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Explanation of Extra Work that Students Taking ClVE 5690 will do compared
to students signed up for CIVE 4690

Students taking the graduate level course (CIVE 5690) will be required to review a
peer reviewed article and present it in class. The article will be a sustainability
engineering article.



Professor:.

Meehng times:

Office hours:

Resources

Course Aud,ence

The Umverstty of Toledo
Department of Clwl Engineering

CIVE 4690/56900 Sustmnabthty Engmeenng and Soence
3 Credits, Offered m Spring Semesters

Couÿeformaÿ

Dr Dethe Apul, NI3030, Dethe Apul@moledo edu (419) 530 8132

M, W 3 30.4 45pro (SubJect to change based on student schedules) Palmer Hall 3060

M. W 12 15-1 30pro. These are the Umes you are guaranteed to find me m my offÉce You are also
welcome stop by any other time, setup a Umc to meet or contact me by emml

Handouts from me, the mtemat, Google-Alert. Gangle-Scholar, Web of Scaance or other
engmeenng anhne databases

College of engmconng or department of envlronmantal science students mtarasted in sustamabthty
Students from other departments or worlang professlanals are also morn than welcome to take flus
dess please contact Dr Apul

This course ts developed based on Fink's taxonomy of slgmficant learning (FlnL, 2003) As
discussed m Fink's book I believe that good courses are courses that

challenge students to significant lands of learning
use active forms ofleammg
have teachers who care - about the subJeCt, their students and about teaching and
learning
have teachers who mtaract wdl vnth students
have a good system of feedbeck ,assessment, and grading

Based on thls philosophy, my goal for the format of this class is to mtmrmze lecture time and
mamrmze ective learning in this course Course vall revolve one semester long team project. We
vail use the class time to discuss assignments and the project Course arvolves ex'tanslve iÿadmg,
extensive tcoln work, and some quantitative asslÿrlments

Course Objectives:
This course vall improve your foundational Imowledge on (understanding and remembering ideas, mformanon)
•   life cycle assessment
•   life cycle impact assessment
•   ecologacal footpnnt analysis
•   water footprint analysrs

carbon footprint analysis
•   climate astlon plan
•   sustmnabthty reporang
•   ecological design principles
•   sustainable engineering ptmcaples
•   LEED, sustainable construction

Bmrmmicry
natmal step, backcasUng
e,q argy SÿqVlngS
global warnnng potenUal / charaatanzataon factors

pe of
StÿllÿaeaneP
Learning how

to learn
MoCavatlon

Human
Dimension
Integration

Apphcollon

Fotmdataon

A Taxonomy of Higher Level Learmng
Special ValueKey Cmnponent of Learning

Involved
Leammg

Caring

Self, Others

Cormectmg

Thmkmg Ac'ang

Knowing

Provides capchlhty for long-term conlmuataon of
lcommÿ

Prowdes the eaergy (short term or long term) for
leamln[ vathout this nothmÿ slÿraficant

Connects one's self tu onesalf and to others,
[ÿnves human salÿmficanco to the learnm[

Adds power by connecting different ldees,
&scÿphnary perspectwes and/or realms ofhfe

Allows other lanmmg to become useful

Pro-aries necessary reformation for other lands
oflcommkg

Late assignments: 10 % vall be deducted for every day the assignment Is late

Acadennc Dishonesty: You are encouraged to work together on homework so yotl can discuss the problems and learn
more than you would if you worked on your own While workang with others, don t forgnt about ecadanuc thaboneatY
The idea is tu learn together not copy from someone or let someone else do the thmtang for you. You should read UT's
policy on acadermc dishonesty available at h!ÿp,//www, uÿuledo edu/dl/-¢tudents/d!sh°nestvÿhtm!

Fmk, L D (2003) Creating significant leummg expenancos An mtegrated approach to deslgmng
college courses San Francisco Jossey-Bass

This course'*xall improve your apphcation sknll s such es.ÿ
Perfomnng simple life cycle assessment stuches for a given process using EIOLCA software

•   Evaluamag greenness" ofproduas
Conducting green house gas mvantones and developing a climate aeaon plan for an organlzalaan
Critically reviewing artaules and websltas related to sustamabdlty science and engmeanng

•   CommutllCatang techmcal mformaÿon (m writing and orally)
•   Managmg your time
•   Managmg projects
•   Creative, critical, and praclmal thmkang and solutmns

Thlÿ course wll improve your ablhtv to integrate and connect ideas, peopleÿ realms ofhfe such as,
•   Cannectmg the engineering, environmental, social, and economic factors that make engmeenng analysis, design
or solunous sustainable or not
•   Developing thverse mteraeUorts and parmershlps towards rnanagmg a project

Tins course vail teach you about yourself and others (human thmenslon of lanrmng), You vall,
•   Learn how sustamablhty rdatas to your own life and to your profession
•   Learn how tu effesnvaly contribute to project goals m a testa effort
•   Develop your own work ethic towards subrmtÿng dehverables on tame
•   Learn about how you commumcate vath others
•   Learn about the stakeholders of your semester long project

This course vnll teach you new feelings, values, interests (eannÿ dimension of learmng), At the end of the class yon
m,mÿht
•   Get more mtarasted m vnnous sustamabthty problems and the cannneaons among them
•   Be more mterestad m following up-to-date advances on sustainable solutaans and assessment techniques
•   Reangnme the un-suatamable practices vathm and around your hfe and profession and tiy to devdop and
implement sustainable solutaous to rtnprove them

Feel overwhelmed but satisfied to have completed a meaningful project

This course vail give you opportamflles to b¢ a better student and a self-dwected learner by,
•   Askang you to Identify the problem, deterrmne what mformatann ts needed to solve It, and develop a strategy to
address the problem
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Today's Actlvrtses
l   Change class time
2   Go over syllabus and thscuss Dr Apul s teaching pbalosophy and Fmk s taxonomy
3   Student mtroduchans and ÿ.pectaÿons from flus class Write on a piece of paper"

a.  your name and somathmg about yourself,
b   why you are In this class
e   what do you expect to get out from flus class
d   where you want to be headed wah your caroar,
e   what methods work best for YOU when you are learmng something (e g reading, hatching, doing

proJects work by)ourself, watching someflung, mtemet etc  )
f   some produchvaty lap you pracace

4   Dr Apul hands out followlng documents
a.   Mthelcae at al  2003 Suatmnablhty scaence and engineering  the emergence of a new

metadlsclphne Envtronmental Scaence and Technology, 37(23), 5314-5324
b   World Comrmsslon on Enwronment and Development, 1987 Our Common Future, Brundtland

report
5   Introduction to sustmnabthty presentation by Dr Apul

Homework for next class
Browse through the Mÿelctc at al And the Brundtland report I gave you. Answer the thllowang quesÿons Bnng

your typed answers to class
u.   What Is the most commonly cited defimflun of sustmnabthty? Where m Brundtland report ss flus

defimtlon wnttan?
b   How does IVhhelcae at al 2003 define sustmnable engmeenng?
c   What is a peer revtewed aracle and how ÿs It different than a report or other aracles?
d   What do you flunk rmght be the slgmficance of Mthelclc at al 2003?
e   What do you flunk might be the significance of the Brundfiand report?

i                 =
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Assessment 1- Indwidual
Responses to questions related to Mthelole et al and Brandfland Report

Assessment 4"
Browse through the two reports posted on WÿBCT Prepare your part of the &scasslon Each student wall have 5
mmntes to lead the dlscusslun If you have a ppt, emml it to me 2hrs before class I vall upload it to the web

Cory Wdhams hatro to climate antlon plan (U Mmne, p 4-6, U Washington, p 2-4)
Assessment 2: Indwidual
You will need 5 resources for this assignment-

Resource I CIVE 4900 Spnng 2010 students" report on Scope I emlsslons
Resource 2 CIVE 4900 Sprmg 2010 students' report on Scope 2 emissions
Resource 3 CIVE 4900 Spring 2010 students" report on Scope 3 ermsslons
Resource 4 CIVE 4900 Spnng 2010 students" final presentatlon to UT President, UT
commumty and Toledo Community
You can access resources 1-4 by going to the fallowing page
http //www eng, ctoledo edu/onM/newweb/sustmnabthwISastamalÿhty ,Cure,alum html

Resource 5 Local government operations protocol for greenhouse gas inventory You can access resource
5 at http//www thechmatÿreglstry orÿdownloadsL2010/05/2010-05-06-LG(ÿ1 1 pdf

Assessment 3:
Browse through the City of Toledo and Lucas County greenhouse gas inventory reports and presentatmn Prepare
and bnng wÿth you three quesUons on thls work that can help vÿth your understanding of your own pre3ect

a   How many ames has this arÿcle been cited?
b   Copy paste the llst of references that cited this artmle Browse through the references that cited

Mthelcÿe et al (2003) In what/and ot'.ioumals, reports eto were these other references pnhhshed?
e   Use Google scholar to determine how many times Mlhelcm et al has been cured and by whom Do

your results from ISI Web of Scmane and Google Scholar match?

Prepare a typed document that answers the following quesnons
1   What are scope l emiasmns? (copy/paste is ok)
2  What are scope 2 emissions? (copy/pasta Is ok)
3   What are scope 3 armssmns? (copy/paste xs ok)
4  What is a carbon fuotpnnt? What does it revolve9
5   What are some typical, expected subheading ofteehnmal reports? In other words, what subheadings do you

flunk your report may involve at the end of the semestar9
6   What are some strengths of the student reports (resources 1, 2, and 3)9
7  What are some weaknesses of the student reports 0 e of resources I, 2, and 3)?
8   What is included in the appendices of student reports 0 e of resources 1,2, and 3)9
9  Usmg resource 5, answer the following quesÿons

a  What are the &fferent sources of emmstons from local governments (e g facilities, vehicle fleet
ere )

b   What sources are to be considered for emissions from fasthties?
c   Look at Table DI on page 185 of Resource 5 What do you get out of this table9 How can it be

useful for your project?
d  Look at Table E1 on page 198 of Resource 5 What do these numbers mean9
e   Look at Table G8 on page 211 of Resource 5 What do these numbers mean?

10  Write down some questions that came to your rmnd as you browsed through all the resoarees Write down
what ts unclear to you.

11  Our library is a member of the OhloLmk system OhloLmk has subsunption to several databases that track
peer re'ÿewed pubhcations The database that I like Is ISI Web of Knowledge You can access this database
by going to  htlp//www ohlohnk.edtdrnsourees egt?by=subjeet --) Chck on Engineering "ÿ When llst of
databases come up, nhek on ISI Web of Knowledge Use flus database to Ioeate the Mlhelcm et 3/(2003)
arUele

Kamberly Cobum total emissions from U Mmne (96) and Washmgton (922)
Justin Batt breakdown of emissions for U Mmne (p7) and Washmgton (p22, 24)
Michael Sheehan projeatioos of enussmns for U Marne (pg) and Washington (p 23)
Erm Dams campus energy supply (mmnly from Washington)
lames Marshall eampas euergy supply (mainly from Wasbangton)
JusUn Snyder campus energy demand (mmnly from Washington)
Ben Cmffis information technology (mmnly from Washington)
Ashley Frey commuting (mmnly fromWaslungton)
Kelth Morgan profassmoal travel (marnly from Wasbangton)
Jonathan I-ÿdgard Leolang beyond the inventory (land use, food and compustlng RRK)
Tm, ns Weanmg Mmne commuter survey (p23, Appendtx E)
Will Gharst Short term, m2d term and long term stratagms (U Marne, p 9-12)

Project Starter Lmks You Should Browse Through Before January 20th

http//www presldentsclgnateepmmltmant orgi (what UT premdent signed)
httÿ,//www cleanalr-ecololanet,orÿtoolkat/(you wflI download the campus carbon ealeulatur from here)
http//www nwforg/Global-Warmmg/Campus-SoluUons/About/C0ntact-Us aspx (contact mfo for Juhana who "call
introduce the excel sheet on the 20tÿ)

Assessment S Fwst dehverable for your pro.lect
Submit the introductlon/problem statement, objectives section of your proposal In addmorg lay out team member
roles and deadhnes Present tentative table of contents for your anticipated fmal report.

Assessment 6 Second deliverable for your project
Submit the GHG inventory part of your report.
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Assessment 7 EIOLCA assignment
EIO-LCA problem.

A household xs conmdenng purchasing a wasbang maelune and has narrowed their choice to two altematlvas In
addition toast and other functional items, they wash to assess the energy consumption and greenhouse gas emissions
over the hfetamas of the two altemataves

-Machine 1 mastandardtop-loadmgumtvnthapurchasecostof$500 Thts machme uses 40 gallons ofwater and
2 kalowatt-hours of electricity per load (assuming an eleatna water heater) The household would to roughly 8 Ioads
of laundry per week vÿth this machine

- Manhme 2 is a frontiloadmg umt. It costs $I,000, but it can wash double the amount oF clothes per load, and each
load uses half the water and deetranty

-Winch machme should thls household buy?

a)  Estimate the total annual costs of water and electrmtty for each of the two machines Use these values along
with the manufacturing costs to develop a purely cost-based comparison of the two machines over a 10-
year period. Assume that alecmclty costs 8 cents/kWh and water is $2 per 1,000 gallons

b)  Use the same cost values as inputs into EIO-LCA to estimate the relatave energy consumption and
greenhouse gas emission over their life cyelas Ignore the disposal phase Be sure to express the
eompansuns of the two machines in terms of use versus manufactunng effects

c)  Briefly discuss your results

Electricity use
Industry numng and uuhtms
Sector Power generatmn and supply
Dollar amount

--'-1

.3

rhÿkÿ7ÿsÿ(ÿsÿpÿiÿ(ÿrÿfÿiÿÿloÿ ll Iÿ11ÿ ! t1ÿ i 111/1111 t!I111

-             ÿ ÿ*ÿlÿmtlÿmÿMtÿMl¢oÿmc0ÿm¢oÿ iJ ÿ, iJ IJ Tÿ I TJ  IJ  TJ i 1ÿ  iÿ

Student solution worksheet
a.  Calculate the total annual costs of water and electricity

Machme 1
Cost ($)
Water consumption per load (,ÿal)
Electrmtty consumption per loud
(kwh)
Loads per week
Elecm¢lty eost (S/kWh)
Water cost ($/gal)
Total annual cost of water-
Machme 1
Machine 2

Machme2

Energy (Tj)        Manufactunng      Water use         Electricity Use     Total
consumption from
Maelune 1
Machine 2

GWP (mt CO2      Manufactunng      Water use          Electricity Use      Total
eqmv ) from
Maehme 1
Machine 2

Total cost m a lO-yearpenod
Machme 1
Machine 2

b  Assumehfatlmeofwashmgmaehmesm 10yearsandlgnorethe disposalphase

Water use
Industry rmmng and utthtms
Sector water, sewage and other systems
Dollar amount

Manufaeturang.
Goto EIO-LCA.net Choose "hghtmg, eleatromc components, batteries and other industry" Select "household
laundry eqmpment manufactunng" sector Put in $500 and $1,000 as producer prmes

Total aunual cost ofelectranty
Machine 1
Maehme 2
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Assessment 8: EEAST assignment
Use EEAST to analyze the eeonoanc and envrronmantal imphcattons of using Mtemntlve sanitation technologies m
different types ofbudthngs Vary bmldmg type (home, dormitory, eduoataanal bmldmg and office)

Home (6 flushes/person/day)
Dormitory (5 flushes/person/day)
Edanatlonal hnfldmg (3 flushes/person/day)
Office (4 flushes/person/day)

Assessment 9: Third deliverable for your project
Submit an improved report that also mcludes &scasslon on pro.Jentaons (9) and reduction plans

Assessment 10: Green product presentatmn
Green product assignment (out of 50 points)
You vail team up vath a fiuend for this assignment Assignment grading is based on your in class performance You
are more than welcome to share materials (e g links, ppt, etc ) vath the class ahead of time if you think st vall make
your presentation more effestlve

Turn m a mtm report that includes a cover page, obleelaves, methods, results and discussion, and conclusmas
sections For purposes of this mira-study, we vail skip the mlroductlon, and abstract seetaons
In methods section ¢ÿesenbe the parameters you changed and their values.
In results present graphs of cost, energy, and CO2 paybaak periods Discuss all figures/tables presented Think
through whmh figures to present don't copy paste all EEAST output to the report
This is a mini report, so keep it to the point but include all necessary mformatmrL

Input Parameters:
•   Precipitation Data -Toledo Ohio
•   Building Length - 200 ft
•   Building Width - 150 fr
•   Building Height - 24 fl
•   # of Storles- 2
•   #of toilets per floor- 10
•   Irrÿgatiou area - 2000 sf
•  Building Type- Office (4 flushes/person/day)
•   Occupancy- 150 ppl/day
•  Todet type- Standard (1 6 gpf)
•   Pressure Provided by City- 30 psl
•   Discount Rate - 3%

•  Loan required - Yes to all (use assurned loan data)

1.  Select a "green' product or technology and present st m class m 20 minutes
2.  Things you should discuss

8.  (10 points)
Introduce the product/technology and the functlons/serwces st prowdas
Explain why you picked this product
Provlde hterature on the product (e g show Its website, handout Its specs, show artleles related to
st)

b  (20 points)
Discuss what is green and what is not green about st

c   (10 points)
Make a preliminary conclusion on whether you think the product is really green or not

d  (10 points)
Answer questions from the audience

For part a, do your homework and know your product well Use google, google scholar, google news and other
mformataon finding techmques to fill m your knowledge gaps

For part b, present multiple perspeetlves
do a preliminary life cycle assessment to estamate energy use and emissions from
throughout product hfecyele
compare "sastmnabIe product" to "conventional alternative"
consider economic, environmental, and social lmphentaons of the product
consider waste associated wth different life cycle phases
consider whether it promotes sustamahle lifestyles
consider fllt requires too much expertise or hlgh teah mntenals
consider if it reqmres a lot of water, land, matenals, energy, and other resources
throughout its Ir£ecycle
consider other points
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Assessment 11 Energy and Climate Change Assignment by Dr. Kumar
Problem 1

A student h,nng near The University of Toledo pro,nded the following data on eleemelty consumption for his 2
bedroom apartment The size of the unit is 1100 sq ih

There Is an outdoor swlmrmng pool on the property and the homeowner had a large party m late August

Examine the above mformatlan and pro-ride genaral comments an heatang and coohng of the house  Support your
comments using quantltatlve data.

Month        Electric Consumption
(KWH)

Jan          639
Feb      971
March       910
April         426
May         343
Jane         295
July         275
Auÿ         283
Sept 258
Oct       269
Nov         252
Dec          277

The apartment was serviced by Toledo Edison Company m 2009 The apartment has a refrigerator, a furnace, an mr
conditioner, and a water heater All the apphancas are run by alectnclty

You are required to examine and plot the above data. Draw general conclusions about the electric consurnplaon
through out the year about this apartment. State your assumptions for rmssmg reformation

The student would like to reduce the energy consumption Any help

Problem 2

The following mformataon was obtarned for a 5000 sq ft. house located m Toledo, OH dtmng 2009 The house is
heated by a gas furnace and a heat pump The eoohng is done by the heat pump

Month       Electnc Consumptlon
(KWH)

Jan           1362
Feb       1184
March        1210
ApnI        1252
May          1283
June         1145
July          2165
Auÿ          3020
Sept        3293
Oÿ        1575
Nov          1200
Dee          1386

Gas ConsumpUon (eel)

224
228
203
186
57
19
26
52
38
18
102
200

1   Two reÿgerators
2  Dish washer
3   Stove
4  Washer/Dryer

The house has the foUowmg electric apphances

Problem 3

You are required to astmaate your personal earbon footprint by oonstdermg the use of electrlelty in your apartment,
#natural gas for heating, gasohne for n'ansportatmn, and any nther soureas You are asked to answer the fol'lowang

quenttous

a. Calculate the yearly cost of purchasing carbon offsets from three set-aces that are avmlable on the interact.

b Develop a plan to reduce your carbon foot pnnt by a tlurd

e Discuss the limitations of the above two approaches to reduce your carbon footprint

d Suggest changes to the worksheat you have used, for a reahstm ealculataon of the personal earban footprint

Problem 4

Calculate the amount of CO2 produced by all the students studying at different Ohio unlversmes m 2008  Assume
that the CO2 production m the year 1900 was approximately I 0% of the amount you caleulated today Estlmate the
change m surface temperature m Ohio due to the increase in number of students at Ohm umversl0.es

Carbon Footprint Calculators on the Internet

American Forests http//www amencanforests org/resourcas/ccc/
Be Green http//www begreennow corn/

Boane,nlle Environmental Foundatmn (BEF)
https//www greentagsusa.org/GreenTags/calculator_mtro elm

CarbonCounter org http//www carboneoanter orÿ
Chuck Wright http//www chuck-wright eom/ealoulators!earbon html

Clear Water http//www clearwater or,g/carbon html
The Conservatmn Fund http//www conservatmnfund org/gozero

EPA http//www epa.guv/ehmatechange/emlssmns/
rod_calculator html

SafeChmate http//www safechraate net/calculator/
TarraPass http//www terrapass corn

11                                                                    12



Worksheet for Carbon Footprint Assessment 12: Practice presentation
You vail present the final project but it vail be a praetzce presentatlon

Note: This sheet is a revised version of a sheet taken from the internet. Please check. Assessment 13: Final presentation
Fmal presentanon to stakeholders

A. Transportation
-  males = average number ofnules driven m a month
-  mpg = males per gallon for your car (fuel efficmncy)
°  gal = average gallons of gas consumed m a month
-  lbs C02 = average pounds of carbon dxoxade produced in a month
•  lbs C = average pounds of carbon produced m a month

B. Residential Electncxty
•  kwh = lalowatt hours consumed m one month
°  assumes eleotncxty is produced by a coal fired power plant

-- - __ lbÿ C

C. Residential Natural Gas
-  therm = 100 cubic feet of natural gas

I 1 7 lbs CO2                           12 lbq C__ thermb ' -- - __ lbÿCO2 *
1 KÿXq-I                             44 lbÿ C02

(Note Use appropnate factor ffyou are shanng the apartment)

lbÿ C

D. Other activtttes, if any
lbs CO2 * 12 lbs C/44 lbs CO2 =

Aehxafies:
lbs C

E. Total Personal Carbon Footpnnt per Month
-  sum A, B, C, mÿd D m terms of lbs and tons

__ los CO2 * 1/2000 los per ton =__ tons C02

lbs C * 1/2000 lbs per ton =           tons C

F. Total Personal Carbon Footprint per Year

tons CO2 * 12 =           tons CO2/year

tons C * 12 = __.tons C/year

2 095 lbs CO2                           12 Ibs C

1 KWH                             44 Ibs CO2
(Note Use appropriate factor if you are shanng the apamnent)

__ miles                           194 lbs C02                            121bÿ C= __ gal • ÿ ÿ __ lbs C02
mtles/gal                           1 gal                              441bs C02

Assessment 14 Final report
Submtt final report and copy of Dr ApuI's comments from mock ÿadang

Assessment 15: Online Project log
Keepmg Wlÿ page upto date vail guarantee full points

Assessment 16 Peer evaluations
All students must submit peer grade I reserve the right to lower your letter grade ffyou don't submit the
final peer evaluatmn
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