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Introduction to Chemical Engineering

Chapter 03

Solving Engineering Problems 
(What Shall We Do?)
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3.1 Strategies for solving problems

Steps to solving problems

1. Define the problem.

2. List possible solutions.

3. Evaluate and rank the possible solutions.

4. Develop a detailed plan for the most attractive solution(s).

5. Re-evaluate the plan to check desirability.

6. Implement the plan.

7. Check the results.
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Memo from supervisor (chapter 01):

ABC Chemical Company
Memorandum

From: Barbara Magelby, Supervisor, Chemical Process Group

We’ve just received information indicating that the company that has been disposing of our HCl byproduct is not doing
well. We anticipate that they will be going out of business in 6-12 months. This puts us in a very dangerous situation,
since we can’t operate very long without disposing of that waste. Our marketing people have tried to find a potential
buyer for the acid, but the byproduct is apparently not at an appropriate concentration or purity to be valuable to anyone in
our local area.

One possibility to consider is treatment of the waste in order to be able to dispose of it in the lake next to our company site.
However, at this point, no engineering analysis has been conducted on this or any other strategy.

Your assignment is to propose a strategy and design (with a cost analysis) for safely and legally disposing of the acid
waste.

Please keep me informed of your progress.

3.1 Strategies for solving problems
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3.1 Strategies for solving problems

1. Define the problem:

a. Many problems have taken longer than necessary to solve because they were not

defined correctly.

b. For our problem, we are looking for a way to continue viable operation of our process

without depending on the company that has been disposing of our acid waste.

c. From our company records,

average acid stream flow rate: 11,600 L/hr

average HCl concentration in the waste stream: 0.014 M
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3.1 Strategies for solving problems

2. List possible solutions

a. Change our company process so that the acid is not produced.

b. Contract with another independent company to take the acid away.

c. Build giant holding tanks to store the acid for 10 years.

d. Discharge the acid to an evaporation pond built on the company site.

e. Discharge the acid into the lake next to the company site without treatment.

f. Treat the acid and discharge it into the lake.
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3.1 Strategies for solving problems

3. Evaluate and rank the possible solutions:

a. Change our company process so that the acid is not produced.

: Alternative processes are usually not known or are extremely expansive.

b. Contract with another independent company to take the acid away.

: Transportation costs and profit for the independent company would be added.

: It would seem that we can do it more cheaply.

: No such company is presented in this analysis.
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3.1 Strategies for solving problems

3. Evaluate and rank the possible solutions:

c. Build giant holding tanks to store the acid for 10 years.

: The required volume of such tanks would be

: The volume occupied by each tank (10 m in diameter and 5 m in height) would be

: The 2587 tanks would be needed (a cost for building and maintaining).

: Not a sustainable solution and not suitable from an environmental perspective
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3.1 Strategies for solving problems

3. Evaluate and rank the possible solutions:

d. Discharge the acid to an evaporation pond built on the company site.

: Need to construct the ponds making sure that no acid leaked into the ground water.

: Land would have to be available.

: Consider the average evaporation rate (> 11600 L/hr).

: Ensure that the amount of acid in evaporating water is smaller than limits.

: Dispose of the concentrated acid left as a result of the evaporation process
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3.1 Strategies for solving problems

3. Evaluate and rank the possible solutions:

e. Discharge the acid into the lake next to the company site without treatment.

: Environmental responsibility

: Violation against the environmental protection laws

f. Treat the acid and discharge it into the lake.

: Neutralizing the acid in the stream with a basic solution

: Cooling the treated stream before final discharging to the lake
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3.1 Strategies for solving problems

4. Develop a detailed plan for the most attractive solution(s):
Let’s suppose that…
1) a preliminary analysis suggests that option (f) is the best option.
2) you have selected the strategy of neutralizing the acid by addition of sodium hydroxide to
the waste stream.

HCl + NaOH → H2O + NaCl

If the upper limit for dissolved solids in water is 1200 mg/L (= 1.2 g/L),

1.2 / 0.02 / 0.014 /
58.5 /

g L gmol L gmol L
g gmol

= > (The final concentration cannot exceed.)

Obviously, there is much more detail needed for the design of the acid-neutralization process.
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3.1 Strategies for solving problems

4. Develop a detailed plan for the most attractive solution(s):
Process flow diagram (PFD) for acid neutralization concept
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3.2 Ethical considerations in solving problems

 Code of ethics (http://www.aiche.org/about/code-ethics)

 Safety

 Protecting the environment

 Avoiding harassment

 Ethical practice
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3.3 The use of teams in solving problems

3.3.1. Ingredients for a successful team

1. A clear mission or set of goals

2. A plan for attacking problems

3. Clearly defined roles

4. Clear communication

5. Well-defined decision procedures

6. Balanced participation

7. Established ground rules

8. Awareness of group processes

+ more ingredients for a successful team

1. Atmosphere that encourages contribution

: positive reinforcement, friendship, trust, diplomacy, sensitivity to other’s needs

2. Individual commitment

3. Individual dependability (follow-through)

4. Individual integrity
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3.3 The use of teams in solving problems

3.3.2. Learning to work together
Stages of team development

adapted from Scholtes, P.R., The Team Handbook for Educators, Madison, WI: Joiner Associates Inc., 1994.
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3.3 The use of teams in solving problems

3.3.3. Diversity
Characteristic responses to a goal or task

adapted from Kolbe, K., The Conative Connection, Menlo Park, CA: Addison-Wesley Publishing Co., 1990.
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3.3 The use of teams in solving problems

3.3.3. Diversity
Roles within a team structure
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