U.S. DEPARTMENT OF Energy Efﬁciency &

ENERGY Renewable Energy

Welcome to the Energy 101
Online Dialogue 1#

Energy in the Classroom

Today’s Agenda
1) Introduction
Energy 101 Initiative: Framing the Issue - Matt Garcia (3-3:10)
2) Instructors in Energy Education Series
Energy in the Classroom presentations (3:10-4:00)
3) Online Energy Education Discussion Forum (4:00-4:30)
Interactive and pre-populated discussion points and comments
4) Resources Discussion 4:30-5:15
5) Conclusion (5:15)
Summary, take-aways, action items, and next steps

We encourage you to bring up topics of discussion using

guestion function on your gotowebinar panel for the online

virtual panel we will have following the Instructors in Energy

Presentations. #Energy101
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Dr. Matthew Garcia:

Science & Technology Policy Fellow
Department of Energy

LAll opinion presented are my own
All image rights and credits to original creators

September 20™, 2013



Energy 101: Framing the Issue Enorgy Efficiency &

Renewable Energy

Launch of the Energy 101 Dialogue Series
energy.gov/eere/education/energy-101-dialogue
Background on the Energy 101 Initiative
energy.gov/eere/education/energy101
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What is the Energy 101 Initiative? ENERGY | oo bray

Promoting Energy Education in the Nation’s
Colleges and Universities

* Arecognition of ongoing post-secondary energy
education efforts in the Nation’s colleges and universities.

ENEGY ] O] « Effort to further support and amplify those efforts

¥

 Encouraging the creation of energy courses, by
lowering thresholds toward course creation and
adoption

 Facilitate and foster a coordinated national
discussion on energy education at the post-

: . _ secondary level

A bt s e Mo Overall Goals

i oy o « Increasing the pathways available to students towards
training, degrees and careers in energy and related fields
(Energy STEM)

* Increase the Nation’s Energy Literacy

4 | Education & Workforce Development eere.energy.gov



The Energy Literacy Principles and

Energy Efficiency &

the Energy 101 Framework ENERGY | renewable Energy

1. Intro to Energy Course models
2. Public comment
3. Expert review

il . I - ‘ 4 . i [y
1 Energy is a physical quantity that follows precise natural
laws. : i

i Physical E’reocmes on Earth are the result of energy flow
|| through the Earth system.

Introduction to Energy

Energy Basics

Energy 101
hé .fi__@'_l_,_; gical processes depend on energy flow through the S cience
Technology
Society
Energy Technology &
Practice

Energy decisions are influenced by economic, political, /\ A

I\
environmental, and social factors. 0 w

Energy Policy & Decision
Making

The amount of energy used by human society depends on
many factors.

The quality of life of individuals and societies is affected by
energy choices.

Course outline consisting of 5 Units of
fundamentals and 36 core concepts in the format of a

A peer reviewed and agreed upon set of principles
semester long course

and concepts that define energy literacy

5 | Education & Workforce Development eere.energy.gov



The 5 Units of the Energy 101 Course
Framework- 36 core concepts ENERGY | renewable Energy

Energy Efficiency &

1. Energy is a physical quality that follows
precise natural laws (Core 1.1)

4. Various sources of energy can be used to power human
activities, often this energy must be transferred from source
2. Physical processes on Earth are the result to destination. (Cores 4.2, 4.3, 4.4, 4.5, 4.6, 4.7)

of energy flow through the Earth system.
(Core 2.6)

3. Biological processes depend on energy U5. Energy Policy & Decision Making
flow through the Earth system. (Core 3.6)

. 5.Energy decisions are influenced by economic,
U2. Energy Basics political, environmental, and social factors. (Cores
5.1,5.2,5.3,5.4,5.5,5.6,5.7)

1. Energy is a physical quantity that follows .
preciseggatura?layws (Cgres 1.3/ 13 1.4 1.5 6. The amount of energy used by human society
16,17, 18) o depends on many factors. (Cores 6.3, 6.4, 6.5, 6.6,

6.8)

U3. Energy Sources 7. The amount of energy used by human
society depends on many factors. (Core 7.1)

2. Physical processes on Earth are the

result of energy flow through the Earth Sectlons

system. (Core 2.2)

5 Units
4. Various sources ot energy can pbe used 1o

poweruman actutes, nd otien ey | (Cores) « 1-3 sections
« 36 supporting core concepts

Core41,43.45.47)

6. The amount of energy used by human
society depends on many factors. (Core 6.1)

7. The quality of life of individuals and
societies is affected by energy choices.(
Core 7.3)
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Energy 101 Course Framework Unpacked Example  usoeearmventor | ppergy Efficiency &

ENERGY Renewable Energy

U1. Introduction to Energy Cores
( N\
1.E is a physical quality that foll - i '
e e T (L e fetlows L.1-Energy Is a quantity
Sedtions that is transferred from
2. Physical processes on Earth are the result of SyStem to system .
energy flow through the Earth system. (Core 2.6)
J
3. Biological processes depend on energy flow 7 N
through the Earth system. (Core 3.6)

2.6- Greenhouse gases affect

energy flow through the Earth
U2. Energy Basics system.

Y
U3. Energy Sources 3.6 Humans are part of Earth’s

ecosystems and influence
energy flow through these

U4. Energy Technology & Practice
X systems.

US. Energy Policy & Decision Making

7 | Education & Workforce Development eere.energy.gov



Unit 1. Introduction to Energy

u.

ENERGY

5. DEPARTMENT OF

Energy Efficiency &
Renewable Energy

Cores Unpacked

é )

1. Energy is a physical quality that
follows precise natural laws (Core
1.1)

\ J

é )

2. Physical processes on Earth are
the result of energy flow through the
Earth system. (Core 2.6)

\ J

7

.

3. Biological processes depend on
energy flow through the Earth
system. (Core 3.6)

1.1 Energy is a quantity that is
transferred from system to system.
Energy is the ability of a system to do
work. A system has done work if it has
exerted a force on another system over
some distance. When this happens,
energy is transferred from one system
to another. At least some of the energy
is also transformed from one type into
another during this process. One can
keep track of how much energy
transfers into or out of a system.

Energy Transformations

¥ K

Chemical Mation

—

g — s

Chemical Mation
= — @
Tharmal

Bactical

Chemical
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2.6 Greenhouse gases affect energy
flow through the Earth system.
Greenhouse gases in the
atmosphere, such as carbon dioxide
and water vapor, are transparent to
much of the incoming sunlight but
not to the infrared light from the
warmed surface of Earth. These
gases play a major role in determining
average global surface temperatures.
When Earth emits the same amount of
energy as it absorbs, its average
temperature remains stable.

3.6 Humans are part of Earth’s
ecosystems and influence energy
flow through these systems.
Humans are modifying the energy
balance of Earth’s ecosystems at an
increasing rate. The changes
happen, for example, as a result of
changes in agricultural and food
processing technology, consumer
habits, and human population size.

Tertlary Consumery 1000 )

Secondary Consumers 10,000 )

1.000.000 J

Framework Summary Document

eere.energy.gov


http://files.eesi.org/Energy-101-Course-Framework-Summary.pdf

Energy 101 Framework Use ENERGY | Crorey Effiency &

Renewable Energy

- ENERGY.GOV :uanmaton aortyon o orce - I Spring 2013, Pilot course at University of
FUELIC SERVICES  SCIEMCE & INMOVATION  MISSION Maryland was Offered

it * Resulted in a general Education Course Credit

Class ls Now in Session: Energy 101 = 5

* More than 90 percent of the students who took the
pilot indicated it helped them think about the
complex issues or problems surrounding energy

February 2013, Harford Community College in Bel
Air, Maryland, received approval to teach a course
based on the Framework, Introduction to Energy
& Sustainability (SCI 109)

e General Science Course

- — - « Transferrable to All State Higher
Shdenty dom e Unlvers] iy of Maglard's Deslgnirg &2 inables Wodd cowmse , aclars bared on e Eremy Education Instltutions In Maryland

Deparinenls Erergy 101 Courre Framework, prerenl Pl erd-ofea deslgnpralech | Phok ook sy of be
Urduers| by o Rlardarel .

Hadla Earbo e

T S e e S e e In May of 2013, Cecil Community College received
B approval for Introduction to Energy &

o o bk o schood weelk sedes by checking i withos evergrazy om Encegy. o
Tadftor, F

R oot Sustainability

ABRDUT THE Elghl row, milllons ot college s kdenk across be counby ae prepalng o be slalofa

FREPRSY 1M rew ramar ibr=nulira be dred Foeber o Bl clasces cobedode s amd conbemnlsira

e 4 hour credit courses: ENV 150

http://lenergy.qgov/articles/class-now-session-energy-101
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U.S. DEPARTMENT OF Energy Efﬁciency &

ENERGY Renewable Energy

Why are Energy Education and Energy literacy
Important topics to the Department of Energy?

#Energy101

10 | Education & Workforce Development eere.energy.gov



DOE Mission Goals:

Energy Efficiency &

Energy Workforce ENERGY | rencwabie Energy

http://lwww.pinterest.com/enerqy/

#Energy101
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http://www.pinterest.com/energy/

Increase Energy Literacy in the

Energy Efficiency &

U . S . ENERGY Renewable Energy

National Environmental Education and Training Foundation “Enerqy
Literacy in Americal” 2002

12% passed a basic quiz on awareness of energy topics

75% believe they have a lot or fair amount of
knowledge of energy

Similar studies done since 2002 have shown little energy literacy
Improvement (2012)

http://www.clarkson.edu/cses/research/energylitproj.html

#Energyl101

12 | Education & Workforce Development eere.energy.gov


http://www.neefusa.org/pdf/roper/Roper2002.pdf
http://www.neefusa.org/pdf/roper/Roper2002.pdf
http://www.neefusa.org/pdf/roper/Roper2002.pdf
http://www.neefusa.org/pdf/roper/Roper2002.pdf
http://www.clarkson.edu/cses/research/energylitproj.html

Results of increased Energy

Energy Efficiency &

L | teracy Renewable Energy

* A better understanding of energy can:
— Lead to more informed decision
— Promote economic development
— Lead to efficient energy use
— Reduce environmental risks and negative impacts
— Help individual and organizations save money

13 | Energy Education and Workforce Development eere.energy.gov



Energy Efficiency &

Energy 101 Dialogue Series i

* Inthe process of creating the energy 101 initiative and
creation of the framework, we uncovered a growing
ecosystem of energy education in the post secondary

setting

eere.energy.gov

14 | Education & Workforce Development



Energy Dialogue Series Activies / Goals
* ldentify issues surrounding increasing energy _ _
education opportunities and courses Dialogue #1: Energy in the Classroom

dentify and sh < of DOE and th e Sharing best practices in the teaching of
° entry and share components o an e
federal training & workforce infrastructure to fundamentals of energy and energy
leverage related courses
e Sharing of resources for educators in

* Report out best practices and Energy energy education

101/Energy literacy efforts

« Communities of practice around post
secondary energy education

15 | Education & Workforce Development eere.energy.gov



Energy Efficiency &

Renewable Energy

2. Instructors in Energy
Education Panel

#Energy101

16 | Education & Workforce Development



Energy Educators Panel Speakers ENERGY E{gigggaiﬁgcg}:;gj

Professor Leigh Abts - Research Associate Professor, University of Maryland
Professor Daniel Kammen - Professor, Energy and Resources Group, University of
California, Berkley; Director, Renewable and Appropriate Energy Laboratory
Professor Andy Bunn - Associate Professor, Western Washington University;
Director, Institute for Energy Studies

Professor Douglas J. Reinemann - Professor, University of Wisconsin-Madison;
Department Chair, Biological Systems Engineering

Professor Kenneth Klemow - Professor, Wilkes University; Associate Director,
Institute for Energy and Environmental Research

All panelists views are their own

17 | Education & Workforce Development eere.energy.gov


http://energy.gov/exit?url=http://www.bioe.umd.edu/faculty/abts
http://energy.gov/exit?url=http://kammen.berkeley.edu/
http://energy.gov/exit?url=https://huxley.wwu.edu/people/bunna
http://energy.gov/exit?url=http://bse.wisc.edu/Douglas_Reinemann.htm
http://energy.gov/exit?url=http://www.wilkes.edu/pages/1970.asp

U.S. DEPARTMENT OF Energy Efﬁciency &

ENERGY Renewable Energy

Professor Leigh Abts - Research Associate
Professor, University of Maryland

18 | Education & Workforce Development eere.energy.gov
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Energy 101 by Design:
Designing a Sustainable World

Designing Quantitative Solutions for Energy

Leigh Abts, Ph.D.
Research Associate Professor
A. James Clark School of Engineering
&
College of Education
University of Maryland, College Park

June 26, 2014




Creating the Framework to Align
the Energy Literacy Principles to
215t Century Skills through Design

Initial Project Funded by DOE to APLU with James Turner as Pl
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Energy Literacy Principles form the Foundation

—"H,Ji'

Ml Literady

Essential Principlesand
Fundamental Concepts for
Energy Education

Energy Literacy

The Essential Principles
and Fundamental Concepts

A ncks crthe uzs of the Easertial Princinkes and
Furdamertal conaepts:

The Esaertisl Priviples, 1 through 7, are meant
to ba broad aatagarizs reprazening big idess.
Each Essartial Principle is supportad by sicto
ight Funcismennal Coreapts: 1.1, 1.2 and s
an. The Furdamertsl Conoepts are intandled

to be unpacked and applied 2s sppropriale for
tha leerring audianca and settng. For mampls,
taaching sbout the varicus saurcas of anergy
{Fundsmental Conoept 4.1)in 2 2rd grade
absarcern, ina 124 grad alasamam fo vistars
of 8 museum, ar s part of 8 community aducation
program wil kock very difarant in sach cass.
Further, the aonoapts are nat imendsd o be
ackdvessad n isolatior; & given lesson cn anergy
wil most ofien cornect fomany of the aonaspis.

2 rml#‘mmﬂh ar the result of energy flow .

4 Emsze

Energy decisions are influenced by economic, political
5 it il @
The ameunt of anergy used by human society depends on
many factors.
The quality of life of individuals and societies is affected by
enargy choices.

SN

Courtesy Department of Energy (DOE)




The 215t Century Academic and Workforce SKills
Frame the Competencies?!

[ Problem solving J [ Modeling J

[ Collaboration J

4 ) 4 )

Creative thinking Communications
\ Y, \§ )

1. NSF RET, PRIME and Inspire Awards




(&> Align the Educational Design Theories Establish the Model?2:3

18
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1. NSF RET and Inspire Awards
2. Building and expanding upon the concepts outlined by D. H. Johansen and others
3. Graphic developed by Dr. Laura Adolfie



The Pilot Courses

A general curriculum classroom course for UMD Students:
BioE 289A: Designing a Sustainable World

An online course for Active Duty and Veterans:
BioE 110: Designing Quantitative Solutions for Energy




q(ﬂ,ILSIT

®

“i'RYLPSk

Designing a Sustainable World?

Dr. Leigh Abts (Spring 2013 and 2014) and Dr. Idalis Villanueva (2013)

Philosophy of Energy 101 - “Solid understanding of basic
energy principles ... develop critical thinking skills ... making
Informed decisions about energy production, energy use,
sustainable development and other issues.”

Philosophy of a UMD I-course? - “Spark the imagination,
demand intellect, and inspire innovation ... challenge students
to wrestle with big questions ... examine the ways that
different disciplines address them.”

Courtesy of Ms. Angela Kang, FR LTSC

3. Course developed through funding provided by DOE and NSF SITE RET


http://www.eesi.org/energy101
http://www.gened.umd.edu/i-series/iseries.php
http://www.gened.umd.edu/i-series/iseries.php
http://www.gened.umd.edu/i-series/iseries.php
http://www.eesi.org/energy101
http://www.eesi.org/energy101
http://www.gened.umd.edu/i-series/iseries.php
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& Utilize the PLTW Innovation Portal™

LI~ W
IRy LAY

Portfolio Elements

ﬁ Portfolio Home

| : Wentiy a Probler. Go after a Solution.
; hnovamnPOfLaJ Documgnt your work. Connect with Opportunites.

J

A Presentation and justification
of the problem

e

B Documentation and analysis of
prior solution attempts

Home About FAQ  Resources&Examples = News  Opportunities = ConfactUs

The Innovation Portal enables [ Resources JI EDPPSR |
..students to create, maintain and share (9 Presentation and justification

of solution design
requirements

o

digital portfolios. The portfolios can he used
to meet a class requirement or they can be
used to submit the portfolio to a scholarship

or open contest. The contest owners - or D Desion concept generation,
g analysis, and selection

anyong else invited by the student - can

evaluate a student’s portfolo. EDEESH

E Application of STEM principles
and practices

e &

F Consideration of design
viability

G Construction of a testable
prototype

Courtesy Project Lead the Way H  Prototype testing and data
collection plan

Steps to the Design Process




Online, Asynchronous Course 1or Active Duty and Veterans-<

S A o

Designing Quantitative Solutions for Energy
UMD Faculty — Dr. Leigh Abts and Dr. lan White

24 mathematics videos (Dr. Danny Barnes)? based on the Wright State Engineering Math
4 virtual laboratory videos (Ms. Emily Hauser and Ms. Gail Wyant)* filmed at Cecil Community College
12 energy-based application videos (Ms. Toby Ratcliffe)*studio filmed

7 design videos to guide student projects submitted to Innovation Portal (Dr. Leigh Abts)*studio filmed
aligned to the PLTW Innovation Portal ™

11 Career mentoring videos (Center for Energy Workforce Development)®

& Firefox File Edit View Hisiory EBookmarks Tools Window Help WML @ ¢> D) FFT = WRGEE Tuell3AM Q IE
H o i fox ]
4-credits from UMD® e — T
4 & s v sefcralkosud om e TWEby maXGacha/h * (] ) (1) (4] [+
B Mot Wsiewd - () Guttog Sarimd | | | Hemt 7ot O dgnom  Send ED tetroto Evidenc 2P Engineering »

Mathematics and Laboratory Lectures

cklist is provided to mark your progress.

Authored:
SoftChalk™

Math Lecture 3-1: Foundation: Sinusoids
« WATCH the mathematics video lecture: MATH LECTURE 3-1 (Rur < 11
« PRINT/VIEW the lecture powerpoint handout to use for notetsking: HANDOUT FOR MATH LECTURE 3-1

Math Lecture 3-2: Angular Ch: tics

-
= + WATCH the vides lecture
+ PRINT/VIEW the lecture powes
=

Math Application Lecture 3-1: Calculation of Energy in Deep Water Ocean Waves

« WATCH the mathematics problem solving video lecture: MATH APPLICATION LECTURE 3-1 (Running Time; 3:12)
« PRINT/VIEW the script for the video: SCRIPT FOR MATH APPLICATION 3-1
A ) s B B 5 AP

CTURE 3-2 (Running Time: 10:04)
e for notetaking: HANDOUT FOR MATH LECTURE 3-2

Building upon concepts originally proposed by Dr. lan White and Dr. Jennifer Wolk derived from Dr. Nathan Klingbeil’s Wright State Course.
Videos production by the UMD Seigel Learning Center.

Video production by Vanderpool Films.

Videos by the Center for Workforce Development.

Credits offered through the UMD Office of Extended Studies.



A Unit-level PSLED

UNIT 3: Sinusoids in Energy
Theme: TECHNOLOGY and POWER TRANSMISSION
WEEK 3: Feb. 24-Mar. 2, 2014 - WEEK 4: Mar. 3-9, 2014 - WEEK 4: Mar. 10-16, 2014

Date
Completed

MATH LECTURES:

Pre-assessment: Self-efficacy Assessment - DUE: 2/27

Math Lecture 3-1: Foundations: Sinusoids

Math Lecture 3-2: Angular Characteristics

Application Lecture 3-1: Calculation of Energy in Deep Water Ocean Waves

Math Homework 5 - DUE: 2/28

Math Lecture 3-3: Sinusoid Shifts

Math Lecture 3-4: Addition of Sinusoids

Application Lecture 3-2: Analysis of Current and Voltage in a Resistor-Inductor

Math Homework 6- DUE: 3/7

Post Assessment: Selfefficacy Assessment — DUE: 379

UNIT 3 QUIZ - DUE: 3/12

DESIGN PROJECT:

Design Project Video: Design Step 3: Generate and Select Design Solutions

Desigm Assignment: Design Element B: Documentation and Analysis of Prior
Solution Attempts — DUE 3/2

Desigm Assignment: Initial Design Review for Elements A and B — DUE: 3/9

Desigm Assignment: UPLOAD Design Element C: Presentation and Justification
of Solution Design to Innovation Portal - Due 3/10

Desigm Assignment: Elements A through C for Review - DUE: 3/15

TROOPS TO ENERGY JOBS:

Troops to Energy Yideos: Translate Skills and Education

UNIT EVALUATION:

Unit 3 Instructional Feedback Survey — DUE: 3/21

Updated 2-11-2014 by TIT

Template developed by Ms. Tami Imbierowicz
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Draft Unit 4: Stage 1 — Desired Results

reasonable solutions to the problem.

Template Design and Content: Dr. Stephanie Moore, Dr. Rosemary Reshetar, Ms. Toby Ratcliffe,
Ms. Emily Hauser, Ms. Gail Wyant, Dr. Laura Adolfie and Dr. Leigh Abts



Course:
Contact:



http://ter.ps/bioe110
mailto:labts@umd.edu

U.S. DEPARTMENT OF Energy Efﬁciency &

ENERGY Renewable Energy

Professor Daniel M. Kammen
Energy and Resources Group, University
of California, Berkley

Director, Renewable and Appropriate
Energy Laboratory

Prof. Kammen has taught Energy and
Society for 15 years; the course is the
combined undergraduate and graduate
gateway course to interdisciplinary energy
science, engineering, financial and policy
studies at UC Berkeley. It has been a
mOOQOC for over a decade at
http://er100200.berkeley.edu

eere.energy.gov
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http://er100200.berkeley.edu/
http://er100200.berkeley.edu/

Energy and Society in two slides: slide 1

Scales of analysis

Kammen - ER100 Lecture 1: page 32



Energy Stocks & Flows for the Earth

Energy and Society in two slides: slide 2

162000 34000 Atmospheric Reflection 62500 Extra-solar Radiation
\J Atmospheric _{ 2 WOUUG Wind Energy Ocean Thermal Gradient
- Absorbtion ‘{3 3 ES: A\ Wave , =S 0
Rg;i;tion 31000 870 Wind Energy E Absorbtion [ 100 OTEC
.:_:, } r"‘1 D 36 SUDD
86000 41000 i\Evaporatlon 39000 g 2 ) inire A Sﬂurf‘te_lce
Surface Incident ’ electricit efiection
Scattering 43000 é‘?”rface Heating ciouds Rivers : Y,
- 90 Phot th —
+ 3.7 Tides 1 0 os}fn esls 5 WST Fuel \_% 0.016 Solar Energy sl
. '?\ o 7 Ethanol 3100 ZJ
3.5 Ocean Tides 30 2 1 0.04 Carbon Burial Lithium
M_) D 0005 Tidal Plants . ]UDOD Z) \r 1 u
Energy ~—<_>—— 3.6 Coal “Uranium - - T~
Solid Earth 270 Z] Coal _
T0-2 Tiges Methane Clathrate |[~—<—>——) 5.0 oil 300 Z] 360000 ZJ
110 ZJ o Thorium Seawater (/)
Geothermal Energy ((; 800 2 — & 3.2 Gas 1£10 7] Deuterium  Uranium
—<9 0.03 50 Z) Gas — —
Thermal Gravitational : :
# 3 Mantle Nuclear Kinetic B, ) Natural Exergy Destruction  ——- Exergy Accumulation
Heat Radiation Chemical — Human Use for Energy Services = Exergy Flux [TW]

Current Global Exergy Usage Rate ~ 15 TW (0.5 ZJ per year) 86000/15 = 5733

(1ZJ = 1021))



A mOOC (managed Online Open Course - http://er100200.berkeley.edu)

Wk Date Lecturer Lecture #/Topic

1 8-29 Kammen 1. Introduction to Energy and Society & How energy use shapes
society, and how society drives energy choices

2 9-3 Kammen 2. Energy Toolkit I: Units, Forecasts, and the Back-of-the-Envelope
9-5 Kammen 3. Energy Toolkit II: Fuels, Energy Content & Basics of Combustion
3 9-10 Kammen 4. Energy for ‘the South’ I: Energy Transitions and Development
9-12 Kammen 5. Energy for ‘the South’ II: Biomass, Households and Gender
4 9-17 Lucas 6. Energy Toolkit Ill: Energy Thermodynamics
9-19 Lucas 7. Energy Toolkit IV: Thermodynamics of Modern Power Plants
5 9-24 Kammen 8. ‘Hydrocarbon Man’
9-26 Kammen S. Evolution of the Modern Energy Economy
6 10-1 Kammen 10. Energy Toolkit VI: Economic Analysis of Energy Systems
10-3 Horvath 11. Energy Toolkit VII: Life-Cycle and Cost-Benefit Analysis
7 10-8 Kammen 12. Energy Efficiency |
10-10 Kammen 13. Energy Efficiency Il
8 10-15 Kammen 14. The Grid
10-17 GSls In class mid-term review
9 10-22 Kammen 15. The Promise and Perils of Natural Gas and Fracking
10-24 You! Midterm Exam, In class
10 10-29 Peterson 16. Nuclear Energy I: Physics and Engineering — Fission/Fusion

10-31 Budnitz 17. Nuclear Energy |l: Waste, Risk & Economics

11 11-5 Kammen 18. Energy and Environmental Justice
11-7 Kammen 19. Renewable Energy |: Solar Energy

12 11-12 Kammen 20. Renewable Energy Il: Wind and Water Power
11-14 Lipman 21. Renewable Energy Ill: Hydrogen and Fuel Cells

13 11-19 Kammen 22. Underground Energy: Carbon Capture and Storage & Geothermal

11-21 Kammen 23. Innovations in R&D, Novel Energy Policies and Market Approaches

14 11-26 Guest 24, Biofuels and new transportation policies
11-28 THANKSGIVING HOLIDAY
15 12-3 Kammen 25. Climate Change |: Energy and Climate

12-5 Kammen 26. Climate Change II: Energy Policy

Kammen - ER100 Lecture 1: page 34



Goal: build and use toolkits for energy studies

Analytlc methods

e/ SHUWMASS VnLAGE ¥
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Life-cycle
methods

Kammen - ER100 Lecture 1: page 35

Systems methods

Isentropic

100 ——F————————————=

US(1990)$/kwW

Forecasting methods

5000 100
L Elhano\:meth wwwww ]
from biomass S
4000 4 ™., (1975 100) — 80 2
3000 — = ‘-._ 5 B 60 2w
Ga ‘ AC £73
USA 194 100; % ‘ % %
2000 — ‘ 40 8%
£
’ 3
1000 — 20 S
| &
®
0 0
1950 1975 2000 2025 2050
—  Biomass power plant
— S0lar photo
Solar thermal
e Wind power pl

Policy
analysis
and action
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Access narratives
of energy

Kammen - ER100 Lecture 1: page 36

Microgrids for Rural
" Electriflication:
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Science and engineering narratives of energy

Efficiency (%)

= - = ‘--'
Best Research-Cell Efficiencies 8 NREL
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Policy narratives of energy

SB1368 & AB1270 — 500 MW Carbon cap and trade market
Power emission and rooftop .- Once-through
o low-carbon fuel PV . cooling (proposed)
»  standards e . .
20% RPS - 3306 RPS
20% energy - %% 20% biomass 80-85% GHG
with 20% .- T target reduction

biomass .

D e
SB17:— Smart

Grid plans ‘ E LY e, o
3 ~10% forecast +4000 MW 100% zero-net energy
: demand Combined commercial construction
Mandates: ° Heat & "
s 200,000 solar 100% zero-net energy . E10
1 million solar roofs i xtorheaters T OWeT  residential construction o 010 (Proposed)

1 million EVs

Pipeline of innovations: scientific, technical, market, managerial and environmental

Kammen - ER100 Lecture 1: page 39



U.S. DEPARTMENT OF Energy Efﬁciency &

ENERGY Renewable Energy

Professor Andy Bunn

Associate Professor, Western Washington
University

Director, Institute for Energy Studies,
Western Washington University

Andy Bunn is the director of the institute for
energy studies at Western Washington
University. The institute is a cross-college
venture designed to meet the demand for
education and training related to human
production and use of energy through
interdisciplinary programs that combine science,
technology and engineering with economics,
business management, public policy, and
sustainability

40 | Education & Workforce Development eere.energy.gov
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% INSTITUTE FOR
i ) ENERGY STUDIES

PARTNERS DONORS FAQ MEDIR~

l )
HOME PROGRAMS RESEARCH PEOPLE

Welcome to the Institute for Energy Studies

About the Institute

The Institute for Energy Studies at Western Washington
University exists to meet the demand for education and
training related to human production and use of energy
through interdisciplinary programs that combine the fields of
science, technology and engineering with economics,
business management, public policy, and sustainability.

ENERGY

POLICY /ESGs
minor o ‘B EPLORE ©

Orion Polinsky - Instructor

"Finally there is a program devoted to energy.
Now there is no more trying to piece together a
degree in energy studies or fighting for a self
designed magjor. It is here.”

Educating the leaders for our clean and efficient energy future through

interdisciplinary studies and research.

https://energy.wwu.edu/



https://energy.wwu.edu/

Lessons learned while teaching energy
without a license

e Getting into the field
e Localissues

e History

* Units

e Thermodynamics
 Working with data
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Property of Museurn of History & Industry

Locomotive hauling coal from Lake Union, Seattle, ca. 1871




Units

e Units are like language

 The beauty of units
are hard to describe
to nonscientists

3.25in ft m 10°mm  hr 1.37mm
X X X X =

hr  12in 3.28ft m 60 min min




Units

 The units are ugly — just the way it is
— Tons of oil equivalent, terawatt-hours, Quads
— Horsepower?!?! (550 foot pounds per second)

 We typically use kilowatt hours (kWh)
— Unit on our electric bill, costs less than dime

— A 40 W bulb left on all day, or the work a servant
can do

— US: ~239kWh per person per day

97.3 Quad o 1015 Btu o 103] o kWh « year o 1 _ 239kWh
year Quad Btu "~ 3.6 X 105/ " 365day 3.1 x 108ppl personday




Thermodynamics

e Class discussion about first and second laws

— Where did the energy go when | biked up the hill
to campus today?

— What's the difference between energy
conservation in physics and in policy?

— Give an example of the second law in your every
day life

— Does evolution disprove the second law?



lorking with data
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1990 | | 2000 2010
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Electric Power Industry Generation by Primary Energy Source, 1990-2012, Washington

http://www.eia.gov/electricity/state/washington/




U.S. DEPARTMENT OF Energy Efﬁciency &

ENERGY Renewable Energy

Professor Douglas J. Reinemann, University
of Wisconsin-Madison; Department Chair,
Biological Systems Engineering

50 | Education & Workforce Development eere.energy.gov



Renewable Energy Systems

University of Wisconsin — Madison
Biological Systems Engineering 367

Cross Listed with the
Nelson Institute for Environmental Studies



Texts and Web Resources
TScreen® Internatmnal-.

Clean Energy Decision Support {' entre III".

e RETScreen International

— Design Software
— E-textbook

e Required text

e Renewable Energy for a Sustainabl
Future 3™ Edition

e Godfrey Boyle

* Pre-order for 1 Nov release




Design Projects

* Renewable Energy System (RES) design projects
e We recommend you use RETscreen to do the analysis
 Making a pitch to ‘sell’ this RES project to:

— A Company or group of Investors
— A Homeowner (Your Uncle Vince)
— A Governmental or Non-Profit organization



Each technology module

Overview of the state of the art and application

Review of collection, processing and conversion
systems

Engineering calculations of energy and power

Special issues relating to limitations, scale,
economics and policy

Overview of environmental impact/implications



U.S. DEPARTMENT OF Energy Efﬁciency &

ENERGY Renewable Energy

Professor Ken Klemow, Wilkes University;
Associate Director, Institute for Energy and
Environmental Research

Ken Klemow has served on the Wilkes University
faculty for over thirty years, where he teaches
courses in botany, ecology, and energy. His
research focuses on restoration of lands and
waters damaged by anthracite coal mining in
northeastern Pennsylvania. For the past four
years, Ken has led Wilkes's Energy Institute, where
he is a PI for a DOE contract involving assessing
Marcellus Shale impacts on surface waters. Ken
has also been active with the Ecological Society of
America's education initiatives for over 20 years,
and will lead several sessions exploring the
interface between ecology, energy, and education
at their annual meeting later this summer.
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Wilkes University
“Energy in Our World”
BIO / EES 105

Kenneth M. Klemow, Ph.D.

Professor of Biology and Environmental Science

Associate Director, Institute for Energy and Environmental
Research

THE INSTITUTE FOR
ENERGY & ==
ENVIRONMENTAL

Z~=RESEARCH
FOR NORTHEASTERN PENNSYLVANIA




Purposes of Course

» Provide a broad overview of energy topics for

Wilkes students

- Energy-related concepts discussed within >20
courses at Wilkes, but no single course focuses on
energy

» Gateway to interdisciplinary energy minor
under development

WILKE S§:&

UNIVERSITY |




About Wilkes

» “Small”, private, non-
sectarian, comprehensive

university in northeastern
PA.

> Liberal arts tradition
> 2,100 undergrads

> Popular majors include
biology, engineering,
business, psychology,
education, communications

- Most students from PA, NY,

IINIVEFRSITY \ FORNORTHEAS!'ERNPENNSYLVANIA



Local energy issues

e g~ N

&:\\\S&m http://www.communitywalk.com http://pashto.wunderground.com



Course information

» Fall 2013
» 40 enrolled, 34 finished

» Mostly non-majors
> Students took class as “Science” Elective

» Class level:
- Mostly sophomores and juniors

» Course website:

o

» Meetings: Weekly, 3-hour lectures

WILKES =

IINIVEFRSITY



http://klemow.wilkes.edu/BIO-EES-105.html

Course instructor

» Kenneth M. Klemow, Ph.D.

> Plant ecologist

-+ Policy, communicating science
- Wilkes faculty since 1982
- Energy credentials

- Restoration of ecosystems
damaged by anthracite mining

- Consults on windfarm projects

- Twice taught courses on
Alternative Energy
- Leads Wilkes Energy Institute
- Pl of $880K contract with DOE

IINIVEFRSITY \ FORNORTHEAS!'ERNPENNSYLVANIA



Course influences

WILKES

IINIVEFRSITY

Welcome to the Homepage for

FYF 101] - Alternative Energy: Separating Myth From Reality

-~
n -

M-W-F 10:00-10:50 A.M., BREI 209

Course instructor: Dr. Kenneth M. Klemow
Professor of Biology and Environmental Science

Send an Email message to Dr. Klemow
Course Description
General Schedule
Detailed Session Schedule

Course Objectives Course Policies
Organization Course Roster

Poster Links Presentation Links

Announcements:
(last updated 20 October 2009 @ 11:00 AM.)

lent teams for the first Webguests have now been posted. Check it out.

ndicated to me that she would be able to visit class

Energy 101

Scianca

Technology
Soclety

HVHN, Piayott nockey:

to discuss regi 1 This will be a very im
+ effort to be present. As a result of this change, the Webquests will be held on Fnday
nd maintained by Kenneth M. Klemow, PhuD)., Biology Dep Wilkes University, Wilkes-B
&du.

, PA 18766, (570

Intreduction to Enerngy

Energy Basies

Encrgy Technology &
Practice

Energy Policy & Declsion
Making

Hinrichs - Kleinbach



Main features of course

Sessions 1 - 4: Intro, physical and biological
basis for energy

Session 5: Webquests
Sessions 6-13: Presentations on energy

types:
Cluster 1: coal, petroleum, Hubbert curve, natural
gas, nuclear,

Cluster 2: hydropower, solar, geothermal, wind,
hydrogen, biomass/biodiesel, ethanol

Faculty overview, then student teams
Session 14: Guest lecture on Smart Grid

.7 -

W ILK E S| EALeiENs
NIV RS Ty o TEmskeeseslniad s



Philosophy

» Consider holistically

- All energy types

> Supply, demand, technological, environmental,
social, economic

» Try to not advocate one option over another
» Climate change as a scientific consensus

IINIVEFRSITY




Student presentations

» Students organized into teams of 3-4,

ensuring diversity of majors and academic
achievement

» Each team focused on one energy type
- Based on

- Prompting questions
- Posted websites

- Each presentation lasted 20 minutes

IINIVEFRSITY



http://klemow.wilkes.edu/Coal.Webquest.html

Other student assessments

» Exams (students permitted “cheat sheet”)
- Gave one retest on problem set

» Beginning and ending surveys
» Website-evaluation rubric




Findings:

Students diverse in aptitude, attitude

Math phobia was a big issue, especially at
beginning.
1/3 class struggled but mastered expected concepts
1/3 of class struggled and largely gave up.

1/3 of class had no problem; often resented students
with math issues

Weekly meeting time prevented continuity.
Students desired more hands-on experience.

Evaluations positive, but diverse (ranged from ‘I

want to take energy minor” to “worst course
ever”’).

Many found textbook overwhelming.

"WV =

WILKES

UNIVERSITY ' ! PENNSYLVA| s



Lessons learned...

Will retain

Webquests / student presentations

Diverse perspective (all energy forms, multiple
aspects)

Will change

Adopt three one-hour meetings per week for
continuity

More guest speakers
More hands on / demonstrations

Try even harder to explain quantitative concepts
Perhaps adopt another text

UNIVERSITY L e e adn ;\



Contact information:

Ken Klemow

Biology Department, Wilkes University
Wilkes-Barre, PA 18766

570-408-4758
Facebook: DrKlemow
Websites:
Klemow.wilkes.edu
Energy.wilkes.edu

WILKE ~


mailto:Kenneth.klemow@wilkes.edu

Energy Efficiency &

Renewable Energy

3. Online Discussion Forum

#Energy101

70 | Education & Workforce Development eere.energy.gov



Topics for Discussion ENERGY | ooy ie toer

How do we promote Energy Education in
the Nation’s Colleges and Universities?

« Recommended Course Content (textbooks, multimedia,
simulations)

e Best practices in communicating complicated energy
concepts

o Useful interdisciplinary examples
« Digital resources and Digital tagging of resources

71 | Education & Workforce Development eere.energy.gov



Energy Efficiency &

Renewable Energy

4. Energy Education Resources

#Energy101

72 | Education & Workforce Development eere.energy.gov



Resources- Speakers ENERGY | renowabie Encrey

Professor Justin Hougham — Northwest Advanced Renewables
Alliance - Assistant Professor, University of Wisconsin-Extension;
Director, Upham Woods Outdoor Learning Centers

Todd Cohen SEED Center - American Association of Community
Colleges; Director, Sustainability Education and Economic
Development Centers

Dr. David Blockstein National Energy Education Summit -
National Council for Science and the Environment; Senior Scientist
and Director of Education

73 | Education & Workforce Development eere.energy.gov


http://energy.gov/exit?url=http://www.theseedcenter.org/About-SEED/Who-We-Are
http://energy.gov/exit?url=http://www.uwex.edu/ces/4h/uphamwoods/intro/contact.cfm
http://energy.gov/exit?url=http://www.theseedcenter.org/About-SEED/Who-We-Are
http://energy.gov/exit?url=http://www.theseedcenter.org/About-SEED/Who-We-Are
http://energy.gov/exit?url=http://www.theseedcenter.org/About-SEED/Who-We-Are
http://energy.gov/exit?url=http://www.ncseonline.org/david-blockstein-phd

U.S. DEPARTMENT OF Energy Efﬁciency &

ENERGY Renewable Energy

Professor Justin Hougham

Assistant Professor, University of
Wisconsin-Extension; Director, Upham
Woods Outdoor Learning Centers

eere.energy.gov

74 | Education & Workforce Development



NARA

Education at the Speed of Research:
Integrating Research and Education

R. Justin Hougham
NARA Education and Outreach
Assistant Professor, University of Wisconsin-Extension
justin@nararenewables

Northwest Advanced Renewables Alliance
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NARA SUPPLY CHAIN

Northwest Advanced Renewabies Alliance
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Flow for Education and Outreach of NARA research

NARA SUPPLY CHAIN

FOREST RESIDUES 5 | - f . BIQJET
PREPARATION TRANSPORTATION PRE-TREATMENT ENZYMATIC HYDROLYSIS rERMENmeNBIOfue|&8FIT§DDUCT5

-Life Cycle Feed Stock  Transportation Pretreatment  Conversion
Analysis

-Community
Partnerships __ _ |
_Capitals : =
Framework

co-products

O

nararenewables.org
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Flow for Education and Outreach of NARA research
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Biofuel and
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Flow for Education and Outreach of NARA research

Research Data, Print Media, Digital Media, Social Media, Academic Publishing

AT A A er ey

Biofuel and
-Li [ .
ife Cycle Feed Stock  Transportation Pretreatment  Conversion co-products

Analysis
-Community
Partnerships
-Capitals
Framework

wables.org (2 BY-NC-SA




Flow for Education and Outreach of NARA research

Education and Outreach Products & User Groups

Research Data, Print Media, Digital Media, Social Media, Academic Publishing
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Flow for Education and Outreach of NARA research
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Flow for Education and Outreach of NARA research
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Flow for Education and Outreach of NARA research

Education and Outreach Products & User Groups

Research Data, Print Media, Digital Media, Social Media, Academic Publishing
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Impact

- i Z y 3 Expiore
s 13

Fueling Our Future:

Exploring Sustainable Enrgy Use
Energy Literacy L T
- Curriculum A
- Media

- Assessment

- 2500 k-12 students/yr through direct instruction
- 60 teachers/yr through direct instruction

- 2600 K-12 students through these teachers . .
- 16 graduate students/yr through year-long coursework

- 1000's of contacts through web-based resources . e
- Blog
- Matrix

[Fsrenevaties g G5) BY-NC-SA



EnergyLiteracyPrinciples.org

About Us Contact Us

NARA

SEARCH ABOUT NARA CONTACT US

Educatinal Resorces
The NARA Energy Literacy Principles Matrix is collection of educational resources related to biofuel solutions that are economically viable, sodally 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 i LEARN E PREPARE I‘ 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.

Featured Topics

[Fsrenevaties g G5) BY-NC-SA




Energy Literacy Framework

Renewable Energy

Energy Education & Workforce Development e e e

Search Help »

EERE » Ena Education & Workforce Development @ Printable Version EJ share
Home Energy Literacy: Essential Principles and Fundamental Concepts for Energy
About Education

Clean Energy Jobs & What is Energy Literacy?

Career Planning . . 3 . R
Energy Literacy is an understanding of the nature and role of energy in the world and daily lives

:‘;IZ I';rswn Plans & accompanied by the ability to apply this understanding to answer questions and solve problems.
vities

Energy Literacy An energy-literate person:

Energy 101 + Can trace energy flows and think in terms of energy systems.
+ Knows how much energy they use, for what purpose, and where the energy comes from.
E"“":’""r:a:tpm“s"’"a' « Can assess the credibility of information about energy.
a « Can communicate about energy and energy use in meaningful ways.
Fellowships, Postdoctoral + |s able to make informed energy use decisions based on an understanding of impacts and
Research Awards, & consequences.
Scholarships 5
Download the guide:
Competitions What is the Energy Literacy Framework? High Resolution
Green Your Schoal Energy Literacy: Essential Principles and Fundamental Concepis for Energy Education is an Low Relsolution =
interdisciplinary approach to teaching and learning about energy. The framework identifies seven Word File @]
EERE Office Activities Essential Principles and a set of Fundamental Concepts to support each principle. The guide does X
Multimedia not seek to identify all areas of energy understanding, but rather to focus on those that are Request a copy by mail
Related Links esserltigl for all citizens K—Grla.y. It preselntE energy conceptsl that, if understood and applied, will Eneray Literacy Allgnment Tool
help individuals and communities make informed energy decisions.
Contacts Use this Excel file to assess how many

Who led the development of the Energy Literacy document? Findamertallconcepklyodraciviylon

curriculum addresses or use it as a wol for
building a curriculum which addresses the

The Energy Literacy document is the culmination of public listening sessions and thousands of entire range of Fundamental Goncepts.

experts from diverse fields of study contributing to a dialogue about what an energy literate person . )
should know and understand. This included over 20 recognized educational partners and 13 federal Pr‘?“"?"\": 7 Energy Literacy
agencies that comprise the U.S. Global Change Research Program Partner agencies. Principles

How should we approach energy literacy? [

Energy Literacy looks at energy through the lens of natural science as well as social science. ZWM.:&“M““NMM I:}
Energy issues require an understanding of civics, history, economics, sociology, psychology, and

politics in addition to science, technology, engineering and mathematics. A comprehensive study of
energy and curriculum designed using Energy Liferacy should be interdisciplinary and use a

[Fsrenevaties g G5) BY-NC-SA




Connection to NARA

- SEARCH ABOUT NARA CONTACT US

Scientists from public universities, government laboratories and private industry from throughout the Northwest, and beyond, are joining together to focus on
developing ways to turn one of the region's most plentiful commedities—wood and wood waste—into jet fuel.

Led by Washington State University, the Northwest Advanced Renewables Alliance (NARA) will take a holistic approach to building a supply chain for aviation bicfuel with
the goal of increasing efficiency in everything from forestry operations to conversion processes. Using a variety of feedstocks, including forest and mill residues,
construction waste, as well as new energy crops, the project aims to create a sustainable industry to produce aviation biofuels and important co-products. The project
includes a broad alliance of private industry and educational institutions from throughout the Northwest.

NARA's Five Teams
To meet its mission's goals, the Alliance is broken down into specific areas of focus:

Education: Engage citizens, meet future workforce needs, enhance science literacy in biofuels, and help people understand how they're going to fit into the new energy
economy.

Conversion: Provide a biomass-derived replacement for aviation fuel and other petroleum-derived chemicals in a way that is economically and technologically feasible.

Feedstocks: Take a multi-pronged approach for the development and sustainable production of feedstocks made from wood materials, including forest and mill residues,
municipal solid waste, and specialty energy crops.

Sustainability Measurement: Evaluate and assess environmental, social, and economic viability of the overall wood to biofuels supply chain, guiding the project as it goes
forward.

Outreach: 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.

Blanra falin o lanlk af am memdoe Fae b ba oien thie cita hora

ARA 7/
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Site functions and uses

SEARCH ABOUT NARA CONTACT US

B i Eocantoe

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

Learn More

A AR
AN

Q SEARCH i LEARN & FREPARE sy 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.

Featured Topics

2 Wood to Wing

Overview graphic of a biofuel supply chain. read more >

[Fsrenevaties g G5) BY-NC-SA




Search..

Conta

Seam\c \

NARA

SEARCH ABOUT NARA CONTACT US

Educatinal Besorces

The NARA Energy Literacy Principles Matrix is collection of educational resources related to biofuel solutions that are economically viable, sodally 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

framework.

[} SEARCH 1 LEARN & PREPARE sy 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.

Featured Topics

< Wood to Wing

[Fsrenevaties g G5) BY-NC-SA




Search

Search the NARA Matrix's vast collection of educational resources related to biofuel research. You can use the Matrix to find teaching materials such as lesson plans,

datasets, videos, images, activities, software and modules.

THREE EASY WAYS TO SEARCH

About NARA CONTACT US

[Fsrenevaties g G5) BY-NC-SA
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/

Ti Ti T Tﬁ
1. cal . 4. 5. dedslons 5 7. lity of life
mﬁa quantity |Processes on processes depend by used by nfln\:ld.luls and

t follows precise t low power human ec socetles Is affected
natural laws. e ind depends on ma; by energy cholces.

[Fsrenevaties g G5) BY-NC-SA



Organization of featured content

— o
-
| N L e S

SEARCH i LEARN E/ PREPARE I‘ 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.

Featured Topics

< Wood to Wing

Overview graphic of a biofuel supply chain. read more »

[Fsrenevaties g G5) BY-NC-SA



Featured Content

m SEARCH ABOUT NARA CONTACT US

! Fea

Featured Topic

Biorefinery

Description:
A look into Biorefineries

Additional Topics:
No additional topics at this time.

RESOURCES

What is a biorefinery?
NREL explains the science behind biorefineries.

Associated Grade Levels: EEE)

[Fsrenevaties g G5) BY-NC-SA



Assessment

NARA

Pilot Bioenergy Literacy Assessment- Introduction

This pilot assessment is for bicenergy literacy. This assessment is intended for use with students in middle or high school or the general public.

Start

D NARA - Northwest Advanced Renewables Alliance | Led by Washington State University
NARA is primarily supported by an Agriculture and Food Research Initiative Competitive Grant no. 201 1-68005-304 16 from the USD A National Institute of Food and Agriculture.

QSD.-'\ SEENIFA
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Cases: Websites and Blogs

SEARCH ABOUT MARA CONTACTUS

NARA Advanced Search

Use the advanced search feature to narrow results to specific areas of the matrix, topic, or resource type.

Search:

Filter By Topic: | 3]

Filter By Sub-Topic: | 8.1 Sources of cellulosic residuals used are found in forest operations and in... 4
Filter By Type:

BB Bl g oM B ya .

Filter By Grade Level:
ol o4l o5#] o[#] g+ ol
Search

Search Results

Biomass Feedstock Pre-Processing- Part 1: Pre-Treatment

The two main sources of biomass for energy generation are purpose-grown energy crops and waste materials (Larkin et al,, 2004). Energy crops, such
as Miscanthus and short rotation woody crops (coppice), are cultivated mainly for energy purposes and are associated with the food vs. fuels debate,
which is concemed with whether land should be used for fuel rather than food production. The use of residues from agriculture, such as barley, canola,
oat and wheat straw, for energy generation circumvents the food vs, fuel dilemma and adds value to existing crops (Chico-Santamarta et al, 2009). In
fact, these residues represent an abundant, inexpensive and readily available source of renewable lignocellulosic biomass (Liu et al., 2005).
Associated Grade Levels:

DT

Wood Biomass in the Carbon Cycle o
A colorful diagram of the carbon cycle highlights the forestry industry considering wood products as part of carbon sequestration. Lignocellulosic
biomass (wood waste ) is considered as potential clean energy. Fossil fuels and emissions from vehicles and forest fires are also included.

Associated Grade Levels:

X1 B

Enzymatic Cellulose Hydrolysis for Production of Liquid Biofuels from Lignocellulosic
Biomass

A video presentation on enzymatic cellulosic saccharification for biofuel production

Associated Grade Levels:

DT

I_Effept t_)f Mixing on Enzymatic Hydrolysis of Steam-pretreated Spruce: a Quantitative

[Fsrenevaties g G5) BY-NC-SA




Cases: Websites and Blogs

SEARCH ABOUT NARA CONTACTUS

NARA Basic Search

Quickly find results through a basic key word search. Enter the key word in the search box below. If you want narrow results to specific
areas of the matrix, topic, or resource types please use the advanced search feature,

Search: 'weod Search

Search Results

A Case Study for a Biomass Logging Operation -- Texas Forest Service

With the recent prices of oil and gas having increased substantially, biomass from forests has generated substantial interest as an energy source.
Several potential bio-energy projects in different, preliminary stages of planning in East Texas could need substantial supplies of woody biomass.
Logging contractors may ask 1) what does it take to start a logging business for woody biomass, 2) how much does it cost to produce, and 3) is it
profitable? Potential customers may want to know what the delvered price may be. To answer these guestions, Texas Forest Service presents the
following case study and attached spreadsheet of itemized costs of a logging business for wooedy bicmass.

Associated Grade Levels:

s

A Sustainable Woody Biomass Biorefinery

the objective of this paper is a focused review on the selected processes for a particular approach to biorefinery: incremental deconstruction of woody
biomass in the absence of waste generation steps such as pretreatment and detexification. In particular, integrated studies on hot-water based
biochemical approach is systematically reviewed. In particular, hot-water extraction based "pretreatment” processes are discussed in detail.
Associated Grade Levels:

o

Carbon Emission Reduction Impacts from Alternative Biofuels

Using life-cycle analysis to evaluate altemative uses of wood including both preducts and fuels reveals a hierarchy of carbon and energy impacts
characterized by their ef?ciency in reducing carbeon emissions and/for in displacing fossil energy imports.

Associated Grade Levels:

s

Challenges of the Utilization of Wood Polymers: How Can They be Overcome?

This mini-review provides an overview of major wood biopolymers, their structure, and recent developments in their utilization to develop biofuels.
Advances in genetic modifications to overcome the recalcitrance of woody biomass for biofuels are discussed and point to a promising future,
Associated Grade Levels:

s

Comparina Life-Cvcle Carbon and eneray Impacts for biofuel, Wood Product. and Forest
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Cases: Facing the Future

Curriculum created by Facing the Future
2013 Launch

Online and print resource FUEling OUI‘ FUtUI‘e:
Exploring Sustainable Energy Use

\ A {’ Anlnterdjsaphnary Curriculum
MR Recommended for Grades 9-12

Facing%

"HIE Buture™

e NARA  #




Cases: Facing the Future

Name Date Class
Exploring energy Iiteracy and biofuels Scenario: Sustainable Flight in the Pacific Northwest
- ACthltleS para”el some NARA The federal government has mandated that an increasing amount of biofuel be mixed into jet
fuel over the next few years in order to reduce the amount of crude oil used in the nation. The
fu n CtiO n S federal government has established regional councils to help identify the most sustainable

biofuel feedstockis) for different regions in the nation. You have been selected to be a part of the
Pacific Northwest Regional Biofuel Council. This region includes Washington, ldaho, Montana, and
Oregon. Over the next few days, you will:

« identify and understand the reasons for developing aviation biofuels,
+ conduct research on different kinds of biofuels and consider theirimpacts on the environment,

« represent a specific stakeholder at a negotiation, identify other stakeholders’ perspectives, and
create a policy that identifies a sustainable fuel mix for the Padfic Northwest region,

so that you can answer the following question:

What are the most sustainable biofuels that can be produced in the Pacific
Northwest for aviation?

[Fsrenevaties g G5) BY-NC-SA



Cases: Facing the Future

Name Date Class
Stakeholder act IVIty Product 3: Stakeholder Position Analysis, page1
(Group Activity)
Group Members:
Stakeholder:

Directions: Complete the Stakeholder Position Analysis below as a group. You should use the
Feedstock Fact Sheets and Stakeholder Profile to complete this product and to help you prepare for
the Pacific Morthwest Regional Biofuel Council Meeting. This product is worth 20 points.

1. Based on your stakeholder’s perspective and interests, summarize in 3 to 4 sentences who you
represent. (2 points)

2. Based on your stakeholder’s perspective, complete the following chart below. Use evidence from the
feedstock handouts to explain your thinking, You may have to make inferences. (8 points)

[Fsrenevaties g G5) BY-NC-SA



Cases: Facing the Future

Name Date Class

Supply chain Product 2: Suppy Chain Evaluation, page1
(Individual Activity)

Directions: After you have participated in the Gallery Walk, reflect on what you have learmed
about bicfuel supply chains by answering the following questions. Be sure your answers show
critical thinking and evidence where necessary. Each question is worth 2 points.

1. Deescribe either z) the similarities and differences between the biofuels you leamed sbout,
or b) a pattern you observed among the different biofuel supply chains.

2. How did the suggestions provided by your classmates compare to your ideas about improving the
sustainability of your supply chain?

[Fsrenevaties g G5) BY-NC-SA



Cases: Facing the Future

SNawus:th:ﬂcwvdmrtmouﬂmﬂn %ﬂlmmﬁfﬂmﬂfm.ﬂﬂtf

:ﬂ’éﬁ' chain ﬁém specific hﬂﬁ;:‘ﬂ corn- petroleum feedstocks is that he biomass
. . ethanol. Consider writing this on 2 feedstacks absork carbon dicxide,)
Use of NARA field data and media
The Supply Chain of a Fuel
Feadstock — Extraction —» Transportation — Conversion — Distribution — Consumption
J
Co-product
mﬁ.—_f,mﬂ 12% = FACRNG THE FUTURE wewnwefacingthafutura.cng

Option: Use one of the following videos 2. Explain that small groups will conduct

to review the carbon cycle and the unique research on the supply chain of a particular

impacrrhatﬁ)ssilﬁlrlshaw on the natural biofuel to assess ilssusta.inabili.ryi.uﬂx

balance of this cycle. Pacific Northwest. They will then create
Recyde! — Crash Course Ecology#8 3. Refer students to Product 1: The Lifeafa
hittp://www.youtube.com/ Fiel Poster in their packet and discuss the
watch?v=2D7hZpIYICA guidelines for completing this product.
This video provides a fn, fast-paced 4. Divide the class into groups of 3-4

ﬂ?lﬂmm"d&*m”dh?&d@‘ students and assign each group 1 of the 4
cycles. To ship ahead to the carbon eyele, o derncks listed below. Depending on your
p:ﬁsp]a_yﬁminuh:sil:.l.mthfwidm.ﬂlc class size, you may have more than one
cx.rboncyl:lcs:gm:ntlsSmhcalong. gruupmdﬁngﬂ!rsmmpif—

NARA 7
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Cases: McCall Outdoor Science School

Field-based inquiries for
graduate students
teachers
k-12 students

wables.org (2 BY-NC-SA



Cases: McCall Outdoor Science School

MOSS Graduates Field testing
curriculum

[Fsrenevaties g G5) BY-NC-SA




Cases: McCall Outdoor Science School

MOSS k-12 students in the field

[Fsrenevaties g G5) BY-NC-SA



Cases: McCall Outdoor Science School

[Fsrenevaties g G5) BY-NC-SA

Explore:
Complete the follpwing steps.
1. Determine the beight of your tree.

Distance from hase of tree oat on meter tape so you o see the top of the
LR ) [et]
Al oo elinoeeter Irom pround o ep al tree [A)___ degrees
Distance from ground o obsersersewes [z m
Hesght ol tree = H = [[tanA s ] + &

2. Measune the circumberencs af the tree,
Circumderence ol ree; o

3. Determming the smesnd of Carban s (bhe iree
Ling thi: “How Much Casbon 18 in a Tree™ ¢har

_ MeCall Durdoor Sclence School

Nothwest Achvanced Renewables Alliance




Cases: McCall Outdoor Science School

JET FUEL CALCULATIONS

Testing curriculum development with

graduates adds value and usability HEIGHT OF TREE ﬁ
m
CIRCUMFERENCE OF
TREE -::>
m
CARBON IN THE TREE -> ke
“How Much Carbon is in a Tree?”
Chart
JET FUEL MILES TREE -:l; miles
CONTAINS O using
whole
“How Far Can | Fly?” Chart
tree
miles
C 2 I
= actually
® N /\sed

NARA 7/
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Member Login

: . . National ¥ TSN | Eoor oo
Curriculum published for national Sclence oy o S—

Associatie A R

teacher audience : ] S —

Home > Your Middle School Science Classroom [ View printer-friendly version gei){1 [ £152 é 68

= Middle School Science Classroom

Find the best teacher-approved

books, software, online professional e
development, and more, targeted to SC I E N C E o C’O PE
your grade level . !

n Visit us on Facebook

NSTA's peer-reviewed journal for middle level and

Middle Level Materials Jjunior high school science teachers
+ NSTA Press® Books .
Science Scope is now

+ NSTA Press® Book Chapters available to NSTA
+ SciGuides® members in a digital
+ NSTA Learning Center Science version. Same great

Objects content, but now
+e-Books NSTA members can
+ Science Store Home read it on the picoSpin

computer as well as NMR for

Position Statements the Kindle Fire, :

e ——— ————— Android tablet/phone, and iPad/iPhone. For September 2013 education.
v . y -

o ey pesa o o 4o ==

g Rights and permissions »

+ Environmental Education digitaljournals @nsta.org. P Ther“,‘0
+K~16 Coordination SCIENTIFIC
+ Gender Equity in Science NSTA &

Enucation in this issue: SciStarter
+ All NSTA Position Statements M

Aligning your science curriculum with the new Next PrOteCt
Competitions Generation Science Standards can be a difficult and Water, Water, Students
time-consuming task. Before you take on this challenge, Everywhere (and from

Sl check out the articles in this issue of Scisnce Scope to Water Projects Cancer
» eCYBERMISSION leam how other middle school science teachers have Tool) FREE
+ Shell Science Lab Challenge made the transition from the National Science Education
+ Siemens We Can Change the Standards to NGSS.

World Challenge

+ Toshiba ExploraVision
? Featured Articles:

LINE INTERACTION Free - Cross-Disciplinary Writing: Scientific

Rich opportunities for nuts-and-baolts arg;g\aﬂtatlon, the Common Core, and the ADI

discussion. Ask questions, talk about Not a member? Join
Issues, make new connections in Developing and Using Models to Align With NGSS NSTA today to gain
'your professional community. N . )

Free - Editor's Roundtable: Start Your Engines—Time access to all NSTA
+NSTA Communities tn Taba tha MRQR Ak far » Tact Mrun iournal articles and

ARA 7/
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Upham Woods Outdoor Learning Center

BY-NC-5A

COMPARING CARBON
SEQUESTRATION TO

FOREST PRODUCTS

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




Cases: Imagine Tomorrow

Annual high school problem-solving competition

Imagine Tomorrow

May 30-June 1, 2014

Washington 5tate University, Pullman

$100,000+ in cash prizes, thanks to our sponsors

ables.org (29 BY-NC-SA



Cases: Imagine Tomorrow

Teacher professional development model
- Support and workshops for teachers ‘
- Direct support from NARA researchers —la W !

- Natalie Martinkus -

- Indroneil Ganguly
McCALL OUTDOOR SCIENCE SCHOOL

[Fsrenevaties g G5) BY-NC-SA




Cases: Imagine Tomorrow

Student projects from across the state brought to
Pullman to compete

newables.org (9 BY-NC-SA



Cases: Imagine Tomorrow

Specific example of teacher and students from a NARA community.

P

‘slash Savvy

Emma Eccles and Cassandra Voight

Students

*209 Lewiston High School students were surveyec o
*Over 75% of students surveyed knew very little ab Con dUSID.n
woody biomass and its uses (figure 1).

*The largest obstacles that students saw were Jack ¢
financial and community support (figure 2).

*When asked their level of agreement on several
different uses for woody biomass, it was apparent t|
students did not have enough information to form
strong opinions (figure 3).

*This was a recurring theme throughout the survey. F
severa| open-ended questions, students declined to
answer because they felt they did not know enough
about the topic,

Figure 3: Agreement with Usage Possibilities

e
Pl g e
e o

= Strongty Disagree

= Orsagree

sulrvey also reveals other factars that could affect the‘fu(ul‘ f
Using woody biomass s an alternatiye bio-jet fue| 57

Teachers

*Over half of the
teachers syrveyeq
were
unfamiliar with Woody P Knousegge e

biomass or knew Jittle
termlnnlagy (figure i)
*Astrong Majority of

P 2 St Pt

m&;:;u. &




Long Term Soil Productivity
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Cases: Long Term Soil Productivity

NARALTSP - TREATMENT LAYOUT
Methodology that informs B

nquiry NARALayout
Contact Scott Holub "

Treatma
scott.holub@weyerhaeuser.com — Y
541 206 9964 cell .
- o
|

| FO O L O . L. ne012
0 145 290 580 870 1,160 Feet

|| B/5/2013

ables.org (29 BY-NC-SA




Cases: Long Term Soil Productivity

Methodology that informs
inquiry

nararenewables.org (29 BY-NC-SA

NARA LTSP Treatments (5 + 2)

--------- Levels of Compaction------

. Compaction | C0 — No C1 Moderate C2 Heavy
g OM Removal compaction compaction compaction
O OMO - Bole only |OMO CO OMO C1
E Boles removed / A Boles removed / C

g \No compaction Moderate compaction
| OM1 - Boles and | OM1C0 oMicCi
% crowns removed Boles and crowns Boles and crowns
N removed / removed /
v No compaction— LModealeCOMACO e
y—
QG OM2 - Boles, oMz C1
v crowns, forest Boles, crowns, forest
Q floor removed
6 floor removed Moderate compaction
—
0 —

F =D + mid-rotation fertilization

_.G=E + mid-rotation fertilization

NARA 7/




Cases: Long Term Soil Productivity

Scott Holub
Nathan Meehan
Weyerhaeuser

S
»

-00:0038 5
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Cases: Outreach Efforts
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Cases: Outreach Efforts
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Cases: Outreach Efforts
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Outreach Efforts

Cases
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Cases: Outreach Efforts
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Cases: Outreach Efforts
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Cases: Outreach Efforts
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Cases: Outreach Efforts
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Flow for Education and Outreach of NARA research

Education and Outreach Products & User Groups

Research Data Print Media, Digital Media, Social Media, Academic Publishing

LAY Ay AT AT ey

Biofuel and
-Li [ .
ife Cycle Feed Stock  Transportation Pretreatment ~ Conversion co-products

Analysis
-Community
Partnerships
-Capitals
Framework

r enewables.org (Z9 BY-NC-SA




Moving Forward

NARA

Ways to connect to the Energy Literacy supply

C h d i n: On The Road: NARA Researchers and
* Team Members Visit with Stakeholders
in Southwest Washington and

- Using Datasets in lessons Norihwest Oregon

e
.

- Graphics to enhance projects

- Guest talks

- Student and teacher support

- Contribute to energylieteracyprinciples.org

NARALTSP - TREATMENT L

Harvest Scheduled for March/April 2013 Logend
[e—
Contact Scott Holub ';'"'""
scott. holub@weyerhaeuser.com "
541 206 9964 cell .
-
. = SEARCH LEARN PREPARE TEACH
2 . Find what the matrix Learn from the matrix's Prepare from the Easily teach what the
= has to offer information ou m matrix has provide
0

T T 1
0 145200 580 B0 1,160 Feet A
+| 8/8/2013
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NARA

Education at the Speed of Research:
Integrating Research and Education

R. Justin Hougham
NARA Education and Outreach
Assistant Professor, University of Wisconsin-Extension
justin@nararenewables

Northwest Advanced Renewables Alliance



U.S. DEPARTMENT OF Energy Efﬁciency &

ENERGY Renewable Energy

Todd Cohen (SEED Center) - American
Association of Community Colleges;
Director, Sustainability Education and
Economic Development Centers

Todd Cohen directs the American Association of
Community College’s (AACC) Sustainability Education
and Economic Development (SEED) Center, a multi-
million dollar initiative designed to support the
community college sector in ramping-up programs to
educate America’s 21st century environmental and
energy sector workforce. Through his leadership, SEED
has become, in less than three years, a 485-member
formal community of colleges sharing and implementing
promising sustainability and clean technology education
and workforce practices. Todd has over 15 years
experience leading large-scale strategic planning and
evaluation initiatives around the country aimed at
enhancing the competitiveness of regions through post-
secondary, workforce and economic development
collaboration.

132 | Education & Workforce Development eere.energy.gov
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SEEE’ Community Colleges in the U.S.

N 1,132 community colleges
=2

I 5

...of all U.S. undergraduates

13 million students
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482 SEED Colleges
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All the tools your college needs: theseedcenter.org

meCAMPUSssa
LIVINGLABORATOR

v LEADERSHIP DEVELOPMENT
(senior-admin peer mentoring;
sustainability messaging)

v EDUCATION & TRAINING ) LD ,FreeAACCSEEISWebinar

RESOURCES o UL Geoogs  December 8, 2011 (2:00PM ET)'
(750+ online curricular resources ” —ll
and best practices, tools) Community Colleges Leading Rural-
R Based Green Economy Initiatives
v SHARING NETWORK

(Peer-to-peer faculty
mentoring, networking,
professional development
opportunities)




SEEY 2013 AACC Survey

e 80+% of colleges offer at least one clean technology-
or sustainability-focused course

e ~400 clean tech or sustainability-related programs

e College commitment to sustainability education (as
either a core institutional function or important to
education process): 85%

VN: AMERICAN
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center

SEEv Energy-Related Programs

Sustainability Education & Economic Development

® Plan to offer or would consider B Currently offer programs

Residential energy efficiency/weatherization

Solar 27

Commercial energy efficiency/ building
performance

Green/sustainable building design 21%
Wind 21%
Sustainability 17

Sustainable agriculture 13%

Renewables excluding wind and solar

0,
(e.g. geothermal) 12%

Transportation and alternative fuels 12%

Water conservation/water treatment

o - | | | | | | | | |
| \ ‘ N
N X
x

Percentage of Respondents



SEE 2 Community Colleges & Energy 101

Economic Development

e (Capacity exists at community colleges to adapt
Energy 101 curriculum

* |Interest is strong and growing

e Suggestions:
e Enhance awareness of the framework
e Provide light TA/tools to increase adaptation

e Connect with TAACCCT energy-related grantees (SEED has
segmented those at):
http://www.theseedcenter.org/Special-Pages/TAACCCT-
Resources-and-Support.aspx

VN: (AERICON
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http://www.theseedcenter.org/Special-Pages/TAACCCT-Resources-and-Support.aspx
http://www.theseedcenter.org/Special-Pages/TAACCCT-Resources-and-Support.aspx

Sustainability Education & Economic Development

Contact Info

Todd Cohen
Director, SEED Center, AACC

Sustainability@aacc.nche.edu

COMMUNITY
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mailto:Sustainability@aacc.nche.edu

U.S. DEPARTMENT OF Energy Efﬁciency &

ENERGY Renewable Energy

Dr. David Blockstein (National Energy
Education Summit) - National Council for
Science and the Environment; Senior
Scientist and Director of Education

eere.energy.gov

143 | Education & Workforce Development



OANYTE TMITE [DAVITTE

National Energy
Education
Summit

January 26. 2015
Hyatt Regency Crystal City

near

Washington, DC

Organized by the Council of Energy Research and
Education Leaders (CEREL)

ncseonline.org/2015-national-energy-education-summit



Federal Resources for students and Dr. Matthew Garcia:
pOSt Seconda ry energy Education Science & Technology Policy Fellow

Department of Energy

#Energy101




Opportunities for Student
Engagement

U.S. DEPARTMENT OF

ENERGY

Energy Efficiency &

Renewable Energy

146 | Innovati

1. Competitions

BLE. OEFRATMENT GF En

GY Rars

Looking to expand your experience outside
of the dlassroom? The Office of Enargy Erficiency
and Renewable Energy [EERE] at the U.5. Department
‘of Energy (OE] has & number of resources awilabiz
for undergraduate students, induding competitions,
internships, and career-planning information to kelp
you navigate the edumtion-to-employment pak by
in enerzy The following is & partisl st of the
undergracuste sctivities and programs that are

EERE RESOURCES FOR UNDERGRADUATE STUDENTS

Internships

Science Undergraduate Laboratory
Internships (SULI) Program

‘offered. For 8 comiplete listing, visit our Energy MNaton . = 2 S T - Enginesi

Eduration and Workforce Developmant website: The Hata :w& The Oiffics of Sciwmes effers

ensrgy.gov,/eere/educotion search exparisnces for stndents at the DOE

. :ﬂ Tatom! Laboowsies, Toveras o tha SULT Progmm wil

2. Internships Competiti P oo natooml

. om etlrlons e mmnﬁ:mw auiting on proct mbsd to
Better Buildings Case Competition W“;E: mmmﬂwwfnm&-f EEFE offiss eecifing stodant volmmeor  imarnships
3 Federal Gain practical sxpatismce wmd criticel skills whils working 1o theoughout s s i s Wokingisa, D.C. bandgran.

shve meal-world affecting smargy fScisacy B ponds smdann

[ ] o Jumes = oppartmity o learn through dimect sxperisnce shout the Sald

partners in
education &

bmlﬁnphﬂn:mﬂmmmmm
of umivendy sndeet develop cwative solstions and
whowcass St ideas fo 2 panal of judges, allowing the teanss
o misacd doedly it mdusiry and govemnment leaders.
Bacoms a pat of the zext meoemation of smginesrs,

mnqnmmrmﬂpul.l:ymhnm:lnnmy
o builaings, beiterbuildings, rosecompetidion

Mational Clean Energy Business Plan

Tribal Energy Program Internships

Looking for a summer intrmship? The Trital Enargy
Progam offers twchwical project intemships ab Samdia
Maticnal Laboratorics (SML). Thers, imems will immarss
thamsabves in collsborative work with SHL's reaswable
snargy stff, Natve Amarican iribes intarssted in mnswable

Tha Mational Clean Ensrgy Busmess Pl Compeftion 5 coyld Jead sysims, and SNL's American Indian Criirsach Commitiss.
designed to buld regioml metworks of smdmt-focsed  goprngey  DISTANCE-Solar Program £ere sncrgy. pow/Hibal nergy ntemships. g
business creation commsts across the counsy. Six rogional The DISTANCE-Solwr Progmm sncoumge:  minoriny
orpanzations wiew fonded under Se competitez © hold  Solar D stodants fo purss carsars in scince and tchnelogy by
cheam cpergy business plan competitions, which 2o opan to T Salar! veppoctng messarch  associates and
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National Clean Energy Business Plan Competition — . scoarmment or Energy Efficiency &

ENERGY Renewable Energy

National Competition

NATIONAL CLEAN ENERGY About the NCEBPC
' " BUSINESS PLAN COMPETITION ¢ 600 teams involved in 2012-
U.S. DEPARTMENT OF ENERGY 2013 NCEBPC

More than 55 startups

incorporated
55 patents and disclosures

The National Clean Energy Business Plan Competition is a student-
led competition comprised of six regional competitions,
culminating in a National Competition in June.

have been filed

e  Western Southwest Region (deadline: February 21, 2014) — Rice Business 89+ jobs created
Plan Competition run by Rice University More than $19|V| in
e Southeastern Region (deadline: February 14, 2014) — ACC Clean Energy follow-on funding
Challenge run by University of Maryland ¢  Over $700k in prizes across the
e Eastern Midwest Region (deadline: varies by state, check here for more country for participants

information) — Clean Energy Trust Clean Energy Challenge run by Clean

Energy Trust
e Western Midwest Region (deadline: February 24, 2014) — CU Cleantech

Student Startups
New Ventures Challenge run by University of Colorado-Boulder
* Northeast Region (deadline: February 28, 2014) — MIT Clean Energy Prize
run by Massachusetts Institute of Technology
*  Western Region (deadline: March 4, 2014) — First Look West run by Industry & Universities &
Investors Researchers

California Institute of Technology
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http://alliance.rice.edu/rbpc.aspx
http://alliance.rice.edu/rbpc.aspx
http://www.accnrg.com/
http://www.accnrg.com/
http://www.thecleanenergyexchange.org/Clean-Energy-Student-Challenge-2014/
http://www.thecleanenergyexchange.org/challenge/detail/Clean-Energy-Student-Challenge-2014/
http://www.thecleanenergyexchange.org/challenge/detail/Clean-Energy-Student-Challenge-2014/
http://nvc.cucleantech.org/
http://nvc.cucleantech.org/
http://nvc.cucleantech.org/
http://nvc.cucleantech.org/
http://nvc.cucleantech.org/
http://nvc.cucleantech.org/
http://cep.mit.edu/
http://cep.mit.edu/
http://flow.caltech.edu/
http://flow.caltech.edu/

I nternshlps U.S. DEPARTMENT OF Energy EﬂICIE.‘nCy &

ENERGY Renewable Energy

Science Undergraduate
Laboratory Internships (SULI)

Program The Office of Science offers research
1 _ experiences for undergraduate students at
o —

the DOE National Laboratories. Interns in
3 - the SULI Program will perform research
under the guidance of laboratory staff
scientists or engineers, assisting on
projects related to ongoing programs.
There are internship openings at most of
the U.S. national laboratories.
science.energy.gov/wdts/suli
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Federal Energy and Manufacturing

Energy Efficiency &

Education and Workforce Training ENERGY | renewable Energy

Listings of Energy and
Manufacturing education and
workforce related programs
across the federal government
iIncluding DOE programs and
activities.

Enerqgy.gov/eere/education/federal-energy-and-
manufacturing-workforce-training-programs
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http://energy.gov/eere/education/federal-energy-and-manufacturing-workforce-training-programs
http://energy.gov/eere/education/federal-energy-and-manufacturing-workforce-training-programs
http://energy.gov/eere/education/federal-energy-and-manufacturing-workforce-training-programs
http://energy.gov/eere/education/federal-energy-and-manufacturing-workforce-training-programs
http://energy.gov/eere/education/federal-energy-and-manufacturing-workforce-training-programs
http://energy.gov/eere/education/federal-energy-and-manufacturing-workforce-training-programs
http://energy.gov/eere/education/federal-energy-and-manufacturing-workforce-training-programs
http://energy.gov/eere/education/federal-energy-and-manufacturing-workforce-training-programs
http://energy.gov/eere/education/federal-energy-and-manufacturing-workforce-training-programs
http://energy.gov/eere/education/federal-energy-and-manufacturing-workforce-training-programs
http://energy.gov/eere/education/federal-energy-and-manufacturing-workforce-training-programs
http://energy.gov/eere/education/federal-energy-and-manufacturing-workforce-training-programs
http://energy.gov/eere/education/federal-energy-and-manufacturing-workforce-training-programs
http://energy.gov/eere/education/federal-energy-and-manufacturing-workforce-training-programs
http://energy.gov/eere/education/federal-energy-and-manufacturing-workforce-training-programs
http://energy.gov/eere/education/federal-energy-and-manufacturing-workforce-training-programs

Resources and Useful Links Energy Efficiency &

Renewable Energy

Education and Workforce Homepage
Energy.gov/eere/education/education

Competitions
Energy.gov/eere/education/competitions

Internships
Enerqy.qov/eere/education/find-internships

Federal Energy and Manufacturing Workforce Training Programs

Enerqgy.qov/eere/education/federal-energy-and-manufacturing-
workforce-training-programs
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http://energy.gov/eere/education/education
http://energy.gov/eere/education/competitions
http://energy.gov/eere/education/find-internships
http://energy.gov/eere/education/federal-energy-and-manufacturing-workforce-training-programs
http://energy.gov/eere/education/federal-energy-and-manufacturing-workforce-training-programs
http://energy.gov/eere/education/federal-energy-and-manufacturing-workforce-training-programs
http://energy.gov/eere/education/federal-energy-and-manufacturing-workforce-training-programs
http://energy.gov/eere/education/federal-energy-and-manufacturing-workforce-training-programs
http://energy.gov/eere/education/federal-energy-and-manufacturing-workforce-training-programs
http://energy.gov/eere/education/federal-energy-and-manufacturing-workforce-training-programs
http://energy.gov/eere/education/federal-energy-and-manufacturing-workforce-training-programs
http://energy.gov/eere/education/federal-energy-and-manufacturing-workforce-training-programs
http://energy.gov/eere/education/federal-energy-and-manufacturing-workforce-training-programs
http://energy.gov/eere/education/federal-energy-and-manufacturing-workforce-training-programs
http://energy.gov/eere/education/federal-energy-and-manufacturing-workforce-training-programs
http://energy.gov/eere/education/federal-energy-and-manufacturing-workforce-training-programs
http://energy.gov/eere/education/federal-energy-and-manufacturing-workforce-training-programs
http://energy.gov/eere/education/federal-energy-and-manufacturing-workforce-training-programs
http://energy.gov/eere/education/federal-energy-and-manufacturing-workforce-training-programs

Energy Efficiency &

Renewable Energy

5. Conclusions and Next Steps

#Energy101
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Energy 101 Dialogue 1# Conclusion Energy Efficiency &

Renewable Energy

The ask: What do we need to increase efforts and access to energy
education in the nations universities and community colleges?

The takeaway: The answers, and best practices reside with the energy
education community.

#Energy101
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Energy 101 Dialogue 1# Next Steps Energy Efficiency &

Renewable Energy

Next Steps: Finding ways to engage with you and get your
iInput!
Energy 101 Initiative website
Energy.gov/eere/energy101
Energy 101 Inbox: Energyl01@ee.doe.gov
Energy 101 Dialogue Series (Fall 2014):

Next Dialogue will concentrate on institutional issues
surrounding the creation of energy minors and majors

Energy Literacy Virtual Town Hall- August 5t

Energy.qov/eere/education/events/power-collaboration-
national-enerqgy-literacy-virtual-meet
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http://energy.gov/eere/education/energy-101
mailto:Energy101@ee.doe.gov
http://energy.gov/eere/education/events/power-collaboration-national-energy-literacy-virtual-meet
http://energy.gov/eere/education/events/power-collaboration-national-energy-literacy-virtual-meet
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