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Facing
THE Future™

Critical thinking.
Global perspective.
Informed action.

Introduction Methods and Outcomes The Importance of Energy Education

Facing the Future (FTF), an independent program of Western Washington University, is dedicated to Fue[ing Our Future: Global sustainability was used as a guiding framework to select content, create context for lessons, and to Energy fuels our lives. It sustains our bodies, powers our industries, lights our cities, charges our
educating and motivating today’s students to be responsible stewards of tomorrow’s world. FTF creates Exploring Sustainable Energy Use choose appropriate pedagogical methods for two 9-lesson interdisciplinary energy units - one for middle and cell phones, and moves our cars. It is also interconnected with a range of global issues from climate
tools for educators that equip and motivate students to develop critical thinking skills, build global one for high school. Drafts of outlines and lessons were reviewed and piloted by teachers and the team at change to economic development and resource scarcity. The personal and collective nature of
awareness and engage in positive solutions for a sustainable future. Using global sustainability as a o i“‘ . University of Idaho’s McCall Outdoor Science School (MOSS). Content experts, including several NARA energy presents a unique opportunity for students to engage in this unit of study by drawing on their
context and framework, FTF promotes effective teaching and learning through well-tested curriculum | members, were also recruited to review lessons. Bioenergy photographs taken by Justin Hougham for the personal experiences with energy to connect with energy issues around the world.

models and strategies. Our curriculum is used in all 50 US states and over 140 countries by teachers NARA project were also used in the design of this curriculum.

and students in grades K-12, in undergraduate and graduate classes, and across multiple subject areas.

An Interdisciplinary Curriculum
Recommended for Grades 9-12

Human energy use is a rich topic that spans many disciplines. Fueling Our Future provides the
Once lessons were finalized, Fueling Our Future was published in print, PDF, and SMART Board formats to opportunity for students to engage in an authentically interdisciplinary study of sustainable energy
meet the diverse needs of teachers. Content from this unit was integrated into online and in-person use. In this unit, students review basic energy science, calculate their daily electricity use, identify
partnership with the Northwest Advanced Renewables Alliance (NARA) which includes scientists, professional development resources and presented to teachers at conferences held by the National Science the pros and cons of renewable and nonrenewable sources of energy, and analyze global statistics
sustainability experts, educators, and industry leaders. This project, funded by the United States | Teachers Association, University of Idaho’s McCall Outdoor Science School, and Oregon State University’s on energy use around the world. Using Facing the Future’s global sustainability framework,
Department of Agriculture-National Institute of Food and Agriculture (USDA-NIFA), explores the Fueling Our Future: SMILE (Science & Math Investigative Learning Experience) program - a member of Advanced Hardwood students explore the social, economic, and environmental impacts of petroleum-based fuels and
possibilities of creating jet biofuel from forest residuals in the Pacific Northwest in order to provide an L Exploring Sustainable Energy Use Biofuels Northwest. Additionally, FTF Peer Educators have presented lessons at the Midwest Renewable various biofuels.
alternative to petroleum-based jet fuel and petroleum-based products. Because this project is a rich - _‘, N e Energy Association Energy Fair.
example of a contemporary, real-world energy issue, it was used as a model for many of the lessons in ." i_‘ R ﬁﬁcﬂ“,;ﬁ;‘lﬁﬁﬂ‘}fféfa‘;ﬁf;’m
this unit. Elementary lessons vertically aligned to this curricula are currently in development. * | e

FTF has recently designed and published Fueling Our Future: Exploring Sustainable Energy Use in

Taking a close look at human energy use is a key part of working toward sustainable societies,
Within almost 1 year of publication, 254 units and 134 free lessons have been distributed to educators, economies, and environments. By presenting students with multiple perspectives on important
reaching over 11,600 students. [FTF conservatively estimates that 50 percent of teachers receiving a resource energy issues and allowing them to grapple with real-world issues such as the development of
will use it in their classrooms with 60 students.] After using this resource in the classroom, one teacher sustainable aviation biofuels, students are able to formulate their own perspectives on energy
reported: issues and to develop the skills needed to positively respond.

Through the creation of this curriculum and the implementation of professional development workshops
focused on energy, FTF is helping to advance the NARA Education GreenSTEM K-12 Initiative's goals
of improving bioenergy literacy in teachers and K-12 students. These lessons and workshops attempt to
provide students and teachers with the science content required to understand today’s conversations
about energy and the opportunity to critically think about the sustainability of different energy options.

‘| love that this was so well integrated and there was such a variety of ways students learned about topics. The
activities with visuals, extensions, and links to extensions and additional information were very helpful. Also,
the PBA was excellent, my students really got into it especially because so many of them have family
members that work for Boeing....Fantastic curriculum, | would love [to] use more like this: locally relevant,
integrated, differentiated!”
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. Sustainable Flight:
Fueling The Sky’s The Life A Stakeholder

Energizing the Future the Limit of a Fuel Meeting

Energy 101 Power to the Lighten Up: 'R the World

On Day 1, the class learns about

0 A Perso n al Stl:]il;nts fﬂtlgpglf: in an ol exracton Students begin this lesson by Stuc.len_t’s are 1nt.rod.u_ced to fhe context the typical supply chain of a fuel. Small groups Students take on perspectives
Students begm this unit of study Peop I e. ° Zﬁcult::&::;zwzcgnﬁ;;n ::sr:xgewable Students use gr aPhS and statistics examining the characteristics of 2 different TS PBé and lts. driving question, what then research and create a poster to show the of different stakeholder groups in the Pacific

by brainstorming and analyzing a list of ways En e rg Au d It resource over several & Stu d,ents consider the to learn about energy use around the world and transportation fuels—one a biofuel and one are the most sustainable biofuels that can be supply chain of a biofuel derived from a particular Northwest tasked with determining a sustainable
e use energy. Students create a concept map Students 1dentlf)’ an aCtiVi'fY they challenges posed by using ‘nonrenewable sources consider sustainable energy solutions. They created from crude oil—to evaluate their produced in the Pa.mﬁc NorthweSt_for aviatif)n? feedstock. On Day 2, students participate in a aviation biofuel mix for the region. Stakeholder
oo ren L reat forms of snecgy and che do which'requires electricity. Working backwards of energy and then analyze global trends in oil read a country profile to examine energy issues sustainability. Students learn the definition Through class discussion and a series of stations gallery walk to learn about the different ways to groups are encouraged to form alliances, contemplate

law of conservation of energy. They demonstrate Students begm by considering

such as access, reliability, and energy-efficient featuring different multimedia resources, students

s . ]
from this activity, they sketch the path electricity oducti d ion. On Day 2, thy ¢ f inabili d its 3 ke : i th tainability of biofuels. Le 8i 8 : :
. . . . . production and consumption. On Day 2, they £ of sustamability and its Y components: improve the sustainability of biofuels. L.esson 8 1s s s s o
understanding of these concepts by disgrmming travels as far back as they can. Small groups then the impacts of energy use on society, economy, . . . . infrastructure. Then students connect their research Z . . learn about the aviation industry and its use of . . . 20 2 COmPpromise, and seek consensus on a po hC’y that
amine the hi f oil depend hy 3 car try
and explaining the enerev transformations that 3 d envi Students then investi hei examine the history of oil dependence in the 2 economy, environment, and society. Students then a continuation of this unit’s PBA. & will best fit th ds of the whol. .
P s 8y B read about a nonrenewable or renewable energy andem ent. Students then Investigate their § g ; with the United Nations’ Sustainable Energy for = . .11 . leum-based fuel. Stud after th & est it the needs of the whole community.
take place during the use of energy technology g by performi al H z United States. 4 discuss and evaluate the sustainability of various petroleum-bas - Otudents regroup atter the &
P y & i source used to generats electricity and identify its Ak : 3 All initiative and work together in small groups t g . . : T : g Lesson 9 is a continuation of this unit’s PBA.
such as solar panels and power plants 2 ; ; identi g tnitiative and work to T 10 sm. ups to ] feedstocks used d el stations to share their findings and identify 3 main § 2
s = ros and cons. Small grouns share their research audit. In reflection, students identify ways they g g . . § : eedstocks used to produce transportation y 5 z
g P group . g H create a public service announcement (PSA) that E H f . g H
with the class and together come up with a can conserve energy or use energy more efficiently £ & g 2 arguments for reducing our use of petroleum.
. . g :  daile I H encourages people and governments around the S >
sustainable fuel mix for their region. in their daily lives. E E g
s world to work toward sustainable energy solutions. s
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Standards Correlations Robust Assessments Global Statistics, Graphics, and Informational Text

Fueling Our Future correlates to standards in all 50 US states. Each lesson has also been Fueling Our Future incorporates multiple opportunities for teachers to assess student understanding. Students are asked to analyze information via global statistics, graphs, stakeholder profiles, and
aligned to the principles and concepts presented in Energy Literacy: Essential Principles Formative assessments such as student sketches, class discussions, and short presentations provide teachers feedstock fact sheets. This gives students multiple opportunities to acquire and integrate information
and Fundamental Concepts for Energy Education. This framework was developed through with informal opportunities to assess student prior knowledge about complex energy concepts. from a variety of sources. In addition to the lessons, Fueling Our Future student readings. The readings
a peer-review network of 13 federal agencies that comprise the US Global Change include vocabulary, questions that check for understanding, career profiles, case studies, and youth
Research Partner agencies and 20 recognized educational partners including the American Summative assessments for the unit include a pre and post assessment designed to measure student analysis profiles that showcase youth around the world who have made positive impacts in their communities.
Association for the Advancement of Science. For more information on this document, visit: of complex energy issues, understanding of content knowledge, and personal attitudes toward energy
http://energy.gov/eere/education/education-homepage. consumption. The unit culminates with a performance-based assessment (PBA) designed to engage students

in tackling a real-world energy issue facing society today—developing alternatives to fossil fuels. This is a cheray Fasheards, L

timely energy issue that has no easy answer, requires collaboration among many different stakeholders, and Energy Source: Blomass

L provides a great learning experience for students. | % ot s oo

Biomass is considered 3

L . . ENEWABLE
Gravitstional potential energy is stored & . REN l:\ Shersy
stoms and molecules. Food and fuels an chject due to its height above Eartt iompss con be used 25 3 fuel source Smrcil cause we can
. up of chemicals that store energy The lorger the mass of an dject and ¢ because plants 5{"&‘:?‘” ph;Ssyntk— gickly regrow plants.
Feedstock Fact Sheet: Woody Biomass* ir bonds. Batteries. corn, petroleum bigher it is shove Earth the grester th 5279 30 [ o5 5‘3 “?'C:'f o do e -
wood all passess chemical energy. itational energy of the chject sun's energy into stored chen e harness
' ) ) ) ) g 4 energy. When animals eat these energy stored in biomass?
Name Date Class ‘Woody biomass is plant material that comes from gencm.lly not used by other m:u'ke_(s. F?mst residuals GLUCOSE pivtosynt‘zsmng organisms this stored We. BUM it Energy Proﬁie: | nd ia
trees and shrubs such as roots, bark, leaves, branches, like tree branches and bark are left behind when logs y is passed on up the food chain A The be.
. ks, i ik s vay. y ft on si G g — ’ L d i d
Pre and Post Assessment: Content Knowledge, pages o o ool | ot by oy i | QRQC o | T : CRAS| i e
j o 2 - ¢ s X 2 N o & s il water, generating steam - . |
i | e i ing the process of esis to make sugars forest soils. Some stakeholders feel that removing o7 | 0\4 [ a w‘);,’ﬁ P LA will turn 3 turbine and produce "i:c‘:gk‘i g‘}:ﬁ‘::z :ll:‘l‘\do:::“-'s m
Objectives * society—A community, nation, or other Application/Complex Reasoning and complex carbohydrates like cellulose and starch. forest residuals and using them for fuel would not be —® o) / 2 | N Wood and crops (such as | | electricity. We can also B o sl o s X
3 i . e chemi . : for fc o N - s . i - -on,
Students will: group "_’ people who have common interests, On a separate piece of paper, answer each of the following short answer questions: These c:u‘boh:\d.mtcs have chemical cnergf that, when healthy for forest ecosystems. ! \ \ O PE J'EE corn) gre the most common TooaY burn METHANE emitted ‘home without enough ventilation can .
» define sustainability and its 3 components: institutions, or culture. Daf Cl: . o Dats Cl burned, rel ase CQI f“'id heat energy. Researchers oL 1) [G |\ | forms of Liomass used to when Liomass decom poses jesses. Rural areas face other problems Access to EWIty
™ economy, environment, and society + sustainability—The principle of meeting 15. You are part of a stakeholder meeting to determine whether a wind farm should I I I n e d . . If are currently investigating Wiy to convert the com- e ate electricity. Garbage to produce electricity. . At night, families may use dim (% of population in 200
» evaluate from multiple perspectives the current needs without limiting the ability of be built in a local community. Read the following scenario and then answer the Power to the PeOP'Q- roduct 5: NegOtlatlon Se -assessment, page 1 plex molc_cu.le cellulose found in woody biomass into Collecti d Ext ti GPE = MASS x G FORCE x HElG’ nd animal taadhe ok linkt that sunsma $6.3%
sustainability of extracting or growing future generations to meet their needs. questions below. : Individual Activi aviation fuel and other co-products. Woody biomass ollection an xtraction G (2) CARBON (<) HYDROGEN  —— ENERGY L and gnimal manul e
various feedstocks o Objectives * law of conservation of energy—Energy rural farming Y <4 ( ndividua CtIVIty) could be a promising feedstock for the PNW as _— For examgle fan Ise . .
+ understand that fuel consumption has local Energy Literacy: Essential Principles Students will: cannot be created or destroyed, but it can be Bectricity, acl Ic o r wes almost half the region is covered by forests.1® can put Lvestock Electric Pm CU&MIO'I
and global impacts E::rpuns;uT:tni::i Concepts for * understand how energy is relevant to their “““s‘e‘;‘ed or transformed. Name Date Class keholder imeeting, your stakeholder group negotiated with other groups in order Feedstocks & Sustainability, page 4 into g digester to per Capita (2010)
[ L 9y - ) lives ) ) * potential °“°"§,"_5‘°}’edvene"g}'v or forms . . ut the ecommendation for a sustainable biofuel mix in the Pacific Northwest. All genergte methane. = ¢146.2 kwWh
Essential Principle s a i Inquiry/Critical Thinking Questions 5.4Encgy:dcc151t>ns are influenced by + classify forms of energy as potential or ofenerg};.‘(such:ls g:ravmuon;l p?ten(l?l_ Pre and Post Assessment: PerSOnaI Att|tudes and Bel |efS, page 1 T . oup were expected to speak up equally. Take the time to do a self-assessment Feedstock
. + What does sustainability mean and how economic factors. kinetic energy) that result from an object’s position he fO].i.OWlng performance-bascd skills. Circle the number that most reflects your score under collaboration, eedstoc Group D: Woody Biomass i .
Fundamental Concept perzy decislons are influsnced by . . - ad critical thinking. Then, answer the questions. In order for woody biomass to be a practical option * [ ] Fossil Fuel C’Wﬂm
O pts ) e . how thi be used tectrici assessment (PBA) for this unit is designed to assess - X ;
e W tial Principles How much do you agree with each of the statements below? Give your response i sketch to represent how this energy source can be used to generate electricity. X A ) as a feedstock, there must be a consistent and ] - i Over willios of years u I
for Energvidugtlon b s using a scale from 1 to 5, where 1 means you strongly disagree and 5 means you student lmrmng of content and skills through mult1ple | am IJ'ZOGGER :FV;ES‘W\g‘fpn state. | mak.ckmy;lwl.ng by ”awcstmg- trees. InA the past, .ti\asc.ffccs were i . in biowass 5 cor 3
—_— - strongly agree. N qeis s used tor all sorts ings everyone needs. like furniture construction materials magazines tissues enery
roducts. The assessment’s driving question is based : . ’ - .
ity . arge P . i i g4 . other and toilet paper. Lately, there has been an increased demand o use the biomass from forests wood to fossil fuels. SOFU! I E
: e 1= strongly disagree 5= strongly agree g on an authentic real-life question facing stakeholders markets. For instance, there are many sawmills in the process industries, and recycled wood products for the purpose of cresting biofuels. This has increased (the "'“"‘z;;. U'T
- in the Pacific Northwest region of the United States Pacific Northwest that create wood waste from pro- ob opportunities for people in my community. Loggers believe it is important to maintain a heslthy forest velure) of TosSi
e : aed nor destroyed. _ - . isone : cessing timber. While this biomass could be turned industry. Forests are home to 90% of the biodiversity on land 1¢ i much higher s (% of total in 2010)
O ork decreas- 1. We should get more of our electricity from renewable resources. ocal The PBA is intended to motivate students to be into fuel, it is currently used to generate electricity or - Y - = |
nsferred fr tem to system. ide feedstock for pulp and r plants. 2 hot summer day in 2003, New York City subways halted and traf- ..
3 act provi pulp and paper p: . }
Ener L].ter aC Avepohitsgstaadente ! 2 : ¢ : Name Date Another source of woody biomass is forest resid- | om 5 member of 2 TRIBAL GROUP thot Pas lved near the same f lights went out. A New England Six Flags roller coaster was stopped Average CO; Enmissions
. Name ate Class det tals. Forest residuals, also known as logging slash, are hundreds of years. The forest provides us with food si_\:ltcr, and medicines . . doride. Over one million residents of C faced with dry per Capita (2009)
-6 Chemi ctions involve 2. We should continue using petroleum for transportatiof Personal Energy Audit 3 Yoi Scenario: Sustainable Fl|ght in the Pacific Northwest j:au:“"at“': resources and have %::aﬁ Cu(t;rﬂtosznlﬂcarcc. W_&" ": 1 Estimated U.S. Energy Usein 2011 Bt from out-of-order water ps,! while New York residents g 1.6 METRIC TONS
r page re this natural resource we consider many factors: our economic needs. " pumps, ere
The Essential Principles - 1 2 3 4 Pril impact on the emvironment. Our tribe manages approximately 255000 acr{ oded with offers of $1 ice cream bars from store owners who lost E Gross Nations! Income
p nergy is a physical quantity that follows precise natura (== . The federal government has mandated that an increasing amount of biofuel be mixed into jet asionally . Rarely demonstrates pride in being Stewards of the land. We zre working with a number of diffe frigerati 2 During the black 02003, 50 million people in the E Capita (2011, Atlas moded
and Fundamental Cuncepts laws. umber | HoursIn Rl fuel over the next few years in order to reduce the amount of crude oil used in the nation. The onstrates active | active listening or the waste wood found throughout, our forests could be used as 5 visble ogf stern United States and Canada lost electricity g per $1.4 O/IYE
of the Essential 3. My personal energy use has local and global impacts. Use Each fgderal government hase_stabllshed_reglc_:nal counlalsto help identify the most sustainable :g:ﬁ;l::;“ ;l;f;‘;smkes ” wore of our fuels came from woody biomsss. it could help to areatly suppor é 1.41 AR
biofuel feedstock(s) for different regions in the nation. You have been selected to be a part of the . whoare contact with thos . ir auglity T =
Physical processes on Earth are the result of energy flow . uuuuuuuuuuuu m ’ y Coards, 2 per st oups 1 2 3 4 Mi 925 watt: - 1000 cons of your energy source. Pacific Northwest Regional Biofuel Council. This region includes Washington, Idaho, Montana, and ing every so who are speaking improve air atiy-
through the Earth system. ources correlate to standards in all fifty U.S. states, including Common Core t ass crowave watts + Oregon. Over the next few days, you will: Bid sometimes | and does not use " ),_( A
= body languag body language th: § f 1 PAKISTAN
Order & Download Help courees ° 4. I believe I can contribute to sustainable energy solution Refrigerator 725 watts 1000 - identify and understand the reasons for why there is a shift from using petroleum as the sole is welcoming is welcoming or lama rwgntat-wt of the AVIATIO ), IMDUSTKY " f}\c m’“ i N\ VEPAL r
. energy- d choi ctions.® ) Stereo 250 watts + 1000 aviation fuel to incorporating alternative biofuel i to that contri are working with different. grougs like the Navy. Air Force. and university | ~3 el
ssssssssssssssssssss escent light bulb and lamp energy-related choices and actions. P 9 s ion conversation (i.e. sustaingble biofuels. One of the universities we work with has been given § \ WDIA \)
eeeeeeeeeeee Tele\{lslon « conduct research on different kinds of biofuels and consider their impacts on the environment, aplgmg';';‘ﬁmd gg:‘;ma";'g;yes) creating sustainsbly grown wood energy crops for transportation fuels ¥ Oy X }“
. . 1 2 3 4 20-inch (LCD) 65 watts +1000 24 bt ive ok . b fuel R e /
andards Correlations Facing the Future resource, or o find Facing the Future lessons ) « represent a specific stakeholder at a negotiation, identify other stakeholders’ perspectives, and e to usg alpprop:;ale d alternatve biotuels “"‘{H give us 3 choice about. “?L P\'Q}'t now, t) f’f‘(Y s ( -
” ) i o 26-inch (LCD) 110 watts +1000 create a policy that identifies a sustainable fuel mix for the Pacific Northwest region, :ﬁ?‘(e ary andw 3 R, = — based jet fuel Woody biomass is sbundant in the Pacific ~'ort"wcst region § \ ]
5.1 believe Earth has limited energy resources. 36-inch (Plasma) 250 watts 1000 so that vou can answer the following question: \ apportunity for us to create sustainable bicfuels. We believe that transitic {
uture Search by standards to get a customized Y gq J ponstrates « Sticks closely to own help o support. local econamies by creating jobs and meeting 3 grawing cony WDIAN OCEAN
it covers. I’:se(e%fs .Facmg the Future lessons that fit your 1 2 3 4 50-inch (Plasma) 350 watts +1000 feness of, perspeh;sve, and does \_ )
Toaster 1,100 watts 1000 What are the most sustainable biofuels that can be produced in the Pacific nding of, ?' her pzv,:gr;ne i
) , : Northwest for aviation? ple perspectives his issue | om 5n ENVIRONMENTAL SCIENTIST. | study the impacts o P
6. 1 know where my electricity comes from. Vacuum 2,225 watts +1000 his issue - Does not ask or use for tiofuels. Using woody biomass residues for energy is using biomass th
or responds to pond to highe . £ . -
The amount of energy used by human s 1 2 3 s Other +1000 tions of other questions » burned or dccmpos«..d, Using tf\m for biofuels avod:: ummﬂrdl;# a!;f pollut
many factors. Select Subject ple n:?e or:j r:d!'o . Rre)dpe;tes |nlolr'|1na(#1)n h}mmg. However. this does raise 3 c:i?n about the sustaingbility rcmr:
\understanding | and ideas rather than If residues become this valuable and profitable. will too many be removed ¢
5 i i Bi orresponds to | sharing new ones . " .
7. I believe there is a co: n between energy and susg Part I. Reading Your Electric Bl (At Home) e . ) pique ide: health? Bicenergy producers say they will rely only on residues and not on
The quality of life of individuals and societies is affected by Directions: Locate a copy of your monthly electric bill. Ask your parent/guardian for help if you do could mean 3 Shift in forest practices to shorter more intensive horvest r
energy choices. 1 2 3 4 not know where to find the bill or are having trouble answering the following questions based on This could hove i £5 on carbon itdlife hobitat, ond water ol € LU 2912 Dua s besed on DO/ 0284201 Ot
- b unti . the bill’s information. STAONG THE FUTURE www facingthafutura.org SROETERRE st @ Impac carbon storage. wildlte and waler qu e e ooy o e
Que to molementation of Comman Core ctandacd hoco w oplaco ciote ' Indwstrial s, a5 25% for the trans
’-'? ﬁ (O] 2 m E rm | ﬂ; ‘@‘ R [m :/2‘2;:" 1. How much do you pay for electricity for 1 month? (This may be listed as “Amount Due,”but check nce Livermore
. — to see if your bill includes other utilities, such as gas, or if your bill covers more than 1 month.) u National Laboratory
Yoﬂw ol 62 © AONGTHEFUTURE www.fadn gthefuture.crg
2. How many kilowatt hours of electricity did your household use in 1 month? (This may be listed
REAND POST ASSESSMENT 152 as “meter usage,” “recorded demand,”“kWh usage,” or “electricity usage.”) ‘I-
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