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4 PUBLIC HEALTH IMPACTS OF BIOFUELS PRODUCTION AND USE 

4.1 OVERVIEW 

Emissions from biofuel production and use have the potential to negatively affect human health 

(NYSERDA 2009).  These emissions may occur either at the farm or fuel production facilities (upstream 

emissions) or at the tailpipe of the vehicle (downstream emissions).  In both cases the direct emissions from 

production or use (primary emissions) can be harmful to exposed human populations.  In addition, some of 

these primary emissions are transformed in the atmosphere to form secondary emissions.  Detailed 

quantitative modeling of the atmospheric fate and transport of such pollutants is beyond the scope of this 

project.  Instead, the public health impacts are discussed through a presentation of the literature on this 

topic, which is then connected with the LCA results presented above.9

4.2 UPSTREAM LCA RESULTS: AIR POLLUTANT EMISSIONS AT FEEDSTOCK AND 
FUEL PRODUCTION STAGES 

 

The LCA presented in this appendix covers the following air pollutants: 

• Volatile organic compounds (VOCs): Volatile organic compounds are airborne toxics and precursors 

to ground-level ozone, which is linked to a  number of negative health effects including aggravation of 

asthma, bronchitis, and emphysema, reduced lung function, and pain while breathing.  Repeated 

exposure to ground-level ozone has been linked to premature mortality (EPA 2009a). 

• Particulate matter (PM): An EPA criteria pollutant,10

• Nitrogen oxides (NOx):  An EPA criteria pollutant, nitrogen oxides are associated with respiratory 

problems including asthma and respiratory-related hospital admissions and contribute to ground-level 

ozone and particulate matter formation (EPA 2009b).  NOx emissions also contribute to acidification 

and eutrophication of soil and water (NYSERDA 2009).  

 PM includes particles with an aerodynamic 

diameter of 10 micrometers or smaller (PM10 and PM2.5) – particles that are small enough to reach into 

the lower respiratory tract and lungs, causing adverse health effects.  Numerous studies have linked 

increased concentrations of PM to negative health effects for exposed populations.  PM has been linked 

to damages to respiratory systems and lungs, chronic bronchitis, cancer, asthma, heart attacks, and 

premature mortality.  Environmental effects of PM include decreased visibility (haze), alteration of 

nutrient balance, acidification of water, and damage to forests and crops (Nel 2005; EPA 2008a). 

                                                           
9 A detailed discussion of potential health and environmental impacts of biofuels production and use in the State can be found in 

NYSERDA (2009), The Environmental Impacts of Biofuels in New York State.  Another NYSERDA study, "Applying the Northeast 

Regional Multi-Pollutant Policy Analysis Framework to New York: An Integrated Approach to Future Air Quality Planning," will 

propose mitigation options for air quality.  Because the study is not complete, results will be assessed in the annual Roadmap updates. 
10 Criteria pollutants (particulate matter, ground-level ozone, carbon monoxide, sulfur oxides, nitrogen oxides, and lead) are six 

common air pollutants, which are prevalent throughout the United States, and can be harmful to human health and the environment. 

These pollutants are termed "criteria" air pollutants because the EPA regulates them by developing human health-based and/or 

environmentally-based criteria (science-based guidelines) that set allowable levels of the pollutants. (USEPA) 
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• Sulfur oxides (SOx): An EPA criteria pollutant, sulfur oxides, including sulfur dioxide (SO2), react 

with water vapor and airborne particles to form acidic compounds and sulfates, which are harmful to 

human health and the environment.  Long-term exposure to SO2 is linked with respiratory problems 

and disease, while exposure to sulfate particles is linked to respiratory problems and premature 

mortality (EPA 2009c). 

As shown in Figure G-47 total life-cycle emissions of VOCs, NOx, and PM increase State-wide compared 

to conventional fuels for all scenarios, and SOx emissions decrease in all LCE scenarios, but increase in 

corn ethanol and soy biodiesel cases.  Note that there may be localized pollution inventory shifts (increases 

and/or decreases) that are not accounted for in this analysis.  Although it is difficult to quantify the relative 

public health impacts from these emission profiles, more than half of the emissions occur in the upstream 

stages of the fuel cycle (see, for example, Figure G-48 and 49 below for Scenario 2b, or see figures 

presented earlier in this Appendix for other scenarios).  For biofuels, these upstream emissions will occur in 

New York; however, for conventional fuels, these emissions will occur mostly outside New York in 

locations where petroleum fuel is extracted and/or refined.  For that reason, biofuel use is expected to 

increase total pollution inventories for New York, particularly in those counties that expand feedstock 

production or operate biorefineries.  A geospatial characterization of upstream emission locations and 

transportation activities can be found on maps located in Appendix F of this report.  Those maps depict 

counties where feedstock extraction and biorefinery activity is likely to expand for each scenario studied.  

Potential health impacts of increased emissions include a range of respiratory problems, asthma, heart 

attacks, cancer, and premature mortality.  More research is needed to quantify the health impacts from these 

emissions, through the application of atmospheric dispersion and population exposure models, to 

characterize the health risk to exposed populations in these regions. 
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Figure G-47. Change in Air Pollutant Emissions by Scenario. 

 

 

Figure G-48. Percentage of Total Scenario 2b LCE Emissions Contribution by Fuel-Cycle Stage. 
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Figure G-49. Total Scenario 2b Change in Criteria Pollutant Emissions by Fuel Cycle Stage (LCE vs. 
Gasoline). 

 

  

4.3 DOWNSTREAM EMISSIONS OF AIR POLLUTANTS: POTENTIAL CHANGES DUE 

TO BIOFUEL USE IN THE STATE 

Downstream (tailpipe and evaporative) emissions may present the greatest risks to public health, as these 

emissions are often released in more densely-populated urban and residential areas.  It is beyond the scope 

of this study to quantitatively model the health effects of downstream emissions, as we do not have data on 

precisely where fuel would be consumed and in what quantities.  However, we can qualitatively discuss 

potential changes in tailpipe emissions and resulting human health impacts due to a shift from conventional 

fuel to biofuels.  For this qualitative assessment, the EPA criteria pollutant CO and toxic air pollutants (also 

known as hazardous air pollutants, HAPS) are included (EPA 2000; EPA 2008b; EPA 2009d; EPA 2009e; 

EPA 2009f; EPA 2009g; Winebrake, Wang and He 2001), in addition to the pollutants listed in the 

upstream emissions section, above: 

4.3.1 Downstream Emission Types 

• Carbon monoxide (CO): Carbon monoxide can reduce oxygen delivery to the body, exacerbating 

existing cardiovascular problems and producing negative central nervous system effects.  At very 

high levels CO may cause death.  CO is also a contributor to ground-level ozone, which can cause 

respiratory problems.   

• Acetaldehyde: Acetaldehyde has been identified as a probable human carcinogen by the EPA, 

due to presence of tumors in rats exposed to acetaldehyde.  Non-cancer effects include eye and 

respiratory tract irritation, coughing, and burning in nose and eyes.  High exposure levels may lead 
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to pulmonary edema and necrosis.  Depressed respiratory rate and elevated blood pressure have 

been seen in experiments with animals.  

• Formaldehyde: Formaldehyde is classified as a probable human carcinogen by the EPA based on 

evidence in humans, rats and monkeys.  Non-cancer effects include burning and irritation in eyes 

and throat, coughing, nausea, fatigue, skin rash, and allergic reactions.  At high levels 

formaldehyde can cause difficulty breathing and may trigger asthma attacks.  Like acetaldehyde it 

can be produced through primary combustion and secondary formation through reactions of 

organic compounds. 

• Benzene: Benzene is classified as a known human carcinogen by the EPA based on epidemiologic 

studies, causing leukemia by all routes of exposure. Non-carcinogenic effects include eye, skin 

and respiratory irritation, drowsiness and dizziness and even unconsciousness at high levels.   

Long-term exposure to benzene has also been linked to non-cancer blood disorders and 

reproductive effects.  Benzene is emitted from vehicles as both exhaust gas and through 

evaporative emissions. 

• 1, 3 Butadiene: 1,3 butadiene is characterized as carcinogenic to humans by inhalation, and is 

classified as a known human carcinogen by the U.S. government.  Non-carcinogenic effects of 1, 3 

butadiene include eye, throat, lung, and nasal passage irritation; also exposure may be linked to 

cardiovascular diseases. 

The potential health effects of ethanol use in the State are highly uncertain as the use of ethanol has been 

found to increase tailpipe emissions of certain VOC species, while decreasing emissions of others.  Vehicle 

type, vehicle operation, combustion conditions (temperature-pressure relationships), and environmental 

conditions all influence ethanol emissions relative to conventional petroleum fuel.  Adding further 

uncertainty, the literature examining ethanol tailpipe and evaporative emissions is often conflicting (DOE, 

2009), partly due to non-fuel factors listed above and to the variety of ethanol fuel blends.  In this 

discussion general findings are presented on downstream emissions from ethanol use, and the potential 

implications on public health in New York State are discussed.  

4.3.2 Ethanol. 

Figure G-50 shows the findings of Niven (2005), who performed a review of environmental impacts of 

ethanol in gasoline.  As shown in the figure, tailpipe emissions from E10 (10% ethanol, 90% gasoline) tend 

to reduce emissions of CO; hydrocarbons (HC, of which VOCs are a component); PM; 1, 3 butadiene; 

benzene; and non-methane hydrocarbons (NMHC); while increasing acetaldehyde, and having mixed 

impacts on NOx and formaldehyde emissions.  Considering tailpipe and evaporative emissions, E10 has 

been found to increase HC, NOx, formaldehyde, acetaldehyde, NMHC, and ozone-forming potential; CO 

emissions are reduced.  E85 reduces emissions of benzene and butadiene, while increasing formaldehyde 

and acetaldehyde; E85 reduces NOx and has mixed impacts on CO emissions (Jacobson 2007). 
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Figure G-50. Change in Emissions, E10 Compared to Gasoline. 

 

Notes: *When assessing evaporative emissions, there are caveats that make it less ubiquitous and consistent than 
tailpipe emissions.  The results shown in this table do not reflect these caveats. 
**In a follow-up study, formaldehyde emissions were found to change according to temperature. 

Source: DOE (2009), reporting findings of Niven (2005)  

High blends of ethanol generally reduce tailpipe emissions of NOx compared to petroleum fuels, with E85 

NOx reductions averaging 20-40% (NYSERDA 2009).  In E10 spark-ignited (Otto cycle) vehicles, NOx 

emissions have been shown to increase or decrease compared to gasoline (DOE, 2009; Karman, 2003). 

Ethanol-diesel blends may reduce NOx compared to diesel fuel in auto-ignited engines (Diesel cycle), or 

may vary according to engine conditions and speeds (He et al. 2003; Huang et al. 2009).  Most of the 

discussion of research here refers to studies of ethanol in Otto cycle engines; the next subsection addresses 

biodiesel. 

E10 and E20 tend to produce lower CO tailpipe emissions (Niven 2005).  Higher blends of ethanol (E85) 

have been shown to increase tailpipe emissions of CO compared to gasoline, with a total life-cycle increase 

in CO emissions of 2-3% (NYSERDA 2009; Wu et al. 2005; Brinkman 2005);  CO emissions have been 

found to increase or decrease when used in ethanol-diesel blends (He et al. 2003; Huang et al. 2009).  

Though total life cycle PM10 emissions of corn ethanol are increased substantially compared to gasoline, 

the majority of PM emissions occur at upstream stages; changes in tailpipe PM emissions of ethanol are 

uncertain or have been shown to be negligible (Jacobson 2007; Niven, 2005; Mazurek 2007, as quoted in 

NYSERDA 2009).   

Ethanol has been shown to increase tailpipe and evaporative emissions of formaldehyde and acetaldehyde 

(Jacobson 2007; Niven 2005; Winebrake et al. 2001), toxics that are also ozone precursors.  Compared to 

gasoline, E85 increases tailpipe and evaporative emissions of acetaldehyde by 1250% to over 4300%, and 

formaldehyde by 20% to over 250% (Jacobson, 2007; NYSERDA, 2009; Winebrake et al., 2001).  E10 also 

increases acetaldehyde and formaldehyde emissions, but to a smaller degree (Niven 2005; NYSERDA 

2009). 
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4.4 WATER, SOIL, AND OTHER ENVIRONMENTAL IMPACTS OF BIOFUELS 

Expansion of the biofuels industry in the State could potentially result in other negative environmental 

impacts, including: soil erosion, impaired water quality, acidification of water and soil, eutrophication of 

bodies of water, damage to plants and animals, reduced biodiversity, and loss of habitat.  Nitrogen (e.g., as 

fertilizer, N2O, or NOx) and ozone in particular have been linked to a number of negative environmental 

impacts.  Findings in Appendix E indicate that nitrogen fertilizer use, NOx and VOCs (precursors to ozone) 

will increase in the State, thus negative environmental impacts such as those listed above might be 

anticipated.  Odor issues near farms and biorefineries might also be expected from a large-scale biofuels 

industry in the State.  Though energy use and emissions estimates are quantifiable on a LCA basis, 

currently no research has examined the life-cycle environmental impacts of biofuels on soil, water, and 

habitat, etc. (NYSERDA 2009).  Further, detailed geographical and local information is required to assess 

the potential impacts to soil and water in the State; such research should be supported in counties that have 

been identified as potential contributors to feedstock production under an expanded New York State 

biofuels industry.  A comprehensive discussion of the potential soil, water, and other environmental 

impacts of biofuel production and use in the State can be found in The Environmental Impacts of Biofuels 

in New York State (NYSERDA 2009). 

5 FUTURE RESEARCH NEEDS 

There are a number of future research needs associated with the lifecycle energy and emissions impacts of 

biofuel production and use that emerge from this appendix.12

• Sensitivity and best practices.  Total LCA emissions of biofuel production are sensitive to input 

parameters at the farm and the biorefinery.  For example, it has been shown that nitrogen fertilizer 

application rates may greatly influence the total GHG emissions associated with feedstock 

production for biofuel.  Additional research is needed to analyze the sensitivity of final results to 

variations in input factors, to determine how these input factors can be affected by best practices, 

and to consider how policies can influence these best practices. 

  In particular, we recommend additional 

research in the following areas: 

• Advanced ethanol pathways.  This Roadmap explored a variety of biofuel production pathways 

that are possible in the mid- and long-term.  However, there are other potential biofuel pathways 

that could be considered but were not, including liquid transportation fuels from algae or the 

production of biodiesel from yellow grease.  More research is needed to define and characterize 

these pathways and include them in a New York biofuel analysis. 

• Competing use analysis for biofuel.  Biofuel feedstock has many uses and many stakeholders have 

expressed interest in comparing the use of biofuel for liquid transportation fuels versus 

“competing uses” such as biofuel for electricity production.  These “competing uses” have their 

                                                           
12 Some of these research needs may best be addressed at the national level. 


