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Energy Technology and its Impact on the Environment 
ENVIRON/ENERGY 631—Spring 2019 

 
Tuesday and Thursday, 10:05 to 11:20 
Environment Hall 1112 (Field Auditorium) 
 
Instructor 
Tim Johnson, Associate Professor of the Practice in Energy and the Environment, and Energy and 
Environment MEM Program Chair 
timothy.l.johnson@duke.edu | 919-681-9339 | Environment Hall 3113 
Office hours: Monday 2:00 to 3:30 and Wednesday 9:30 to 10:30, or by appointment 
 
Teaching Assistants 
Eric Burton (EE MEM 2019) | eric.burton@duke.edu   
Office hours: Tuesday and Thursday 11:30 to 12:30, Grainger Hall 4th floor commons area 
 
Mengdi Wang (EE MEM 2019) | mengdi.wang@duke.edu   
Office hours: Thursday 4:00 to 5:00 and Friday 10:00 to 11:00, Grainger Hall 4th floor commons area 
 
Course Description and Learning Objectives 
While the availability of affordable, abundant, and secure energy resources is essential to our quality of 
life, the supply and use of energy create significant negative impacts across environmental media.  
Though technology change alone will not solve these problems, the development of robust solutions 
requires an awareness of the factors that drive the design and performance of both current and 
emerging energy technologies.  Fundamentals concepts of energy science are basic to this 
understanding.  But just as assessing the impact of our energy dependence on the environment requires 
more than technological considerations, evaluating the role that individual technologies and larger 
technical systems might play in future mitigation efforts requires consideration of the larger context of 
their use.  Technology fundamentals limit what is possible; economics and policy, as well as behavioral 
and institutional dynamics, determine what is feasible. 
 
This course examines conventional and emerging energy technologies in this larger context, with a focus 
on electricity generation, power system planning, vehicle design, and net zero energy building 
construction.  While the material is grounded in the basics of energy science (such as thermodynamics 
and electromagnetics) and uses this knowledge to explore the design and operation of technical 
systems, the course stresses how technology interacts with economics, policy, and other social factors 
to affect its use.  By the end of the semester, students will be able to: 

 Describe trends in the development of conventional and emerging energy technologies, as well 
as the social, regulatory, and economic factors that shape these dynamics; 

 Apply basic energy science principles to describe the operation of and improvement potential 
for both conventional and emerging technologies; 
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 Critically evaluate assumptions behind claims about the performance, economics, and 
environmental impacts of energy technologies, and appreciate tradeoffs among these factors; 

 Assess the extent to which improvements in conventional energy technologies, as well as the 
further development and deployment of renewable and other “green” technologies, may help 
achieve environmental goals across media (air, land, and water); 

 Explain how designers and operators of energy systems approach their work. 
 
Course Format 
Class time will consist of background lectures, discussions based on readings and the material presented 
in class, small group problem solving and other participatory exercises, and team-based student 
presentations.   
 
Prerequisites 
Energy and the Environment (either the undergraduate ENVIRON 231/330 or the grad-level ENVIRON 
711) is a prerequisite, and I will be picking up where the class left off at the end of Fall Semester 2018 
without much of a review.  While the sequence of topics is similar, I will assume that students have the 
energy system foundation ENVIRON 231/330/711 provides and will therefore not spend time on review.  
Note that I will also assume this level of background knowledge on assignments and exams.  Additional 
reading and self-study will be required of students without this background. 
 
Coursework and Grading (Graduate and Undergraduate) 
Your grade will be based on the following: 
Assignments   20% 
Project   20% (All group members receive the same grade) 
Exam 1   30%  
Exam 2   30%  
 
Assignments will consist of quantitative problem solving and short-answer reflective questions.  Due 
dates follow, though note that these are subject to change.  You must complete each assignment 
individually; though you may discuss assignment questions with your colleagues, the work you submit 
must be your own (per the Duke Honor Code).    
 
Assignment Due Date 

1 25 Jan 
2 08 Feb 
3 22 Feb 
4 08 Mar 
5 25 Mar 
6 05 Apr 
7 15 Apr 

 
The Project will give you an opportunity to explore an emerging energy technology or system that we 
would not otherwise cover in class.  Examples include, but are not limited to, tidal, ocean, and 
geothermal power; algal biofuels; advanced battery designs; and similar concepts.  Working in groups, 
you will prepare a class presentation and submit a short research brief.  Details will follow in a separate 
handout.  Note that one class presentation session will fall mid-semester (March 7th), while the second 
will occur at the end of the term (April 11th).  Final reports will be due April 19th. 
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The Exams will take place in class on Feb. 26th and April 16th and consist of a mix of quantitative and 
short-answer written problems.  While you will need a calculator, you may not use a computer 
(including smartphone and tablet apps) on the exam.  We will not have a separate final exam after 
classes end. 
 
I will use the following rubric to translate your cumulate weighted score (percentage) into a final grade: 
 
[99 to 100] A+ [80 to 83) B- 
[93 to 99) A [77 to 80) C+ 
[90 to 93) A- [73 to 77) C 
[87 to 90) B+ [70 to 73) C- 
[83 to 87) B Below 70 F 
 
Policy on late assignments and absences during exams 
All assignments must be uploaded to Sakai by the posted due date.  Assignments handed in after the 
posted deadline will incur a 25 point penalty for each 24 hour period they are late.  Assignments 
submitted more than 3 days (72 hours) after the posted due date and time will not receive credit.  
Please do not ask for exceptions. 
 
Exams cannot be made up, and unexcused absences will result in a failing grade on the test.  I will 
make exceptions only for serious illnesses and personal emergencies.   
 
If you are sick and cannot complete assigned work, you must complete a Short-Term Illness Notification 
Form (STINF) at: http://trinity.duke.edu/undergraduate/academic-policies/illness.  The website provides 
instructions, but note the following text: “Definition of Incapacitation:  An incapacitating illness or injury 
is one in which you are hospitalized, under medical care for a short-term condition, or otherwise 
sufficiently debilitated as to be unable to perform basic academic tasks. Colds, headaches, or other such 
mild complaints that result in your feeling less than 100% are not considered incapacitating, and you 
should not use the STINF in such instances. Appropriate uses of the STINF might include such conditions 
as influenza, migraine, sinus infection, and strep throat.”  In the event of something even more serious, 
of course, I will make every effort to accommodate your situation. 
 
Readings 
Readings are available on Sakai (under Resources/Class Readings) or via web links to public documents 
and information resources (we will not use a separate textbook).  The schedule below lists reading 
assignments, which you must complete prior to each day’s class.  I may also assign additional readings 
based on your interest in related topics.  Your job is to read critically and use the factual basis we 
develop in class to reach your own conclusions about the issues we discuss. 
 
Sakai 
All registered students will have access to our Sakai website.  Course materials, including assignments 
and readings, are available on the site. 
 
Classroom Etiquette  
Please arrive on time and refrain from checking email and social media, texting, and websurfing while 
we are together.  These activities are more obvious that you might think, and I will not hesitate to cold 
call anyone who appears to be using their device for anything other than notetaking or researching the 

http://trinity.duke.edu/undergraduate/academic-policies/illness
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occasional discussion question.  If I feel that electronic media are becoming too much of a distraction, I 
will ask you to turn off and store all phones, tablets, and laptops during class. 
 
My Expectations of You 
This is your course.  At minimum, I expect you to attend class and be an active participant, which, in 
turn, requires that you prepare for each class in advance and arrive having completed the readings and 
other assignments.  I also expect you to have an open mind, but to think critically and use what we learn 
in making your own judgments.   
 
In addition, if you have suggestions on how to improve the course, please let me know.  Feedback 
received midstream can be more useful (to you and me) than end-of-term evaluations, and I am happy 
to make reasonable changes if a majority concurs. 
 
What You Can Expect from Me 
I’m here to help you learn.  I understand and appreciate the diversity in your backgrounds, interests, and 
analytical strengths, and have tried to design the course to accommodate these differences while 
providing opportunities to help you develop in new areas.  Again, I appreciate feedback.  I’m available 
during my office hours if you have questions about the class (or life in general), and am happy to find 
mutually agreeable times outside of these windows to meet.  Just let me know what works best for you. 
 
Nicholas School Honor Code and the Duke Community Standard 
All activities of Nicholas School students, including those in this course, are governed by the Duke 
Community Standard (http://integrity.duke.edu/standard.html), which states:  
 
“Duke University is a community dedicated to scholarship, leadership, and service and to the principles 
of honesty, fairness, respect, and accountability. Citizens of this community commit to reflect upon and 
uphold these principles in all academic and nonacademic endeavors, and to protect and promote a 
culture of integrity. To uphold the Duke Community Standard: 
 
• I will not lie, cheat, or steal in my academic endeavors;  
• I will conduct myself honorably in all my endeavors; and  
• I will act if the Standard is compromised.” 
 
Please add the following affirmation to the end of all assignments and your projects, and sign your 
name beside it: “I have adhered to the Duke Community Standard in completing this assignment.” 
 
Schedule 
This schedule below is subject to change, and I may modify it as we go along if extra time is needed (or 
desired) for particular topics.  I’ll provide updates in class and via email.  See above for assignment and 
project due dates.  The bibliography below provides full reading citations. 
 
 

CLASS DATE TOPIC READINGS 

1 
10-Jan 

(Th) 

Introductions and class overview; 
Review 

-- 

http://integrity.duke.edu/standard.html
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CLASS DATE TOPIC READINGS 

2 
15-Jan 

(Tu) 
Comparing technology costs 

ENVIRON 631 LCOE Notes 

Lazard’s Levelized Costs of Energy 
Analysis—Version 12.0 

3 
17-Jan 

(Th) 
Electricity generation and transmission 

The Future of the Electric Grid, 
Appendices A and B (pages 235 to 260) 

Reactive Power Primer 

Electric Power Systems, Sections 4.1 to 
4.3.1 (pages 85 to 101) 

The Future of the Electric Grid, 
Chapters 1 and 2 (pages 1 to 52) 

A Primer on Electric Power Flow for 
Economists and Utility Planners, 
Chapter 3 (pages 3-1 to 3-17) 

4 
22-Jan 

(Tu) 
Electricity generation and transmission See Class 3 

5 
24-Jan 

(Th) 
Electricity generation and transmission See Class 3 

6 
29-Jan 

(Tu) 
Electricity generation and transmission See Class 3 

7 
31-Jan 

(Th) 
Electricity generation and transmission See Class 3 

8 
05-Feb 

(Tu) 
Steam cycle overview, Rankine cycles 

Energy for Sustainability, Sections 
4.5.4, 4.5.5, and 10.5 (pages 136 to 141 
and 410 to 413) 

The Future of Coal, Appendix 3.A (pp. 
109 to 113) 

Introduction to Engineering and the 
Environment, Sections 5.1 to 5.5 (pages 
162 to 210) 

More Power from Below 

9 
07-Feb 

(Th) 
Steam cycle overview, Rankine cycles See Class 8 
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CLASS DATE TOPIC READINGS 

10 
12-Feb 

(Tu) 
Steam cycle overview, Rankine cycles See Class 8 

11 
14-Feb 

(Th) 
Steam cycle overview, Rankine cycles See Class 8 

12 
19-Feb 

(Tu) 

Clean coal and Carbon Capture and 
Storage 

The Outlook for Improved Carbon 
Capture Technology, Sections 1 and 2 
(pages 630 to 638) 

Fossil Power, Guilt Free 

Turbines Can Use CO2 to Cut CO2
 

13 
21-Feb 

(Th) 
Nuclear power 

Energy Systems and Sustainability, 
Chapter 11 ("The Future of Nuclear 
Power," pages 427 to 464)  

US Nuclear Power: The Vanishing Low-
Carbon Wedge 

14 
26-Feb 

(Tu) 
EXAM 1 -- 

15 
28-Feb 

(Th) 
Solar power: CSP and PV 

The Future of Solar Energy, Chapters 1, 
2, and 3 plus Appendices A and B 
(pages 1 to 73 and 253 to 283) 

16 
05-Mar 

(Tu) 
Solar power: PV See Class 15 

17 
07-Mar 

(Th) 
Project presentations: Round 1 -- 

-- 
12-Mar 

(Tu) 
Spring Break -- 

-- 
14-Mar 

(Th) 
Spring Break -- 

18 
19-Mar 

(Tu) 
Wind power 

Energy Systems Engineering, Chapter 
13 ("Wind Energy Systems," pages 399 
to 443) 
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CLASS DATE TOPIC READINGS 

19 
21-Mar 

(Th) 
Wind power See Class 18 

20 
26-Mar 

(Tu) 

Storage and variable energy resource 
integration 

Electrical Energy Storage for the Grid: A 
Battery of Choices 

The Future of Solar Energy, Appendix C 
(pages 285 to 294 only) 

Mind the Storage Gap: How Much 
Flexibility Do We Need for a High-
Renewables Grid? 

What the Duck Curve Tells Us about 
Managing a Green Grid  

Not Your Grandma's DER 

21 
28-Mar 

(Th) 
Vehicle design 

Emerging Technologies for Higher Fuel 
Economy Automobile Standards 

22 
02-Apr 

(Tu) 

Vehicle design; Net zero energy 
building design 

See Class 21; Net Zero Energy Design, 
selections from Chapter 6 

-- 
04-Apr 

(Th) 
NSOE MP Symposium  -- 

23 
09-Apr 

(Tu) 
Net zero energy building design 

Net Zero Energy Design, selections 
from Chapter 6 

24 
11-Apr 

(Th) 
Project presentations: Round 2 -- 

25 
16-Apr 

(Tu) 
EXAM 2 -- 
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