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After the Lower Division CoursesEmphasizing Collaboration
• There have been many studies on the
benefits of collaborative learning, like
the flipped classroom

Early Exposure to the Industrial
Experience: Collaborative Group Work
• Incorporation of group projects can
serve as an addendum or an alternative
to flipping the classroom

Consolidating the Course
in a Single Project
• Give each course its own senior-level
design project

Problem:
Discrete or Accumulated Learning?
• How do students see the curriculum vs.
our expectations
Chemical Engineering Curriculum
• Material/Energy
Balances
• Thermodynamics
• Chemical
Reaction
Engineering

•
•
•
•

Fluid Mechanics
Heat Transfer
Mass Transfer
Separations

• Process Dynamics
& Control
• Unit Operations
• Senior Design/
Engineering
Economics

Problem:
Discrete or Accumulated Learning?
• From the student perspective, each of these
classes are still taken in isolation from each
other
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Connecting the Dots:
A Single Project Spanning the Full
Curriculum
Use that course
project to integrate
the entire curriculum
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Integrated Curriculum
Alternate Proposal:
Give the SAME project in EVERY course
• In the introductory class, make the simplest
assumptions and analyze the general system each component is still just a black box
• With each subsequent course, gradually modify
each component of the process until everything
is modeled accurately
• Effectively, connects the dots and serves as a 23 year design project

Integrated Curriculum Case Study:
Methanol Synthesis

Haldor Topsoe

Integrated Curriculum Case Study:
Methanol Synthesis
Introduction to Material and Energy Balances
Year 2, Quarter 1

Reforming
• Simplified
Block Flow Diagram provided & analyzed
Natural gas is traditionally reformed to yield CO and CO2 via reforming and water-gas
shift reactions:

• Overall
mass/mole/energy
balances performed
Reforming: C H
+ nH O !" nCO + (2n+1)H
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Water-Gas
Shift: CO
+ H O !" CO
+H
• All
systems
modeled
ideally
2

2

2

These reactions are usually conducted over a nickel-based catalyst under approximately

Integrated Curriculum Case Study:
Methanol Synthesis
Chemical Engineering Thermodynamics
Year 2, Quarter 2

Reforming
• Compressor/pump
work evaluated
Natural gas is traditionally reformed to yield CO and CO2 via reforming and water-gas
shift reactions:

• Correct models for equilibrium in reactors & separators Reforming: C H
+ nH O !" nCO + (2n+1)H
modify resulting process material balances
n

2n+2

2

2

Water-Gas Shift: CO + H2O !" CO2 + H2

These reactions are usually conducted over a nickel-based catalyst under approximately

Integrated Curriculum Case Study:
Methanol Synthesis
Chemical Reaction Engineering
Year 2, Quarter 3

vs.
• Develop kinetic models for reactors for sizing and catalyst
loading
• Optimize recycle structure, interstage cooling, conversion

The synthesis gas produced by one-step reforming will typically contain a surplus of hydrogen of about
40%. This hydrogen is carried unreacted through the synthesis section only to be purged and used as
reformer fuel.

Integrated Curriculum Case Study:
Methanol Synthesis
The addition of CO2 permits optimization of the synthesis gas composition for methanol production.
CO2 constitutes a less expensive feedstock, and CO2 emission to the environment is reduced. The
application of CO2 reforming results in a very energy efficient plant. The energy consumption is 5–10%
less than that of a conventional plant [5]. A 3,030 MTPD methanol plant based on CO2 reforming was
started up in Iran in 2004.
The two-step reforming process features a combination of fired tubular reforming (primary reforming)
followed by oxygen-fired adiabatic reforming (secondary reforming). A process flow diagram for a plant
based on two-step reforming is shown in Figure 1.

Fluid Mechanics, Heat/Mass Transfer

By combining the two reforming technologies, it is possible to adjust the synthesis gas to obtain the
most suitable composition (M close to 2).
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• Model heat exchangers, pressure drop through
piping/reactors, condensers, purifiers, and mass
transfer units
Figure 1: Methanol production by two-step reforming. Simplified process flow diagram

40%. This hydrogen is carried unreacted through the synthesis section only to be purged and used as
reformer fuel.

Integrated Curriculum Case Study:
Methanol Synthesis
The addition of CO2 permits optimization of the synthesis gas composition for methanol production.
CO2 constitutes a less expensive feedstock, and CO2 emission to the environment is reduced. The
application of CO2 reforming results in a very energy efficient plant. The energy consumption is 5–10%
less than that of a conventional plant [5]. A 3,030 MTPD methanol plant based on CO2 reforming was
started up in Iran in 2004.
The two-step reforming process features a combination of fired tubular reforming (primary reforming)
followed by oxygen-fired adiabatic reforming (secondary reforming). A process flow diagram for a plant
based on two-step reforming is shown in Figure 1.

Separations

By combining the two reforming technologies, it is possible to adjust the synthesis gas to obtain the
most suitable composition (M close to 2).

Year 4

Steam

Oxygen
Steam

Prereformer
Secondary
Reformer
Steam

Hydro- Sulphur Saturator
genator Removal

Natural Gas

Methanol
Reactor

Makeup
Compressor

Steam
Reformer
Condensate

Light Ends to Fuel

Product Methanol

Raw Methanol
Water

Raw Methanol
Storage

• Replace “simple” flash separation units & compare with
Figure 1: Methanol production by two-step reforming. Simplified process flow diagram
accurately modeled extraction/ absorption/ stripping/
distillation columns

Integrated Curriculum Case Study:
Methanol Synthesis
Process Dynamics & Control
Year 4

and

• Using modeled dynamic process, design and tune
controllers for reactors, distillation columns, storage tank
levels

Integrated Curriculum Case Study:
Methanol Synthesis
Chemical Plant and Process Design
Year 4

• Simulate the entire process, comparing to previous
analyses, and full economic analysis

Integrated Curriculum Case Study:
Methanol Synthesis
• Students learn the value of each individual
course/topic as applied to this one, specific
design project

Reforming
Natural gas is traditionally reformed to yield CO and CO2 via reforming and water-gas
shift reactions:
Reforming: CnH2n+2 + nH2O !" nCO + (2n+1)H2
Water-Gas Shift: CO + H2O !" CO2 + H2
These reactions are usually conducted over a nickel-based catalyst under approximately
20 atm pressure with a steam to carbon
2 feed ratio of approximately three. Howver,
traditional reforming is endothermic, and requires a large heat input. Modern plants often
1
utilize an autothermal reformer or follow the traditional reformer with a secondary
reformer. Both approaches involve the addition of oxygen to the reformer feed, and the

Integrated Curriculum:
ABET Student Outcomes Satisfied
(1) Ability to identify, formulate, and solve
complex engineering problems…
(2) Ability to apply engineering design to produce
solutions that meet specified needs…
(3) Ability to communicate effectively…
(4) Ability to recognize ethical and professional
responsibilities…
(5) Ability to function effectively on a team…
(7) Ability to acquire and apply new knowledge…

Conclusions
• Tie courses together with group-oriented
projects
• Integrate the entire curriculum to foster
greater learning of and appreciation for
the subject materials of ALL courses
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