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Abstract— This paper describes a panel session on electricity 
access education.  Electricity access refers to the provision of 
electricity to populations that do not have access to the electrical 
grid, usually in under-resourced settings.  Around the world, over 
600 million people do not have access to electricity.  Yet, there is 
little coverage of this topic in U.S. universities.  There is also a need 
for a significant increase in U.S. workforce development in the 
electric energy sector as many people in this field are close to 
retirement age and the transition from fossil fuels may require a 
significant increase in energy engineers. Topics related to 
humanitarian engineering have been found to attract a diverse 
range of students and motivate students to engage in and persist 
through their engineering education.  Yet, few students who are 
involved in humanitarian projects major in electrical engineering.  
Recognizing the importance of this topic, the U.S. National Science 
Foundation sponsored two workshops in 2022 and 2023 with the 
goal of identifying approaches to enhance and expand electricity 
access education at the undergraduate engineering level in the 
U.S., primarily within electrical engineering.  In this panel session, 
we discuss electricity access, highlight the results from these 
workshops, discuss approaches to incorporating electricity access 
into the electrical engineering curriculum, survey the attendees on 
their interest in and expertise regarding electricity access, and 
brainstorm next steps for curricular development in this area.  
Thus, we aim to increase awareness of engineering educators 
about opportunities to incorporate electricity access learning in 
their courses and continue to build a community of engineering 
educators interested in electricity access education. 
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I. BACKGROUND 

A. Electricity Access 
Electricity access refers to the provision of electricity to 

populations that do not have access to the electrical grid, 
usually in under-resourced settings.  Over 600 million people 
across the world do not have access to electricity including 
people in the U.S., primarily on indigenous lands [1, 2, 3]. 
Estimates are even higher when considering access to 
“reasonably reliable” electricity [4]. Access to electricity is 
associated with several positive developmental outcomes, 
including health, education, gender equality, and income [5]-
[11]. The global importance of energy is recognized with 

“Affordable and Clean Energy” being one of the United 
Nations Sustainable Development Goals (SDG) [12].  Yet, 
there is very little coverage of this topic in U.S. universities.  

There is also a need for a significant increase in U.S. 
workforce development in the electric energy sector as an 
increasing number of people in this field are close to retirement 
age. In addition, an estimated 800,000 additional jobs in the 
solar and energy storage industry will be needed in the 
transition from fossil fuels [13].  The field of humanitarian 
engineering has been found to attract a diverse range of students 
and motivate students to both engage in and persist through 
their engineering education [14, 15].  Yet, most of the students 
who are involved in humanitarian engineering projects tend to 
be students outside electrical engineering.  Incorporating 
themes related to humanitarian engineering may help diversify 
the field of electrical engineering which lags behind other 
engineering disciplines in participation of women, African 
American, and Latinx students in the U.S. [16].  In addition, 
discussion of electricity access provides an opportunity to 
address some of the ABET student outcomes that instructors 
find challenging such as those related to global, social, and 
economic concerns [17]. 

B. NSF-Sponsored Electricity Access Workshops  
In 2022 and 2023, the National Science Foundation (NSF) 

sponsored two, two-day workshops with the goal of identifying 
approaches to enhance and expand electricity access education 
at the undergraduate engineering level in the U.S., primarily 
within the electrical engineering discipline [18, 19, 20].  
Participants came from a broad range of backgrounds including 
faculty members, students, non-profit organization 
representatives, and field practitioners.  In 2022, there were 25 
participants and in 2023, there were 40.   
 Participants were enthusiastic about the topic of the 
workshop and eager for more discussion.  In the first workshop, 
participants identified three areas for future exploration:  
enhancing the classroom experience, implementing sustainable, 
ethical, and beneficial projects, and barriers and opportunities.  
These themes were used to develop the agenda for the second 
workshop.  Learning from the participants’ feedback from the 
first workshop about wanting more opportunities for 
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interaction, more such activities were included.  For example, 
the Mentimeter audience response system [21] was used to 
gather feedback from all attendees to key prompts throughout 
the workshop.  At the end of the workshop, all participants 
agreed or strongly agreed that they had opportunities to interact.   

The participants found the workshop relevant with 
practical strategies for expanding and enhancing electricity and 
sustainable business education.  Most participants said that the 
workshop improved their understanding of skills and 
experiences that students need to pursue careers in electricity 
access. 

Participants identified challenges with education and 
supported ideas for enhancing the education of undergraduate 
electrical engineering students in electricity access.  Of the 32 
participants who responded to the survey, 84% agreed that the 
quality of undergraduate electricity access education in the US 
needed improvement while only 3% reported that it was at an 
appropriate level and 13% had no opinion.  Most participants 
felt that universities in the U.S. are not adequately preparing 
undergraduate EE students for careers in Global Engineering 
(an alternative term for “humanitarian engineering”) or 
graduate study in Global Engineering.  77% of respondents 
recommended focusing on undergraduate education as the 
priority for enhancing/expanding electricity access education.  
13% said graduate students should be the priority and 10% were 
unsure.  52% of the respondents said the highest priority should 
be on courses rather than extra-curricular projects or research.   

When asked about the biggest barrier to teaching electricity 
access, 13 participants indicated curriculum with an additional 
five participants citing time for course development.  There was 
strong support for being done as a curricular activity with 53% 
of participants saying electricity access projects best done as a 
curricular activity, 28% as extra-curricular and 19% not sure.  
17 respondents said having course materials would improve 
their teaching of electricity access and were particularly 
interested in examples of case studies or syllabi. 

The surveys and discussions at the workshops led to a 
roadmap for expanding and enhancing electricity access 
education at the undergraduate level. The six actions of the 
roadmap are: 
1. Develop electricity access course materials 
2. Connect and articulate electricity access education with 
program outcomes 
3. Support professional development of faculty 
4. Improve how electricity access projects benefit communities 
and students 
5. Expand research on electricity access education 
6. Grow the community of electricity access educators and 
stakeholders 

This strong focus on the importance of curricular items 
(action 1) and growing the community of educators involved in 
electricity access (action 6) are part of the motivation for this 
panel.  In this panel session, leaders of the NSF-sponsored 
workshops will share information about both workshops, 
highlight key findings, and engage in discussion with the 
audience about how to expand the incorporation of electricity 
access into electrical engineering programs throughout the U.S.  

II. GOALS OF THE PANEL SESSION 
The goals of the panel session are to: 
1) Increase awareness of electrical engineering educators 

about opportunities and approaches to incorporate 
electricity access learning in their courses including 
traditional power system topics, off-grid renewable energy 
system deployment considerations, and sociotechnical 
factors. 

2) Build a community of electrical engineering educators 
interested in electricity access education. 

3) Bring together like-minded educators to brainstorm next 
steps towards developing educational material content 
(such as case study examples) to support educators 
interested in incorporating electricity access education in 
their curricula. 

 

III. PANEL DESCRIPTION AND AGENDA 

A. Intended Audience  
The intended audience for the panel is primarily electrical 

engineering instructors, including faculty and graduate 
students, that are interested in electricity access education. 
Anyone interested in broadening participation in electrical 
engineering or incorporating more relevant topics in electrical 
engineering courses might find this panel helpful.  This panel 
would be particularly useful for educators who are interested in 
starting initiatives in their electrical engineering programs but 
do not know how to begin. They will benefit from the 
experiences of faculty members who have been doing this work 
for many years. Engineering instructors outside of the electrical 
engineering discipline will also find value in learning about 
energy access more broadly, and possible ways electricity 
access intersects with their discipline. The connections and 
networks that the audience can learn about, and join will be of 
great benefit if they are planning to work in this area. 

 

B. Tentative Agenda 
The session will include brief talks by the panelists along 

with small group discussions and online responses to prompts to 
promote interaction. The planned agenda for the 80-minute 
session is: 

1) Introduction and Objectives (10 min) 
       The session will begin with a brief introduction of the   
       panelists and description of the session format and  
       objectives. 

 
2) Overview of Electricity Access (10 min)  
 Panelists will introduce the context of energy poverty and 

the concept of electricity access including the impact on 
human development, supporting statistics of global 
electrification, and the role of electrical engineers in 
solutions.  

 

 



3) Electricity Access Workshops (10 min)  

 Panelists will share highlights from the 2022 and 2023 
NSF-sponsored Electricity Access Workshops.  Feedback 
from workshop participants will be included. 

4) Activity: Interest in and Experience with Electricity Access 
(10 min)  

Panelists will use the Mentimeter audience response system 
to gather feedback from attendees to prompt their interest in 
and experience with electricity access.  This online platform 
facilitates engagement from the entire audience using their 
internet-connected smartphone or mobile device.  
Responses to the prompts can be shared real time.   The 
panelists have experience using Mentimeter from the 2023 
workshop. 

5) Incorporating Electricity Access Education in Electrical 
Engineering Curricula (10 min)  

Panelists will provide an overview of the need for, 
opportunities, and challenges with incorporating electricity 
access education in electrical engineering curricula. 
Examples of available materials and instructor resources 
and curricular student projects will be discussed. 

6) Small Group Activity: Electricity Access Education in 
Electrical Engineering (10 min)  

Panelists and the audience will brainstorm in small groups 
about next steps towards developing educational material 
content to support educators interested in incorporating 
electricity access education in their curricula. 

7) Report Out (10 min)  

The facilitator will collect main takeaways from small 
groups. Mentimeter may be used to gauge interest of entire 
group in suggestions.  

8) Wrap-up and next steps (10 min)  

The facilitator will summarize main takeaways and 
describe reasonable next steps to achieving panel session 
goals.    

 

IV. EXPECTED OUTCOMES 
One anticipated outcome from this panel session will be an 

enlarged community of electrical engineering educators and 
network of practitioners who will continue to share information 
about electricity access education. A second, and equally 
important outcome, will be that this panel will contribute to the 
further development of the electrical engineering power and 
energy workforce of the future, particularly under-represented 
students, by focusing on the topic of electricity access 
education.    
 

 

V. PANEL PARTICIPANTS 
Panelists include organizers of the NSF-Sponsored 

Electricity Access workshops.  One of the panelists will also 
serve as the facilitator. 

Dr. Susan Lord, Professor and Chair of Integrated 
Engineering, University of San Diego 

Dr. Lord has been working with students on the integration of 
sociotechnical considerations, social justice, and ethics in 
engineering curricula for years [22]-[26].  She has worked with 
a USD alumnus from South Sudan on developing modules for 
her USD students on solar energy in South Sudan [27].  She will 
help the audience see how to connect some of the social justice 
considerations of electricity access to curriculum.  Given her 
extensive experience with facilitating workshops including the 
National Effective Teaching Institute (NETI) [28], she will serve 
as the moderator for the panel. 

Dr. Pritpal (“Pali”) Singh, Professor of Electrical 
Engineering, Villanova University 

Dr. Singh has been engaged with electricity access projects in 
underserved communities for almost 40 years.  He has worked 
in a number of countries all over the world including India, the 
Galapagos Islands, Guatemala, Kenya, and Mexico.  He has 
incorporated electricity access projects into senior design 
projects as well as a renewable energy systems course.  Dr. 
Singh’s efforts in these areas have been recognized by the 
International Federation of Engineering Education Societies 
(IFEES) 2022 Duncan Fraser Award for Excellence in 
Engineering Education [31]. 

Dr. Henry Louie, Professor of Electrical Engineering, 
Seattle University 

Dr. Louie has been teaching about electricity access for over 20 
years.  He teaches a senior level course in off-grid solar electric 
system design and has written a textbook in this area [29].  He 
established a non-governmental organization, Kilowatts for 
Humanity, that he uses to bring electricity access to 
communities, primarily in Africa [30].  He has been offering 
short courses in the Power Africa conference on Off-Grid 
Electrical System design for the past 5 years.  

ACKNOWLEDGMENT  
We are grateful to all those who helped with organizing the 
workshops in 2022 and 2023 and all the workshop participants 
for their enthusiastic contributions.  

 

REFERENCES 
[1] The World Bank, “A joint report of the custodian agencies The Energy 

Progress Report,” 2020. [Online]. Available: www.worldbank.org 
[2] The World Bank,” “Tracking SDG 7: The energy progress report,” New 

York, NY, 2023. 
[3] U .S. Department of Energy, “Tribal Electricity Access and Reliability,” 

Aug. 2023. Accessed: July 5, 2024. [Online]. Available: 
https://www.energy.gov/indianenergy/articles/tribal-electricity-access-
and-reliability-report-congress-august-2023  

[4] Ayaburi, J., M. Bazilian, J. Kincer, and T. Moss, “Measuring 
‘Reasonably Reliable’ access to electricity services,” The Electricity 
Journal, Vol. 33, no. 7, 2020, https://doi.org/10.1016/j.tej.2020.106828  

https://www.energy.gov/indianenergy/articles/tribal-electricity-access-and-reliability-report-congress-august-2023
https://www.energy.gov/indianenergy/articles/tribal-electricity-access-and-reliability-report-congress-august-2023
https://doi.org/10.1016/j.tej.2020.106828


[5] M. Kanagawa and T. Nakata, “Assessment of access to electricity and 
the socio-economic impacts in rural areas of developing countries,” 
Energy Policy, vol. 36, no. 6, pp. 2016–2029, Jun. 2008, doi: 
10.1016/j.enpol.2008.01.041. 

[6] B. K. Sovacool and S. E. Ryan, “The geography of energy and 
education: Leaders, laggards, and lessons for achieving primary and 
secondary school electrification,” Renewable and Sustainable Energy 
Reviews, vol. 58, pp. 107–123, May 2016, doi: 
10.1016/j.rser.2015.12.219. 

[7] S. A. Sarkodie and S. Adams, “Electricity access and income inequality 
in South Africa: Evidence from Bayesian and NARDL analyses,” 
Energy Strategy Reviews, vol. 29, p. 100480, May 2020, doi: 
10.1016/j.esr.2020.100480. 

[8] S. A. Sarkodie and S. Adams, “Electricity access, Human Development 
Index, governance and income inequality in Sub-Saharan Africa,” 
Energy Reports, vol. 6, pp. 455–466, Nov. 2020, doi: 
10.1016/j.egyr.2020.02.009. 

[9] N. Asghar, M. A. Amjad, H. ur Rehman, M. Munir, and R. Alhajj, 
“Achieving sustainable development resilience: Poverty reduction 
through affordable access to electricity in developing economies,” J 
Clean Prod, vol. 376, p. 134040, Nov. 2022, doi: 
10.1016/j.jclepro.2022.134040. 

[10] A. Franco, M. Shaker, D. Kalubi, and S. Hostettler, “A review of 
sustainable energy access and technologies for healthcare facilities in the 
Global South,” Sustainable Energy Technologies and Assessments, vol. 
22, pp. 92–105, Aug. 2017, doi: 10.1016/j.seta.2017.02.022. 

[11] A. Pueyo and M. Maestre, “Linking energy access, gender and poverty: 
A review of the literature on productive uses of energy,” Energy Res Soc 
Sci, vol. 53, pp. 170–181, Jul. 2019, doi: 10.1016/j.erss.2019.02.019. 

[12] United Nations, 2015, Sustainable Development Goals. 
https://www.un.org/sustainabledevelopment/sustainable-development-
goals/  Accessed May 6, 2024 

[13] Solar Energy Industries Association, “30% by 2030: A New Target for 
the Solar+ Decade - SEIA Issue Brief,” Sep. 2021. Accessed: Jun. 09, 
2024. [Online]. Available: https://www.seia.org/sites/default/files/2021-
09/SEIA-30x30-Issue-Brief-September2021-optimized.pdf 

[14] Adams, E. A., and M. B. Burgoyne, "Integrating humanitarian 
engineering design projects to increase retention," in American Society 
for Engineering Education Annual Conference, Columbus, OH, Jun. 
2017. 

[15] Jayakumar, A., and S. Nozaki, "Impact of Humanitarianism on Female 
Student Participation in Engineering," in American Society for 
Engineering Education Annual Conference, Jun. 2020. 

[16] Lord, S. M., R. A. Layton, and M. W. Ohland, “A Multi-institution 
Study of Student Demographics and Outcomes for Electrical and 
Computer Engineering Students in the U.S.A.,” IEEE Transactions on 
Education, vol. 58, no. 3, pp. 141-150, 2015. 10.1109/TE.2014.2344622 

[17] ABET Accreditation Criteria 
https://www.abet.org/accreditation/accreditation-criteria/criteria-for-
accrediting-engineering-programs-2022-2023/   Accessed July 6, 2024. 

[18]  Louie, H., P. Singh, J. Urquizo, and M.-L. Tran, “A Workshop for 
Energy Access Educators,” Proceedings of the 2023 ASEE American 
Society for Engineering Education Conference, Baltimore, MD, June 
2023. 

[19] Louie, H., P. Singh, S. Lord, and S. Vasconselos, “Faculty and 
Stakeholder Perspectives from a Workshop on Electricity Access 
Education,” Proceedings of the 2024 ASEE American Society for 
Engineering Education Conference, Portland, OR, June 2024. 

[20] Singh, P., H. Louie, S. M. Lord, and S. Vasconcelos, “Electricity Access 
and Sustainable Business Models Educators Workshop,” Proceedings of 
the 2024 American Society for Engineering Education Annual 
Conference, Portland, OR, June 2024. 

[21] Mentimeter, https://www.mentimeter.com/   Accessed July 5, 2024 
[22] Gelles, L. A., and S. M. Lord, “Pedagogical Considerations and 

Challenges for Sociotechnical Integration within a Materials Science 
Class,” International Journal of Engineering Education, 37(5), 1244 - 
1260, 2021. 

[23] Hoople, G. D., D. A. Chen, S. M. Lord, L. A. Gelles, F. Bilow*, and J. A. 
Mejia, “An Integrated Approach to Energy Education in Engineering,” 
Sustainability, 12(21), 9145, 2020.  https://doi.org/10.3390/su12219145 

[24] Lord, S. M., G. Hoople, J. A. Mejia, D. Chen, O. Dalrymple, E. Reddy, 
and B. Przestrzelski, “Creative Curriculum for Changemaking 
Engineers,” Proceedings of the 2018 WEEF-GEDC Conference, 
Albuquerque, NM, November 2018. 10.1109/WEEF-
GEDC.2018.8629612 

[25] Lord, S. M., B. Przestrzelski, and E. Reddy, “Teaching social 
responsibility in a Circuits course,” 2019 American Society for 
Engineering Education Annual Conference Proceedings, Tampa, FL, 
June 2019.   DOI 10.18260/1-2--33354  

[26] Forbes, M. H., and S. M. Lord, “A Place-Based Sustainability Approach 
to Learning about Photovoltaic Solar Energy, Trends in Higher 
Education, 2(2), pp. 306-319, 2023. 
https://doi.org/10.3390/higheredu2020017  

[27] Riiny, M. D., and S. M. Lord, “Learning about Solar Power in South 
Sudan:  An International Collaboration,” 2021 American Society for 
Engineering Education Annual Conference Proceedings, Long Beach, 
CA, July 2021. https://peer.asee.org/37424 10.18260/1-2--37424 

[28] National Effective Teaching Institute (NETI) https://www.neti-
workshop.org/  Accessed July 5, 2024 

[29] Louie, H., Off-Grid Electrical Systems in Developing Countries, Cham, 
Switzerland: Springer Nature, DOI: 10.1007/978-3-319-91890-7, 2018. 

[30] KiloWatts for Humanity, https://www.kilowattsforhumanity.org/ 
Accessed July 5, 2024. 

[31] IEEE Education Society, https://ieee-edusociety.org/pali-singh-duncan-
fraser-award-2022  Accessed July 5, 2025. 

 

 

https://www.un.org/sustainabledevelopment/sustainable-development-goals/
https://www.un.org/sustainabledevelopment/sustainable-development-goals/
http://dx.doi.org/10.1109/TE.2014.2344622
https://www.abet.org/accreditation/accreditation-criteria/criteria-for-accrediting-engineering-programs-2022-2023/
https://www.abet.org/accreditation/accreditation-criteria/criteria-for-accrediting-engineering-programs-2022-2023/
https://www.mentimeter.com/
https://doi.org/10.3390/su12219145
https://doi.org/10.1109/WEEF-GEDC.2018.8629612
https://doi.org/10.1109/WEEF-GEDC.2018.8629612
https://peer.asee.org/33354%20%20DOI%2010.18260/1-2--33354
https://doi.org/10.3390/higheredu2020017
https://peer.asee.org/37424%2010.18260/1-2--37424
https://www.neti-workshop.org/
https://www.neti-workshop.org/
https://www.kilowattsforhumanity.org/
https://ieee-edusociety.org/pali-singh-duncan-fraser-award-2022
https://ieee-edusociety.org/pali-singh-duncan-fraser-award-2022

	I. Background
	A. Electricity Access
	B. NSF-Sponsored Electricity Access Workshops

	II. Goals of the Panel Session
	III. Panel Description and Agenda
	A. Intended Audience
	B. Tentative Agenda
	1) Introduction and Objectives (10 min)
	2) Overview of Electricity Access (10 min)


	IV. Expected Outcomes
	V. Panel Participants
	Acknowledgment
	References


