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CHEG 2333: MATERIAL AND ENERGY BALANCES 
 

1. Course number and name: CHEG 2333 Material And Energy Balances 
 

2. Credits, contact hours, categorization: 3 credit hours; 3 contact hours; engineering 
 

3. Instructor’s or course  
coordinator’s name: 

 
Dr. Michael Gyamerah 
 

4. Text book: Title: ELEMENTARY PRINCIPLES OF CHEMICAL 
PROCESSES 
 

                   Author: Richard M. Felder, Ronald W. Rousseau, and Lisa G. 
Bullard  

                   Publisher, Year & Edition: John Wiley and Sons Inc, New Jersey, 2016, 4th Edition 
 

  a. Other Supplemental material 1. "Basic Principles and Calculations in Chemical 
Engineering" By Himmelblau, D. M. and Riggs, J. B., 
International Engineering 2003. Pearson Education, ISBN 
0-13-123368 
 

5. Specific course information  
 a. Brief description of the content of the 

course (catalog description) 
CHEG 2333. (3-1) Credit 3 semester hours. Application of 
the laws of conservation of mass and energy to reacting 
and nonreacting, simple and complex chemical systems. 
Application of both element and species balances to 
multiple reaction systems. Application of the degrees-of-
freedom analysis to single process units and multi- unit 
process flow-sheets. Numerical solution techniques for the 
solution of balance equations 

 b. Prerequisites  
 

CHEG 1202; CHEM 1304 or CHEM 1403 and PHYS 
2325 

 c. *Indicate whether a required, elective, or 
selected elective (as per definition 
provided) course in the program 
 
 

Required 

6. a. Specific goals for the course This 
course prepares engineering students 
with the following outcomes.   

 
Students will be able to: 
 

b. Explicitly indicate which of the student outcomes 
listed in Criterion 3 or any other outcomes are 
addressed by the course.  
 

The specific goals for the course specific outcomes listed 
on the left column will address the following student 
learning outcomes: 

 1. Apply knowledge of mathematics, science, 
and engineering. Perform mass or mole balances on 
single or multiple units. Perform balances on batch or 
continuous systems. Determine balances for systems 

 
Outcome D1** 
An ability to identify, formulates, and solves fundamental 



at steady state. Present and report basic engineering 
information. 

engineering problems by applying principles of 
engineering, science, and mathematics.  
  2. Identify systems of units and perform unit 

conversions. Calculate mole and mass fractions. 
Determine the total volume, average molar weight, 
total mass and total number of moles of a mixture 

 3. Identify, formulate, and solve engineering 
problems. Solve mass balances with chemical 
reactions. Solve mass balances without chemical 
reactions. Determine the extent of reaction. Draw and 
completely label a flow chart with or without a 
reactor. Determine the limiting and excess reactants. 
Determine theoretical air, excess air, and relative 
humidity. Calculate stream compositions 
 
 

 4. Analyze, formulate, and solve energy balances. 
Calculate heat, enthalpy, work, and internal, kinetic, 
and potential energies. Calculate heat and enthalpy 
entering and leaving a unit. 

7 Brief list of topics to be covered 
 

What Some Chemical Engineers Do for a Living (1 hour)                      
Introduction to Engineering Calculations              (3 hours) 
Processes and Process Variables                          (9 hours) 
Fundamentals of Material Balances                     (20 hours) 
Energy and Energy Balances                                (1 hours) 
 

 

 
 
 
 
 



 

 
 

II ASSESSMENT RESULTS FOR CURRENT AND PAST TWO PERIODS 
 
 
Program Outcomes Assessed in this course  
 
Outcome D1:    
An ability to identify, formulate, and solve fundamental engineering problems (FEP) by applying 
principles of engineering, science, and mathematics.   
 
.    
   

Assessment Summary of Class Semester Averages for Outcomes 
Spring 2020-Spring 2022 

 

Outcome  
Chemical Engineering Department student outcome D1 

 
Semester Semester Class Average (%) 

 
Spring 2022 
 

 
70 

 
Spring 2021 
 

 
82 

 
Spring 2020 
 

 
83 

Comments on Trend of Data 
(Improving or deteriorating) 

The class average for the spring 2022 semester 
showed a significant drop of 12 and 13 percentage 
points below those of spring 2021 and 2020 
respectively. 

*Expected  Semester Class Average    = 70% (or as defined by the program) 
                Ideal Semester Class Average            =75%  (or as defined by the program) 

 



 

End of Semester Course Assessment Reports 
   Spring 2022 and Last Two Assessment Periods. 

 

Each summary contains the following Information   

1.  Performance Statistics 
• Total number of students in class 
• The class average performance (stated as %) in each course outcome assessed 

in this class and the two previous times course was assessed.  
• The acceptable class average for the class in each outcome area as set by your 

Department.  
• Percentage of students who scored below the expected average in each 

outcome. 
 

2.  Implementation Summary 
• Brief summary of plans implemented during the semester based on last 

assessment report 
 

3.  Perceived Problems 
• Instructor’s  critical evaluation of perceived problems that affected students’ 

performance. Realistic problems should be identified throughout the semester 
and summarized in this section of the report. 

 

4.  New Plans for Addressing Problems 
• Instructor’s plans for addressing the perceived problems the next time the 

class is taught. These should be specific enough for another instructor to 
implement. Most of these should be things that, you, the instructor can 
implement to help students to improve. Be creative. 

 

5.  Overall Trend over last three assessment periods 
• Instructors summary of overall performance trend for each outcome 

measured over the last three periods. 
 

5.  Were Expectations Met? 
• Answer YES if the class average was above the expected average and the 

stated percentage of students scored at or above the expected average, else 
answer NO. 



Table 2.1 END OF SEMESTER COURSE OUTCOME ASSESSMENT REPORT 
CHEG 2333-P01: MATERIALS AND ENERGY BALANCES 

SPRING 2022 SEMESTER 
                                                                   Report Prepared by: Dr. Michael Gyamerah 
                                                                        Report Date: May 25, 2022 

 
 

Semester 

 
 

Analysis Type 

 
Number of 
Students 

Outcome D1 
An ability to identify, formulate, and solve engineering 

problems by applying principles of engineering, science, and 
mathematics.” 

 
Expected Class 

Average 

Expected Percent 
of students at or 
above average 

 
 

Class Average 

% Students 
meeting 
Expected 
Average 

Spring 2022 Direct 11 75 70 70 45.5 
Spring 2021 Direct 7 75 70 82 71.4 
Spring 2020 Direct 24 75 70 83 91.7 

Implementation 
Summary 

 The importance of the pre-requisite courses, Chemistry for 
Engineers (CHEM 1403), University Physics I (PHYS 
2325) and Intro to Computations in CHEG (CHEG 1202) 
were stressed at the start of the course. The introduction of a 
student centered active learning and instruction strategy was 
presented to the students. The students were informed about 
being assigned a pre-class reading assignment and quiz to be 
completed prior to class to assist students to be actively 
engaged and ask questions during class. Using their cell 
phones, students would respond to formative questions to 
assess their understanding and help resolve any 
misconceptions they may have about the course material.. 

Perceived 
Problems 

 Although the students did well on the pre-class reading 
assignments quizzes, they could not correctly respond to the 
same questions when slightly modified to test their 
understanding of the concepts. The students were 
inconsistent in following step-by-step approach to solving 
problems presented several times in class   .   

Plans for 
Addressing 
Problems 

  

The following is recommended for implementation: 
Students should be required to upload “bullet point notes” of 
the pre-class reading assignment in addition to taking the 
quiz. Students be asked to work in groups on the whiteboard 
during the newly created recitation section of the course that 
starts in the next fall 2022 semester 

Overall Trend over 
Periods 

 The performance of the students was below the expected 
class average. In addition, there was 12-13 percentage points 
drop in the class average compared to the previous two 
semesters.  

Were Expectations 
Met? 

Class Average ≥75% and ≥70% of 
Students Performed  at or Above 

Expected Average. 
 

NO 
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MATERIAL AND ENERGY BALANCE 
SPRING 2022 

 
        

Title of Assignment:  TEST 2 
 

TOPICS COVERED IN TEST 2 
 

 Test 2 covered the following topics: 
 

1. Degree of freedom analysis 
2. Mass balances on multiple-unit processes 
3. Bypass stream 
4. Fractional conversion 
5. Percent yield 
6. Extent of reaction 
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MATERIAL AND ENERGY BALANCE 

SPRING 2022 
 
 
 
 

SAMPLE TEST 1 QUESTIONS, SOLUTION,  
AND GRADING SCHEME FOR TEST 1 

 
 

Material and Energy Balances (Spring 2022): Exam 2 
 

May 2, 2022 
 
Answer all questions. You will be graded based on (1) your ability to apply knowledge of 
chemical reaction stoichiometry involving (i) processes with recycle and bypass, (ii) degrees 
of freedom analysis, (iii) and determine fractional conversion, percentage yield, selectivity 
and extents of reactions. 
Clarity of presentation would ensure that you do not lose all the points for a calculation if 
you should make a mistake. 
 
 
 

1. The process below is an evaporator for concentrating a salt solution prior to crystallization 
 

 
(i) Provide a sketch of the overall and subunits required for a degree of freedom (DOF) 

analysis 
(ii) Determine the degree of freedom (DOF) of the overall and each of the subunits 
(iii)Calculate m1, m2, m3 m4 and m5 
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2. The two reactions: 
C2H6                    C2H4 + H2 and  
C2H6 +H2                    2CH4  
take place in a continuous reactor at steady state. The feed is 85 mol/min of C2H6. The 
product leaving the reactor contains 42.4 mol of C2H6, 40 mol of C2H4, and 5.2 mol of CH4.  
 
If the fractional conversion is given by  ,  
the percentage yield = 

 
 
the selectivity  ,  
 
extent of reaction ξ=   
 
and for a set of reactions taking place in a batch or continuous steady-state reactor, the 
number of moles of species i at any time t is given by 
 
 ni =  etc, where ni0 = moles of i when time t = 0  and ξ1 and ξ2 etc are 
the extent of reactions 1, 2 etc and ϑi1 and ϑi2 are their stoichiometric coefficients 
respectively, 
   
Calculate: 

(a) The fractional conversion of C2H6 
(b) The percentage yield of C2H4 
(c) The selectivity of C2H4 relative to CH4 
(d) The extents of the first and second reactions 
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MATERIAL AND ENERGY BALANCE 

SPRING 2022 
 
        
 

Title of Assignment:  Homework 1 
 

TOPICS COVERED IN HOMEWORK 1 
 

  
1. Conversion of Units 
2. Dimensional Homogeneity and Dimensionless 
3. Process Data Presentation 
4. Basis of calculation and process calculations 
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MATERIAL AND ENERGY BALANCES 
SPRING 2022 

 
 

SAMPLE HOMEWORK 1 QUESTIONS, SOLUTION,  
AND GRADING SCHEME FOR HOMEWORK 1 

 
Material and Energy Balances (Spring 2022): Home Work 1 

 
February 21, 2022 

Due: February 28, 2022 
 
Answer all questions. You will be graded based on (1) your ability to apply knowledge of 
basic and intermediate mathematics involving algebra, differential and integral calculus, 
and (2) your ability to apply your knowledge of physics and chemistry. Clarity of 
presentation would ensure that you do not lose all the points for a calculation if you should 
make a mistake. 
 

1. The velocity v of a particle can be calculated from the following equation:   

 
where v = velocity in m/s 
α1 is in meters (m) 
α2 is in meters (m) 
 
If the equation is dimensionally consistent, what are the appropriate units for: 
 

i. A 
ii. B, and  

iii. C  
 

2. Two sulfuric acid solutions in water containing 20 wt % H2SO4 and 80 wt % are 
mixed. The mixed solution is 5.313 molar solution (5.313 mol H2SO4/L). The S.G. of 
the 20 wt % H2SO4 solution is 1.1398 and that of the 80 wt % H2SO4 solution is 
1.7272. The S.G. of the mixed solution is 5.313 molar solution is 1.3028. 
(i) Calculate the mass fraction of the H2SO4 in the mixed solution (product) formed 
(ii) Calculate the ratio (liters of 20 wt % H2SO4 solution)/(liters of 80 wt % H2SO4 

solution) 
(iii) How many liters of 80 wt % H2SO4 solution will be required to produce 1450 kg 

of 5.313 molar H2SO4 solution. 
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MATERIAL AND ENERGY BALANCES 
SPRING 2022 

 
 
 
 

MIDTERM EXAM 
 
 

TOPICS COVERED IN MIDTERM EXAM 
 

1. Units and Dimensions 
2. Conversion of Units 
3. Process Calculations 
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MATERIAL AND ENERGY BALANCE 
SPRING 2022 

 
 

SAMPLE MIDTERM EXAM QUESTIONS, SOLUTION,  
AND GRADING SCHEME FOR MIDTERM EXAM 

 
    

Material and Energy Balances (Spring 2022): Midterm Exam 
 

March 9, 2022 
 
Answer all questions. You will be graded based on (1) your ability to apply knowledge of 
basic and intermediate mathematics involving algebra, differential and integral calculus, 
and (2) your ability to apply your knowledge of physics and chemistry. Clarity of 
presentation would ensure that you do not lose all the points for a calculation if you should 
make a mistake. 
 
 

1. The fuel consumption of automobile A is 5.97 L of gasoline per 100 km. An automobile B 
averages 27.5 miles per gallon gasoline. You may take 1 mile = 1.6093 x 103 meters (m), 
and 1 gallon = 3.7854 L. 
(a) Calculate and determine the car with the better fuel efficiency 
(b) If each automobile is driven for 500 miles, what is the difference in the gallons of 

gasoline consumed?   
 

2. The production process for sodium hydroxide (NaOH) yields a 28 % by mass solution of 
sodium hydroxide in water. The 28 wt %  NaOH solution is to process that produces 100 
lbm per hour of 10 wt % NaOH solution. 
Calculate the quantities of the 28 wt % NaOH solution and the water needed to produce 
the product.  
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MATERIAL AND ENERGY BALANCE 
SPRING 2022 

 
 
 
 

FINAL EXAM 
 
 

TOPICS COVERED IN FINAL EXAM 
 

1. Molar compositions on wet and dry basis 
2. Degree of freedom analysis 
3. Balances on Multiple-Unit Processes 
4. Chemical Reaction Stoichiometry 
5. Balances on Reactive Processes 
6. Fractional conversion 
7. Percent yield 
8. Extent of reaction 
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MATERIAL AND ENERGY BALANCE 
SPRING 2022 

 
   SAMPLE FINAL EXAM QUESTIONS, SOLUTION,  

AND GRADING SCHEME FOR FINAL EXAM 
 

 
Material and Energy Balances (Spring 2022): Final Exam 

 
May 6, 2022 

Answer all questions. You will be graded based on (1) your ability to apply knowledge of 
mass balances and chemical reaction stoichiometry involving (i) processes with and without 
recycle and bypass, (ii) degrees of freedom analysis, (iii) and determine fractional 
conversion, percentage yield, selectivity and extents of reactions. 
Clarity of presentation would ensure that you do not lose all the points for a calculation if 
you should make a mistake. 
 
1. Dow Chemical Company produces NaOH (caustic soda) by electrolysis of salt (NaCl) solution 

in what is known as a membrane cell. The overall reaction for the electrolysis process can be 
represented as: 

 
2NaCl (aq) + H2O(l)           2NaOH (aq) + H2 (g) + Cl2 (g)  
 
If the electrolysis yields 30 % by mass NaOH solution,  
Calculate: 

(i) The quantity of water (H2O) that must be evaporated per ton (2000 lbm) of the product 
sold as 50 % by mass NaOH solution 

(ii) The quantity of 30 % by mass of the NaOH solution that needs to be processed 
(iii)The quantities of chlorine (Cl2) and hydrogen (H2) produced per ton (2000 lbm) of 50 % by 

mass NaOH solution 
 
2.  

 
(i) Provide a sketch of the overall and subunits required for a degree of freedom (DOF) analysis 
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(ii) Determine the degree of freedom (DOF) of the overall and each of the subunits 
(iii) Calculate m3, m4, m5 and m7 
 
3. (a) A gas contains 2 mol H2, 4 mol O2, and 4 mol H2O.  

i. Calculate the molar composition of hydrogen and oxygen on a dry basis? 
ii. Calculate the molar composition of hydrogen and oxygen on a wet basis? 

 
(b) The gas-phase reaction A + B --> C occurs in a closed, constant temperature vessel (batch 
process). The partial pressures of A and B at the start of the process are 1 bar and 2 bar, 
respectively.  
Calculate the total pressure in bar after 50% of the A is consumed?  
You may assume that PV = nRT 
 
4. The two reactions: 
N2O4                    2NO2 and  
N2O4                    [NO+][NO3

-]  
took place in a batch reactor fed with 100 mol of N2O4. The final product contains 10 mol of 
N2O4, 160 mol of NO2, and 10 mol of [NO+][NO3

-]. If the fractional conversion is given by 
 , the percentage yield = 

the selectivity  , and  

extent of reaction ξ=  
and for a set of reactions taking place in a batch or continuous steady-state reactor, the number of moles 
of species i at any time t is given by 

 ni =  etc, where ni0 = moles of i when time t = 0  and ξ1 and ξ2 etc are the extent of 
reactions 1, 2 etc and ϑi1 and ϑi2 are their stoichiometric coefficients respectively, 

Calculate: 
 

(e) The fractional conversion of N2O4 
(f) The percentage yield of NO2 
(g) The selectivity of NO2 relative to [NO+][NO3

-] 
(h) The extents of the first and second reactions 
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