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the price tag of producing electricity by as much as 70%. Put another way, it costs about $40 to $55
per ton ofcarbon dioxide. The anmal UsS. output of carbon dioxide is nearly 2 bilion fons, which
indicates the cconomic scale of the problem. The U.S. Department of Energy is working on ways to
reduce the expenses of separation and capure.

By fa, the most cost-effective option is partnering CCS not with older plants, but with advanced coal
technologies such as integrated-gasification combined-cycle (IGCC) or oxygenated-fuel (oxyfuel)
technology. There is also a clear need to maximize overall energy cficiency if CCS tselfi not
merely going to have the effct of nearly doubling both demand for fossil fuels and the resultant CO;
emitted

Once the CO; has been captured as a fairly pure siream, the question s what o do with it hatis
economical. In view of the large quantity of CO; that must be disposed of, isposal, o be considered
a practical srategy, hs fo be permanent

Any release of gas back into the atmosphere not only would negate the environmental beneits, but it
could also be deadly. I large, concenirated quanites, carbon dioxide can cause asphyxiation.
Rescarchers are farly confident that underground storage will be safe and effctive.

“This technology. known as carbon sequestration, is used by energy firms as an oil-recovery tool. But
inrecent years,the Department of Energy has broadened it rescarch into sequestration as a way to
reduce emissions. And the energy indusiry has taken carly steps toward using sequestration to capture
emissions from power planis

Three sequestration echnologies are actively being developed: storage in saline aquifers in
sandstone formations [refer to S. M. Benson and T. Surles, “Carbon Dioxide Capture and Storage.”
Proceed. IEEE, 94, 1795 (2006)], where the CO3 s expected to mincralize into carbonates over
time; injection into deep, uncconormic coal seams; and injection into depleted or low-producing ol
and ratural-gas reservoirs.

Preliminary tets show that contary to expectations, only 20% maximum of CO; precipitates form
carbonate minerals, but the majority of the CO; dissolves in water. Trapping CO3 in mincrals would
be more secure, but CO; dissolved inbrine is an aternate disposal oucome.

Other suggestions for the reduction of CO, emissions include permanent reduction in demand,
chemical raction, various solvens, use of pure O as the axidart, and s0 on. Sec J. iferno etal,
Chemical Engineering Progress. 3341 (April, 2009). and F. Princiotta, “Mitigating Global Clirmate
Change through Power-Generation Technology.” Chemical Engineering Progress, 24-32
(November, 2007), who have a lage list o possible avenues of approach. The botiom line is that a
solution for CO emissions reduction is ot just a mater of solving technical problems but a matter of
costand environmental acceptance. Based on the nafure of these challenges, itis casy to see that
chemical and bioengincers will be intimately involved in these efforts to find effective solutions.

1.5. Conclusion

The chemical engineering profession evolved from society’s need for products and energy. Today and
into the future, chemical and bioengincers will continue to meet society’s needs using their process
knowledge, their knowledge of fundamenal science, and their problemsolving skills
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Chapter 1. What Are Chemical Engineering and Bioengineering?

Your objectives in studying this chapter are to be able to
1. Appreciate the history of chemical engincering and bioengincering
2. Understand the types of indusries that ire chemical and bioengineers
3. Appreciate the diversity ofthe types of jobs n which chemical and bioengineers engage

4. Understand some of the ways in which chemical and bioengineers can contibuse i the
fture to th resolution of certain of society's problems

Looking Ahead

Inthis chapter we will present some featires of the professions of chemical and bioengineering. Firs
we will present an overview of the history of these fields. Next, we will consider where graduates o
these programs go to work. Fially, we will presen types of projects in which chemical and
bioengineers might paricipate now and in the fusure.

L1 Introduction

‘Why did you choose to work toward becoming a chemical or biocngincer? Was it the starting salary
Did you have a role model who was a chemical or bioengineer, or did you live ina community in
‘which engincers were prominent? Or were you advised that you would do well s a chemical or
bioengineer because you were adept at math and chemisry and/or biology? In fact, most prospective
engineers choose thi field without flly understanding the profession (i.., what chemical and
bioengineers actually do and what they are capable of doing). This brief chaper will atiemp to shed
Some lighton this issue.

Chemical and biocngineers today hold a unique position a the iterface between molecular sciences
‘and macroscopic (large-scale) engineering. They participate in a broad range of technologies in
science and engincering projects, involving ranomuterials, semiconductors, and biotechnology. Note
that we say “partiipate” because engineers most often work in multidisciplinary groups, each
‘member contribuing his or her own expertis.

1.2. A Brief History of Chemical Engineering
“The chemical engincering profession evolved from the indusirial applications of chemisiy and
separation science (the sty of separating components from mixtures),primarily in the refining and

chemical industry, which we will refer 0 here as the shemical process industries (CPI) The first
highvolume chemical process was implemented in 1823 in England for the production of soda ash,
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‘which was used for the production of glass and soap. During the same time, advances in organic
chemistry led to the development of chemical processes for producing synthetic dyes from coal for
textles, starting in the 1850 In the latter half of the 18005 a number of chemical processes were.
implemented industrially, primarily in Britain.

And in 1887 a series of lectures on chemical engincering which summarized industrial practice in the
chemical industry was presented in Britain. These lectures stimulated interest in the United States and
to some degree led to the formation of the first chemical engincering curriculum at MIT in 1888. Over
the next 10 to 15 years a number of U.S. wniversities embraced the field of chemical engincering by
offering fields of study in this arca. In 1908, the American Instifute of Cherical Engineers was
formed and since then has served to promote and represent the inierests of the chemical engincering
community.

Mechanical engineers understood the mechanical aspects of process operations, including fluid flow
and heat transfer, but they did not have a background in chemistry. On the other hand, chemists
understood chemistry and its ramifications but lacked the process skills. In addition, neither
mechanical engineers nor chemists had backgrounds in separation science, whichis critically
important to the CPL In the United States, a few chemistry departmens were training process
engineers by offering degrees in industrial chemistry, and these served as models for other
departments as the demand for process engineers in the CPI began to increase. As industrial chemistry
programs grew, they eventually formed separate degree-granting programs as the chemical
engincering departments of today.

The aceeptance of the “horseless carriage.” which began commercial production in the 1890s,
created a demand for gasoline, which ultimately fueled exploration for oil. In 1901, a Texas geologist
and a mining engincer led a drilling operation (the drillers were later to be known as “wildcatters”)
that brought i the Spindietop Well just south of Beaumont, Texas. At the time, Spindletop produced
more oil than all of the other oil wells in the United States. Moreover, a whole generation of
wildeatters was born, resulting in a dramatic increase in the domestic production of crude oil, which
created a need for larger-scale, more modern approaches to crude refining. As a result, a market
developed for engincers who could assist in the design and operation of processing plans for the
(CPL The success of oil exploration was to some degree driven by the demand for gasoline for the
automobile industry, but ultimately the success of the oil exploration and refining industries led to the
widespread availability of automobiles to the general population because of the resulfing lower cost
of gasoline.

These carly industrial chemists/chemical engincers had few analical tools available to them and
largely depended upon their physical intition to perform their jobs as process enginers. Slide rules
were used to perform calculations, and by the 1930s and 19405 a mumber of nomographs were
developed to assist them in the design and operation analysis of processes for the CPL Nomographs
are charts that provide a concise and convenient means to represent physical property data (¢.&.,
boiling point temperatures or heat of vaporization) and can also be used to provide simplificd
solutions of complex equations (c.g., pressure drop for flow in a pipe). The computing resources that
became available in the 1960s were the beginnings of the computer-based technology that is
commonplace today. For example, since the 19705 computer-aided design (CAD) packages have
allowed engincers to design complete processes by specifying only a minimum amount of
information; all the tedious and repetitive calculations are done by the computer in an extremely short
period of time, allowing the design engincer to focus on the task of developing the best possible
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process design.
During the period 1960 01980, the CP1 also made the transition from an indusiry based on
immovation, in which the profitaility of a company depended 0 a arge degree on developing new
products and new processing approaches, o a more mature commodity industry, in which the
financial success ofa company depended on making products sing established fechnology more
effciently, resling in less expersive producs.

Gilobalization of the CPI markets began inthe mid-19805 and led to increased competition. At the
‘same time, developments in computer hardware made it possible 0 apply process automation
(advanced process control, or APC, and optimization) more easily and reliably than ever before.
‘These automation projects provided inproved product quality while increasing production raes and
overall production effciency with relatively it capital invesiment. Because of these cconomic:
advantages, APC becam: widely accepted by industry over the next 15 years and remains an
important factor for most comparies in the CPL

Beginning inthe mid-1990s, new areas came on the scene that 0ok advantage of the fundamental
kil of chemical engineers, including the microelectronics industy, the pharmaceutical industy, the
biotechnology indusiry, and, more recently, nanotechnology. Clearly, the aralytical skill and the
process training made chemical engincers ideal contribuors o the developmen of the production
operations for these industries. Inthe 19705, over 80% of graduating chemical engineers took jobs.
with the CP indusiry and government. By 2000, that number bad dropped to S0% because of
increases in the nunber aking jobs with biotechnology companies, pharmaceutical/bealth care
‘companies, and microelectronics and raterials comparies. The next section addresses the current
distribusion of jobs for chemical engincers.

1.3. Where Do Chemical and Bioengineers Work?
‘Table LI which lists the percentages of all chemical engineers by employment sector between 1996
‘and 2007, shows tht the percentage of chemical engineers in these developing industies
(pharmaceutical, biomedical, and microelectronics indusries) increased from 7.1% in 1997 o 19.9%
in 2005

‘Table 1.1. Chemical Engincering Employment by Sector (from AIChE Surveys)
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Chemical engincers are first and foremost process engincers. That s, chemical engineers are
responsible for the design and operation of processes thatproduce a wide range of products from
‘nsoline o plasics to composite materials to synthetic fabrics to computer chips to com chips. In
addition, chemical engineers work for environmental comparies, government agencies including the
military,law frms, and banking companies.

“The trend of chemical engincering graduates taking employment n industrics that can be desigpated as
bioengineering i a new feature of the twenty-first century. Not only bave separate bioengincering or
biomedical departmenss been established, but some long:standing chemscal engineering departments
have modified their names to “chemical and bioengincering” o reflect the rescarch and fresh interests
of suadents and faculty.

A bioengineer uses engineering expertise to analyze and solve problems in chemistry, biology. and
medicive. The bioengineer works with other engineers as well as physicians, nurses, therapists, and
technicians. Biomedical engineers may be called upon ina wide range of capacities o bring together
Knowledge from many technical sources to develop new procedires, or to conduct rescarch needed to
solve problems inareas such as drug deivery, body imaging biochemical processing. innovative
fermeniation, bioinsirumeréation, biomaterials, biomechanics, cellular tssue and gencics, system
physiology, and so on. They work n indusiry, hospitals, wniversities, and government regulatory
agencies. I s difficul o find valid surveys of specific conpanies of topics o classify
bioengincering graduates” ulimate locations, but roughly speaking, one-third of graduates go fo
medical school, one-third continue on 0 graduate school, and one-third go to work in indistry witha,
bachelor's degree.

1.4. Future Contributions of Chemical and Bioengineering

“The solution of many of th pressing problems of society for th fusure (e.¢, global warming, clean
energy, manned missions 10 Mars) will depend significantly on chemical and bioengineers. In order (0
more flly explain the role of chemical and bioengineers and to illustrate the fole of chemical and
bioengineers in solving society’s technical problems, we will now consider some of the issues.
associated with carbon dioxide capture and sequestration, which is directly related to global
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warming.
Because fossil fuels are less expensive and readily available, we would like to reduce the impact of
burning fossil fuels for energy, but without significantly increasing the costs. Therefore, it is
imperative that we develop low-cost CO capture and sequestration technologies that will allow us to
do that.

An examination of Eigure 1.1 shows the sources of COy emissions in the United States. What category
would you attack first? Electric power generation is the number-one source. Transportation sources

are widely distributed. No doubt power generation would be the most fuitf,
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Figure 1.1. Major sources of carbon dioxide emissions in the United States excluding agriculture
Carbon capture and storage (CCS) is viewed as having promise for a few decades as an inferim
measure for reducing atmospheric carbon emissions relatively quickly and sharply while allowing
conventional coal-fired power plants to lasttheir fll life cycles. But the cnergy costs, the disposal
challenges, and the fact that adding CCS to an existing plant actually boosts the overall consumption
of fossil fuls (because of the increased consumption of energy to collect and sequester COy, more
power planis have to be built so that the final production of net energy is the sam) all sugeest that
CCS is not an ultimate solution.

One interim measure under serious consideration for CCS that might allow existing conventional
oal-fired power plans to keep producing untl they can be phased out at the end of their full lives
involves various known technologies. An existing plant could be retrofitied with an amine scrubber to
capture 80% to 95% of CO, from combustion gases; the CO, would then be condensed into a liquid
that would be transported and stored somewhere indefinitely where it could not leak info the
atmosphere. If several hundreds or thousands of CCS systems were deployed globally this century,
each capturing | to 5 metric tons of CO, per year collectively, they could contribute between 15%
and §5% of the worldwide cumulative mitigation effort

However, the engineering challenges are significant. First, CCS is an energy-intensive process, so
power planis require significanily more fel to generate cach kilowatt-hour of elecricity produced
for consumption. Depending on the type of plant, additional fuel consumption ranges from 1% to
40% more—meaning not only in dollars, but also in additional fossil fuel that would have to be
removed from the ground to provide the power for the capture and sequestration, as well as
additional CO, needing sequestration by doing so. Current carbon-separation technology can increase




