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2016 Bioenergizeme Infographic Challenge: Algae as
a Biofuel

P‘O‘C@S/ .’ Raceways (algal ponds) Algae convert sunlight into Oil is extracted by
S/ cultivate a new crop of usable energy, stored in the breaking down the cell
algae every few weeks. form of natural oils (lipids). structure of algae

using solvents or sound
waves.

The hope is that algal biofuel The oil is further
will become commerically processed at an
available. integrated biorefinery.
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In order to prod 25 billion gallons
E ERN PGS I RS As demand increases, algae farms
1/4 of the amount of water should ideally be situated in
used for U.S. riculture is humid areas near fresh
required. groundwater, salty
grou ater, or seawater.
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Costs need to be reduced f . wastewater streams

harvesting and processing. can potentially reduce costs and
improve wastewater treatment.
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This infographic was created by students from Smithtown High School East in St. James, NY, as part of the U.S. Department of Energy-
BioenergizeME Infographic Challenge. The BioenergizeME Infographic Challenge encourages young people to improve their foundational
understanding of bioenergy, which is a broad and complex topic. The ideas expressed in these infographics reflect where students are in
the learning process and do not necessarily reflect the state of knowledge of the U.S. Department of Energy or other experts in the

bioenergy industry.
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2016 BloenerglzeME Infographlc Challenge' Algae
Biofuels, Exploring the Energy of Tomorrow Today

N ALGALBRES: e

Some algae produce -,

BIOHYDROGEN, wiich @

can be used as an alternative

FUEL SOURCE

photosynthetic
organisms that
pnmanly live in

3 3
Algae can grow in WASTE

WATER, so drinking
water is CONSERVED! ¢

HARVESTING and DEWATERING

methods, suchas CENTRIFUGATION ) oy fanesting
CONCENTRATE the aiga ar...[xpmsiv[

andcanbe =@
CHEMICALLY INT[NSIVE

necessitating the
development of N

NEW TECHNOLOGY

elera in -k
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MECHANICAL methods sichas
drying & pressing the algae are used

with CHEMICAL solvents to extract
the | |PI])S that make up the (||

HiGH PRESSURE and J

HEAT break down and reform
the algae MACROMOLECULES

LAND ALGAE
Unused components

can be RECYCLED or Algae can
CONVERTED to valuahle potentially

materials like ANIMAL o 9 produce

more ol than land

needs to be based plants

refined

One common refining process is

BIOREFINERY

ALL TYPES of machinery that
use GASOLINE or DIESEL

work with ALGAL BIOFUEL

‘

GLYCEROL
can be sold to

industries for use
in products like
soap and food

Additional Challenges of Algal Biofuel
‘ r"

Temperature According to the US Dept. of Energy,
regulationand  Algal biofuelis §7 5() agallon, 10 meet total U5

water evaporation | - . demand with algal
i I:IEI; cothe  "hile gasoline from petroleumis  piofuel would require
COST of growing SZ[][I a gallon an investment of
algae ALGAL BIOFUEL  GASGLINE SL1 billion >
B
&»

Despite these challenges, the use of

ALGAL BIOFUELS presents HUGE BENEFITS

Advanced biofuels can account for 807,000
new jobs in the United States by 2022

The land needed to produce Algal biofue

: can REDUCE the Uniter
enough algz:lst:lllluflz; U5 demand States’ dependency on

43,500 square miles FOREIGN OIL We im

The US has a total of el ills s
square miles

ALGAL BIOFUEL
FOR A GREENER TOMORROW
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This infographic was created by students from Smithtown High School East in St. James, NY, as part of the U.S. Department of Energy-
BioenergizeME Infographic Challenge. The BioenergizeME Infographic Challenge encourages young people to improve their foundational
understanding of bioenergy, which is a broad and complex topic. The ideas expressed in these infographics reflect where students are in

the learning process and do not necessarily reflect the state of knowledge of the U.S. Department of Energy or other experts in the
bioenergy industry.
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2016 Bioenergizeme Infographic Challenge: Biofuel
Jobs and Education

Jobs and
Education

flverage Diofuel-felated job

Average Starting Salary:
$37,500
Per Year

Requires an Associates Degree at Minimum

This will
improve the
economy and

The current biofuel-related jobs surround re d u c e
Eur'rfying the biofuel, studying the growth of

jofuel . and hing bett
oy of camg o and producg e dependence
bric: ue!s.b The best +tt:1r;=,_wgr.=_-rs-5E t;:_:- hatue for & =

t Ing relating to f
biggfu{:!je::?iuatgghnnﬁagy biofuels, and 0 n 0 re I g n 0 I IS

agriculture,

Getting a degree
relating to
biotech, biofuels,
bioprocess, or
manufacturing
will greatly
increase your

chances of
getting a biofuel-
related job! ‘

This infographic was created by students from Sparks High School in Sparks, NV, as part of the U.S. Department of Energy-BioenergizeME
Infographic Challenge. The BioenergizeME Infographic Challenge encourages young people to improve their foundational understanding
of bioenergy, which is a broad and complex topic. The ideas expressed in these infographics reflect where students are in the learning
process and do not necessarily reflect the state of knowledge of the U.S. Department of Energy or other experts in the bioenergy industry.
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BIOENERGIZEME INFOGRAPHIC CHALLENGE: Bio-
Fuel at Farms

O-FUEL AT FARMS

Wisconsin cows produce 5.5 This manure is often WASTED.
MILLION TONS of manure

each year.

mntaminating grnund water.

Farms could be more SELF-SUSTAINABLE by
Uﬁiﬂg their own manurc ﬁ)l‘ ﬁ.lﬁl. Th]S \"-’DU]d Thls manure can bE turned

SAVE MONEY. This would also prevent into BIO-FUELS USiI‘Ig the

ground water pollution resultlng from run-off nitrogen and methane found

olluted by manure, .
F ) in the manure.

[f Wisconsin alone converted all of its manure into oil, they would produce
over 550 MILLION GALLONS of oil. Which is equivalent to .2% of the nation’s
oil.

“Cow Manure: Resource for Biofuels and
Other Products." Agn-View. N.p., 25
Dec. 2012. Web. 9 Mar. 2015,

"One-third of Qur Greenhouse Gas

Emissions Come from

This causes happy farmers that Agriculture.” Nature. Ed.

make more food!
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This infographic was created by students from Clean Technologies and Sustainable Industries Early College High School in Ballston Spa,
NY, as part of the U.S. Department of Energy-BioenergizeME Infographic Challenge. The BicenergizeME Infographic Challenge
encourages young people to improve their foundational understanding of bioenergy, which is a broad and complex topic. The ideas
expressed in these infographics reflect where students are in the learning process and do not necessarily reflect the state of knowledge of
the U.S. Department of Energy or other experts in the bioenergy industry.
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BIOENERGIZEME INFOGRAPHIC CHALLENGE:
Bessie's Biofuel
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With approximately 87 million cattle in the US, over 46 billion gallons of fuel
can be produced in one year.

This would account for nearly 1/3 of total gasoline used by the US in 2014
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' Farm self-sufficiency ‘ Phosphate Broken down into 3
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it create:
By
' [ &) ] ' & Ethanol
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This infographic was created by students from Smithtown HS East in 5t. James, NY, as part of the U.5. Department of Energy
BioenergizeME Infographic Challenge. The BioenergizeME Infographic Challenge encourages young people to improve their foundational
understanding of bioenergy, which is a broad and complex topic. The ideas expressed in these infographics reflect where students are in
the learning process and do not necessarily reflect the state of knowledge of the U.5. Department of Energy or other experts in the

bioenergy industry.
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BioenergizeME Virtual Science Fair: Biomass History

A timeline

Biomass
History

A fimeline

Technology has made bio power
more efficient over time because
there are now machines capable
of producing the biomass into
pellets that can be used as fuel

Worldwide, wood remains the most
popular source of biomass
throughout the years of
development and change

2% Piktochart

This infographic was created by students from Sun Valley High School in Aston, PA, as part of the U.S. Department of Energy-
BioenergizeME Virtual Science Fair.
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2017 Bioenergizeme Infographic Challenge: Brain
Fuel to Biofuel

Al
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BRAIN
FUELTO
BIOFUEL

As of today, more than
280,000 people are working '

in positions directly or

indirectly supported b

ethanol or biodiesel.

--------------------------------------------------------------------------------

How can one get involved
Inthe bioenergy
workforce ?

Scientific Pathways

O

®
o

Biochemistry

'y Microbiology Civil Engineering
JL —
use methane produced by microorganisms fo ET,:duEmwn
creafe bmner%and biofuels via construction of bi
fermentation. 0 develop microbes prm:hg plants
with synthetic DNA that code for fast-acting '
enzymes that produce usable biofuel quickly.
may also produce renewable resources .
may be used in lieu of petroleum. 1 Ch_ElﬂlCﬂl
(o) A Engineering
il Research
L Chemical engineers have been instrumental in
T e e
processes fhat a
LR R (e turned into barrels of fuel3
feedstock to biofuel more efficient.?
Q Genetic Engineering
T | T Genefic engineers cross specific crops
== £ and microbes to make the the
conversion process more efficient.
The research team af the
Eetu;gn;mle E{ws manlfmli:egﬂ,ﬂ Agricultural
identifies renewable sources Engineering
energy in South Georgia and
tdﬂigm anﬁn ewalmfu_pruduc;f
0 re the energy in a usable : .
e oy i = Agricultural engineers manage the
residential use in the region.” production of feedstocks 3
such as switchgrass. soybean. and corn.

resources from sustainable and

Researchers at The Georgia

Institute of Technology are

developing fechnologies to
creafe greater and more
efficient bio-renewable

environmentally-sound
materials (forestry products.
agricultural waste. and aquatfic
plants).’

Bioenergy & Bioproducts
Engineering

Bioenergy engineers work toward
advancing science and and fechnologies
to convert biomass. including wastes.
into useful products such as fuels and

fuel additives. 3

Application Pathway

Business

Management

Trade School

Biofuel production managers

collect and process information

on plant production and

performance. diagnose problems.

This infographic was created by students from The Gwinnett School of Mathematics Science and Technology in Lawrenceville, GA, as part

and design correcfive
procedures.

i "% Piktochart
888 moke nformation beautify

Gonstruction workers build
infrastructure for eco~friendly
facilities.”

Ghemical operators work with
automated equipment that control
the fiming. !t:]m mc:?rﬁé
pressure. f

biofuels.*

Large-scale transportation
operators such as fruck drivers
transport the biofuel directly fo

consumers or to be used as an
intermediate product,in diesel
production.

of the U.S. Department of Energy-BioenergizeME Infographic Challenge. The BioenergizeME Infographic Challenge encourages young

people to improve their foundational understanding of bioenergy, which is a broad and complex topic. The ideas expressed in these

infographics reflect where students are in the learning process and do not necessarily reflect the state of knowledge of the U.5.

Department of Energy or other experts in the bioenergy industry.
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BIOENERGIZEME INFOGRAPHIC CHALLENGE:
Careers in Bioenergy

i3 Piktochar

This infographic was created by students from Sun Valley High School in Aston, PA, as part of the U.5. Department of Energy-
BioenergizeME Infographic Challenge. The BioenergizeME Infographic Challenge encourages young people to improve their foundational
understanding of bioenergy, which is a broad and complex topic. The ideas expressed in these infographics reflect where students are in
the learning process and do not necessarily reflect the state of knowledge of the U.S. Department of Energy or other experts in the
bioenergy industry.
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2017 Bioenergizeme Infographic Challenge:

Conversion of Cellulosic Biomass to Ethanol

Conversion ofj Cellulosic Biomass to Ethanol
 E A RN N EEEEE NS REEREEREREENE RN ERESNERE SN R R EREENEBSEEREENESN N,

Cellulose Creation Dehydration Synthesis
Before the plants are used for energy, cellulose Ihe glucose molecules are joined together into
first must be produced by the plant larger cellulose molecules which are incorporated

into the plant matenal [1].

CH,OH

Clucose

This hexagonal molecule carries a large amount of
energy, and it can easily be linked together with
other glucose molecules to create cellulose.

' A9 oM

H /
H
\D-H_V
HO : H
H LA

Photosynthesis

A plant uses the energy from sunlight to convert
water and carbon dioxide into glucose and oxygen.
some of this ﬂucnse IS converted again into
cellulose, the hard, rigid parts of a plant [1].

Cellulose Breakdown

1.Pretreatment

The plant material's structure
i5 broken down so that all of
the cellulose fibers of the

biomass are exposed in future

steps [2].

2- Hydl"ﬂlyll-l

The cellulose molecules are
further broken down into
individual glucose
monomers.[2]

A

These enzymes trigger
the reaction and make

sure that the
molecules are broken
up quickly and cleanly.
( .
._\_1_ ( _ﬁ-] F
H' @
& | ' These glucose molecules are the
& 1 simplest sugar molecules that can
/ | H h{hﬂﬁh: Iil‘l'uur hiid'f il:tm]hi
eaks up all complex sugar into
' v ” glucose to usupits mu?grf

L ()

A 40 >

— [

Microbial "Digestion”

3.Fermentation 4.Distillation

lo separate the ethanol from the
yeast and other substances in the
mixture, the whole mixture is
heated up to just the right
temperature, so that just the
ethanol evaporates. | 3]

These microbes are yeast
cells. While they may look like
bacteria, they are actually a
fungus' [3]

H H
H-C-C-0-H
HH

qf
fﬂ)

The yeast cells
consume glucose
molecules in large

quantities n‘nccnallv
when the molecules
are readily available.

H H
H-C-C-0O-H
H H

The yeast obtains
energy from the
glucose through a
process called
anaerobic IEEDIIHTIU[I.
One of the products of
anaerobic respiration
15 ethanol (the process
also releases some

carbon dioxide) CO

H H
H=-C-0C-0-H
H H

The evaporated ethanel is captured
and collected. This ethanol can now
be used for all kinds of fuel'

-------------------------------------------------------------------------------------------

Biofuel and Renewable Global Ethanol Production (2008-2015)%)
Energy Consumption'®

Biofuel (23%)

4

Billions of Gallons

X

All other renewable energy
sources (17%)

World Ethanol Production

The fermentation process
releases some carbon

. Cellulosic Ethanol can be domestically
m produced and could help make us

By~ (5] dioxide, a
- Lreenhouse CO:
(7]
Exhaust dd
e 5
Than traditional fossil fuels. [5]
Ethanol has a lower

Almaost | |

Any

Plant and organic
material can be used to
produce ethanol. [6]

relative to other fuels. [5) 'I
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This infographic was created by students from Smithtown High School EAST in 5t. James, NY, as part of the U.S. Department of Energy-
BioenergizeME Infographic Challenge. The BioenergizeME Infographic Challenge encourages young people to improve their foundational
understanding of bioenergy, which is a broad and complex topic. The ideas expressed in these infographics reflect where students are in
the learning process and do not necessarily reflect the state of knowledge of the U.S. Department of Energy or other experts in the

bioenergy industry.
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2017 Bioenergizeme Infographic Challenge:
Education and Workforce
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This infographic was created by students from Colleton County High School in Walterboro, SC, as part of the U.5. Department of Energy-
BioenergizeME Infographic Challenge. The BioenergizeME Infographic Challenge encourages young people to improve their foundational
understanding of bioenergy, which is a broad and complex topic. The ideas expressed in these infographics reflect where students are in
the learning process and do not necessarily reflect the state of knowledge of the U.S. Department of Energy or other experts in the
bioenergy industry.
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2016 BioenergizeME Infographic Challenge:
Education in Bioenergy

Their undergraduate
chemical engineering
program teaches
knowledge of the chemical
processes that convert
biomass to energy. They
teach the ability to lead a
team and communicate,
which 1s a key skill to have
as a professional scientist.

Chemical
Engineering

Microbiology

Mechanical Biochemistry
Engineering

This infographic was created by students from Smithtown High School East in St. James, NY, as part of the U.5. Department of Energy-
BioenergizeME Infographic Challenge. The BioenergizeME Infographic Challenge encourages young people to improve their foundational
understanding of bioenergy, which is a broad and complex topic. The ideas expressed in these infographics reflect where students are in
the learning process and do not necessarily reflect the state of knowledge of the U.S. Department of Energy or other experts in the
bioenergy industry.
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2016 Bioenergizeme Infographic Challenge: Energy
Crops: The Future of Bioenergy Feedstocks

An energy crop is a crop specifically} ‘

?rown to be used as a bioenergy
eedstock (i.e. raw material used to
produce energy).

Types of energy crops:
-perennial grasses
-annual crops
-woody crops

Perennial Grasses Woody Crops
Examples: dn TR | | Examples:
-Switchgrass - R -Wbr'id Poplar
-Giant Miscanthus E | -Willow

-Sugar Cane

These provide significant
amounts of biomass feedstock

These are fast growing : : - :
and do not require while rﬂeq‘;urin less fertile soil

much input

Current and Future Percent of
Biomass Resources from
Energy Crops

©

Amount of Biomass
from Energy Crops

(in Million dry tons)

Total Biomass from
Agricultural and Forest
Resources

References

Data on the table 1s from Table ES.1 in the U.S. Department of Energy.U.S. Billion-Ton Update: Biomass Supply for a Bioenergy and
Bioproducts Industry. August 2011

"About Biomass." Biomass Power Association. http://www . biomasspowerassociation.com/pages/about facts.php.

"Biomass Resources in the United States (2012)." Union of Concemed Scientists. September 2012.
http://www.ucsusa.omg/clean-vehicles/better-biofuels/biomass-energ y-resources# Vtd2 pPkrLIV.

http://www.biopelletmill.com/com-stover-pellet-mill.html
http://georgeweigel.net/plant-of-the-week-profiles/omamental-grasses/switchgrass-northwind

http://www.gildemeister-usa.com/home image html pages/GreenWood Poplarhtml

This infographic was created by students from Franklin High School in Franklin, MA, as part of the U.S. Department of Energy-
BioenergizeME Infographic Challenge. The BioenergizeME Infographic Challenge encourages young people to improve their foundational
understanding of bioenergy, which is a broad and complex topic. The ideas expressed in these infographics reflect where students are in
the learning process and do not necessarily reflect the state of knowledge of the U.S. Department of Energy or other experts in the

bioenergy industry.
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2017 Bioenergizeme Infographic Challenge: Fueling
the World with Algae

Algae can also
be grown in

polluted water
which is in

Algae biomass for
fuel purposes is
most often grown

in tanks of :
freshwater or high -
saltwater, abundance:

depending on the
algal species!*]

In systems

& with an
indirect heat
source
& rotating
disks are
used to
"y advance heat
The algae are then sent into pX Eehnng e. In
a dewatering tube in which a direct heat
& b heat is used to evaporate system, an
the water and remove the open flame is
majority ni the moisture used to
prom the n!gue.f 1 create

sbeumfﬁj

EXIRACITOR

Fractionation

In the fractionation — Biomass
of algal material, AP fractionation splits
lipids are removed E il whole algae into
and then | o fatty aads,
trichloroacetic acid carbohydrates, and
is used to remove Carbohydrates amino acids!
most of the

carbohydrate!8l

Amino Acids

28 Hydrotreater Purpose- deoxygenation

Upgrading Hawgn - "

Oil Purification- purified L' p 'd Hydrocarbon Biofuels

neutral lipid material (gasoline and Diesel)

Refining

Residual Biomass
Process heat and power
integration
i R

Heat Integration and Power Generation (Anaerobic Digestion and biogas Naptha co-product and off-
combustion) gas

'

Keferemces
1. Chish, Yusuf | "Biodiesa! fromm microalgae.” Biotechnology Advances 25 (2007) - 294-306
2. Commitiee on the Sustanable Development of Algal Bwofuels, et al "Sustanable Development of
Algal Biofuels in the United Slales” Sustainable Development of Algal Biofuels in the
Uniled States (2012) - 1-227
J. Dodds, K. Walter., et al. "Nitrogen and phosphorus relabonships 1o benthic algal biomass in
lemperale streams " CGan. J. Rsh. Aguat 5o 59 (2007) - 8bb—4d74
4 L1, Yangun et al “Biofuels from Microalgae " Biolechnol. Prog. 24 (2008) - 815-820
5. Pittman, K Jon. et al “The potential of sustainable algal eofuel produchon using wastewater
Resources.” Bioresource Technology 102 (2011) : 1725
6. Scoft, A. Shuart | et al. “Biodiesel from algae: challenges and prospects.” Energy biolechnology 21
(2010) : 277-286
7. Smith, H. Val., “The nitrogen and phosphorus dependence of algal biomass in lakes: An empincal
and theoretical analysis " Limnol. Oceanogr 27 (1982) - 11011112
8. Wilkams, Petler_, et al "Microalgae as sodiesel & momass feedsiocks: Heview & analysis of the
biochemistry, energelics & economics.” Energy Erwiron. Sci. 3 (2010) : 554-590.

i1 Pikctochort

This infographic was created by students from Smithtown High School EAST in St. James, NY, as part of the U.S. Department of Energy-
BioenergizeME Infographic Challenge. The BioenergizeME Infographic Challenge encourages young people to improve their foundational
understanding of bioenergy, which is a broad and complex topic. The ideas expressed in these infographics reflect where students are in
the learning process and do not necessarily reflect the state of knowledge of the U.S. Department of Energy or other experts in the

bioenergy industry.
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BioenergizeME Virtual Science Fair: History of

Bioengineering Over the Years

HIStory of
Bloengineering

over the Years

"_ A J | __ F 5l F 1 FiF 1
LIS e A WY L L e | e
l —— -_ -:I-r—l--l—l'lr : 1 T 1E0 :‘ I | | =
~as unknown. engineering field:s
1pplying biologica
¥ '..r .I‘:_I. N | '*a-"_
NOTES elecironi
-I_ _lll_l. T = =% I\ T e il - Y _: ¥ :_:'- |_ k r = 1 :I,' |r T .:- |- | T =% F l_:' j]r'l '
: , bt . :
DERDONMUI 25 TO Ma require > IET115 3 21 prancnes or Dlo-
N fields relating to t 10 STU € engineering developed
- + | .
£ r .:r.'_'_lr ¥ ;| ! ]' | | I ) I'_ ¥ :r|_. l-'| : J|_ '_i-'; )
e . o I T 1 T Fam N | a ' "]
echnologie r | * IOW N aliernarle
leveloping fee medicda eatinc e that |
sy st ~ounterpar nore Eco-friendiy
L S developing ¢

The Editors of Encyclopaadia Britannica. "Bioengineering.” Encycloped

W
|
-
ek ]
. |
=
b ]
{1 ]
i
. |
5
it
L
1
1
r-
- |
L=
il
a
i
o

a ntannica, n.d. Web. 26 Oct. 2014
What Is Bioengineering?” UC Berkeley Department of Bioengineering. N.p., n.d. Web. 25 Oct 2014

Energy.gov.” Bioenergy. N.p., n.d. Web. 16 Nov. 2014

ilc_to_-:t _hri_::r T

This infographic was created by students from Sun Valley High School in Aston, PA, as part of the U.S. Department of Energy-
BioenergizeME Virtual Science Fair.

* vaNCouver

Seattle
Montréal -

wChicago

r.'lr'“'.l_"
- United States

1IN T
OS/ANgeles J"--'l:”l':.:'l"

* Dallas

» Houston

"-.." Al T =

Bahamas

#7"% U.S. DEPARTMENT Quick Links Resources Federal Government

:Ys of ENERGY

_ ) ) Leadership & Offices Budget & Performance USA.gov
Committed to Restoring America’s

Energy Dominance. Mission Directives, Delegations, & Requirements The White House
Newsroom Freedom of Information Act (FOIA)

Contact Us Inspector General
Follow Us

OO0 Mmo X B

Careers Privacy Program

Open Gov Accessibility Privacy Information Quality Web Policies Vulnerability Disclosure Program Whistleblower Protection Equal Employment Opportunity

Notice of Court Orders




BE=  An official website of the United States government Here's how you Know w

U.s DEFARTMENT

of ENERGY About ~ Our Mission ~ Topics ~ Funding Opportunities ~ Consumer Savings ~ Services & Opportunities ~ Q

Bioenergy Technologies Office » BIOENERGIZEME INFOGRAPHIC CHALLENGE: History of Biomass

BIOENERGIZEME INFOGRAPHIC CHALLENGE:
History of Biomass

U S energy consumphon by snargy souros, 2012

How has the use of Biomass Changed??

Toda = ¥ gl fn Yol = B 3w F%

L'_’"*k”f-_“ﬂfjﬁf‘{ the sty The use of Biomass has changed greatly throughout many
v v Lirgy- e - years. The biggest change is what It is used for. Biomass loday

<i>he Daily Enemgy o ..,..I._...x_ - . -
Repor RSS</> wjr e ¥ iIs used for many everyday maferials such as eleciricity, cars,
= r1 Mar "*Lnfi — . and r'ﬂ{]r\g other rﬂr]reru]l&;
i wiw .00 n ?
FTI.’?.HF;-';.I":" rrrTur:J;n ——— rf lljf‘[j he . :rl'. Jrme f’ '
T“'Jﬁﬁ:;;ﬁg ok T— The use Df bmmuss has also sh::ued the some over many years.
Biomass has been very important for many years and it has
Fooll w0 pes gadeeed a owahy nd msgiew W08 S B —wiger il B ol F g

slayed the same because we are using the same materials such
as plants, wood chips, and other organic subslances.

What is Biomass?
Biomass Is organic substances that are used
o power everyday day materials such as
power plants, cars, and many other things.

Efficiency Improvements

Technological Breakthroughs have
made Biomass much more efficient.
One thing that has improved the ;
efficiency of Biomass is machinery. Wood pellets a% 4?50kWh
Being able to harvest the materials YT : ,
needed, has become much easier Wood chip bk SO0
: and I’oslerd Also, mochlinerg'in Logs (well-seasoned) 25% 3500kWh
actories, and in power plants have
made it much easier o convert these | ki, -
materials into what is needed fo power Bromipive | Ry Congpiers | Stk oo
our everyday ifems.

Food Waste | Wood Chips Straw

BHomoss Eneegyy ® <, Delriion of Bomoss Eregy ond Me Types of Bomoss Enengyy, Pros ond Cons<ee. Wieth. 12 Mo 2015 28 7ps/Assw olenengy ongreneswobDies Domoss. imiear,
THomoss Boders | Elcency Comporsons | Ecol ockers ® Bomoss Boders | Efoency Componsons | Ecol ocker. wen. 12 Mor, 2815

powearad by

. s Plktocharf

.-.. nake intormabhon D

This infographic was created by students from Sun Valley High School in Aston, PA, as part of the U.S. Department of Energy-
BioenergizeME Infographic Challenge. The BioenergizeME Infographic Challenge encourages young people to improve their foundational
understanding of bioenergy, which is a broad and complex topic. The ideas expressed in these infographics reflect where students are in

the learning process and do not necessarily reflect the state of knowledge of the U.S. Department of Energy or other experts in the
bioenergy industry.
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2016 BioenergizeME Infographic Challenge: The

History of Ethanol

Ethanol: A History

but in] 826,

turpentine
frompine == eureka!

frees

The First ETHANOL Powered Engine
Was Developed by Samuel Morey.

fermented +

Crops

-
"

Es .
i i
l‘ f’ 3 .

Plants are ground into a Enzyﬁé;me added and the
flour and mixed with water. slurry is cooked above 100°C

to break down the starch.

Yeast is added and the mix
is fermented for 40 to 50

hours, converting the simple
sugars into ethonol.

4

Ethanol is made
through a process called

fermentation @

which is also used to make risen ET GI'IOI
bread and wine is TI'IBI'I

used as
fuel

~ l and saved the United States

401,600 $44 Billion

jobs in 2011 in crude oil imports

L |IHI|F

Toduy G T

Imﬁgme
Tomorrow.

ERT

]'Hr_r-'-- s Et hn-'-ﬂl Mode?” Renewable Fuels Associotion. Renewable Fuels Association, 2015, Web. 4
| “Industry S r:n‘ shics.” Renewable Fuels Association. Renewable Fuels Associahon, 2015. Web. 3 Mar.
Kolb, Ron. “A Short His story of Biofuels.” Bioenergy Connechons (2014

Mosier, Nathan 5, et al. “How Fuel Ethanol 15 Mode from Corn.” Bio E".erg-,: Fueling Amernca Through Renewable Crops. |- 4,
| Richards, Emily. Careers in Biofuels. U.S. Bureau of Labor Statistics, 2013. Series 10.

| Songstad DD, et al. “Historical Perspective of Biofuels: Learning from the Past o Rediscover the Future.” In Vitro Cellulor &

|.l'

r

. 2016.

Aar. 20
2016.

Developmental Biology - Plont (2009) 45: 189 - 192.
] Wu CZ, et al. “The Development of Bioenergy Technology in China.” Energy (2010) 35: 4445 . 4450.
E 2015 Key World Energy Statistics.” OECD/IEA. International Energy Agency, 2015, Nov embe 23'5.
[8] All images courtesy of Piktochart

This infographic was created by students from Smithtown High School East in St. James, NY, as part of the U.S. Department of Energy-
BioenergizeME Infographic Challenge. The BioenergizeME Infographic Challenge encourages young people to improve their foundational
understanding of bioenergy, which is a broad and complex topic. The ideas expressed in these infographics reflect where students are in

the learning process and do not necessarily reflect the state of knowledge of the U.S. Department of Energy or other experts in the

bioenergy industry.
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2017 Bloenerglzeme Infographlc Challenge:

Hydrocarbon Fuel: The Energy of Our Era

4]

THE PROCESS: BIOMASS to HYDRCARBON FUEL

BIOMASS
Cellulosic biomass, matter that is plant and algae- PRETREATMENT
based, is an organic renewable mlrgyhmru that is _
thered and l:.ni to facilities to be treated. a) B:TH! il: "f::ﬁd in
les incl wastes, pur rown ume by alkaline
B ;““:l:l. :::Pfornl ng _ deacetylation, which is
{* g 4 a process that removes
\/ \/ithi;;’éghkg%“ an acetyl molecule.?
A
i
»
¥
#“.f_ :
b) Sulfuric acid is then e
¢) Ammonia is used to used to break the AT
neutralize the acidity of bonds between the +*
the cellulosic solution. cellulose and other

This is meant to prevent * components of the
the degradation of the % n cell wall.?
enzyme, cellulase.? L N £

Cellulase is
an enIyme

. that ‘
COMrts 1
K cellulose
' into glucose

i
ENQYMATIC DECONSTRUCTION celludose

h Lo~ >

*.*“ An enzyme called
# cellulase is used to
break the polysaccharide
into glucose molecules, e
also known as sugar, )
through a process called W &

hydrolysis. ?

rnt'ysis
refers to the

breakdown of a
molecule using

water,
{Hydro- means
water, -lysis
means to break
dowwn )

CHEMICAL UPGRADING

a) Hydrogen atoms are added

to the glucose in a process
ﬂllj hydrogenation to

form sugar alcohols, which

- are more reactive during
Aqueous Phase

Rtforming (APR).?

U)ar . ilcohol

- "'1:
Aqueous Phase %
Reforming
uses varous
catalysts, or
reaction enhancers,
to break the
oxygenated
hydrocarbons into
smaller molecules
such as hydrogen,
carbon dioxide,
light alkanes and

iy OXYgenates.
e

b] TI'I. Illgal' Ileﬂ-l'lOI 18 sugar alcohol simple molecules
broktl\n doTn ir;fo -
simple molecular Eﬁ»

compounds during APR.* 7 DOA O

/
/
/

f

¢) In the condensation phase
O the Iﬂllgomnhl:lk;a
remaining from ¢
[> OA () WO—O reaction are bonded
' together to form long
carbon chains (between 8-
24 carbons in each
molecule), in a process
called oligomerization.’

d) In a process called
hydrotreating the final

”‘YW"““ Of fh. ]| :'gamerf:ati Py
carbon chlilﬂ occurs, ‘A‘O%‘O M‘—‘ the process in ’
leaving a hydrocarbon S o I

that can be used as fuel.? S
i
=
%

s HYDROCARBON FLEL

- Hydrocarbon fuel is a n I

Hydrocarbon "r

s compaund o desirable end product hydro
Sarhom, weh b because, due to its
components of similarity to petroleum, it - Can be used in various
g can utilize current vehicles without engine
; distribution methods (i.e. modification.
fuel lines). *

BENEFITS

N\

Creation of American jobs Reduction of net carbon
emissions

I

Chemically similar to

petroleum and compatible {iﬂergy SECHIFIty and
with current engines and e 1m11}3t95 re IH?CE on
distribution methods oreign o1l

CONS

Expensive in Comparison
to Fossil Fuels

Time Consuming

Inefficient Amount

Low Product Recovery Produced

Pll(to “Nar

This infographic was created by students from California High School in San Ramon, CA, as part of the U.S. Department of Energy-
BioenergizeME Infographic Challenge. The BioenergizeME Infographic Challenge encourages young people to improve their foundational
understanding of bioenergy, which is a broad and complex topic. The ideas expressed in these infographics reflect where students are in

the learning process and do not necessarily reflect the state of knowledge of the U.S. Department of Energy or other experts in the
bioenergy industry.
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BioenergizeME Infographic: Hydrothermal
Liquefaction of Algae

Hyrdothermal Liquefaction is the process of subjecting high
moisture biomass to high temperatures and pressures in order
to break it down into bio-crude oil’

Bio-crude Qil

r'll-"'i
..r'* L

]
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Gertiid
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I
Sunlight, carbon dioxide, and : __
nutrients tuel algae growth in a9
local [}._nnih, lakes, or artiticial : : Mhﬁlm ﬂnd —
bodies of water? N dewatered l!ﬂhl a l_hlﬂ( u|gﬂ-&
: paste is obtained®

Zl:- 1 _:: - .g: ._‘...': oy
bio-crude oil!
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P

This process allows tor the
conversion of a wide variety
of teedstocks. It also
eliminates need for much

4

Algae is a natural resource, and
can be harvested and used ovel
and over to produce clean oil
through HTL

e
S rmAl
o .
R

pretreatment

Hydrothermal Liquetaction uses
water as the medium to heat the
biomass, which makes it very
clean. There are also no harmful
byproducts of this process®

Bio-crude oil produced through HTL of

algae has a high nitrogen content, so

it requires turther refining betore it 11
becomes a desirable fuel?

The complexity of micro-algal cell walls
makes them difficult to break down,
more energy-efficient cell disruption
methods are still being developed?

= » Piktochort

This infographic was created by a student team from Normal Community West High School in Normal, IL. The BioenergizeME Infographic
Challenge encourages young people to improve their foundational understanding of bioenergy, which is a broad and complex topic. The
ideas expressed in this infographic reflect where students are in the learning process and do not necessarily reflect the state of
knowledge of the U.5. Department of Energy or other experts in the bicenergy industry.
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2016 Bioenergizeme Infographic Challenge:
Sustainable Lignin-Based Methanol

Lignin is a complex polymer of
aromatic compounds that make up
the structure of a plant's cell walls,

alongside cellulose and hemicellulose.

million
tons

Lignin is found in
hardwood trees, as well
asin t_:irasses and
agricultural crops.

Only 2% of over 10 million
tons of lignin generated in
the pulp and paper industry
are commercially used

“The Energy Independence and
Security Act of 2007 sets the
goal of producing 36
billion gallons of biofuels a year
by 2022."2

A variety of enzymes are
identified to catalyze

specific reactionsto | ---------------- comame
break down the lignin | Catalysts work to initiate or
structure ; speed up chemical reactions

e D e i e e
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Yeast is a unicellular, or
single-celled, fungus

/T;ese enzymes ﬁ
then genetically
engineered into
yeast cells, that
will act as 4
transporters that |
will hold the '

enZymes _/

- O O O O O O O O O O O O O O O O O . . O O O .

vessel that holds the enzymes that
will break down the lignin

- . . . . . . . . . .

A series of genetically modifie
yeast cells are cultured with the
lignin, and the enzymes cause
specific breaks in the chemical |

bonds ineachround -

OCH3

One of these reactions is enzymatic
demethoxylation, which means the
methoxy groups in the lignin
structure are broken off, leaving |
the rest of the lignin intact _~

While the methoxy groups of the lignin are
turned into methanol, we can now utilize the
remaining structure of compounds in lignin.
These compounds of interest can be degraded

further into fuel additives, such as benzeil_gf‘

The methoxy groups in a lignin
polymer, once isolated, can be
converted into methanol 1

_through Fenton's reaction -~

Methanol is normally used as car fuel, but can also
be easily converted to dimethyl ether, a heating
and cooking fuel, or ethylene and propylene,
which are building blocks for creating plastics .~

' Ragauskas, Arthur J., Mr. "Lignin Valorization: Improving Lignin Processing in the Biorefinery.” American Association for the Advancement of
Science 335.6072 (2012): 1126. American Association for the Advancement of Science, 23 June 2014. Web. 15 Dec. 2015,
<http//www.cerl.ucr.edu/research/ses/Lignin Valorization improving.pdf>.

2 Department of Energy. "Biomass Basics: The Facts About Bioenergy.” Biomass Basics: The Facts About Bioenergy (n.d.): n. pag. Energy.gov.
Department of Energy. Web. 15 Dec. 2015. <http://www.energy.gov/sites/prod/files/2014/04/114/biomass_basics.pdf>.

3 Suzuki, Yo, Dr. "Using Synthetic Biology to Access Lignin" Interview at the J.Craig Venter Institute, 10 Dec. 2015

Produced with permission from Dr. Yo Suzuki
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This infographic was created by students from High Tech High North County in San Marcos, CA, as part of the U.S. Department of Energy-
BioenergizeME Infographic Challenge. The BioenergizeME Infographic Challenge encourages young people to improve their foundational
understanding of bioenergy, which is a broad and complex topic. The ideas expressed in these infographics reflect where students are in
the learning process and do not necessarily reflect the state of knowledge of the U.S. Department of Energy or other experts in the
bioenergy industry.
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2017 Bioenergizeme Infographic Challenge: Using

Algae as Biofuel

USING

Al
I Ny

: 'G E RENEWABLE @n:\'ETY RS :
E?DlvEd over In fresh or saltwater’ (
B l Ol: q E L billions of years...
boublesin size in |L'_;_;H @
&

1
Grows indoor s or outside. @ .
e

than 24 hours

Y¥y vy ¥y
Yy ¥

some biofuvel crops
require a lot of space

Produced fromthe &

algae crops could be placed
waste of living things WO SIS CO Ay

next to greenhouse gas
emitters to absorb the

i "a8 " hs """.;"'"
e L2 gas
y/ [\ e
@

Biofuel is
| . £
b-Ett-Ef fﬂ]‘ thE Renewable resource
environment..

Less greenhouse gas
emissions.?

Can be converted into
biofuels. 3

Algae has many
different uses...

1
Used as afertilizer

[ ake contaminants out of
wastewater.’

. Grownin algae farms (ie

hot springs, lakes, saline m
lagoons, reservoirs, or other

algae efTicient habitats)

2. Broken down
using solvents and pressed
T using a technique called . AlgEE dsa
W expression, which enable us BlﬂfUEi in Three
to extract and harvest the
oil

3. Taken to an integrated

biorefinery to be further processed A E”kﬂ fs

chemical reaction then occurs and Eﬂgy -There are over 20,000 known types of algae ’
substances are added to the mix to Fossilized algae is used to make dynamite.?
create biodiesel and glycerol. The last [here could be algae on two of Jupiter's moons®
step separates the glycerol in the mix Algae containing a red pigment can turn
and you are left with clean usable snow pink resulting in ‘watermelon snow'? \‘)
biodie sel '

This infographic was created by students from South Sevier High School in Monroe, UT, as part of the U.S. Department of Energy-
BioenergizeME Infographic Challenge. The BioenergizeME Infographic Challenge encourages young people to improve their foundational
understanding of bioenergy, which is a broad and complex topic. The ideas expressed in these infographics reflect where students are in
the learning process and do not necessarily reflect the state of knowledge of the U.S. Department of Energy or other experts in the

bioenergy industry.
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BIOENERGIZEME INFOGRAPHIC CHALLENGE: What
is Biomass?
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1880: Henry Ford uses etha-
nol produced from surplus
1701: Coal was 1860: Wood was the grain to fuel one of his first | 1898 1552 : Blomass energy 2015: Tod
400000 B.CE discovered in primary fuel for heati | automobiles. 1880 Henry Commercialized generated 1.8 billion President George 14% of th o
Virginia and put to | and cooking in homes and | e, \;ces ethanol produced | cellulosic ethanol | dolars in revenue and | Bush proposed to SN
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This infographic was created by students from Sparks HS in Sparks, NV, as part of the U.5. Department of Energy-BiocenergizeME
Infographic Challenge. The BioenergizeME Infographic Challenge encourages young people to improve their foundational understanding
of bioenergy, which is a broad and complex topic. The ideas expressed in these infographics reflect where students are in the learning
process and do not necessarily reflect the state of knowledge of the U.S. Department of Energy or other experts in the bioenergy industry.

References:

o http://energy.gov/eere/bioenergy/biocenergizeme-virtual-science-fair-biomass-history-timeline

o http://www.timetoast.com/timelines/energy-history--3
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BIOENERGIZEME INFOGRAPHIC CHALLENGE: One
Man's Yardwaste is Another Man's Energy
(BioHydrogen)

ONE MAN'S YARDWASTE IS
ANOTHER MAN'S ENERGY

4-:-&4!\

|

Hydrogen
1.00794

This infographic was created by students from Nikola Tesla STEM High School in Redmond, WA, as part of the U.S. Department of Energy-
BioenergizeME Infographic Challenge. The BioenergizeME Infographic Challenge encourages young people to improve their foundational
understanding of bioenergy, which is a broad and complex topic. The ideas expressed in these infographics reflect where students are in
the learning process and do not necessarily reflect the state of knowledge of the U.S. Department of Energy or other experts in the
bioenergy industry.
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