
Paper ID #36683

Supervisory Controls and Data Acquisition Instructional
Materials and Resources for Energy Education Programs
Kenneth Walz

Dr. Walz has been a faculty member at Madison Area Technical College since 2003, teaching science, engineering, and
renewable energy technology. He completed his Ph.D. at the University of Wisconsin in Environmental Chemistry and
Technology, while conducting electrochemical research on lithium-ion batteries with Argonne National Laboratory and
Rayovac. Dr. Walz is an alumnus of the Department of Energy Academies Creating Teacher Scientists Program at the
National Renewable Energy Laboratory, and he has also worked as a visiting scientist with the University of Rochester
Center for Photo-Induced Charge Transfer. Dr. Walz is the Director and Principal Investigator for the CREATE Energy
Center funded by the National Science Foundation to advance academic programs and provide faculty professional
development in energy technology. He is a recipient of the Association of Community College Trustees Faculty Member
Award, has been recognized as Professor of the Year by the Carnegie Foundation and the Council for Advancement and
Support of Education, as Energy Educator of the Year by the Wisconsin Association for Environmental Education, and as
Clean Energy Educator of the Year by RENEW Wisconsin.

Kevin Cooper

Benjamin Reid

Ben Reid is the founder and executive director of Impact Allies, which advances STEM education and careers through
research, development, management, and evaluation. Federal-grant supported projects that Ben has been involved with
through Impact Allies and colleges/universities over the past ten years include the categories of energy, electric vehicles,
water, food, manufacturing, cybersecurity, control and data systems, land management, student/career pathways,
scholarship programs, and grant ecosystems.

Christopher Baechle

Dr. Baechle holds a Ph.D. in computer science and has published over a dozen journal, book, and conference articles in
the field of data mining and machine learning. Dr. Baechle is currently an Assistant Professor in the Department of
Computer Science at Indian River State College where he teaches courses in programming and data mining, as well as
serving on various workgroups and projects related to data analytics. In addition to his academic duties, Dr. Baechle is an
active consultant in the healthcare analytics industry where he specializes in the field of natural language processing.
Previous to IRSC, he was employed as a software developer for almost 10 years in several private and governmental
organizations writing utilities and financial software.

Christopher John Akelian (Cuesta College)

Kathleen Alfano
Kathleen Alfano has a Ph.D. from UCLA in Higher Education with a cognate in administration and evaluation. Her B.S.
is in chemistry and she worked as an analytical chemist in industry before pursuing a career in education. She served as
founder and Director of the California Consortium for Engineering Advances in Technological Education (CREATE)



based at College of the Canyons from 1996 to 2016. At College of the Canyons she is a Professor Emeritus and also
served as Dean of Professional Programs and Academic Computing. She currently acts as an Educational
Administrator/co-PI for the CREATE NSF ATE National Energy Center (DUE 2201631) and co-PI of an ATE
workshop/mentoring program now in its sixth year (Mentor Up DUE 2032835). Dr. Alfano served as a Program Director
at the National Science Foundation and co-lead of the ATE program in 2007-2008 and was the only community college
representative on the National Academy of Sciences Committee on Workforce Trends in the U.S. Energy and Mining
Industries which released their report in March 2013.

© American Society for Engineering Education, 2022
Powered by www.slayte.com



 

Supervisory Controls and Data Acquisition Instructional  
Materials and Resources for Energy Education Programs 

 
Abstract  
The CREATE Supervisory Controls and Data Acquisition (SCADA) project is an industry driven 
initiative brought about by three colleges, working with an industry utility partner.  The project 
began in July 2019 with the goal of integrating 21st century SCADA technology into existing 
energy education programs. The project delivered both in-person and online faculty professional 
development for 28 faculty representing 17 U.S. states.  Products produced and distributed 
through the project network include a SCADA job task analysis, curriculum modules, control 
board trainers and lab activities, computer-based labs, and a web based open-source SCADA 
platform.  The SCADA open-source platform allows colleges to connect their renewable energy 
generating systems and provide analytical training to their students using their own data, along 
with data from other regions and simulation sets. This resource will foster student engagement 
and ownership of learning through generation, visualization, and analysis of long term and large 
data sets.  This study demonstrates the value of collaboration between multiple academic 
institutions, and how educational programs can benefit from collaboration with industry partners. 
 
Introduction 
Supervisory Controls and Data Acquisition (SCADA), as the name makes explicit, is a system 
which acquires data and facilitates supervisory control.  SCADA is a type of automation control 
system that is a core technology for the operation of many industrial processes, including oil and 
gas refining, food and beverage production, water treatment, electric power production, and 
many other production, manufacturing and distribution industries [1]. SCADA is a centralized 
system that monitors and controls individual processes and entire sites.  At the site or operator 
level, a SCADA system enables operators to manage the day-to-day performance of a process or 
plant site as efficiently and profitably as possible; prevent failure, damage, or other costly 
equipment issues by alerting operators of problems, maintenance needs, and operational 
anomalies; and Monitor processes, adjust to changes, and troubleshoot issues by providing real-
time data at their fingertips.  A SCADA system enables business owners or stakeholders to 
leverage process data to make more informed projections and financial decisions, and efficiently 
manage a network of plants or assets to maximize overall profitability [2]. 
 
How SCADA is used in the Energy Industry  
SCADA systems allow engineering technicians to control energy systems in real time, and log 
data for monitoring of system performance. SCADA data analytics allow for system 
optimization, preventive maintenance scheduling, and for rapid detection and correction of faults 
and alarms to prevent or minimize system downtime. SCADA systems are used in the energy 
industry for monitoring, controlling, and logging data from energy production and distribution 
assets.  Alarms and alerts are triggered by various factors such as an asset being damaged by 
natural or human events, being responsive, or by component failures.  These alarms/alerts enable 
rapid responses.  The energy generation asset can be shut down immediately and taken offline if 
needed for safety, the cause of the alarm can be identified and addressed remotely without undue 
loss of time, or if the issue needs to be identified and addressed on-site, Operations and 
Maintenance team or SCADA personnel can be dispatched without delay and have the proper 
equipment upon arrival.  Additionally, the status of individual components within an energy 



 

asset can be monitored thus allowing preventative maintenance to occur rather than unnecessary 
and more costly routine maintenance [3-5]. 

 
The use of “big data” derived from SCADA systems of different energy generation categories 
(e.g. solar, wind, battery storage) and from different geographic locations have enabled the 
energy industry to become increasingly sophisticated.  The combined technological 
advancements using SCADA and big data analytics allows energy companies to optimally 
coordinate which of their assets are operational at different times to match the market’s 
consumption needs nearly instantaneously.  Data analytics and predictive analysis also are used 
to discern trends and forecast weather conditions to produce safe, reliable, and clean energy at 
the lowest possible cost to the consumer.  Thus SCADA systems are taking on increased 
importance for the operation of a complex, interactive, resilient and smart electrical gird  [6]. 

 
Overview of CREATE  
Funded by the National Science Foundation Advanced Technological Education Program, the 
CREATE Energy Center (www.createenergy.org) was originally founded in 1996 by College of 
the Canyons, and is now led by Madison Area Technical College.  The goal of the CREATE 
Center is to advance the field of renewable energy by supporting two-year college programs 
while serving as a source of mentoring, industry networking, faculty professional development, 
and educational materials [7].  CREATE has produced renewable energy program profiles, 
faculty and alumni interview spotlights, an ongoing newsletter, blog, and a robust collection of 
hands-on laboratory instructional materials. The CREATE community of practice includes over 
900 energy educators representing all fifty U.S. states and three U.S. territories.  The CREATE 
Center delivers hands-on Renewable Energy Institutes for educators [8], provides guidance in the 
development of energy infrastructure and instructional campus laboratories [9], and has 
conducted a number of international faculty programs related to renewable energy [10-13]. 
  
Prior CREATE work in SCADA Technology 
Over the past decade, CREATE has expanded renewable energy academic programs in 
partnership with industry organizations including NABCEP, IREC, PG&E, SCE, NextEra, Solar 
City, and First Solar.  As part of these efforts, CREATE conducted a pioneering curriculum 
analysis for Wind Turbine Technicians in 2010 that identified SCADA as a key job component 
[14]. This curriculum analysis was made available nationally through coordination with 
CREATE and the American Wind Energy Association Education committee.  Cuesta College led 
a CREATE initiative on SCADA systems for solar monitoring from 2010-2015, producing 
SCADA faculty professional workshops, a peer reviewed publication, and a presentation on 
SCADA systems at the national ASEE meeting in Seattle in 2015 [15].  In the years following 
these early works, renewable energy systems became increasingly complex networked systems, 
the data sets generated by renewable installations grew exceedingly large, and CREATE’s 
industry partners expressed the growing need for engineers and technicians with knowledge of 
SCADA technology.  Accordingly, CREATE launched a further initiative to examine SCADA 
for energy applications, and to help educators embed this technology into existing energy 
education programs.  This most recent effort forms the basis for this publication. 
 
 
 



 

Development of the CREATE SCADA Curriculum 
To ensure appropriate curriculum development that was aligned with industry needs, practices 
and standards, a SCADA Job Task Analysis (JTA) was first developed.  As described by the 
Interstate Renewable Energy Council [16], “Conducting a Job Task Analysis is a formal process 
for determining what people do, under what working conditions, and with what knowledge and 
skills.” The data provided by a JTA is useful to support development of educational curriculum, 
instructional materials, performance standards, and assessment tools to judge knowledge, 
experience, work, and mastery of key skills.  Simply put, a Job Task Analysis tells you exactly 
what is included in a particular job, and exactly how the work is supposed to be done.   
 
JTAs are used both to form the basis of the development of education and training programs, and 
also to support human resource managers in the areas of developing position descriptions, hiring 
personnel, setting staffing standards, and structuring career development programs.  The 
Department of Energy and other federal agencies have recognized JTAs as powerful tools, and 
have incorporated them into their training and accreditation programs [17]. 
 
A draft JTA for the SCADA sector was developed by CREATE in the winter of 2019 and 
2020. A committee of subject matter experts from two-year colleges with renewable energy 
programs was convened to assemble and review the draft. The document was shared 
with others in industry, including CREATE’s major primary industry partner NextEra Energy 
along with smaller regional companies serving on the CREATE’s industry advisory board for 
further commentary and refinement. 
 
Many individuals in the renewable energy field are familiar with the Job Task Analyses 
produced by the North American Board of Certified Energy Practitioners (NABCEP) for the 
wind and solar sectors. The SCADA JTA was designed to mirror the format of the NABCEP 
products. The scope of the JTA encompasses the knowledge and fundamental principles across 
five content domains covering the Application, Installation, Operation & Maintenance, Data 
Analytics, and Cybersecurity of SCADA systems for renewable energy applications. 
 
Energy Technologies are diverse, and different sectors such as wind, solar, hydroelectric, 
geothermal, bioenergy, and energy storage all integrate SCADA systems to different degrees and 
having different capabilities. As a result, the JTA is broad in scope. Technicians employed in the 
renewable energy industry will not perform all of the tasks described in the JTA, but it is likely 
that at least some aspect of their job will involve SCADA technology. 
 
The draft SCADA JTA was shared with industry representatives from NextEra Energy and two 
industry conversations were held as part of the RENEW Energy Summit in January 2021 where 
the SCADA JTA was shared along with a similar JTA developed by CREATE for Energy 
Storage technology.   
 
With the JTA drafted and validated, a systematic process guided the curriculum development and 
review.  This happened in several phases.  Phase 1 included naming six curriculum learning 
modules that both matched the JTA and the existing renewable energy programs.  A modularized 
curriculum was chosen to be able to embed modules by learning outcomes into individual 
courses and programs; these six modules became SCADA Overview, Components and 



 

Functionality, Basics of SCADA Communications, Human/Machine Interface, Applications 
within Renewable Energy Industry, and Emerging Trends in SCADA for Renewables.  Phase 2 
included developing 6-7 learning outcomes for each module that align with the JTA, aligning 
learning outcomes to hours of lecture, lab, and level of knowledge assessment.  Phase 3 included 
a Curriculum Review Committee (CRC) composed of six faculty experts reviewing the 
applicability and accuracy of the curriculum design framework.  Each CRC member completed a 
review sheet with eight questions; their answers and comments were compiled and discussed 
over a facilitated CRC virtual meeting to gain clarity and consensus.   
 
Figure 1:  Course Design Summary for the CREATE SCADA modular curriculum 
 

 
 
After the Course Design Framework was completed and reviewed by the CRC, Phase 4 included 
reviewing curriculum from participating schools and online resources and complete gap analysis 
identifying best in class material for each learning outcome and where gaps exist.  Phase 5 
included completing gaps by developing curriculum, which was completed by assigning one 
SME faculty (who attended the in-person professional development) to each of the six modules.  
In Phase 6 the CRC reviewed each of the five modules in which they did not develop material 
for.  This occurred by the CRC reviewing the completed draft modules independently.  Again 
each CRC member completed a review sheet with six questions for each Curriculum Module, 
along with comments directly in a shared document version of the draft curriculum modules.  
CRC answers and comments were compiled and discussed over a facilitated CRC virtual 
meeting to gain clarity and consensus.  Phase 7 included the curriculum developers making 
refinements and the CRC reviewing and approving the final documents. 
 



 

The end product became a complete six module course, “Introduction to Supervisory Controls 
and Data Acquisition (SCADA) for Renewable Energy.  Each module is focused by its specific 
learning objectives.  The goal of the modular course is to advance renewable energy education 
by enabling faculty leaders to integrate SCADA into existing energy technician educational 
programs.  The modular course has been distributed to the CREATE network of educators and is 
available for free download at www.CreateEnergy.org. 
 
Figure 2:  Screenshot of the SCADA Curriculum Modules available for download 
 

 



 

Development of the CREATE SCADA Lab Trainer Board  
A SCADA Lab Trainer Board was designed to reflect common equipment for systems 
controlling and monitoring large plant operations such as water, power, or waste utilities. The 
SCADA Lab Trainer Board is meant to provide a platform for aspiring plant technicians, and 
engineers, to experiment with common components, communication protocols and software 
packages used in SCADA systems.  The lab activities were designed to address the knowledge 
and skills needed by technicians that were identified in the SCADA job task analysis. Portions of 
the lab sequence can be used in existing courses, or the entire package could be incorporated into 
dedicated classes in SCADA systems or Programmable Logic Controllers (PLC) to better 
prepare the students for all the concepts the lab work covers. 
 
The SCADA Lab Trainer Board attempts to answer two important questions: first, how to fit 
normally large, expensive, and complex, industrial SCADA equipment into a small space so all 
students of a classroom have access to it; and second, how to fit complex hands-on SCADA 
training into existing courses as modules without dedicating the entire course to the subject.  The 
importance of answering these questions is crucial since nearly every public utility and many 
manufacturing plant operations use SCADA systems thus need employees that better understand 
them.  Moreover, most college vocational programs cannot afford installing large SCADA 
system equipment and the expensive software needed to run it; therefore, a primary goal of the 
SCADA lab training system was to CREATE the most compact and least expensive equipment 
solution possible while at the same time utilizing free industrial grade versions of software. 
 
Figure 3.  Photo of the CREATE SCADA Lab Trainer Board 
 

 
 



 

Functionality of the CREATE SCADA Lab Trainer Board  
The lab activities provide two possible sequences to help achieve the goal of making SCADA 
training accessible to multiple training environments, the first is SCADA training without the 
need of a PLC and the second requires a PLC with knowledge of PLC programming to complete 
the lab sequence.  The lab activities help increase the understanding of SCADA Human Machine 
Interfaces (HMI) development and PLC programming to support SCADA system data 
processing, but they should be augmented with other general subject matter training and support 
coursework as previously noted.  
 
The SCADA Lab Trainer Board lab activities attempts to maximize student exposure to 
industrial software by using partially completed projects so students do not have to build entire 
SCADA HMI Interfaces from scratch.  The partially completed projects are used as the basis for 
experimentation, analysis, and modification to help teach concepts. A large portion of lab 
activities involve familiarization of communication protocols.  The training board provides 
instruction in both Serial point to point and Serial network communications using RS232, 
RS485, and Modbus RTU protocols.  The lab activities also cover internet protocols with TCP/IP 
and Modbus TCP protocols. 
 
The SCADA lab activities are built around two industrial software packages.  The first is IGSS 
SCADA, which is a subsidiary of Schneider Electric, that has a size limited but full featured 
version of the software called IGSSFREE50.  The second is a free PLC programming package 
from Allen Bradley for its Micro800 series of PLC’s called Connected Components Workbench 
which is modeled after RSLogix 5000 (or Studio 5000 Logix Designer) and can share program 
files between them.  Between the two software packages industry relevant training is achieved. 
 
The lab activities are broken into labs with multiple exercises so that students can complete them 
in small segments.  The labs start with introducing communication and networking concepts 
needed to support the subsequent training, then progresses to show how to access data from 
sensors.  Sensor data is evaluated in several formats that require various degrees of mathematical 
and digital number processing.  Also, for advanced students, analysis of error sources and 
correction processing are investigated to more accurately and precisely present data. 
 
Lab activities based on the predefined project files give training on how the sensor data is 
retrieved, identified, and manipulated for presentation in the Human Machine Interface of the 
SCADA system.  More advanced lab activities use the PLC as an intermediate intelligent pre-
processing computer for the SCADA HMI system.  Lastly the PLC allows for more advanced 
programing of SCADA applications using a simulated motor so that bidirectional SCADA 
monitoring and control can be investigated. 
 
Pilot testing CREATE SCADA Lab Activities with faculty and students 
The SCADA lab activities have been pilot tested by two groups of students from Cuesta College. 
and one group of faculty through the CREATE grant.  At Cuesta College, the lab activities were 
introduced in the last third of a semester based Programmable Logic Controller course that is 
part of the Electricians Training Program.  The first year there were 14 students that completed 
the communications lab and 3 that went on to complete the full lab sequence.  Based on student 



 

feedback from the first year, modifications were made, and the lab work was reviewed by 6 
CREATE faculty members who attended previous CREATE SCADA workshops. 

 
Based on feedback from these initial pilots and reviews, a second round of revisions were made 
to address the main stumbling blocks in the activities, and reduce the complexity surrounding 
network communication protocols and sensor calculation theory.  In the second year of 
implementation, the lab activities were completed by 19 students at Cuesta College giving them 
two options for completing the networking configurations (one designed to be simpler than the 
other for novice students and the latter being the more complicated option but more reflective of 
common industrial practices).  Based on student feedback a final round of revisions were made, 
and the lab activities were the shared with the CREATE network of energy educators. 

 
Assessment of the CREATE SCADA Lab Activities 
During the student lab experiences many strengths and limitations of the SCADA training 
system and lab activities were observed by the lead instructor, which are summarized as follows: 
 
Observed Strengths 
● The compact training system was easy for the students to carry, set up, and configure 
● The basic configuration of the SCADA board and components was easy for the students to 
follow and few of them needed assistance understanding how the various devices worked 

● Students who chose to attempt the more advanced portions of the lab activities were able to 
complete them, so conceptually the lab activities functioned as intended 

●  Students seemed satisfied and even excited at points when they got parts to work and saw 
data presented in various display formats 

●   Pictures and screenshots in the lab documentation made most of the lab steps easy to follow 
 
Observed Limitations 
●  Many students were not able to fully grasp the networking concepts.  Challenges included: 

i. Students enrolled in the electrician training program lacked a networking background, 
so the concepts included in the lab activities were unfamiliar to most of them 

ii. The networking concepts have many layers and levels of abstract concepts that are 
difficult to present in a condensed instructional format 

iii. Students needed more repetition with some concepts than the lab activities provided 
● Although students were able to complete the individual steps in the lab activities, many 
struggled to see how individual components and functionalities contributed to the big picture 
and overall operation of a complete SCADA system. 

●  The IGSS SCADA and Connected Components Workbench are industrial tools that are not 
easy to learn, even for advanced students with previous industrial backgrounds 

● Although the mathematical underpinnings of sensor operation, digital processing, and 
number conversions are necessary for proper SCADA operation, these concepts are not easy 
to introduce into groups of vocational students. 

● Since electricians typically have limited work experience with industrial networked 
equipment and protocols, some students did not appreciate the need to learn those concepts.  
In particular, younger and novice students may need to gain more work experience before 
they see the relevance of SCADA technology to the energy industry and to their future 
occupations. 



 

 
General observations 
The lab training board performed as intended, and the lab activities successfully guided students 
through the intended learning objectives.  Therefore, the training board, lab activities, and 
associated software have the potential to help energy technology educators to integrate SCADA 
technology into their curriculum.  Considering the range of background knowledge of students 
enrolled in the courses at Cuesta College, the lab activities could not foresee or address all of the 
various ways students interpreted the instructions.  At some point in the lab sequence, most of 
the students encountered sticking points, and needed some form of instructor assistance to 
supplement the written lab instructions.  The lab exercises were facilitated by the instructor 
providing individual help and instruction to each student as needed.  Students benefitted from 
extra assistance and summary explanations to help understand the most difficult concepts and 
complete some of the more challenging lab tasks.  This speaks to the value of face-to-face 
instruction, and also indicates that the CREATE SCADA lab activities may be too complex to be 
used in a remote or distance learning format. 
 
The flexible functionality of the training board provides a hardware package that can support 
additional lab activities that may be written in the future.  We foresee that the lab activities could 
be augmented or differentiated to address varying levels of students’ prior knowledge and 
experience.  It is also possible that new lab activities may be created to leverage the value of the 
lab training boards and address additional SCADA concepts. 
 
Development of the CREATE Open-Source SCADA Platform 
The CREATE Open-Source SCADA Platform was designed to allow students to learn SCADA 
and solar fundamentals in a classroom-friendly environment. Modern SCADA systems are often 
built with a target audience of industrial and utility customers. The installation of these systems 
may be complex and require the intervention of IT support staff. Once installed, the software will 
generally communicate with expensive control hardware, adding additional cost and 
maintenance. 
 
Classroom labs however have a fundamentally inverted focus. Students need software which can 
be used with little setup and maintenance, since the primary focus should be on science and 
engineering fundamentals. Each student must be allowed access to a sandboxed environment 
which does not affect other students. Additionally, students require access to simulated hardware 
to make training costs feasible. The CREATE Open-Source SCADA Platform attempts to 
address these concerns.  
 
Although student training and education is a primary goal of the system, a secondary goal of 
Open-Source SCADA Platform is to provide researchers with a platform to participate in a 
community of data sharing. Researchers and other organizations can stream their solar farm data 
to a centralized server, allowing a wide variety of geographic regions and PV technologies to be 
studied. As this data is studied, interesting events and trends can be captured and provided to 
form the basis for new student lab activities, forming a symbiotic relationship between 
researchers and student instruction.  
 



 

How the CREATE Open-Source SCADA Platform was built 
The CREATE SCADA Platform is an open-source web based database and user interface 
available as a cloud hosted service that was conceived and developed by the CREATE team. The 
only computer requirement is a web browser and internet connection. This greatly expands the 
accessibility of the platform since outside support staff do not need to install and maintain 
additional software. Upgrades and maintenance of server equipment are planned around semester 
schedules, allowing users stability during active times of instruction.  
 
Figure 4. The software architecture of the CREATE SCADA system can be broadly 
categorized into frontend (top) and backend (bottom) systems. 

 

 
 
 

The backend of the Open-Source SCADA Platform is responsible for interacting with 
communication drivers, alarm systems, historical data storage, and other non-user facing 
concerns. Data communication is achieved through driver plugins which broadcast normalized 
data to the receiving backend system. The data is normalized to a set of schemas, allowing for 
disparate data formats to be ingested to a database. Currently, drivers for Solar Edge, Enphase, 
Also Energy, SMA, and Victron Energy systems are available. However, due to the open-ended 
nature of the schema format, systems from most controller equipment can be incorporated, and 
uses with the necessary programming skills are encouraged to develop new drivers to support 
their own specific hardware.  Users interact with the frontend system of the Open-Source 
SCADA Platform through a web browser. A rich frontend web framework allows users to 
interact with the GUI through a drag and drop interface. Minimal page refreshes allow users to 
operate the SCADA system in a manner similar to traditional SCADA systems.  
 



 

Using the CREATE Open-Source SCADA Platform with students  
The Open-Source SCADA Platform has two primary audiences: Students and Researchers. 
Written lab activities have been developed to walk students through the process of creating an 
HMI and interfacing with simulated hardware. Alarms and other system monitoring techniques 
are included in the lab materials to train students for recognizing exceptional events. Normal 
operation scenarios are included as well.  
 
Students begin the lab activities by starting a sandboxed session. During the creation of a 
sandboxed lab session, the backend provisions a separate SQL database, NoSQL database, and 
simulated hardware drivers, allowing students to independently work through labs. Students then 
implement an HMI design and step through simulated hardware data communications. The 
simulated data are catered toward various scenarios such as a low power due to partial or 
complete shading and other potential hardware failures. A simplistic analysis tool is included to 
view time-series data and perform additional filtering. Advanced analysis techniques are 
performed by exporting the data and incorporating Microsoft Excel. 
 
Figure 5.  Screen shots illustrating data visualization using the CREATE SCADA Platform 
historian function, and of SCADA data exported in .csv format and imported into a MC 
Excel spreadsheet for further analysis. 
 

 
 

 
 
Delivery of CREATE SCADA Professional Development for Educators 
CREATE and NextEra Energy delivered two days of in-person professional development in 
January 2020 for 28 faculty representing 17 U.S. states, with a composition of 15 male and 13 
female participants.  The first day was hosted at NextEra, the world’s largest generator of 



 

renewable energy.  The day included panel sessions with a range of executives and SMEs, 
renewable energy project development breakout sessions, and a tour of the Renewable 
Operations Control Center (ROCC), which serves as the monitoring and operations center of 
NextEra Energy Resource’s wind, photovoltaic solar, and battery energy storage fleet.  
Participants learned about ROCC Operations processes including plant Start-Up/Shutdown, 
Curtailment, Daily Work Management, Troubleshooting and Outage restoration, and Energy 
Market Communications.  Workshop participants also contributed to the draft SCADA job task 
analysis to identify key knowledge and skills necessary for the energy workforce.  A curriculum 
scoping activity also laid the groundwork for forthcoming SCADA curriculum development.  
The second day was hosted at Indian River State College and included a first glimpse training on 
the Open-Source SCADA Platform, along with data analytics, inverter and transmission 
installation at IRSC’s solar field, and continuation of the discussions regarding appropriate 
SCADA for Renewable Energy JTA and instructional course and labs. 
 
More recently in response to COVID, faculty professional development shifted to virtual 
training. A webinar with NextEra Energy on battery technology and control systems of FPL 
Manatee Energy Storage Center (the world’s largest solar-powered battery), and a  CREATE 
SCADA Workshop of Human Machine Interface (HMI) were completed in 2021, and recordings 
of these presentations are available for viewing on the CREATE YouTube Channel.  CREATE 
acquired a second batch of SCADA lab boards that were direct shipped to faculty participating 
an additional SCADA technology virtual workshop in April and May 2022.. The complete 
results from this workshop were not yet available at the time of this publication, but we intend to 
report on these in future communications. 
 
Figure 6.  SCADA workshop faculty at the NextEra Energy headquarters. 
 

 
 
Next Steps and Future Plans  
The SCADA Job Task Analysis, curriculum, and lab activities are available for free download at 
the CREATE website (CreateEnergy.org).  The lab trainer boards are available for purchase 
through Industrial Concepts (www.plccable.com).  The Open-Source SCADA Platform has 
drivers for several major DCàAC inverter and energy monitoring OEMs (including Enphase, 



 

SolarEdge, SMA, and AlsoEnergy), and CREATE is currently seeking schools with renewable 
energy installations to share their data with others.  Future faculty workshops are also being 
planned that we hope to announce later this year.  Many of the faculty involved in this project 
plan to pilot the SCADA curriculum and lab activities with their students in the upcoming year.  
CREATE is working to support these instructors through creation of additional student 
assessment tools, and we hope to have data quantifying student learning outcomes that we can 
share in the near future. 

 
Recommendations for Schools with Energy Technology Programs 
The diverse group of faculty who have participated in the CREATE SCADA project were 
instrumental in illustrating how schools with energy education programs can utilize the SCADA 
materials and resources developed.  Faculty and programs interested in working with the 
CREATE SCADA project may wish to engage through one of more of the following 
mechanisms: 
 
1) Use the entire six module Introduction to SCADA curriculum as the basis for introducing an 
entirely new course into existing energy technology programs.  
 
2) Use the Introduction to SCADA curriculum and/or SCADA trainer board and lab activities in 
a modular format, by integrating applicable pieces selected by Learning Outcomes, into existing 
energy technology courses.   
 
3) Implement the SCADA curriculum modules and/or SCADA trainer board and lab activities in 
courses other than energy technology.  Related areas that may find these instructional materials 
useful include courses in electrical circuits, programable logic controllers, and cyber security. 
 
4) The SCADA curriculum modules and/or SCADA trainer board and lab activities are also 
relevant to other industries such as water technology, advanced manufacturing, food and 
beverage processing, and agriculture.   
 
5)  Schools with renewable energy generating systems can integrate their data streams into the 
CREATE Open Source SCADA Platform to contextualize their students’ learning using their 
own infrastructure to produce energy and provide data from their campus.    
 
In conclusion, SCADA technology is core technology for the operation of renewable energy and 
many other industrial processes.  The CREATE SCADA project has provided several free 
resources for faculty to help integrate SCADA technology into existing courses and programs, 
and to help provide a more highly skilled technical workforce for the energy sector.  The authors 
hope that this work will empower a new generation of renewable energy engineers and 
technicians with SCADA knowledge and expertise to advance the clean energy sector. 
 
Acknowledgements 
This work was supported by the National Science Foundation Department of Undergraduate 
Education Award #s 1600934, 1901852, and 2000714.  Any opinions, findings, and conclusions 
or recommendations expressed in this material are those of the author(s) and do not necessarily 
reflect the views of the National Science Foundation. 



 

References 
[1] S. A. Boyer.  SCADA: Supervisory Control And Data Acquisition. International Society of 
Automation, 2009. 
 
[2] D. Bailey, and E. Wright. Practical SCADA for industry. Elsevier, 2003. 
 
[3]. C. Dumitru and A. Gligor. SCADA Based Software for Renewable Energy Management 
System. Procedia Economics and Finance, volume 3, pages 262–267, 2012.  
 
[4]. A. Biswal and H. Bansal. SCADA and its applications to renewable energy systems 
integration. 9th International Conference on Industrial and Information Systems, ICIIS. 2015  
 
[5] P. Bangalore and M. Patriksson. Analysis of SCADA data for early fault detection, with 
application to the maintenance management of wind turbines. Renewable Energy, 
volume 115, pages 521-532, 2018. 
 
[6]. E. Nugent.  Why Solar SCADA is Taking Center Stage in Grid Modernization. Renewable 
Energy World. September 13, 2017.  
 
[7]  K. Walz, and J. Shoemaker.  Preparing the Future Sustainable Energy Workforce and The Center for 
Renewable Energy Advanced Technological Education.  The Journal of Sustainability Education, volume 
17, March 2017. 
 
[8] K. Walz, C. Folk, S. Liddicoat, and J. Shoemaker.  Impacts on Teaching Practices from a Solar 
Photovoltaic Institute Faculty Professional Development Program. ASEE Annual Conference 
Proceedings, Salt Lake City, UT, June 2018.  10.18260/1-2--30609 
 
[9] K.A. Walz, J.B. Shoemaker, S.M. Ansorge, A.Gusse, and N.J. Hylla.  Enlightened Education: Solar 
Engineering Design to Energize School Facilities. ASEE Annual Conference Proceedings, virtual online, 
June 2020. 10.18260/1-2--34580 
 
[10] M. Slowinski, G. Temple, and K. Walz. International Faculty Professional Development: Utilizing 
Hybrid Environments to Deepen Learning and Grow Community. ASEE Annual Conference Proceedings, 
virtual online, June 2020. 10.18260/1-2--34867 
 
[11] L. Bosman, J. Brinker, and K. Walz. A Comparison of the Renewable Energy and Energy Storage 
Sectors in Germany and the United States, with Recommendations for Engineering Teaching Practices.  
ASEE Annual Conference Proceedings, virtual online, June 2020. 10.18260/1-2--33986 
 
[12] K. Walz, M. Slowinski, and K. Alfano.  International Approaches to Renewable Energy Education – 
A Faculty Professional Development Case Study and Recommended Practices for STEM Educators.  
American Journal of Engineering Education, volume 7, issue 2, pages 97-115, 2016. 
 
[13] M. Slowinski, K.A. Walz and K. Alfano. Renewable Energy Technician Education: The Impact of 
International Faculty Collaboration. ASEE Annual Conference Proceedings, New Orleans, Louisiana, 
June 2016.  10.18260/p.26073 
 
[14] K. Alfano. NSF ATE CREATE Renewable Energy Center. ASEE Annual Conference 
Proceedings, Atlanta, Georgia, June 2013. 10.18260/1-2--22319 



 

 
[15] C.J. Akelian. Incorporating SCADA Modules into Introductory Programmable Logic 
Controller Curriculum. ASEE Annual Conference Proceedings, Seattle, Washington, June 2015.  
10.18260/p.24280 
 
[16] J. Pulaski. Job Task Analyses: at the very heart of credentialing.  Interstate Renewable 
Energy Council.  June 12, 2013. 
 
[17] P. Wolfe. Job task analysis: guide to good practice.  Educational Technology Publications, 
1991. 
 
 
 


