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Motivation
• The United States has a long-term goal to decarbonize the electric grid1. This will 
require several market transformations across multiple sectors, including 
renewable power generation and storage options, increased electrification of end-
use energy consumption, including substantial increase in electrification of 
transportation and machinery.

• Electrification of multiple sectors (residential, commercial, industrial, 
transportation, etc) will require  ubiquitous applications of power electronics of 
various ratings

[1] The White House. 2021. “President Biden Signs Executive Order Catalyzing America’s Clean Energy Economy Through Federal Sustainability.” https://www.whitehouse.gov/briefing-
room/statements-releases/2021/12/08/fact-sheet-president-biden-signs-executive-order-catalyzing-americas-clean-energy-economy-through-federal-sustainability/
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Yesterday’s Power System …
One Way Power Flow

Generation-Transmission Distribution SystemSubstation

Source: NREL-Coddington modified Alvin R. 3
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Today’s Power System …
Two Way Power and Information Flow

Generation-Transmission Distribution SystemSubstation

Source: NREL-Coddington modified Alvin R. 4
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Where are changes: 
System-Wide Application Space

Satellites
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Walking the Talk… 

…or Driving the Talk… 
• 12 years of maintenance-costs-free EV ownership… 
• The vehicle paid for itself in ~ 7 years
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What are the questions that 
hinder EV adoption ? 
 Upfront cost 

• Cost of the vehicle
• Cost of charging infrastructure
• Cost of electricity: will EV ownership increase my electric bill too much?
 Solution:  Customer access to information: 

[see for example  T. Solomon’s presentation: “Electric ‘fuel’ is like gas at $0.75 / gal “] 

 Range Anxiety and Perception of Lack of Infrastructure
 Solution: Broad charging network (already underway via the Bipartisan Infrastructure Bill) 

 Can the US Electric Grid handle EV charging
 Solution: Yes, it can, through a variety of hardware and  policy solutions 

(for example, night time charging tariff for EVs, already implemented) 
 Are EV’s really  green and sustainable ?
 Solution: Yes, if you look at the cradle-to-the-grave analysis and sustainability metrics 

(including even mineral resources, etc, etc)
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• NMSU’s education curriculum and research in 
advanced energy topics answers  exactly these 
type of questions, and disseminates the  
information to the public:

• how is the energy transition happening ? 
• can we (consumers) handle it ? 
• can the grid handle it ?
• How do we prepare the workforce development 

for the new jobs? 
• etc, etc

Electric Grid Capacity, Planning and 
Research Questions:
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Electrification of transportation:
not only passenger vehicles

Electrified Transportation
Loads

Local Delivery

Drayage

Warehousing/ 
Robotics

Residential 
Consumer EV

City and Muni 
Transit / Last mile

Energy 
demand.

Energy 
demand.

Power 
Demand

Power 
Demand

Geo-spatial 
distribution
Geo-spatial 
distribution

Temporal 
analysis

Temporal 
analysis

Power 
Quality 
Power 
Quality 

Battery Size/Rating

Charging PQ spec

Recommended SoC

. 
. 

THD spec

. 

DC charging

Wired and/or
inductive charging

Technical specs

Can we have 10 Tesla trucks charging at 
the same CHARGING STATION LOCATION?

Can we have 10 Tesla trucks charging at 
the same TIME ?
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Charging infrastructure is not boring !

• Advanced designs demonstrate potential for multiple benefits:
• Multi-type use (passenger and long haul commercial trucks)
• Energy efficiency and smart utilization
• Multiple revenue streams for charging station owners /operators – including 

payments for grid services
“Considerations for Corridor and Community DC Fast Charging Complex System Design”, INL publication 
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What types of employment/
job sectors needed? 

• …. These are all well paying jobs
…and  NMSU has degrees and programs for all of these areas

What are the 
opportunities for NM? 

• Jobs !  Jobs !  Jobs!
• Meeting ETA requirements
• Better quality of life for  

consumers through reduction 
of costs of ownership and 
reduction in pollution levels 
(cleaner air)

• Jobs !  Jobs !  Jobs!
• Meeting ETA requirements
• Better quality of life for  

consumers through reduction 
of costs of ownership and 
reduction in pollution levels 
(cleaner air)

• High Tech Construction
• Electrical Engineering  - design, maintenance
• CAD drafting, records maintenance, electrical 

and fire safety compliance
• Planning and Policy 
• Customer Service, Field Service  (including EV 

charging station support,  troubleshooting  
and maintenance) 

• Markets, Economics, Insurance
• Communications and Broadband Networking
• Cybersecurity, Computer Science

• High Tech Construction
• Electrical Engineering  - design, maintenance
• CAD drafting, records maintenance, electrical 

and fire safety compliance
• Planning and Policy 
• Customer Service, Field Service  (including EV 

charging station support,  troubleshooting  
and maintenance) 

• Markets, Economics, Insurance
• Communications and Broadband Networking
• Cybersecurity, Computer Science
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Electrical Engineering education curriculum 
for new transportation modalities EE 432/537

Power Electronics• Our “Power Electronics” class teaches 
modern power electronics technologies 
as applicable to EV, Renewables, 
transportation (aviation, trains), etc.

• we first take an academic approach to 
learn about all the components in EVs

• then, in the upcoming semester, 
we will be taking an actual EV 
apart (safely!) to gain hands-on 
knowledge
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Is cybersecurity important for 
electrified transportation? 

Initiate charging 
session? 

Your firmware is 
not compatible 

According to your 
IoT IP address, you 
are a fridge 

I am not a charging 
station at all

We’ve got a degree for that...

PS: This is only an illustration, not meant to scare anyone away from using public charging infrastructure. Typical cyber hygiene must always apply 
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NMSU’s Public Policy Degrees:

https://deptofgov.nmsu.edu/academic-programs/ba-in-government.html
https://deptofgov.nmsu.edu/academic-programs/mpa.html
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Ongoing research topics: 
Can the grid handle it?

• We perform multiple system studies for 
multiple scenarios to analyze best and 
worst case for different load growth 
(growth in number of EVs)  scenarios.
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0                        2                        4

Secondary Overvoltage

Secondary Voltage Deviations

Primary Imbalance

Regulator Voltage Change

Primary Voltage Deviations

Primary Overvoltage

0.5 MW scenario
1.0 MW scenario

Hosting Capacity (MW)

2.0 MW scenario

No Issues
May require upgrades
Requires upgrades

NMSU’s Power group and Electric Utility Management Program provided analysis 
of hosting capacity for PNM electric distribution electric circuits – as per the 
request from PRC.

Ongoing  research topics: 
What type of upgrades may be needed and when?
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Future Research Questions:
 EV Battery 2nd life Applications

• Multiple potential areas exist 
• Grid Services have a huge potential for 

both extension of the service life of the 
batteries (therefore not needing to recycle 
till much later) AND for additional income 
streams for yet a different sector of  
industry/jobs. 

 EV Battery Recycling
• Multiple pilots exist. Technologically 

challenging (but in a good way) research

https://elektroautomatik.com/en/industries/battery-recycling/second-life/

https://chargedevs.com/newswire/this-company-is-earning-money-with-second-life-nissan-leaf-batteries/
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Future Research Questions:

https://www.freep.com/story/money/cars/ford/2021/02/18/texas-power-outage-storm-blackout-ford-f-150-generator/6797103002/

 Bi-Directional / V2X:  Exploring and enabling bi-
directional services from vehicles for V2X (Vehicle-
to-Home V2H, Vehicle-to-Building (V2B) and  
Vehicle-to-Grid (V2G)) 

• Energy services to dedicated/selected buildings as means 
of managing customer/building electric energy costs

• Additional revenue streams for selling energy to the grid
• Think of this as similar to “short term rental “ of your 

vehicle’s battery by the grid: for several minutes a day, 
you may allow the electric utility to use your vehicle’s 
battery in an exchange for monetary compensation.

 Emergency  power and energy delivery services
• A fleet of EVs with substantial battery capacity can serve 

as a mobile emergency “power station” in cases of 
outages or other public emergencies, providing life saving 
measures

https://nuvve.com/faq-items/what-is-the-difference-
between-smart-charging-v1g-v2b-and-v2g/
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Future Research Questions:
Extreme Fast Charging (xFC) Systems 

Integration (350 kW -> 600kW): 
 Liquid Cooled Charging

• Both technologies reduced the charging time to 
be comparable to regular gas filling up time

Wireless Charging and Transportation 
Systems:

https://www.youtube.com/watch?v=oVEuOtRLNzc&ab_channel=TechVision

https://www.purdue.edu/newsroom/releases/2021/Q4/electric-vehicles-could-
fully-recharge-in-under-5-minutes-with-new-charging-station-cable-design.html
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IDEAL: Testbed for Clean Energy and Grid Modernization
A state-of-the-art testbed for cutting edge research to improve the efficiency of the nationwide energy 

distribution system, to integrate more renewable energy projects and electrification of transportation and 
to improve conditions for the resiliency improvement through  proliferation  of microgrids.

Senators Ben Ray Lujan 
and Heinrich secured 
$1.6M for IDEAL upgrades 
into a microgrid test lab

Where are we conducting this research? 
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In conclusion
• New Mexico has a significant potential for electrification of broad range of 

industrial and residential sectors, including transportation.
• Economic, societal and technological benefits will contribute to energy 

equality and can specifically benefit LMI and underserved populations; 
• Electrification of transportation is MUCH MORE than only personal 

passenger vehicles, we have to plan for industrial and commercial transport
• Electrification of residential and industrial transportation will accelerate 

achievement of the New Mexico’s Energy Transition Act goals and can lead 
to creation of permanent well-paid jobs in NM.

• NMSU, other universities and community colleges are already providing 
education and training in these areas.
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THANK YOU 

for your attention!


