
SERG 5002
Sustainable Energy Engineering

for Policy Students
Preliminary Course Outline

Instructor

Professor Ian Beausoleil-Morrison
Faculty of Engineering and Design
Carleton University
Canal Building 6209
Ian Beausoleil-Morrison@carleton.ca

Aim

This course introduces policy students to fundamental principles of engineering,
particularly as they relate to energy production, transformation, and consumption.

Course schedule

The class will meet twice weekly over the course of the term according the sched-
ule posted on Carleton Central. Lectures will be given during these times and the
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assigned readings will be discussed. Students will also present their project deliv-
erables during these class times and the class will discuss and agree strategies for
achieving the project objectives.

Teaching approach

Short lectures will be used to introduce each topic and to explain basic concepts.
Readings will frequently be assigned and these will be discussed during class, ei-
ther before or after the short lectures. Students will be expected to fully participate
in discussing the readings and lecture materials.

A major project (refer to the section entitled Project) will be conducted through
the entire duration of the course. This project will reinforce and support the lecture
material, and provide students with the opportunity to directly apply the concepts
that are covered in the lecture. Conducting this project will require students to
perform many simple engineering calculations and to draw upon data from reliable
sources to estimate energy requirements and greenhouse gas emissions, and to
predict how various technologies could be used to reduce these.

The entire class will work as a team to conduct the project, although each stu-
dent will be assigned specific responsibilities. At various points throughout the
term, the class will review and discuss individual deliverables and take collective
decisions on how to proceed to achieve the project goals. These sessions will
likely involve some group problem solving that draws upon the material covered
in preceding lectures.

Intended learning outcomes

Upon completion of this course students should be able to:

1. Describe the major energy end-uses in Ontario and Canada.

2. Explain the basic laws of thermodynamics in terms that can be understood
by non-technical audiences.

3. Understand the basic operating principles of electrical power generation
technologies, including nuclear, thermal, hydroelectric, wind, and solar.
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4. Perform basic engineering calculations to estimate the energy savings that
could be realized with various efficiency technologies.

5. Appreciate the technical challenges associated with substantially reducing
greenhouse gas emissions whilst maintaining energy services.

Reference materials

There is no required text for this course. Readings from magazines, journals,
books, and other sources will be assigned periodically. Most of these materials
will be available through the Carleton Library or freely available on the internet;
materials will be posted on cuLearn when this is not the case.

Project

Over the duration of the course, the students will work collectively on developing
a plan for Ontario to reduce its GHG emissions by 80%. This project will reinforce
and support the lecture material, and will highlight the relationship between policy
and technical measures.

The project will begin with a review of the current energy end-uses and GHG
emissions of various sectors and sub-sectors. Each student will be assigned a sub-
sector to analyze and will present a set of recommendations to the class. The
initial sub-sector report will be given orally (Deliverable 1) and will include a
summary of the sub-sector’s current GHG emissions and recommended targets to
reduce emissions through conservation measures (defined to be reduced activity,
e.g. fewer km driven) and through technical measures (energy efficiency and fuel
switching).

The class will discuss and debate these initial proposals, and agree upon targets
for each sub-sector to achieve the 80% GHG emissions reduction. It is expected
that many of these technical changes will necessitate a substantial increase on the
reliance of emissions-free electricity as a secondary energy source. Each student
will then submit a written report (Deliverable 2) detailing the agreed budgeted
secondary energy sources and GHG emissions for their assigned sub-sector.

3



SERG 5002–Sustainable Energy Engineering for Policy Students
Carleton University Fall 2016

Following this, each student will develop a technical plan for reforming their as-
signed sub-sector to adhere to the agreed budgets for secondary energy sources.
The initial plan will be presented orally (Deliverable 3) and will include a com-
prehensive listing and justification of assumptions and approximations. All rec-
ommendations will be supported by engineering calculations.

Through discussion, the class will estimate the impact these initial proposals will
have upon the central electricity system and may recommend changes to sub-
sector plans to lessen electrical demands during winter and summer peak periods.
Each student will then submit a written report (Deliverable 4) that will detail how
their technical plan will adhere to the budget previously agreed for their assigned
sub-sector’s secondary energy sources.

The final phase of the project is to determine how the central electricity must be
developed to supply the demands resulting from the agreed technical changes to
the sub-sectors. Each student will be assigned a power generation technology
(e.g. building-mounted solar photovoltaics, nuclear, run-of-river hydro) and will
perform calculations to determine that technology’s potential contributions. This
will include examining space requirements, siting options, transmission and distri-
bution requirements, dispatchability, seasonal and temporal performance, green-
house gas emissions intensity, and other environmental impacts.

Each student will describe the operation of their power generation technology
orally to the class (Deliverable 5) and will detail their assumptions and calcula-
tions in a written report (Deliverable 6). An analysis will be conducted of that
power generation option, detailing its capabilities for dispatch, GHG emissions
intensity, space requirements, and

The following table specifies the due dates for each deliverable. Late submissions
will not be accepted and a grade of zero will be assigned for the deliverable.
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Oral presentation on sub-sectoral targets (Deliv-
erable 1)

September 29 to Octo-
ber 4 (depends on sub-
sector)

Written report on sub-sectoral targets (Deliver-
able 2)

October 11 @ 7h

Oral presentation on technical plan for achiev-
ing sub-sectoral targets (Deliverable 3)

October 27 to Novem-
ber 1 (depends on sub-
sector)

Written report on technical plan for achieving
sub-sectoral targets (Deliverable 4)

November 7 @ 7h

Oral presentation on power generating technol-
ogy (Deliverable 5)

December 6 to 8 (de-
pends on technology)

Written report on power generating technology
(Deliverable 6)

December 9 @ 23h

Final exam

The final exam will be scheduled by the university during the final exam period.
This will be a closed-book examination that draws mainly upon material presented
during the lectures, assigned readings, and class discussions.

Level of effort

The following table provides guidance on the level of effort expected to success-
fully complete the course.

In-class contact time 37.5 hours
Assigned readings 12 hours
Project work 30 hours
Presentations and written reports 15 hours
Reviewing for and writing final exam 5 hours
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Marking scheme

Oral presentation on sub-sectoral targets (Deliverable 1) 5%
Written report on sub-sectoral targets (Deliverable 2) 10%
Oral presentation on technical plan for achieving sub-
sectoral targets (Deliverable 3)

10%

Written report on technical plan for achieving sub-sectoral
targets (Deliverable 4)

15%

Oral presentation on power generating technology (Deliver-
able 5)

10%

Written report on power generating technology (Deliverable
6)

20%

Participation during in-class discussions 10%
Final exam 20%
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Topics covered

Introduction • World and Canadian energy situations.
• History of energy conversion and utilization.
• Energy conversion and climate change.
• What is sustainable energy?
• Thermodynamics and the science of energy defined.
• Brief of class project.

Thermodynamics • Forms of energy.
• Work and heat transfer.
• Energy conversion and the 1st law.
• Modes of heat transfer.
• Entropy and the 2nd law.
• Units of measure.
• Efficiency defined.
• Power cycles.
• Combustion reactions.

Buildings • Energy end uses.
• Construction approaches and impact on energy flows.
• Estimating energy consumption.
• Energy codes, LEED, R-2000, Passivhaus, net-zero.

Transportation • Overview of transportation sector.
• Otto and diesel engines.
• Hydrid engines.
• Electric vehicles.

Industry • Overview of the industrial sector.
• Process heating.
• Chemical reactions.
• Motor-driven equipment and equipment handling.

Fossil fuels • Petroleum extraction and refining.
• Oil sands extraction and processing.
• Conventional gas extraction and fracking.
• Grades of coal and mining.
• Pipelines and transportation.
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Electricity • Electricity and magnetism.
• Conversion from mechanical to electrical energy.
• Generators and inverters.
• Electrical grid: transmission, distribution.
• Balancing supply and demand.
• Generation options: dispatchable vs non-dispatchable.
• Energy storage.

Hydro and wind power • Types of hydroelectric facilities.
• Types of dams.
• Hydraulic turbines and generators.
• Wind turbines.
• Availability and forecasting
• Environmental impacts.

Nuclear power plants • Atoms and nuclear reactions.
• Light water reactors.
• Heavy water reactors.
• Waste and safety issues.

Thermal power plants • Rankine cycles.
• Brayton cycles.
• Combined cycles.
• Coal-fired power plant.
• Natural gas power plants.
• Carbon capture and storage.

Solar energy • Solar radiation.
• Solar thermal collectors and heating systems.
• Solar thermal power systems.
• Photovoltaics.
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Academic accommodation

You may need special arrangements to meet your academic obligations during the
term. For an accommodation request the processes are as follows:

Pregnancy obligation: write to me with any requests for academic accommo-
dation during the first two weeks of class, or as soon as possible after the need
for accommodation is known to exist. For more details visit the Equity Services
website.

Religious obligation: write to me with any requests for academic accommoda-
tion during the first two weeks of class, or as soon as possible after the need for
accommodation is known to exist. For more details visit the Equity Services web-
site.

Students with disabilities: The Paul Menton Centre for Students with Disabili-
ties (PMC) provides services to students with Learning Disabilities (LD), psychi-
atric/mental health disabilities, Attention Deficit Hyperactivity Disorder (ADHD),
Autism Spectrum Disorders (ASD), chronic medical conditions, and impairments
in mobility, hearing, and vision. If you have a disability requiring academic ac-
commodations in this course, please contact PMC at 613-520-6608 or pmc@carleton.ca
for a formal evaluation. If you are already registered with the PMC, contact your
PMC coordinator to send the instructor your Letter of Accommodation at the be-
ginning of the term, and no later than two weeks before the first in-class scheduled
test or exam requiring accommodation (if applicable). After requesting accommo-
dation from PMC, schedule a meeting with the instructor to ensure accommoda-
tion arrangements are made. Please consult the PMC website for the deadline to
request accommodations for the formally-scheduled exam (if applicable).

You can visit the Equity Services website to view the policies and to obtain more
detailed information on academic accommodation.
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