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HVDC-LEARN: Modular Education & Workforce Training 

in High Voltage Direct Current Electric Transmission

Module Development Points

• Project website: home.engineering.iastate.edu/~jdm/hvdclearn/index.htm

• Repository: https://drive.google.com/drive/folders/1Hp72iszP8rgjQ4OuhH-wms_fySFEFBXY 

http://home.engineering.iastate.edu/~jdm/hvdclearn/index.htm
https://drive.google.com/drive/folders/1Hp72iszP8rgjQ4OuhH-wms_fySFEFBXY
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Mo

d 

ID

Module title Person/

school

Completion 

target

Status

7a Pt 2 pt onshore & offshore apps (Early completion is goal) McCalley/ISU Q1 100% complete.

1c Intro to HVDC for offshore wind Fang/MS Q2 90% complete.

1b Intro to HVDC for offshore wind Li/UTK Q2 75% complete.

1a Intro to HVDC technology Lof/Tufts Q4 Developed structure  

15% complete.

3d Modular multilevel converter as HVDC cnvrtr interface 
and its control

Tolbert/UTK Q3 Developed structure  

75% complete.

3b Power electronics 101: Fundamentals of switching pwr 

conv+EMT

Mehrizi-Sani/VT Q3 Developed structure  

15% complete.

5a HVDC fault management & protection systems Wallace/MS Q4 Developed structure  

20% complete.

2b VSC-HVDC converter station technologies Cui/NCSU Q4 Developed structure 

15% complete. 

4d Offshore HVDC cnvrtr grid forming controller design for 
black start capability

Nazir/Clemson Q4 70% complete.

Progress on module development (yr 1 modules only, as of 1/16/24)

PLEASE E-MAIL ME YOUR 

MODULE STATUS (% 

COMPLETE) AS OF TODAY.
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What is a module? Self-contained “mini-textbook”5-30 pages; can be more (Mod7a is 42 pages).

B-2: FRONT MATTER 
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Module Development Points (boxed items have example slides)

A. General comments:
1. Like textbook development, takes longer than planned.

2. I find it hard to use graduate stdnts in developing modules

3. It requires much digging into other resources (texts, 

papers, internet, etc.).

4. Use existing textbooks but do not duplicate what is 

already in them; should add value to HVDC literature.

5. Original figures and simulation results take time to 

develop (student help is thinkable for these).

6. It is useful to review it yourself several times after 

completing it.

7. Look for ways to include visualizations, certainly figures 

but also photos, animations, videos (emphasized by DOE).

8. Look to include “Industry Insights,” (ideas, methods, views 

from industry & relating to module content). See Mod7a 

for 4 examples (well-liked by DOE).

9. Point to references to facilitate reader follow-up.

10. Write (sectionally?) for multiple audiences: university engr 

courses;  industry-short courses; community colleges; 

regulatory & policy groups; individual learning. 

B. Module requirements:
1. Module should use our standard format (start from mod7a). This 

includes using “Styles” for headings and “References” for 

footnotes, endnotes, and “Crossreference” for auto-citing. See 

“Template.doc.”

2. Front matter includes mod ID/title, logo, chart w/ learning 

objectives, 1-par abstract, tables of contents, figures, tables, 

acronyms, nomenclature, see previous slide.

3. Where appropriate, provide references to other modules, even if 

they do not yet exist. “Final 35-module product should be heavily 

interconnected.”

4. Include a last section on “Energy equity issues related to 

Module_Topic.” Spend time considering this. You may need to 

discuss with a person well-versed in energy equity issues*. See 

Mod7a for what was done there.

5. Treat your topic for both on & offshore issues, if appropriate.

6. Include “Summary of main learning points” at the end of text.

7. Put problems/question at end, with solutions.

8. Seek permission for borrowed figures; indicate “Source: XYZ, 

used with permission.” Retain communications granting 

permission. What if figure creator & his/her organization/publisher no longer exists?

* 3 board members able to facilitate energy equity thinking. Sam Fried, Samantha.Fried@tufts.edu, (Tufts Program Manager for Science, Technology, Society and Civic Studies) has teaching/research experience on energy transition, civically-engaged 

STEM education, & environmental justice/equity. Betsy Frederick betsyfred@hotmail.com & Bonnie Bain bbain@salemsafe.org are with environmental justice advocacy group, “Salem Alliance for the Environment.” (SAFE).

https://docs.google.com/document/d/1aWcTYml4RC6LX31khl4Ga8DjJuRz4n4x/edit?usp=drive_link&ouid=112551988304916300121&rtpof=true&sd=true
mailto:Samantha.Fried@tufts.edu
mailto:betsyfred@hotmail.com
mailto:bbain@salemsafe.org
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A-5: Examples of original figures that took time to develop
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A-7: Visualization – ways to include photos, animations, videos
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A-8: Look to include “Industry Insight”
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A-9: Point to references to enable reader follow-up

p. 24

p. 4
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Do three things:
1. Existing modules: Scan the table of contents of 

existing modules to see if there is a section in 

an existing module that addresses a topic 

touched on in your module. 

      ➔Add reference to “Section k, 

          Module XYZ” accordingly. 

2. Planned modules: Page through the module 

abstracts (or at least scan the module list to 

the right) to identify modules addressing a 

topic touched on in your module. 

      ➔Add reference to “Module XYZ” accordingly. 

3. In your module, reference other modules using 

singular form “module” to make such 

references easy to find if we add links later, 

i.e., use “Module 2a and Module 2b” rather 

than “Modules 2a and 2b.”

(yellow to be completed year 1; blue in year 2; white in year 3)  

B-3: Reference other modules

“Final 35-module product should be 

heavily interconnected !!!”

https://docs.google.com/document/d/1HFTUP9p8RdtRDW_f-zGg9WFV7dwSYyOB/edit
https://docs.google.com/document/d/1HFTUP9p8RdtRDW_f-zGg9WFV7dwSYyOB/edit
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B-4: Section on Energy Equity Issues
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B-5: Treat both onshore & offshore systems
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B-6: Summary of main learning points



13U.S. DEPARTMENT OF ENERGY       OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY

B-7: Problems/questions at the end, w/solutions
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Some last items
1. I need to know whether you have hired anyone on HVDC-Learn, 

position (1/2-time RA?), and whether they are female or minority.

2. Yr 1 modules need to be well-underway – please email me status of 

your module as of today (table on right gives 11/18 status).

3. We have decided to have yr 1 short course in Boston, hosted by 

Tufts, since focus is on OSW & there is significant OSW interest/ 

activities in Boston area. See slides 16-19. Give input on dates:
• Week of 3/10-3/14

• Week of 3/17-21 (Spring break at ISU)

• Week of 3/24-28

• Week of 3/31-4/4

• Week of 5/5-5/9

• Week of 5/12-5/16 (latter part of week not good for JDM)

• Week of 5/19-5/23

• Week of 5/26-5/30

• Week of 6/2-6/6

• Week of 6/9-6/13 (not good for PAL)

• Week of 6/16-6/20 (not good for PAL)

4. Multischool senior design projects: Who can do this Sp ‘2025?

5. If you don’t have a yr 1 module, consider to get an early start 

working on your yr 2 or yr 3 modules.

6. There is a module review/dissemination process that will be 

provided by ISU library at no cost – see slide 15 (next slide).

Weeks Leon is available:
• Week of 3/24-28
• Week of 3/31-4/4
• Week of 5/5-5/9
• Week of 5/12-5/16 
• Week of 5/19-5/23
• Week of 5/26-5/30
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Module review/dissemination process

• Logistics led by Hantao Cui of NC State University and J. McCalley of Iowa State University

• Original approach was that Hantao would create module conversion process: Word to Jupyter

• Jupyter was attractive because it facilitates interlinkage, web deployment, and animation/videos.

• We are considering to shift from developing our own process using Jupyter to using Iowa State Library 

Services, which are available at no cost. These services include the following:

– Software for coordinating module review

– Conversion of module to Pressbooks (https://pressbooks.com/) which has capabilities similar to Jupyter

– Facilitate DOI assignment, market to peer institutions for adoption, catalogue to enhance findability, facilitate 

dissemination, and support re-use and repackaging, all without restricting where and how authors can 

disseminate their modules;

– Authors receive credit towards a peer-reviewed library-available work;

• Module development workflow, with ISU Library Services, will be as follows:

1. All modules written in Word. 
2. Appropriate permissions for reuse of figures, videos, animations obtained by author.
3. Module reviewed using ISU Digital Press journal management software. Project faculty coordinate review process.
4. Final module converted to Pressbook form to facilitate (i) interlinkage between modules; (ii) use of videos & animations.
5. Module is published.

https://pressbooks.com/
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Short-course on HVDC

• 3 short courses developed over 3 yrs of project. Each 8-hr short-course delivered by end of

each project year. Logistics led by Xin Fang of Mississippi State Unvrsty.

• Year 1 short course “Introduction of HVDC for offshore wind”

This short course, "Introduction of HVDC for Offshore Wind," provides a comprehensive overview of high voltage direct 
current (HVDC) technology and its application in offshore wind power integration. The course is structured into six key 
subtopics, each delivered by experts in the field over a total of approximately 8 hours.
1. Introduction of HVDC technology, 1.5 hour Lof/Tufts, Module 1a

2. Application Guide for HVDC transmission, 1 hour Li/UTK, Module 1b

3. Point to Point HVDC and offshore grids, 1.5 hour McCalley/ISU, Module 7a

4. HVDC application in offshore wind power integration, 1 hour Fang/MSU, Module 1c

5. Modular multilevel converter design, 1.5 hour Tolbert/UTK, Module 3d

6. VSC-HVDC Converter station technologies, 1.5 hour Cui/NCSU, Module 2b

• Logistics:
Date: Two days between 3/25 and 6/25.

Time: Day 1, 1-5pm; Day 2, 8-noon. 

Location: Boston, hosted by Tufts.

Mode: Live and virtual; Professional development hours (PDHs) provided.

Materials: Six (of our nine) year 1 textual modules, each with accompanying powerpoint slides

Year 2 topic: Onshore HVDC design, 
operation, protection & control.
Year 3 topic: Multiterminal HVDC.
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Course outcomes: 
This course equips professionals with essential knowledge to navigate the complexities of integrating offshore wind power 
using HVDC technology. It addresses both the theoretical and practical aspects, preparing participants to tackle current 
challenges and to leverage future opportunities in the evolving landscape of power transmission and renewable energy 
integration. By completing this course, participants will:

• Gain a foundational understanding of HVDC technology and its historical context.

• Understand technical and economic advantages of HVDC transmission, especially in offshore wind applications.

• Learn the design and operation of P2P HVDC systems and their components.

• Acquire knowledge on integrating offshore wind power plants using HVDC, including equipment sizing and 
economic considerations.

• Understand design principles of MMCs and their role in HVDC systems.

• Familiarize with VSC-HVDC converter station technologies and their integration with AC grids.

Short-course on HVDC
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1. Introduction of HVDC technology (1.5 hours, Lof/Tufts)
The course begins with an introduction to HVDC technology, tracing its historical evolution from the late 19th-century "war 
of the currents" between DC and AC systems. It covers the resurgence of HVDC interest post-World War I, the 
development of mercury valves and thyristors, and the establishment of the first commercial HVDC interconnection in 
1954. This section sets the foundation by explaining how HVDC systems enable efficient long-distance power 
transmission, particularly advantageous for underwater cables and interconnecting non-synchronous power grids.

2. Application Guide for HVDC Transmission (1 hour, Li/UTK) 
The second segment provides an application guide for HVDC transmission, exploring current applications and future potentials. It 
discusses the technical and economic advantages of HVDC over HVAC systems, such as reduced transmission losses and 
improved grid stability. Real-world examples illustrate how HVDC is implemented in various scenarios, including long-distance 
transmission and back-to-back systems for network interconnection and power flow control.

3. Point-to-point HVDC and offshore grids (1.5 hours, McCalley/ISU) 
This part focuses on Point-to-Point (P2P) HVDC systems, the most common HVDC design connecting two converter 
terminals via a direct current transmission path. It covers the basics of P2P design, including components such as 
converters, protection systems, filters, and conductors. The session examines different configurations—monopolar and 
bipolar—and describes applications such as overhead lines, back-to-back stations, underground cables, and submarine 
links, supplemented with descriptive examples. Offshore designs for both point-to-point will be described and compared 
to offshore backbone/meshed designs. 

Short-courses on HVDC – topical summary
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4. HVDC Application in Offshore Wind Power Integration (1 hr, Fang/MSU)
The fourth segment delves into the application of HVDC in the integration of offshore wind power. As offshore wind farms increase 
in size and are located further from shore, HVDC becomes a more efficient solution compared to traditional AC connections. This 
section discusses offshore wind power plant topologies, equipment sizing, and compares the economics of offshore AC and DC 
transmission options. It highlights how HVDC technology addresses challenges related to distance and grid connection, 
enhancing the reliability and efficiency of power delivery from offshore installations.

5. Modular multilevel converter design (1.5 hr, Tolbert/UTK) 
This section explores the design of Modular Multilevel Converters (MMC), which are critical in HVDC systems for handling high 
voltage levels using low-voltage power electronic devices like Insulated Gate Bipolar Transistors (IGBTs). Topics include the 
structure and operation of MMCs, submodule functions, equivalent circuit derivation, and operation principles. Various 
modulation methods are covered, such as nearest level control and different Pulse Width Modulation (PWM) techniques. The 
session also addresses design challenges such as circulating current control, capacitor balancing, and arm inductance design.

6. VSC-HVDC Converter Station Technologies (1.5 hours, Cui/NC State) 
This section provides an overview of Voltage Source Converter (VSC) HVDC converter station technologies, essential for 
asynchronously connecting DC systems like offshore wind farms to AC grids. It covers the historical development of VSC HVDC 
technology and compares it with Line Commutated Converter (LCC) HVDC systems. Key components such as power electronic 
devices (IGBTs, capacitors, reactors), converter transformers, and AC/DC switchgear are discussed. The operational principles, 
control strategies, modulation techniques (including PWM and Space Vector Modulation) and design considerations like station 
layout, cooling systems, and redundancy practices are also examined. The session concludes with discussions on integrating 
VSC-HVDC systems with AC grids, focusing on grid stability and power quality impacts.

Short-courses on HVDC – topical summary (continued)
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