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he chemical processing industries (CPI) have under-

gone profound changes, and companies are under con-

siderable pressure to restructure and innovate in a glo-
bal environment where information, technology, capital, and
human resources flow easily. Supply chain management and
e-business is used to improve the overall efficiency of an
enterprise, and there is a tendency to farm out non-core tech-
nologies. For example, recognizing that drug discovery is their
main business, pharmaceutical firms tend to outsource the
production of active pharmaceutical ingredient intermediates.
There is increasing emphasis on product design, which is
closely linked to market demands.!"? This creates new busi-
ness opportunities and the need for better understanding of
the global issues of chemical processing. In response, there
is considerable effort to broaden chemical engineering edu-
cation to include emphasis on entrepreneurship, lifelong learn-
ing, management, business, international experience, etc.

Obviously, chemical engineering is not the only profession
reacting to the challenges of the new global environment.
Other disciplines also strive to enhance the depth and breadth
of their curriculum in order to expand employment opportu-
nities for students. A case in point is an elective course about
chemical engineering offered to business and science students
at the Hong Kong University of Science and Technology
(HKUST). Here, the semester system is identical to that of
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the US, and all classes are conducted in English. There are
two similar but separate courses: one for business and one
for science students. The course for business students covers
more basic chemistry, while the one for science students is
more detailed in business concepts. We will discuss what we
teach and why, how the students respond to the course, and
what we can learn from this experience.

COURSE OBJECTIVES

Hong Kong (a Special Administrative Region of China since
1997) is a vibrant, international city of 6.7 million inhabit-
ants from all over the world. It is located in the heart of the
Asia-Pacific region where chemical processing industries
have been growing at a rate in excess of 10% per year. Hong
Kong has a strong financial sector with an interest in chemi-
cal-related businesses. While the manufacturing sector within
Hong Kong is comparatively small, extensive manufactur-
ing takes place north of Hong Kong in Shenzhen, Guangzhou,
Zhuhai, Huizhou, and other municipalities. Also, since the
GNP per capita of Hong Kong is comparable to that of other
developed countries, there is keen interest in chemical prod-
ucts that can offer a higher return on assets. Of particular
interest are high-value-added chemicals and pharmaceuti-
cals. The allure is clear when one compares the 8% profit
margin in a typical chemical firm to the 20% figure of a
US drug company.?!

The overall goal of the course is to provide business and
science students with an overview of chemical engineering.
Specifically, the student is expected to gain an appreciation
of

* The CPI products

e How chemicals are manufactured

» The cost of building and operating a typical chemical
plant
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e The organization and finance of a typical chemical
company

* Product-centered processing

* The history of chemical engineering

e The global chemical business

COURSE DESIGN

The course, consisting of six sections (see Table 1) starts
by introducing the students to the US and HK economies.*?!
In the late ‘70s , the breakdown of the HK GNP was similar
to that of the US. Gradually, financing, insurance, and real
estate have become dominant industries in Hong Kong. In
contrast, the US CPI is one of the largest among manufactur-
ing sectors such as electronic and electric equipment, motor
vehicles, and parts, etc. We show how the return on assets

TABLE 1
Outline of Topics

Section
1. Introduction :
* The economy and the chemical processing industries (CPI)
* Diversity and complexity of products from the CPI
* Characteristics of the CPI

2. Chemicals and Their Sources
* Basic chemistry
* Chemicals in our daily lives
* The chemical supply chain
* The chemical business hierarchy

3. The Production of Chemicals
* The chemical plant and its unit operations
* Project evaluation
* The cost of manufacture
* The criteria of economic performance

4. The Financial Performance of Chemical Corporations
* Financial metrics
* Financial statements
« Capital budgeting

5. Product Design

* Approaches to product design
¢ Product-centered process synthesis and development

6. The Modern Chemical Processing Industries
* Development of CPI in the UK, Germany, US, and Japan
* The scale and economics of the CPI today
* The CPI in Asia

TABLE 2
Chemicals in Our Daily Lives

* Petroleum

« Fibers

* Soaps and detergents

* Plastics

* Oils and fats

* Natural products

¢ Traditional Chinese medicines
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and profit margins of the CPI have fluctuated with time along
with the overall economy. Innovations such as nylon and
polyester have created new markets for chemical products.

In Section 2 of the course, we discuss selected chemical
products.'® Table 2 lists the products we have considered so
far. Petroleum is normally the first product to be discussed.
The students can easily appreciate the various uses of petro-
leum and the concept of distillation. Soaps and detergents is
another business to which the students can readily relate. They
learn about the composition of a typical detergent formula-
tion, surfactants, detergent builders, bleaching agents, and
enzymes, and how detergency works. There is a wealth of
information on the World Wide Web from the Soap and De-
tergent Association!” as well as from companies such as
Procter and Gamble and Unilever. A typical assignment is to
read a product report in Chemical and Engineering News.®!
The students gain an appreciation for both the need for dif-
ferentiated products that drive reformulations and the chal-
lenges faced by suppliers of detergent ingredients. We con-
sider the replacement of sodium tripolyphosphate with zeo-
lites from an environmental viewpoint, and we use pictures
and samples of chemical products such as cellulose triacetate
(for cigarette filters), spandex, sugar esters, superabsorbents
(for diapers), etc., to stimulate students’ interest in the sub-
ject. Oils and fats is another business of interest to Hong Kong
students. We discuss the nature of those products, the source
of raw materials, and manufacturing processes.*!*!!]

Next we show the students that all of these products origi-
nate from three sources in our environment: air and water;
substances from the ground (which include gas, petroleum,
and minerals); and living things (including plants and ani-
mals). We show the primary reaction for conversion of one
compound (or compounds) to another.'” For example, urea
is manufactured from ammonia and carbon dioxide; polyes-
ter results from a polycondensation reaction between ethyl-
ene glycol and terephthalic acid, which is in turn obtained
from the oxidation of paraxylene; and cellulose triacetate
comes from cotton linters. We expected the students to gain
an appreciation of the complexity of the chemical supply chain
and also introduced the concept of mass balance. We point
out the kind of companies that add value to different seg-
ments of the suppy chain, such as oil companies, chemical
companies, specialized engineering firms, pharmaceutical
companies, consumer goods companies, etc.

In Section 3 of the course, we turn our attention to the pro-
duction of chemicals using Douglas’ hierarchical approach.!!!
After covering input-output, recycle structure, and separa-
tion systems, we discuss chemical engineering unit opera-
tions. These include reaction, evaporation, drying, distilla-
tion, absorption, extraction, crystallization, adsorption, fil-
tration, etc.!"* We discuss basic principles but omit equations
for equipment design. We use The Visual Encyclopedia of
Chemical Engineering Equipment developed at the Univer-
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sity of Michigan to supplement the lectures. The animated
equipment operations are very helpful to the non-engineer-
ing students. At this point, we briefly discuss safety and en-
vironment issues related to chemical processing in order to
raise the students’ awareness of these issues.

We use a chemical plant in Hong Kong to illustrate pro-
cessing concepts. Towngas, produced by catalytic reaction
of naphtha with steam, is often the example of choice (see
Figure 1). The first stage of the desulfurization unit converts
organic sulfur compounds to hydrogen sulfide, and the sec-
ond stage removes hydrogen sulfide with zinc oxide. In the
reaction system, the desulfurized naptha is converted to meth-
ane and hydrogen, and carbon monoxide is converted to car-
bon dioxide and hydrogen. The carbon dioxide and water is
removed in the gas purification and drying system. Project
evaluation follows Douglas’ book. The students do not have
much difficulty in grasping the details of direct costs, indi-
rect costs, working capital, etc. We also cover (particularly
for science students) the time value of money and the dis-
counted cash-flow rate of return on investment. Normally,
we assign a project in which the students perform cost evalu-
ation of a chemical plant. The flowsheet and all major equip-
ment sizes and operating conditions are given, assuming that
this input information has been obtained from chemical en-
gineers in a consulting firm.

Next we turn our attention to the financial performance of
chemical corporations. Various measurements, such as return
on net assets, after-tax profit margin, sales growth, and con-
trolled fixed-cost productivity, are introduced. We usually
examine the financial statements of two US corporations;
recently, we have discussed those of DuPont in class while
those of Eastman Chemical are analyzed in a homework as-
signment. One objective is to learn how to read the balance
sheet, the income statement, and the statement of changes in
financial position. More importantly, we emphasize an ap-
preciation of the financial position of a typical chemical com-
pany in terms of profit margin, new investments,

and processing conditions (see Figure 2). We identify the
desired performance of the product, both functional and sen-
sorial, and select the requisite ingredients. The process
flowsheet and the operating conditions are then identified.

We study the modern CPI in Section 6.1t begins with a
review of the manufacture of soda ash, dyes, and sulfuric
acid in the UK and Germany as well as the emergence of the
CPI in America in the 1900s and in Japan in the 1950s. Then
we turn our attention to today’s CPI. Its global enormity is
evident when one compares the global chemical shipment of
$1.59 trillion in 1999 to the HK GDP equivalent of approxi-
mately $200 billion.

We then examine the financial performance of the top glo-
bal chemical companies, emphasizing the top twenty-five
chemical-selling countries in 1999 (see Table 3).° It is evi-
dent from the statistics that chemical production per capita in
Asia is below the world average, but (unsurprisingly) it is
rapidly gaining ground. Singapore is a net exporter compet-
ing in the international market. Although China is not ex-
pected to be self-sufficient, its rapid development and pur-
chasing decisions can significantly affect the global CPI. We
examine the recent JVs and investment projects in order to
appreciate the dynamics of the market in this region.!'®

COURSE EVALUATION

The impact of the course has been assessed by its students.
While the course is intended for undergraduates, it generally
has around 25% graduate students from all science and busi-
ness disciplines. With rankings ranging from very bad to very
good, about 85% of the respondents ranked the overall course
as good or very good. Most of them expressed that they ac-
quired a good knowledge of chemical engineering. Also,
throughout the semester we hold a 10-to-15 minute oral quiz
every week in order to challenge them to think about interre-
lationships among different decisions. Most students felt that

amount of assets on the ground, etc. This reinforces
the notion that CPI is a capital-intensive business.
To emphasize decision-making in chemical busi-
nesses, we venture into capital budgeting,"*' but
this segment can be skipped if the students have
previously learned these concepts in their business
classes. Retrofit projects, as well as proposals to
construct a grassroots plant, are considered.

Product design is of great interest to Hong Kong.
We discuss a typical product development cycle—
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224

Figure 1. The production of towngas by catalytic reforming

of naphtha using steam.

Chemical Engineering Education



they have been encouraged to express ideas (84% ranked as
good and very good) and have improved their ability to think
(76% ranked as good and very good).

REFLECTIONS ON
CHEMICAL ENGINEERING EDUCATION
With the reshaping of the global economic landscape, the

demarcation between disciplines has become blurred. It is
highly desirable to have an appreciation of contemporary glo-
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Product
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( Functionality and J Product packaging
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N Financial metrics
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attributes manufacturing process
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[Process alternatives 8j

Equipment units

Heuristics
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Structure vs Operation

Process and product
evaluation

[Manufacturing proceﬂ

Figure 2. Step-by-step procedure for product-centered
process synthesis and development.

TABLE 3
Top Twenty-Five Chemical-Selling Countries in 1999
(in USS$ billions)™

1. UsS. 435 14. Netherlands 28
2. Japan 205 15. Switzerland 26
3. Germany 104 16. Russia 25
4. China 91 17. Canada 21
5. France 78 18. Mexico 15
6. United Kingdom 50 19. Australia “14
7. South Korea 50 20. Argentina 10
8. Italy 49 21. Sweden 9
9. Brazil 36 22. Malaysia 8
10. Belgium 35 23. Poland 6
11. India 31 24. Singapore 5
12. Spain 30 25. Thailand 5
13. Taiwan 30
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bal economic issues while keeping our core competencies in
chemical engineering practice. The strategy and financial
dealings of the various companies in the global CPI covered
in this course can also serve as an interesting topic in a typi-
cal chemical engineering process design course. In fact, some
of these business concepts were covered in the senior design
course at the University of Massachusetts.

In addition to synthesizing, simulating, and costing a chemi-
cal plant, it is interesting to investigate whether or not a pro-
posed retrofit project or a new investment adds to the share-
holder value. Indeed, it is not uncommon to request that the
engineers and researchers in a company justify an R&D pro-
posal in terms of potential return on investment as well as on
its technical merits. Similarly, the lectures on product-cen-
tered process synthesis and development is suitable for chemi-
cal engineering process design. In this case, the student learns
how market demands dictate what to make, how to make it,
and where to make it, thus gaining an appreciation of the
economic consequences of these decisions in a much wider
context than in a traditional process design course.
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