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Principles of Green Chemistry Principles of Green Engineering
P - Prevent wastes 1 - Inherently non-hazardous and safe
R - Renewable materials M - Minimize material diversity
O - Omit derivatization steps P - Prevention instead of treatment
D - Degradable chemical products R - Renewable material and energy inputs
U - Use safe synthetic methods O - Output-led design
C - Catalytic reagents V - Very simple
T - Temperature, Pressure ambient E - Efficient use of mass, energy, space & time
I - In-process monitoring M - Meet the need
V - Very few auxiliary substances E - Easy to separate by design
E - E-factor, maximize feed in product N - Networks for exchange of local mass & energy
L - Low toxicity of chemical products T - Test the life cycle of the design
Y - Yesit's safe S - Sustainability throughout product life cycle
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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
20l (Toledo) gulgs oSl jouw (o gusckideo 9 (gomid 30 PSM Sy (5 5 3390 5Ly -1 Joui
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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1- Green Engineering: Environmentally Conscious Design of Chemical Processes
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