NARA

Education at the Speed of Research:
An Overview of the NARA Approach to BioEnergy Literacy

Danica Hendrickson, Western Washington University
On behalf of the NARA Education Team

National Energy Education Summit
American University

Northwest Advanced Renewables Alliance

om

m“rl
ﬂv USDA &::NIFA



G
&
Education at the Speed of Research:
An Overview of the NARA Approach to BioEnergy Literacy

Authors:

Karla Bradley Eitel, PhD
Chad Gotch, PhD

Liv Haselbach, PhD
Danica Hendrickson, MEd
Steve Hollenhorst, PhD
R. Justin Hougham, PhD
Laurel James, PhD Candidate
Tammi Laninga, PhD

Karl Olsen, PhD

Shelley Pressley, PhD
Jennifer Schon, PhD
Daniel Schwartz, PhD

A4
= 5" NARA




NARA Education Team

L\@I

Steve Hollenhorst, Michael Wolcott, Tammi Laninga, Karla Eitel, Greg Fizzell
Justin Hougham, Laurel James, Dan Schwartz, Liv Haselbach, Shelley Pressley, Blake Hough

Karl Olsen, Adrian Leighton, Todd Beyreuther, Michelle Vachon, Yalan Liu, Sheeba Jacob,

N Danica Hendrickson
= NARA




<
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Biojet Fuel Supply Chain

FOREST RESIDUES
PREPARATION

Primary feedstock tamgets include forest mesi-
dues from bogging and thinning opermtions.
We ame ako corsidering mill esidues and dis-
canded woody matenal from co rstruction and
demalition in regions when these materak
are under utilized

BOMNE DRY TON
WOODY BIOMASS

ON

TRANSPORTATION

Feedstoc ks are trreported from the collection
site to a comersion facility. Chipping can tale
place at the bading orin 3 prepmaessing fa-
cility.

-

DIESEL

PRE-TREATMENT

Wood chips are treated to male the sugar
pobmers {pobscchandes) accessible to de-
grading erzymes. Thesz poossses allw the
lignin to be available forssparmtion

HEAT, WATEF,
&CHEMICALS

ENZYMATICHYDROLYSIS

Specific eraymes amr added to hydmhze
(cleave) the polpsacchardes and genemte
simplesugars{monosochandes.

POURIDS
LIGMIN

~60

AND

FERMENTATION

Specialized yeast convert the monosaccha-
ndes into sobutanol.

GALLONS
ISOBUTANOL

~5

OR

<

BIOJET
& CO-PRODUCTS

Aviation fuzks can be genermted fomthe plat-
form mokecules derved from wood sugars
Lignin can be used to geremte co-products
such as epaxies, structural matenals and bio-
bamd plstics As an alemative, lignin can be
bumedto produce renewab ke enemy.

GALLONS
BIOJET

~4
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Mapping a Supply Chain

Woob TO WING

Forest Residuals to Biofuel Supply Chains in the Pacific Northwest

Applying research-based findings, NARA and regional stakeholders identify conversion and depot sites in the Pacific Northwest. These site locations
provide the best opportunity for economic, social and environmental success todevelopafmt residuals to biofuel and co-products industry.

* Recormmancded Convarsion Site
Recommenciod Dopot Site

+ Magor Funl Consurmption Seo

learwater Basi

2011 - 2012 :
Western Montana Corridor (WMC)

2012 - 2013

Portt oR WMC Supply Chain Analysis — http//goo.gVaQI1NG)
: WMC Prasentation on YouTube — hittp://goo.gVRYIONG

Mid Cascades to
Pacific Region (MC2P)

2013 - 2014 o S
Findings and locations are being developed Addmonal PSS :
and should be available by kate spring 2014 detefmlned SN 14
MC2P Profile — httpu/goo glcuNZaV Ak, S AR T Lo
MC2P Presentation on YouTube
~ hitp//goo.oVXzI3HO
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SUPPLY CHAIN PRODUCTS

FERMENTATION [[%85

* Ethanol
SIMPLE SUGARS - .
OO
* Resxual Solids *C, C,
* Carbon Products * 1,4-Butanadid » Octane
* Butackona « PET

HYDROLYSIS
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A Collaborative Effort

ABOUT FEATURES NEWS m MEMBERS BLOG CONTACT

NARA

Northwest Advanced Renewables Alliance
Teams

Education

Engage ctizens, meet
future workforce needs,
enhance science literacy in
biofuels, and help people
understand how they're

going to fit into the new

energy economy

Sustainability Measuteme
Evaluate and assess
environmental, social, and
economic viability of the
overall wood to biofuels
supply chain, guiding the

project as it goes forward

Take & multi-pronged
approach for the
development and
sustainable production of
feedstocks made from
wood matenals, including
forest and mill residues,
municipal solid waste, and

specialty enerqy crops

Conversion

Provide a biomass-derived
replacement for avistion
fuel and other petroleum-
derived chemicals in a way
thot is economically and

technologically feasible

Serve as a conduit between
researchers and community
stakeholders, helping to
transfer the science and
technology of biofuels and
important co-products to
communities in the

Northwest
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Facing the Future

MOSS

BioFuels SURE IDeX

GSMS HS

A NW regional nonprofit
developing inguiry based
curricula for grades 6-12
on biofuel development.

www. facingthefuture.org

Imagine Tomor- ' Salish Kootenai
row with BioFuels

(35 MS HS UG GR FR

Promotes biofuel literacy
to K-12 students, Grad
students, and teaching
professionals.

uidaho.edu/cnr/moss

Summer research A year long course for Ul

experience for under-
«y Qraduates aimed at
= giving them hands on

and WSU students
providing supply chain
analysis for an emerging

UG GR

skills in biofuels and wood products fo
bio-products research. biofuels industry.
nararenewables.org/fed idexstudio.org

College

Western Wash-
ington University

HS

Engages high school
students to create
solutions for a develop-
ing biofuel industry.

Wiwwimag ine.wsu.edu

This tribal university
provides research
o ©Opportunities tied to
= biofuels and bio-prod-
ucts from woody
biomass.
www.sSkc_edu

Offers undergraduate
degrees in renewable
 energy with science and

> policy tracks.

www. huxley.wwu.edu

nararenewables.org
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Education at the Speed of Research

Education and Outreach Connections

Education and Outreach

Products & User Groups
1KA2

21 Onntdoor Stence Ed

D Webinars and Workshop

41 Collegrate Course Work

@ Research Products

11 Research Data

21 Academic Publishing
31 Soual Media

4| Pnee Media

5) Digital Media

@ NARA Supply Chain
1) Forest Residues Preparation

21 Transportation

5] Pretreatment

4] Enaymatic Hydrolysis
5] Fermentation

&) 8lojet + Coproducts

NARA 4
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Facing the Future is an independent program of Western Washington University.

Fuelmg Our Future:

Exploring Sustainable Energy Use

* Elementary (3-5%), Middle, and High School Curriculum |
—716 free lessons and units Fueling Our Future:

Exploring Sustainable Energy Use
—Qver 21,000 students reached

An Interdisciplinary Curriculum v
Recommended for Grades 6-8

* Professional Development for Teachers

Fueling Our Future:

* Peer Educator Program focused on energy SRR

—Qver 15 events and 240 teachers

An Interdisciplinary Curriculum
Recommended for Grades 3-5

e l'acmg
Py o
d Future~

 www.facingthefuture.org

Facm %
Futgure WESTERN
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http://www.facingthefuture.org/

K-12 Outdoor Education, Teacher PD, and Graduate Students s

University of Idaho McCall Outdoor Science School (MOSS)

Curricula and Programming

* Energy literacy lessons taught to 2,500 K-12 students annually

« MOSS graduate students creating and teaching energy literacy lessons
 Dozens of vetted energy literacy lessons

» Undergraduate SURE interns creating and teaching energy literacy lessons
« K-12 teacher workshops, training, mentoring and collaborating annually
 E-book — coming soon!

Assessment

« Middle school and high school energy literacy assessment tool created, piloted
tested and analyzed

« Validated 22 question energy literacy test

« Statistically significant increase in energy literacy each year for K-12 students

R Karla Eitel

Associate Professor and Director of Education
keitel@uidaho.edu
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UPHAM WOODS

\)p“am WOO dS “These lands are to be used

as an outdoor laboratory and
camp for youth, such as 4-H
clubs and other people
cooperating with the
University of Wisconsin in
the advancement of
conservation, of agriculture
and rural culture.”

Outdoor Learning Center

—Elizabeth and Caroline Upham, 1941

For more information, please contact Upham Woods at: uw -
608-254-6461 or uphamwoods@ces.uwex.edu EXTEHSIO"

http:/fyi.uwex.edu/uphamwoods! University of Wisconsin-Extension

An EEO/AA employer, University of Wisconsin Extension provides equal opportunities in
employment and programming, including Title IX and ADA requirements. Please make
requests for reasonable accommodations to ensure equal access to educational programs as
early as possible preceding the scheduled program, service or activity.



K-12 Outdoor Education Lessons

National - AT
science VS
Teachers -

AssociationNEICIE L ——)

About NSTA

Home > Your Middle School Sclence Classroom =) View printer-friendly version

TEACHER RESOURCES

Find the best teacher-approved
books, software, online professional
development, and more, targeted to
your grade level

n Visit us on Facebook

Middle Level Materials

+NSTA Press® Books

+ NSTA Press® Book Chapters

+ SciGuides®

+ NSTA Learning Center Science
Objects

re-Books

+ Sclence Store Home

Position Statements

+Science Education for Middle Level |
Students

+ Environmental Education

+K—16 Coordination

» Gender Equity in Science
Education

v+ All NSTA Position Statements
Competitions.

» The DuPont Challenge
+eCYBERMISSION

» Shell Science Lab Challenge

+ Siemens We Can Change the
‘World Challenge

+ Toshiba ExploraVision

ONLINE INTERACTION

Rich opportunities for nuts-and-bolts
discussion. Ask questions, talk about
issues, make new connections in
your professional community.

+NSTA Communities

- Middle School Science Classroom

NSTA's peer-reviewed journal for middle level and

Jjunior high school science teachers

Science Scope is now
avallable to NSTA
members in a digital
version. Same great
content, but now
NSTA members can
read it on the
computer as well as
the Kindle Fire,
Android tablet/phone, and iPad/iPhone. For
more information, please go to our digital
journals page. Questions? e-mail us at
digitaljournals @nsta.org.

in this issue:

Aligning your science curriculum with the new Next
Generation Science Standards can be a difficult and
time-consuming task. Before you take on this challenge,
check out the articles in this issue of Science Scope to
learn how other middle school science teachers have
made the transition from the National Science Education
Standards to NGSS.

Featured Articles:

Free - Cross-Disciplinary Writing: Scientific
Argumentation, the Common Core, and the ADI
Model

Developing and Using Models to Align With NGSS

Free - Editor's Roundtable: Start Your Engines—Time

fn Tabn tha KRGS Ak far o Tact Ndun

.org (9 BY-NC-SA

Member Login
E-mail or Last Name:

A T
) 1 LOGIN»
Lost Password? | Not Registersd? | Help

Exhibits & Advertising

gl B

Getinvolved | Sclence

picoSpin
NMR for

education,
September 2013

Rights and permissions »

erm

SCIENTIFI

Water, Water,
Everywhere (and
Water Projects
Tool)

e of a tree? Of a forest? How do
our forests to ensure that we mini-

NSTA teday to gain \ L 3 3
access to all NSTA i pact on the environment while cre-

iournal articles and

Not a member? Join

COMPARING CARBON
SEQUESTRATION TO

by Jennifer Schon,
R. Justin Hougham,
Karla Eitel, and

Steve Hollenhorst
.

newable supply chain for aviation bi
The bestknown examples of

biofuels for transportation appli

and ethanol blends—in both cases, th

automobiles (see Biofuels sideba f’

tion). Standards that incre f ¢

Y




High School Problem Solvmg Competltlon $

Imagine Tomorrow challenges 9th through 12th graders to seek energy and sustainability solutions in four
topical areas:

+ The Boeing Aerospace Challenge

« The NARA Biofuels Challenge http://imagine.wsu.edu/
* The McKinstry Built Environment Challenge

* Food/Energy/Water

Students researched complex topics, then innovated technologies, designs, or plans to mobilize behavior.
They forged connections in their communities and create positive change.

In this energy competition, as in life, solutions were limited only by imagination. The ninth competition was
held in Pullman WA on May 21, 2016 attracting over 400 students and over 1000 judges from industry,
academia and the community.

4
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Tribal Partnerships and
Undergrad, Grad, &
Doctoral Studies

Tribal Partnership Projects (TPP)
Summary of Grant Activities

University of Washington

Laurel James, NARA TPP Program Manager
Daniel T. Schwartz, NARA TPP Principal Investigator

Northwest Advanced Renewables Alliance &

m“rl
ﬂu USDA &::NIFA
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Tribal Partnerships e $

7( Partnerships have been carried out with the Confederated
Salish & Kootenai Tribes (CSKT)
And the Muckleshoot Indian Tribe (MIT)

5 LA :

r 13

S '., z 5 i ;_‘ﬁ'-.
g, Link-Belt * SRSSEate

2 e ———— -
[ :

5
) -

CSKT & MIT contributed to the NARA 1,000 gallons.
Other tribes wanted to participate however; lack of raw materials or
supporting infrastructure prevented their participation.

NARA

A\ 4
USDA #2NIFA




Education — Research Training Partnerships 3:

The NARA TPP engaged in a
partnership with CSKT and our NARA
Scholars.

In addition, education & training was
made possible with other tribal nations
due to our alliance with the Intertribal
Timber Council

Schwartz, Lipscomb (Energy Keepers, Inc.), Hough
Confederated Salish & Kootenai Tribes

* Biomass Availability

* Tribal - Federal partnership
potential in biomass sourcing
(stewardship agreements)
between tribes & USFS.

* Policy — RINs, Carbon credits

* Fire Management and Air

Moore-Drougas, Schwartz, Brooks Quality/Emissions
White Mountain Apache Tribe

wsDa ANFA NARA




Education — Focus on Native Scholars 3

LESS THAN 19% !l

American Indian/Alaska Natives received
1.3% of all Science & Engineering (S&E)
associate’s degrees in the US and less than
1% of S&E bachelor’s, master’s and doctoral
degrees.

The NARA TPP focused on
Increasing these numbers via
recruitment for Summer
Internships and Graduate
Fellowships

Thru June, 2016 - NARA TPP scholars have
achieved the following degrees:

Native Non-Native
AAS 1 0
Bachelor's 8 2
Master's 2 1
PhD 1 1
Total 12 4

4 of our Native Scholars graduated from a Tribal
College/University

o\ 4
sy s NARA
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Summer Undergrad Research Experience in Biofuels - BF SURE é’

NARA included 34 undergraduate students in project research
ranging from conversion technologies to supply chain analysis

Who: What: When:

Undergraduate students Develop laboratory, fieldwork Program dates are roughly
and research skills in the May 28 - July 31, 2015
broad area of biofuels (varies by location)

research. Full time research
Why’ (for 9.5 weeks).

Experience research firsthand

Where: How much: Apply NOW:

Any of the participating Students are paid a stipend Application and info at

Universities and Colleges of 5000 for the full summer nararenewabIES.or/ed
within NARA. and expected to work full

: o : time. Housing and travel are :
All students will participate in covered Questions?

the poster session on July 31 ' Contact Shelley Pressley at
in Pullman, WA. spressley@wsu.edu

USDA :::MA
- 7



I)x Integrated Design Experience - Undergrad and Grad $

INTEGRATED FESMGY DIPTREN

Interdisciplinary studio course at Washington State University

« Audience: Upper-level undergraduate & graduate students (168 total)
« Bioregional Planning .

* Civil & Mechanical Engineering

* Architecture & Landscape Architecture

Longview, WA
KapStone Paper & Packagin
Outputs: P P o
« Supply Chains Analyzes
s » Site Selection for Biofuels Production
Olympic Peninsula, WA « Site Designs for Biofuels Facilities
Hermann Brothers Logging - Partnered with industry, governmental, &
stakeholders
T
\Jandaly
i i

USDA #ENIFA WASHINGTON STATE Universi
- 7 UNIVERSITY N aneY NARA




IDX Outputs O

Supply Chain Reports:
https://nararenewables.org/features/supply-chain-analyses

NARA

Northwest Advanced Renewables Alliance

Supply Chain Analyses

. H "

Olympic Peninsula (OP)
Supply Chain Analysis

This site provides supply chain data and analysis generated by NARA research

for the region identified as the Olympic Peninsula, located in Western We b I n arS .
.

Washington.

search “IDX Studio YouTube”

Supply Chain Analysis

This site provides supply chain data and analysis generated by NARA research
for the region identified as the Pacific Northwest, which includes Montana,
Idaho, Washington, and Oregon.

You il Search Upload Q0
Mid-Cascades to Pacific (MC2P)
Supply Chain Analysis
This site provides supply chain data and analysis generated by NARA research
for the region identified as Mid-Cascades to Pacific, which includes the western
sections of Washington and Oregon.

IDX Studio CEEm ~
Western Montana Corridor (WMC)
Supply Chain Analysis

This site provides supply chain data and analysis generated by NARA research Uploads
for the region identified as the Western Montana Corridor, which includes the

§ IDX SPRING 2016
western section of Montana, Northern Idaho and northeast Washington.

. \ 133908 "
Clearwater Basin —
Supply Chain Analysis Mass Timber Final Webinar IDX - OP - Final Presentation IDX - Mass Timber - Webinar Hermann Bros. - Schematic PTPC - Schematic Design
1 view + 19 hours ago 7 views + 1 day ago 4 Design 77 views + 4 months ago
This site provides supply chain data and analysis generated by NARA research 27 views * 1 month ago 78 views + 4 months ago

for the region identified as the Clearwater Basin, located in central Idaho.

Liked videos

o

Downtown Pullman Water IDX - Site Selection Webinar




Western Washington University

BA: X S Minor:;

Energy Policy & Energy
Management ! Science

“Educating the leaders for our clean and
efficient energy future through
interdisciplinary studies and research.”

7 i

BS: Electrical
Engineering
w/ Energy
Concentration

WESTERN

WASHINGTON UNIVERSITY
INSTITUTE FORENERGY STUDIES




Searchable Collection of Educational Resources

Welcome to the NARAM... X | =+

(- (i) energyliteracyprinciples.org ¢ || Q Search 1:7 B8 9O 3

) Most Visited ] NARA - About Us

SEARCH ABOUT NARA CONTACT US

The NARA Energy Literacy Principles Matrix is collection of educational resources related to biofuel solutions that are economically viable, socially acceptable, and meet the high environmental
standards of the Pacific Northwest. You can use the Matrix to find teaching materials such as lesson plans, datasets, videos, images, activities, software and modules. All of the resources align to the

energy principles and concepts as outlined in the Department of Energy's peer reviewed framework. Please

take a look at an overview for how to use this site

SEARCH 1 LEARN E PREPARE .‘ TEACH
Find what the matrix has to Learn from the matrix's Prepare from the resources in Easily teach what the matrix
offer. information. the matrix. has provided.

R. Justin Hougham
Assistant Professor at University of Wisconsin-Extension
Director of Upham Woods Outdoor Learning Center

4
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Sub-Topic:
1.1 Energy is a quantity
that is transfemed from
system to system.

Sub-Topic-

1.2 The energy of a
system or object that
results inits
termperature is called
thermal energy.

Sub-Topic:
1.3 Energy is neither
created mor destroyed.

Suh-Topic:
2.1 Earth constantly
changes a5 enengy
flows through the
system.

Sub-Topic=

2.2 Sunlight,
gravitational potential,
decay of radicactive
isotopes, and rotation of
the Earth

Sub-Topic:

2.3 Earth's weather and
climate are mosthy
driven by energy from
the Sun.

Sub-Topic:
3.1 The Sun s the major
source of energy for
organisms and the
ecosystemns of which
they are a part

Sub-Topic=

3.2 Food is a biofuel
used by organisms to
acquire energy for

Sub-Topic:
3.3 Energy available to
dio useful work
decreases as it is
transfered fro
organism to organism.

energyliteracyprinciples.org

Sub-Topic:
4.1 Humans transfer
and transform energy
from the environment
into forms useful for
human endeavors:

Sub-Topic=

4.2 Humans use of
energy is subject to
limits and constraints.

Sub-Te

4.3 Fossil and biofuels
are organic matter that
contain energy captured
from sunlight.

Sub-Topic:
5.1 Decisions.
conceming the use of
ENEergy res0UNces are
made at many levels.

Sub-Topic:

5.2 Energy
infrastructure has
inertia.

Sub-Topi
5.3 Energy decisions
can be made using a
systems-based
approach.

SEARCH

Sub-Topic:
5.1 Conservation of
energy has two very
different meanings.

ABOUT MARA

Sub-Topic:
7.1 Economic security is
impacted by energy
choices.

CONTACT US

Sub-Topic:
2.1 Sources of cellulosic
residuals used are
found im forest
operations and in
industry process




Thank you!

www.nhararenewables.org

This work, as part of the Northwest Advanced Renewables Alliance (NARA), was supported by the
Agriculture and Food Research Initiative Competitive Grant no. 2011-68005-30416 from the USDA
National Institute of Food and Agriculture.

Danica Hendrickson
danica@nararenewables.org

Northwest Advanced Renewables Alliance
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