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Principles of Green Chemistry

Principles of Green Engineering

P - Prevent wastes

R - Renewable materials

O - Omit derivatization steps

D - Degradable chemical products

U - Use safe synthetic methods

C - Catalytic reagents

T - Temperature, Pressure ambient

I - In-process monitoring

V - Very few auxiliary substances

E - E-factor, maximize feed in product
L - Low toxicity of chemical products
Y - Yesit's safe

I - Inherently non-hazardous and safe

M - Minimize material diversity

P - Prevention instead of treatment

R - Renewable material and energy inputs

O - Output-led design

V - Very simple

E - Efficient use of mass, energy, space & time
M - Meet the need

E - Easy to separate by design

N - Networks for exchange of local mass & energy
T - Test the life cycle of the design

S - Sustainability throughout product life cycle

slaanl ;o jlaob anwgi o obows gl laylnl 05550 51 (SO Olgte 4 o cwige

el o A Lis @LM..: Ay Sy /‘S’Luou-ul v C—’L*@

:(Riadi, 2019) ol 00y (Gadiwsd odas s 59 s juuw (coudd (gwdids

..L..‘La))_n.bda..\.?u é.)L..a)‘ obLﬁ.’.'_m‘ﬁ d.au.u}ajj_) Lgl.bw.....]l.alsw?.’ \).._....v J}..am Lg..m.\.a.ero )

(o055nm; 3 Sy (53]

(S5l TesloaSs wpas 2aSTly bae Juold (waid) (gHlwesyid 7w wld cwiige @
g da lulaz slaig) (omg slayesSTy slaslsds layls Laxsl als

ad)‘u\.’l:j ‘SLQ)L&O .0

lorxlanngi g oy Laso 5l cblis (goladl l3eSs :5lausle (gylanl Lol ow ans
el gloxzl g gy be csolal gla Jule 5l S g)lal (bl sl -
WS 5l s lozl slo bl s o Lo Ll 13 0l oo ool 9 439l slaain
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4- Conservation 5- Sustainability



S0 sl aylere ol 5o 05 2l 5l s

3 sl iy Lan 5Ll logoge i ez o558 5 0 b oles o3l -
Sl 00 (el 7 b 0 eiiso taio slaailobos gyl (b)) sl (sloxzl gl
.(Ren et al., 2016)

solaidl sla)lao V-0

3l ais,le golaisl slaylze

Ay e cilo g Jis! deolKiws dnie (gy)liSaslopw aispp )

9>l9 52 51 (5519455 5 5)lon0se 4 Larye sloasie 5l 9 S)lopepe airp

Pl slge sladine HSThes anga .

ouls (5,380 c¥game dlgi IS e ol algs

Sl eax Lo oo ailols jooolarnl 550 (godS STigs 0053 o8 b s aulio Gpudy ypws
9y cbg Slog) Mgl oL Cilisue o3 Lt b ool ailols (5L dinngs cid)ls

& 6 t =«

o)lﬁ@ﬁbu5mfl>o)laohuulb -~ )wQMAJngLbW f@ﬁj)P.xLu MSJ.JU

b slaylxe V-0

Hlasle ae ) slaylxe

5 (NOX) (5595 s LodanST ey ST 50 aile slaslnlS olagls ) Lauisl s pmey o8 ot o Jumanilis )
S0 6ol (SaeaSTiss ) Jolas 9y b Sl taio (slaailels Lanwgi e

L calises  sois ailolu Lags ol g S 0 00nsyly (slaaul Lozl i 0,8 ol Jonsils Y
3,555 dnS T 50 2,5 Jolao axlg

£ly5ib (glayloxe Y-

5l abe alglid slaylne

b 5 Mollir 515 ) Of Gy (SisSz b 5518 €5 Oloe ol

Jgaze 3ss sln oY (5551 4 993 A3 Jpame Lavgs wilgs oo &5 555l o T35l 90002 Y

©39y9 drin )5 S JS e Jpamms Laog (29,5 oo )15 25 o> s 1o y15 Sy9042 ¥
Jsame sdsi sl

1- Feedstock 2- Jatropha 3- Energy Efficiency
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Properties Py Models
« databases * thermodynamics « simulation
+ estimation « reactions « waste generation
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Hierarchical Design Environmental Fate
« early Tier 1 Models
* Tier 2 +single compartment
« Tier 3 flowsheet » multi-media
_—Finish—~_ |
Process Process lm‘egratwn Envrronmsntal

Optimization * mass integration

Impacts Models

* multi-objective
* mixed integer
* non-linear

heat mtegla!lon

* midpoint - endpoint
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1- American Chemical Society, Green Chemistry Institute 2- School



P Obd) duraw 9 Sl Sl !l

5 ol 5 6Laoygn (sl ol dalips g 0ty Gurwls (633 Yo Lo o G el gulivgl Ll guJos
-(Mason, 2020) cewl ¥ 5 ¥ (sla Jouz 7 0 a0 ozl wlis)lS

(Ssy0f (Toledo) gundgi LIS Jauw (sopdd (uikideo § somid gmikilpn SLB w33 ¥ Jgui

Course Title Credit hours
The following are required:
CHEM 2410 Organic chemistry [ 3
CHEM 2420 Organic chemistry IT 3
CHEM 4200 Green chemistry 3
CHEE 4010* Green engineering principles for chemical processes 3
Select at least one of the following courses:
CHEM 4210 Environmental chemistry 3
CHEE 4110 Green engineering applications in chemical industries 3
Select at least one of the following courses:
CHEM 3810 Chemistry of sustainable energy resources 3
CHEE 4120 Biofuels 3
EEES 4220 Environmental geochemistry 3
EEES 4450 Hazardous waste management 3
ECON 3240 Environmental economics 3
PSC 4340 Environmental policy 3
Total 21
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Course Title Credit hours
CHEM 6200 Green chemistry 3
CHEM 6210 Environmental chemistry 3
CHEE 6010 Green engineering principles for chemical processes 3
CHEE 6110 Green engineering applications in chemical industries 3
BUAD 6600* Supply chain management 3
EFSB 6690 OR Technology commercialization 3

1- Toledo
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Course Title Credit hours
EFSB 6590 OR New venture creation 3
CHEM/CHEE 6970 Graduate industrial internship 6
Elective courses in chemistry, chemical engineering, and materials science 12
Total 36
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Green Engineering topic M&E balances topic

Balances on recycle operation in green engineering
process; green chemistry in stoichiometry; combustion Fundamentals of material balances
process and environmental impact

Various forms of energy in a green engineering process Energy and energy balances

Use of heat capacity and phase change calculation;
recovery of energy in process—energy integration; mixing Nonreactive process balance
and solution issues in green engineering

Energy use in green chemistry reaction, combustion
process; overall mass and energy balances in green Reactive process balance
engineering on an overall plant design basis
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Chemical Engineering Course Green Engineering Topic

Green engineering project drip coffee maker
Freshman engineering clinic Introduction to environmental regulations
Introduction to life cycle assessment

Life cycle assessment of a product

Sophomore engineering clinic . .
Environmental regulations

. Emissions terminology/calculations
Material & energy balances “ » . &
Green” material and energy balances

Mass separating agent

Mass transfer/Equilibrium stage separations .
4 £esep Risk assessment

1- Rowan
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Chemical Engineering Course Green Engineering Topic

. . Estimation of properties
Material science . prop
Life cycle assessment

Heat transfer Introduction to heat integration

Chemical thermodynamics Estimation of chemical properties

Pollution prevention strategies

Separation processes . . .
P p Novel “Green” separation process integration

. . . . Pollution prevention strategies
Chemical reaction engineering G hemist
reen chemistry

Heat integration & mass integration
Process/Plant design Flowsheet analysis
Life cycle assessment

Process dynamics & control Pollution prevention modeling and control

Unit operations laboratory Green engineering experiments

. . . Heat and mass integration
Design for pollution prevention .
Process analysis

Senior engineering clinic/Senior project Real industrial projects in green engineering
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