
DESIGN OF ENERGY STORAGE UNIT FOR THE SPARTAN 
SUPERWAY TRANSPORTATION NETWORK

By: Carlos Franco

ME295A
May 14, 2020

Committee: Dr. Burford Furman, Mr. James Mokri, and Mr. Ron Swenson



Personal Background

Source: https://www.sjsu.edu/communications/identity/powersource/marks/



This presentation focuses on current research and 
analysis for storage unit design options

Introduction / Background Objectives

Results / SummaryMethodology



The Spartan Superway is an opportunity reduce 
inimical impacts of modern transportation methods

Source:  / Furman, B., & Swenson, R. (2019). Solar Powered Automated Rapid Transit Ascendant Network. Retrieved from https://www.inist.org/library/2019-10-14.FurmanSwenson.SPARTAN.SJSU_WhitePaper.pdf / Fogelquist, J. B. (2019). 
Computational Aid for Designing PV Canopy for Solar-Powered Transit. San Jose, CA: San Jose State University.



Propose design for energy storage unit that can be 
deployed for Superway network



Transportation sector has critical implications on the 
environment and public safety

Source: U.S. Environmental Protection Agency, Office of Transportation and Air Quality. (2019, June). Fast facts: U.S. Transportation Sector Greenhouse Gas Emissions 1990-2017. Retrieved from 
https://nepis.epa.gov/Exe/ZyPDF.cgi?Dockey=P100WUHR.pdf / González, S., Loukaitou-Sideris, A., & Chapple, K. (2019). Transit neighborhoods, commercial gentrification, and traffic crashes: Exploring the linkages in Los Angeles and the Bay Area. 
Journal of Transport Geography, 77, 79-89.

https://nepis.epa.gov/Exe/ZyPDF.cgi?Dockey=P100WUHR.pdf


The Spartan Superway is considered an automatic 
transit network 

PRT Morgantown, West Virginia ParkShuttle, Netherlands PRT, Madagascar 

Shuttle, London PRT, South Korea

Source: Furman, B., Fabian, L., Ellis, S., Muller, P., & Swenson, R. (2014). Automated Transit Networks (ATN): A Review of the State of the Industry and Prospects for the Future. Mineta Transportation Institue, 19-25.



Megawatt and gigawatt arrays are becoming more 
common while systems show decreasing costs

Source: Shubbak, M. H. (2019). Advances in solar photovoltaics: Technology review and patent trends. Science Direct, 1-5. /  Trube, J. (2016). International Technology Roadmap for Photovoltaic. Retrieved from Trube, J. (2016). International 
Technology Roadmap for Photovoltaic. Retreived from https://solarcluster-bw.de/fileadmin/user_upload/PDF/Solarbranchentag/1515_3_Trube_VDMA.pdf



Lithium technologies show potential for storage 
systems while systems show decreasing costs

Source: Koohi-Fayegh, S., & Rosen, M. (2020). A review of energy storage types, applications and recent developments. Science Direct, 27, 1-23. / Cole, W., & Frazier, A. W. (2019). Cost Projections for Utility-Scale Battery Storage. Golden, CO: 
National Renewable Energy Laboratory.



Utility-scale systems are using lithium batteries

Source: Park, J. W. (n.d.). UC Davis RMI Winery Microgrid Project. Davis, CA: UC Davis. / http://www.montereycountyweekly.com/blogs/news_blog/pg-e-s-massive-battery-storage-project-at-moss-landing/article_d024179c-5d77-11ea-a4b8-334d45b7f474.html



The grid and storage systems can work together by 
following standards

Source: CAISO. (2016). California ISO fast facts. Folsom, CA. / Wu, Y.-K., Lin, J.-H., & Lin, H.-J. (2017). Standards and Guidelines for Grid-Connected Photovoltaic Generation Systems: A Review and Comparison. IEEE Transactions on Industry 
Applications, 53(4), 3205-3215.



Transit energy equation and computer model to 
determine energy demand of system

Source: Anderson, J. E. (1978). Transit Systems Theory. Lexington, MA: Lexington Books. / Furman, B. (2016). 2016-07-02.BFJ.EnergyCalculation. San Jose, CA: San Jose State University. / Fogelquist, J. B. (2019). Computational Aid for Designing 
PV Canopy for Solar-Powered Transit. San Jose, CA: San Jose State University.
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Hourly array power output equation and computer 
model to determine PV energy supply

Source: Fogelquist, J. B. (2019). Computational Aid for Designing PV Canopy for Solar-Powered Transit. San Jose, CA: San Jose State University.

System Hourly 
Power Output



Battery sizing calculations accounting for 
inefficiencies and safety factor

X 1.25 Factor



Searching for design and layout options

Source: Fu, R., Remo, T., & Margolis, R. (2018). 2018 U.S. Utility-Scale Photovoltaics-Plus-Energy Storage System Costs Benchmark. Golden, CO: National Renewable Energy Laboratory.



Approximating projected cost trends for the storage 
capacity needed

Source: Cole, W., & Frazier, A. W. (2019). Cost Projections for Utility-Scale Battery Storage. Golden, CO: National Renewable Energy Laboratory.



Vehicle hourly demand was calculated to 10.4 kWh

14.1 GWh

.27 kWh / km

Yearly Demand

Average Vehicle Efficiency



System power supply was 7.3 MW for lowest generating 
day of the year 



Storage size needed to operate system on stored 
energy calculated to 4.97 MWh (one day) / 9.95 MWh 
(two days)







Diverse design options available commercially for the system



Four possible locations available for units next to stations





Projected cost of energy storage system is expected to 
decrease in the upcoming years



There are solutions out there


