
Energy Systems Modeling
ENV 716L.001

Nicholas School of the Environment - Duke University

Fall 2018

Class Hours: 8:30 to 9:45am Tuesday & Thursday (EH 1112)

Lab Session 1 (716.01L): 10:05 to 11:20am Friday (EH 1104)

Lab Session 2 (716.02L): 11:45 to 1:00pm Friday (EH 1104)

Instructor (lectures)

Luana Medeiros Marangon Lima

Office: EH 3101

e-mail: luana.marangon.lima@duke.edu

Office hours: Tue 10:00 - 11:30 am & Wed 3:00 to 4:00 pm, or by appointment

Instructor (lab sessions)

Timothy L. Johnson

Office: EH 3113

e-mail: timothy.l.johnson@duke.edu

Office hours: Mon 2:00 - 3:30 & Wed 9:30 to 10:30, or by appointment

Teaching Assistants and Graders

Churong Feng (churong.feng@duke.edu)

Manfei He (manfei.he@duke.edu)

Liyue Zhang (liyue.zhang@duke.edu)

Course Description and Objectives

This course is an introduction to the use of computer models and the methods of optimization

and simulation for students interested in the analysis of energy systems. The course covers the

formulation of optimization problems and simulation models and introduces available solution

methods. Our goal is to enable students to formulate, implement, and use their own quantita-

tive model to puzzle out problems related to private and public decision making in the context
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of the U.S. energy system and the environment. The applications and case studies presented

deal with problems of energy systems, their externalities, and the government policies that

affect them.

Course Prerequisites

College-level calculus (including partial derivatives of functions of several variables), proba-

bility theory, and basic linear algebra (how to write and solve systems of linear equations

in matrix form). Students should also be familiar with capital-sigma (
∑

) notation for

compactly representing summation of similar terms, and know the basics of Excel.

Readings

Readings as indicated in class schedule below. Many readings are available on the Internet or

through Duke library, while others are available via Sakai. Required readings begin with RR.

Optional readings begin with OR. You may want to purchase a copy of the “Excel Bible” by

John Walkenbach that corresponds to the version of Excel you will be using (i.e., Excel 2013

or Excel 2016). A number of optional readings recommended below come from this book and

are not posted on Sakai. You may read Duke Library’s online digital copy, but there is a limit

on the allowed number of concurrent viewers.

Course Format and Grading

The course consists of background lectures and discussion based on the readings. There will

be a set of assignments. Each assignment will be evaluated using a numbered grade (0-100)

and your overall grade will be determined using the following weights:

Assignments (9): 90% (10% each)

Lab Quizzes: 10%

Total: 100%

Letter grades of A+, A, A-, B+, B, B-, C+, C, C-, or F will be assigned according to numbered

grades in the following way:
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[97 − 100] A+

[93 − 97) A

[90 − 93) A-

[85 − 90) B+

[80 − 85) B

[75 − 80) B-

[70 − 75) C+

[65 − 70) C

[60 − 65) C-

Below 60 F

Course Assignments

There will be 9 assignments (Assignment 8 has two parts). Most assignments are to be sub-

mitted via Sakai. When an assignment asks for a hardcopy, students should print on both

sides and not use a cover sheet. Problem sets can be hand-written and then scanned only if

the text and math are written clearly and neatly. Points will be deducted for confusing or

disorganized submissions.

The assignments ask to apply concepts and tools learned in class.

Assignment Description Posted Date Due Date

1 Spreadsheet modeling 08/30 09/07

2 Analyzing large data sets in excel 09/06 09/14

3 Simple macros and functions 09/13 09/21

4
Formulation of mathematical programs,

09/20 09/28
graphical and excel solution to LP programs

5 Formulation and solution of LPs 09/27 10/05

6
Multi-period problems. Networks. Logical

10/04 10/12
constraints. Unit commitment problem

7 More on Networks 10/11 10/19

8a Review of probability theory 10/18 10/26

8b Probability Analysis 11/1 11/09

9 Monte Carlo Simulation 11/15 11/30

Students are encouraged to work in study groups of up to three people on these problem sets

and help each other learn. However, each student must submit his or her own copy of the
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assignment and it is a violation of the Nicholas School Honor Code to directly copy another

student’s work. Study groups are most effective when everyone attempts to do a problem set

BEFORE meeting as a group. Only those who really try to solve the problem on their own

will realize whether they understand the methods and their application. An answer key for

all assignments will be posted no later than 72 hours after the due date. Please take the time

to review the answer key and identify any mistakes you may have in your assignment and any

remaining questions you may have about the material.

Policy on late assignments. All assignments are due by 11:55PM on the posted due

date. Assignments submitted after the due date will lose 0.5 points per minute. Please

do not ask for exceptions. If you are ill or have a family emergency that prevents you

from being able to complete the assignment on time, please submit the web-based short-

term illness form prior to the due date. The short-term illness form can be found at:

http://trinity.duke.edu/undergraduate/academic-policies/illness. You are governed by the

Nicholas School Honor Code in completing this form (see below). An assignment that is

not submitted because of illness or a family emergency will be excluded from your grade cal-

culation (so the 90% of assignments will be based on 8 instead of 9 assignments). If your

illness or family situation prevents you from completing more than one assignment please

communicate this in a timely fashion.

Grade disputes. Students will be informed of the grade received in each assignment no later

than 12 days after the assignment has been submitted. Students who feel there has been a

mistake in the grading process should upload to Sakai a written document describing their

dispute no later than 7 days after the grades have been released. Please do not talk to or send

emails to the TAs, regarding your grades. There will be a separate grade dispute folder for

each assignment under the ”Assignments” tab in Sakai. The grade dispute document should

contain the following information:

1. The type of problem you found

• a factual error (like adding up the numbers wrong or referencing something that is

not there)

• an inconsistency error (standards were inconsistently applied between students)

• an interpretation dispute (you think you should have received more points)

2. A short description of the issue (possibly including why you should get more points)

3. References that explain where to find the supporting material (e.g. ”I put the graded
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document in your mailbox,” or ”My Excel model is in the digital dropbox and it is

named *.xls”...).

The interpretation disputes may require faculty input and may only be resolved at the end of

the semester. Others disputes will be resolved no more than 3 weeks after being submitted.

Although the grade dispute document needs to be uploaded no later than 7 days after the

graded assignments are returned, discrepancies occurring when there is an error in adding up

points for an assignment, or when the wrong grade has been uploaded (i.e. points appearing in

your ‘Gradebook’ on Sakai are different from points you actually received) have no expiration

date. Let us know anytime (by e-mail/in person during office hours) if you see such errors.

Quizzes

The first 15 minutes of the lab session will be a quiz on the material covered in previous

classes and assignments. Tim will solve the quiz immediately after students finish but there

will not be graded feedback on the quizzes. At the end of the semester, the quiz grade may

be raised for those students who attended all labs and lectures and participated actively and

constructively for their own benefit and the benefit of others. Students must remain silent and

look only at their quiz until all students have finished and Tim starts to discuss the solution.

We will not have makeup quizzes for any reason (please do not ask) but we will not take into

account your two worst quizzes.

Class Etiquette

You should take responsibility for your education. We expect students to attend every class

and get to class on time. If you must enter the class late, please do so quietly. Retain from

using phones and tablets for social media during class. Some classes will involve coding on

your laptop. We expect you to focus on the assignment and refrain from any web browsing

that may disrupt the progress of your work.

Your classmates deserve your respect and support. We will likely have students from many

different backgrounds and countries in this class and you should all feel comfortable and make

each other comfortable while participating.

Nicholas School Honor Code

All activities of Nicholas School students, including those in this course, are governed by the
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Duke Community Standard, 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 sign your

name beside it: “I have adhered to the Duke Community Standard in completing

this assignment.”

Class Topics and Schedule

The schedule below is subject to change. I may modify it throughout the course if extra time

is needed for some particular topics. I will provide updates in class and via Sakai.

Week Class Date Topic

1
Lec1 28-Aug Class Overview and Introductions

Lec2 30-Aug Spreadsheet Modeling

Lab1 31-Aug Review of basic energy terms and units

2
Lec3 04-Sep Excel for navigating large datasets (eGRID)

Lec4 06-Sep Excel for navigating large datasets (eGRID II)

Lab2 07-Sep Excel review

3
Lec5 11-Sep Solver and intro to Macros

Lec6 13-Sep More on Macros

Lab3 14-Sep Macros review

4
Lec7 18-Sep UDFs and Macros III

Lec8 20-Sep Intro to LP
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Week Class Date Topic

Lab4 21-Sep LP review

5
Lec9 25-Sep Shadow prices

Lec10 27-Sep LP in Excel and Shadow Prices

Lab5 28-Sep LP in Excel and Shadow Prices

6
Lec11 02-Oct More on post-optimality analysis and blending LP

Lec12 04-Oct More on blending problem - Cannonical and Standard -

Multi-period problem -

Lab6 05-Oct Blending problem review

7
- 09-Oct Fall Break - no class

Lec13 11-Oct Multi-period LP Models

Lab7 12-Oct Linear algebra

8
Lec14 16-Oct Intro to Networks - transportation networks

Lec15 18-Oct Transportation network with transhipment nodes

- 19-Oct NSOE retreat - no lab

9
Lec16 23-Oct Find shortest path and Maximum Flow in Networks

Lec17 25-Oct Networks as abstract representations of planning problems

Lab8 26-Oct Power system modeling

10

Lec18 30-Oct Optimal Power Generation Capacity Planning - Ontario

Hydro Example

Lec19 01-Nov Continuation of formulation of Capacity Planning Problem

Ontario Hydro

Lab9 02-Nov Probability review

11
Lec20 06-Nov Probabilistic analysis - Newsboy problem

Lec21 08-Nov Introduction to Montercarlo

7



Week Class Date Topic

Lab10 09-Nov Montecarlo review

12
Lec22 13-Nov Montecarlo simulation for analysis of a wind investment

Lec23 15-Nov Fitting and Generating Prob. Distributions in Excel

Lab11 16-Nov Random variable generation

13
Lec24 20-Nov Finishing MC simulation for wind investment

- 22-Nov Thanksgiving - no class

- 23-Nov Thanksgiving - no lab

14
Lec25 27-Nov Value at risk - Correlated RVs - Stochastic Processes

Lec26 29-Nov Stochastic Optimization

Lab12 30-Nov Practice data
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