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* University of lllinois at Chicago has 29,80@dents

* Oneof the largest research universities in the state.
0 Weconduct a lot of international researgrojects
0 Students fromindiaarethe largest foreign student population in our collec
0o | am managing the Bioenergy and Land Use Research Center
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* In this talk | argue that biofuels in general,
and ethanol as the largest global biofuel by
volume are set t@ee a significant global
expansionn use.

* The reason for this Is a largew body of
scientific insights&nd technical
developments that support ethanol use in
support of our environment.
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g Ethanol Environmental Impact

Ethanolcan provide significant
contributions toboth:

1) Mitigatingclimate change as
well as

2) Improvingair quality by

0 Reducing combustioemissions
from onroad vehiclesand

o Avoidedcombustion of field
residues: instead field residue
removal for 2G ethanol
production

Letme elaborate some more on
these two topics and the latest
science.
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Mitigating Climate Change
Reducing GHG Emissions
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Climate Change:

o Greenhouse Gas Life Cycle Assessment

* Whencomparing the energy and emissions impact of
different fuels and vehicle technologiessearchers around
the world use what is called life cycle models.

* Inthe US the dominant and most updated life cycle mode
Is the GREET model developed by Argonne National
Laboratory. While several different life cycle models exist
around the world the basic concept is always the same:

* Welook at the individual emissions released during the
different production staget make a fuel followed by the
emissions incurred during the combustion of this fuel.
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- Forethanol. for example we look at the Life Cycle Boundaries @brnEthanolProduction
emiSSiOnS Agriculture - - |
o incurredduring the growing of the corn or T = L |
sugarcane feedstoakcluding +{ P. e | T evara H:
0 tractor emissions, ‘ ngwg‘f“/ s
0 nitrogenand other nutrient emissions, | o
- . . Corn
o emissiondrom feedstock conversion at the e | S

ethanol plantand

0 emissiondrom combustion of ethanol in the Life Cycle Boundaries of Sugarcane Ethanol
Production

vehicle.
- However emissions credits are givéor Moous
0 co-productsproduced at thebiorefineries l ‘
Sugargane Cane —L— Ethanql Ethanol Lo Ethanol
SUCh aS Farming Transport 3 Production Transport
R P N
0 animalfeed produced with corn ethanol i
0 andcogenerated electricity often produced e -
at sugarcane ethanol plants i
Grid Power redi
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- Thenwe compare the emissions from ethanol
to emissions from petroleum based fuels whic
include

0 emissiondrom crude oil extraction and
0 emissiondrom oil refining.

*  While crop based ethan@roduction takes
more steps than gasoline production one must
keep in mind that thecarbon inthe biofuelis
carbon neutralwhich refers to the fact that it
was absorbed during plant growth and it is
released to the atmosphere during combustjo

 Allemissions from ethanol production are due
to the individual production process for a
particular quantity of fuel.

* Thisis not the case for petroleum based fuels
where the fuel carbon extracted from the
ground is not carbon neutrdut a net addition
of geological carbon to the atmosphere.
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» SQq what is the latest science regarding life cycle
modeling of the climate impact of ethanol.

* Lifecycle analysis has shown that, depending on
the individual plantsethanol from corn and
sugarcane provides a one third to two third
reductionof greenhouse gases ovgasolineand
even higher reductions for residue based ethanol

* GHG reductions go a long way in meeting Paris
Climate Commitments.
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GHG Emissions (gCO.e/MJ)
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© 1G and 2G Technologies Merge

» Several technologies are responsible for the
significant lower greenhouse emissions of
ethanol compared to gasoline, a trend which
will only continue In the future.

- Amodern ethanol plant of today is much
different from a plant only 10 years ago.

0 Incorporates 2G technologies
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- Cornethanol plants today produce multiple products from the same corn
feedstockwhich means that theame production inputs result in more
products and therefore reduced emissions.

 Almostall corn ethanol plants now alsxtract corn oilwhich goes into
animal feed as well as biodiesel production

0 Infact about 14% of all biodiesel feedstocks come from corn ethanol
plants.

 Furthermore the animal feed coproduced at ethanol planssincluded in
more and more animal feed rations and its global price reflects its high
feedingvalue

« Researclhas producedetter enzymes taonvert cellulosesugarsrom
cornkernels

* Manyplants nowcapture CQreleased as part of the fermentation
process and sell it for beverage productiamd finally,

- More and more growers are adoptir@pnservation management practices
such as reduced tillage practices.

- Wehave published widely in the peer reviewed literature to demonstrate
how these management practices increasal carbon and thereby reduce
carbon from the atmosphere. 12
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® 1G and 2G Technologies Merge

» Sugarcanethanol is being producedith:
0 higherlevels of mechanization,

0 higheryielding varieties and excess electricitygoduct fed
back to the local electricity grid.

- Second generation
ethanol takes
advantageof first
generation knowhow
iIncludingthe R&D
INn enzyme production
andfermentation
systems




THE
UNIVERSITY OF

. New Technologies

@

 |Information Technology has entere:
production agriculture and growers

can usesoftware tools to optimize
nutrient inputs on their fieldsand r—- ! 'F
sustainably intensify their yields —

AGCO Connecting Your Farm

- Newequipment technologies by
companies likdMahindra and AGCC
provide precision farming applicati
and reduce tractor fuel consumptic..
making agriculture more efficient anc
thereby reducing the overall ;
greenhouse gas life cycle emissions
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Improving Air Quality
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e Reduction in Combustion Emissions

« Actual emissions from ethanol blends depend on engine type, fuel specification, altitt
etc. However, selected publications show that
o Ethanol can reduce PM emissio®d emissions are correlated with double bond

equivalent number of fuel componentdromatic hydrocarbons have high DBE
number whereas ethanol has DBE numbtf. (Aikawa&Jetter2014, Honda Model)

0 Potentialreduction in NOx emissions:Et hanol s hi gh heat
fuel vs ~350 for gasoline) resultsdnarge coolingparticularly withDe ngi ne s
et al SAE 2013.

0 Thelatest research also shows a consisteduction in several key pollutants
including, for example, 1,3 butadieméhich has a high cancer risk and a high rating

form ozone.

« Atmy research center we assess the impact of different ethanol blends for the air que
i n an urban area taking a region or <ca
patterns into account.

0 In recent study we have shown how ethanol blends can reduce ozone in Mexico |

16



THE

Improvements in Air Quality:

o Reduction in Combustion Emissions

 Researcheraow understand how important it Is to
create the right blend of hydrocarboms a fuel tofully
take advantage of et.hanol '

* TheUS Department of Energy is currently funding the
* GOptimization of Fuels & Engines {Optima)
Initiative” .

0 Highoctane fuels including E25 are at the center of this
Initiative.

- Automakersand auto suppliers in the US, Brazil, and
elsewhere have created substantial research programs
icn the area of high octane fuels as a technology of the

uture.
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e Avoided Emissions from Crop Residue Burnini

* Additiona|air quahty Crop Residue Burning in the 2014 National
beneﬁts inCUIfrOm Emissions Inventory
second generation

- o Draft 2014 Crop Residue
ethanol produced SR S B e s
from, for example, rice e e
and wheat straws. Sy

 Theremovalof these
residues for conversior

into fuelavoids
emissiongrom Rt o g o
burning. B
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Responsibilityo ensure that we camaintain the high level of sustainability
even as we produce more and more of them

My final set of thoughts addresses this issue as, again, newly developed
technologies can help with this.

AdvancedVide FieldSensor (AWIFSatellite technology by the Indian Space
Research Organization has long been usadcrease the accuracy of théS
Depart ment of Acgoplanddatd layer (€@ Wwiuch i@ then u a |
extremely essential determination of land planted for each crop each year

The CDL allows us to track land expansion and native land conversions

| A & I
T el Ao .._.\i__)_ ;.ﬂ“¥ SR8 Y
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« Atmy University Research Center we work extensively with satellite data layers. W
have developed tools that allow us to ensure that biofuels feedstocks are grown
sustainably and that those feedstocks do not come from deforested lands.

- Forexampl e, we have worked with one of
protocol developers to developsatellite based land usgerification tool This tool
IS now used by the Europeans to certify tim@ne of the biofuels imported into the
European Union under the Renewable Energy Directive come from deforested fiel
or plantations.

L]

BB £ Audt Details

A L3
g

Global Risk
Assessment Services®
GRAS Tool for Land {73
Use and Sustainable ﬂ
Feedstock '
Assessment

Markup Summary




THE
UNIVERSITY OF
ILLINOIS

Je.  Sustainability and Responsibility

* Sq as scientists waow understand more than ever the
benefits that biofuels can provide for our societsrsd how to
guantify these benefits based on the latest models.

- Wealso understandhe sustainable production practices
required to optimize the benefitare get from using biofuels in
our vehicles.

* Inmy assessmengthanol provides a flexible platforfor the
fuel supplyin India.

o Ethanol from 1G, 2G, Combined 1&2G, Industrial Waste Gas Strea

* Youcan import ethanol from a variety of feedstocks or make it
In Indiatherebytaking@dvant age of | /mawi a
In farm equipment technology as well as its remote sensing
capabilities two of the key technology fields of the future
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Energy Resources Center

The University of lllinois at Chicago
1309 South Halsted Street
Chicago, IL 60607

(312) 316-3498

muellers@uic.edu
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