multiple university
hospitals and residential dormitories, indicating the presence of multi-
ple vulnerable populations with high population density at some points
in time.

2. Methods

Cost-benefit analysis of alternative biomass technologies involves
quantification of emissions for each of the fuel-boiler and emission
control technologies under study, application of atmospheric dispersion
models to determine the incremental contribution of modeled emissions
to air pollutant concentrations, quantification of resulting changes in
public health impacts given evidence from the epidemiological litera-
ture and data on population patterns, and monetization of health
outcomes to compare with control costs (Fig. 1). Below, we describe
our approach and key assumptions for each of these analytical
elements.

2.1. Biomass facility design and configuration

The CHP biomass facility was built to heat six buildings and provide
electricity. It is located on the campus of SUNY-ESF, near multiple
college campuses and a large indoor sports arena, with some of the
sports arena air intakes in close proximity to the stack (Fig. 2). SUNY-
ESF designed its system to optimize efficiency and environmental
performance consistent with its LEED Platinum Gateway Center build-
ing design. It includes a wood pellet-fired two-stage gasifier connected

Fig. 1. Analytical framework for cost-benefit analysis of alternative CHP biomass
emissions scenarios.

J.I. Levy et al. Environmental Research 156 (2017) 312–319

313



https://isiarticles.com/article/90955

