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Disclaimer 

Illustrations, charts, and graphs obtained from 
outside sources are given credit on the slide in 
which they are used. If you wish to use graphs 
that were created originally for this workshop, 
please give the proper acknowledgement to 
EVTC 2015 Electric Vehicle Market and 
Technology Workshop. 
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Contributing Institutions 

Florida Solar Energy Center 
 
 
 
 
 

• Building energy efficiency 
• Electric vehicles 
• Solar PV 
• Solar water heating 
• Alternative energy 
• Education and workforce 

training 
 

Idaho National Lab 
 
 
 
 
 

• Nuclear fuels and systems 
• Space power systems 
• Advanced transportation 
• Clean energy integration 
• Infrastructure protection 
• Defense systems 
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EVTC Overview 
 

• U.S. DOT Grant 

• University of Central Florida 
– Florida Solar Energy Center 

– Civil, Environmental and Construction Engineering 

– Center for Advanced Transportation Systems Simulation 

– Electrical Engineering and Computer Science 

• University of Hawaii 

– Hawaii Natural Energy Institute 

• Tuskegee University 
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Agenda 

• EV Overview 
– Market 

– Technology 

– Non-consumer applications 

• Break 

• Real world applications 
– National studies of real EV usage 

• “EV Ecosystems” 

• Conclusions 

 
6 



Fuel Cell 
Cars 

Fuel Cell 
Forklifts 

Electric 
Buses 

Electric 
Trucks 

Hydrogen 
Fueling 

Infrastructure 

Hydrogen 
Production 

“EV 
Project” 

EV 
Market 

Battery 
Second Life 

V2X 

Gasoline VS. 
Electricity 

EV 
History 

Autonomous 
Vehicles 

Battery 
Chemistry 

Wireless 
Charging 

Workshop Goals 

EV 
Powertrain 

Charging  
Stations 

EV 
Economy 

7 



Electric vehicles: History 
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Ancient History of Electric Vehicles 

• Invented in 1890’s 

– Ferdinand Porsche and Henry Ford worked on EVs 

– Edison tried making better batteries 

• Several factors led to the demise of the EV 

– Cheap oil in Texas 

– Mass-produced Model-T 

– The electric starter 

– Poor electricity in rural areas 

Photo courtesy of Wikimedia Commons 9 



Near History of Electric Vehicles 

• Fast-forward to 1960-70’s 
– Oil embargo increased interest in 

domestic energy 

– EVs only had 40 mile range and 
45mph top speed 

• Citicars become popular 
– 2000 vehicles sold (6th largest US 

automaker) 

• By 1990, interest in EVs had 
waned again 
– Gasoline was abundant and cheap 

Photo courtesy of Austin EV, Wikimedia Commons 
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Recent Past of Electric Vehicles 

• Concern for the environment 
promotes Evs in 2000’s 

• GM produced the EV-1 
– 80 mile range, 0-50 mph in 7 

seconds 
– High costs ended production in 

2001 

• Toyota Prius changes the game 
– Hybrid vehicle rapidly becomes 

popular 
– Creates a market with staying 

power 

Photos courtesy of Wikimedia Commons 
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Advantages of Electric over Gasoline 

• Improved energy efficiency 

– Gasoline = 17-21% efficient 

– Electric = 59%-62% efficient 
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Advantages of Electric over Gasoline 

• Cheaper operating costs 

– Different energy sources lead to different 
variations 

– Efficiency of engine impacts operating costs 
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http://www.eia.gov/todayinenergy/detail.cfm?id=13731 

US Electricity Mix 
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Fuel shares of total electricity generation in the lower 48 states 



US Electricity Mix 
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Fuel shares of total electricity generation in the lower 48 states 

Increased fracking 

leads to cheap 

natural gas 

Increased natural gas usage 

http://www.eia.gov/todayinenergy/detail.cfm?id=13731 



Advantages of Electric over Gasoline 

• Lower emissions 

– None at tailpipe 

– Could be some at the source (e.g. coal vs. solar) 

– VW emissions test “cheating” scandal 

• More power = FUN! 

– E.g. Tesla’s “insane” mode = 691 hp 
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Why Not More EVs in Market? 

• 1900’s – No go… 

– Low range, no infrastructure, cheap oil 

• 1970’s – No go… 

– Low range, no infrastructure, cheap oil 

• 1990’s – Moderate success! 

– Low range, no infrastructure, high manufacturing 
costs (a.k.a. cheap oil) 

What’s different about today??? 
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Invention of Better Batteries 
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Infrastructure Improvements 

• In early 1900’s, <10% of households had 
electricity 

• Refueling EVs was more difficult than gas 

20 https://hbr.org/2013/11/the-pace-of-technology-adoption-is-speeding-up/ 

EV Adoption?? 

2020 2035 
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Electric Vehicle Sales 

• An increasing number of models since 2005 

– Many models in late 1990’s didn’t succeed 

• Steady sales increase since 2005 

– Gas prices have significant impact 
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Electric vehicles today 
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Powertrain Types 

• Conventional Vehicles – 25-30 MPG 

– E.g. Toyota Camry, Honda Accord 

– Gasoline engine 

– No way to import/export electricity 
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Tank Engine 



Powertrain Types 

• Hybrid Vehicles – 50 MPG 

– E.g. Toyota Prius, Honda Accord Hybrid 

– Small battery, used for engine assists periodically 

– No way to import/export electricity 
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• Recapture kinetic energy and store in battery 

– Efficiency: 30-40%, depending on speed and SOC 

• Utilizes AC motor to produce back-EMF 

• Advantages 

– Improved fuel economy 

– Reduced brake wear 

– Reduced engine wear 

25 

Regenerative Braking 



Braking Style vs. Efficiency 
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Powertrain Types 

• Battery Electric Vehicle (BEV) – 95-112 MPGe 

– E.g. Nissan Leaf, Tesla 

– Large battery (24-85 kWh) = ENERGY 

– High power (100-250 kW, 130-335 hp) = POWER 

 

27 

Battery 

Electric 
Motor 



Powertrain Types 

• Plug-in Hybrid Electric Vehicle (PHEV) – 38/92 
MPGe  

– Fuel economy depends on trip length 

– Battery and on-board generator 

– E.g. Plug-in Prius (PHEV-11), Chevy Volt (PHEV-38) 
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Impact of Range on Fuel Economy 

• BEV give higher economy, but lower range 

– Electric conversion efficiency >90% 

– ICE conversion efficiency ~30% 

• Constant fuel economy for a given trip length 
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– Small range (11-40mi) on battery only 

• Fuel economy changes with trip length 

– After battery is depleted, gasoline kicks in 
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Hybrid Vehicles 
HVs 

Battery Electric Vehicles 
BEVs 

Plug-in Hybrid Electric Vehicles 
PHEVs 

27 to 70 MPG 84 to 124 MPGe 
17-50 MPG (gas) 

18-117 MPGe (battery) 

Audi Q5 Hybrid 
BMW ActiveHybrid 3, 5, and 7L 

Buick Lacrosse 
Buick Regal 

Ford C-Max Hybrid 
Ford Fusion Hybrid 

Honda CR-Z 
Honda Civic Hybrid 

Honda Accord 
Hyundai Sonata Hybrid 

Infiniti Q50, Q70, QX60 Hybrids 
Kia Optima Hybrid 

Lexus CT, ES, LS, NX, RX 
Lincoln MKZ Hybrid 

Mercedes E 400 Hybrid 
Nissan Pathfinder Hybrid 

Subaru XV Crosstrek Hybrid 
Toyota Prius 

Toyota Avalon Hybrid 
Toyota Highlander Hybrid 

VW Jetta Hybrid 
VW Touareg Hybrid 

BMW i3 
Chevrolet Spark EV 

Fiat 500e 
Ford Focus Electric 

Kia Soul Electric 
Mercedes B-Class Electric 

Mercedes Smart fortwo Electric 
Nissan Leaf 

Tesla Model S 
Tesla Model X 

Volkswagen e-Golf 

BMW i3-REX 
BMW i8 

Cadillac ELR 
Chevrolet Volt 

Ford C-Max Energi 
Ford Fusion Energi 

McLaren P1 
Porsche 918 Spyder 

Porsche Cayenne S e-Hybrid 
Via Motors VTrux 

Toyota Prius Plug-In 

Underlined vehicles are most efficient 

Data from www.fueleconomy.gov 
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Cost Per Mile of Range 

• MSRP divided by range of vehicle 

– BEVs cost more per mile of range 

– Lower fueling costs could help mitigate this effect 
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Cost Per Mile of Range 

• MSRP divided by range of vehicle 

– BEVs cost more per mile of range 

– Lower fueling costs could help mitigate this effect 
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Fueling electric vehicles 
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Charging Stations (EVSE) 

• Batteries are DC devices 

– Always requires DC at the terminals to recharge 

• Two broad categories of chargers 

– AC chargers: rely on on-board AC-DC converters 

– DC chargers: utilize off-board AC-DC converters 

 
120V AC 

240V AC DC Fast charger 

36 
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Charging Stations: AC 

• Purpose: to deliver AC to the vehicle 

• SAE J1772 Standard specifies three levels 

– Level 1: 0-2 kW (16A @ 120VAC) 

– Level 2: 2-20 kW (28A @ 240VAC) 

– Level 3: 20-100 kW (416A @ 240VAC) 

• The on-board AC-DC converter is limiting 

– Typically 3.3 or 6.6 kW (13-26 mi/hr of charge*) 

37 

* depends on the efficiency of the vehicle 



Charging Stations: DC 

• Purpose: Convert AC into DC and deliver 
directly to the battery 

• SAE J1772 Standard specifies three levels 

– Level 1: 0-32 kW (70A @ 480VAC) 

– Level 2: 32-80 kW (170A @ 480VAC) 

– Level 3: 80-160 kW (260A @ 480VAC) 

• Power limited by off board charger and 
battery sizes 
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Battery 
AC to DC 

AC and DC Chargers 

Battery 
AC to DC 

Utility 

Grid 

AC 

120V or 240V 

AC 

480V 

DC 

DC 

AC Charger 
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AC to AC 

AC to DC 
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Charging Ports 

http://www.plugincars.com/electric-vehicle-charging-basics-125792.html 

Wikipedia 

Mynissanleaf.com 

http://articles.sae.org/11484/ 

L1/L2 AC port DCFC port 

DCFC and L2 
240V “Dryer” plug 

120V plug 



Miles/hr-Charge vs. Miles/Day 

• Amount of time for recharge depends on 
charger type and miles “consumed” 

• Most driving habits “consume” < 50 miles/day 

– L1 overnight is adequate for most users 
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Comments about EVSE Operation 

• Residential – “Time of Use” Rates 

– Increased rates at different times of day 

• Due to cyclic energy demand at homes 

– Inefficient peaker power plants come online 
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Comments about EVSE Operation 

• Commercial – Demand Charges 

– Monthly costs associated with power at the site 
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Charging at peak increases monthly demand 

Charging off-peak 

doesn’t change demand 



Lithium-ion Batteries 
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? 

Image downloaded from manufacturer website 
http://batteryuniversity.com/learn/article/global_battery_markets 



Lithium-ion Battery Mechanism 

46 

Lithium metal oxide Graphite 

LiC6→Li++e-+C6 

H. Lee, et. Al., A review of recent developments in membrane separators for rechargeable lithium-ion batteries, Energy & Environmental Science, 2014, 7, 3857-3886 

Discharge 



Types of lithium-ion Battery 

Type Chemical Composition Acronym 

Lithium cobalt oxide LiCoO2 LCO 

Lithium manganese oxide LiMn2O4 LMO 

Lithium nickel manganese cobalt oxide LiNiMnCoO2 NMC 

Lithium iron phosphate LiFePO4 LFP 

Lithium nickel cobalt aluminum oxide LiNiCoAlO2 NCA 

Lithium titanate Li4Ti5O12 LTO 
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Thermal runaway (safety) 

C-rate (discharging and charging rate) 

Specific Energy 

Specific power 



Thermal Runaway 
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Heat 

Reaction rate Exothermic reaction 

http://www.nature.com/ncomms/2015/150428/ncomms7924/full/ncomms7924.html 



Safety of Lithium-ion batteries 
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What is C-rate 

• C-rate is a measure that governs at what 
current a battery is charged and discharged. 

• E.g. for a 1,000 mAh battery: 

– 0.5C=500mA/hour 

– 1C=1000mA/hour 

– 2C=2000mA/hour 

– 5C=5000mA/hour 
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Specific Energy and Specific Power 

• Specific Energy: Energy per unit mass. 

 

 

 

 

 

• Specific Power: Power per unit mass. 
– Specific power is depending on the specific energy 

and maximum C-rate. 
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Lithium-ion Battery Comparison 
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Nissan Leaf 

Chevy Volt 
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Dilemma for Lithium Battery as an EV 
Energy Source 

53 

Engine determines power 

Gas tank size determines 

energy (range) 

Conventional Vehicles Electric Vehicles 

Battery determines both range 

and power 

http://www.nissan-global.com/EN/TECHNOLOGY/MAGAZINE/ev_battery.html 



Challenge for Lithium Battery as an EV 
Energy Source 
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Specific Energy and Energy Density 

Material 
Specific Energy 

(MJ/kg) 
Energy Density 

(MJ/L) 

Hydrogen 142 
5.6 (compressed at 700 

bar) 
Natural Gas 55.5 0.0364 

Diesel 48 35.8 
Gasoline 44.4 32.4 
Ethanol 26.4 20.9 

Methanol 19.7 15.6 
Lithium-ion battery 0.36-0.875 0.9-2.63 
Lead-acid battery 0.17 0.56 
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Hydrogen fuel cell vehicles (FCEV) 

Range= 300 plus miles 

Refueling time <5 min 

 



Proton Exchange Fuel Cell Mechanism 
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Anode 

Fuel 

Oxidation 

Cathode 

Oxidant 

Reduction 

Current Collector 

Flow field Catalyst layer Electrolyte 

𝐻2 → 2𝐻+ + 2𝑒− 
1
2 𝑂2 + 2𝐻+ + 2𝑒− → 𝐻2𝑂 

57 

Total Reaction: 
𝐻2+ 𝑂2 → 𝐻2𝑂 + ℎ𝑒𝑎𝑡 



FCEV History 
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Automakers with the Most FCEV Models 



FCEV Powertrain 

Image downloaded from manufacturer's’ website Oct 2015 60 
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Hydrogen Production 

http://energy.gov/eere/fuelcells/hydrogen-production 61 

CH4+2H2O→CO2+4H2 



Hydrogen Storage 

http://energy.gov/eere/fuelcells/hydrogen-storage 62 

350 bars 

700 bars 

DOE Target for 2015: 

5.5 wt% 

40 g/L 



Hydrogen Fueling Infrastructures 

• Onsite Steam Methane Reforming  

• Onsite Electrolysis of Water 

• Liquid or Gaseous Hydrogen Delivery 

• Pipeline Delivery 

• Mobile Refueling 
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Onsite Methods 

H
2  Tan

ks 

Dispenser 

Water 

Water  

pump 

water 
purification 

system 

Water 

Electrolyzer 

Methane 

Air 

Steam methane 
reformer (SMR) 

compressor 

Onsite Water Electrolysis 

Onsite Steam Methane Reforming 
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CH4+2H2O→CO2+4H2 

2H2O→O2+2H2 

100-1000 kg/day  

30-100 kg/day 



Compressed H2 Tank 

Ambient-air vaporizer 

Dispenser 

Liquid H2 tank 
-253 °C 

compressor 

H2 H2 H2 

Delivery Methods 

Compressed hydrogen delivery 

Liquid hydrogen delivery 

Pipeline delivery 
65 

100-1000 kg/day 

20-1000 kg/day 



Mobile Methods 

Dispenser 
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10-60 kg/day 



Fueling Station Cost (CA) 

Hydrogen Stations  
Station Capacity 

(kg/day) 

Total Capital 

($M) 
onsite electrolysis (Emeryville) 60 5.56 

LH2 Delivery (Askland) 180 5.96 

Onsite SMR (UCLA) 140 4.32 

GH2 Truck (Harbor city) 100 2.47 

LH2 Delivery (SFO) 120 2.41 

GH2 truck (APCI, 2Stns) 180 2.29 

LH2 truck (Linde, 3 Stns.) 350 2.52 

LH2 truck (Air Lquide, 1 Stn.) 200 2.43 

Onsite Electrolysis (H2 Frontier) 105 4.62 
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Fueling Station Cost Predictions 
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N. Qin et. Al. Hydrogen fueling stations infrastructure, EVTC report EVTC-RR-02-14.  



Hydrogen Fueling Stations Rollout Strategy 

 • “Hydrogen Highway” 

– Every 20 miles along highways in California 

• Based on population density 

• “Clustering” strategies  

69 J. Ogden and M. Nicholas, "Analysis of a "cluster" strategy for introducing hydrogen vehicles in southern California," Energy Policy, vol. 39, pp. 1923-1938, 2011. 



Current and Near Future Hydrogen 
Stations in the US 

 

70 http://www.cafcp.org/stationmap 



Non-Consumer Applications of EVs 

• Electric Trucks 

• Fuel Cell Forklifts 

• Electric Buses 

71 



Trucks Electrification 

• Hybrid-electric trucks--Prius 

• Battery electric trucks--Leaf 

• Plug-in hybrid electric trucks--Prius Plug-in 

• Fuel cell electric trucks—Mirai 

• Electric truck with a range extender-- Volt 
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– 120 kilowatts of power 

– 44-mile all-electric range 

– 400 miles full range 

VIA Motor Truck 
Image downloaded from manufacturer's’ website Oct 2015 



Trucks Electrification 

• Auxiliary Power Units 

– US EPA estimates that a truck uses up to 1400 
gallons of diesel per year just in idling. 

• Power Take-off (PTO) 
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120 kilowatts of power 

40-mile all-electric range 

Pacific Gas and Electric Company (PG&E)  

electric bucket truck 
Image downloaded from manufacturer's’ website Oct 2015 
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Fuel Cell Forklifts 

• Can operate for more than 12 hours without 
performance degradation. 

• Can be refueled in a couple of minutes. 

• Can sustain cold temperature operation. 

Image downloaded from manufacturer's’ website Oct 2015 
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Fuel Cell Forklifts 

A. Mayyas, Fuel cell forlift deployment in the U.S. 



Electric Transit Buses 

76 http://www.afdc.energy.gov/data/ 



Estimated long term wells-to-wheels GHG emission for New Flyer buses 

Altoona Bus Research & Testing Center 

Greenhouse Gas Emission of 
Alternative Bus Types 

77 http://mjbradley.com/sites/default/files/CNG%20Diesel%20Hybrid%20Comparison%20FINAL%2005nov13.pdf 



Types of Electric Buses 

Lithium iron phosphate Battery type Lithium titanate 

~300 kWh Battery size 55-72 kWh 

~150 miles Range  ~30 miles 

Off route charging Charging Type In route charging 

~ 5 hours Charging time <10 minutes 

1 2 
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Transit Investments for Greenhouse Gas and Energy Reduction 

(TIGGER) Program 
$4,900,000 for the buses,  

$1,165,000 for infrastructure 

$52,000 for vehicle introduction 

$349,003 for program management 

$ 950K-1.1 M 

Tallahassee Electric Bus Program 



Technical Specifications 

Design 

Element 

Description 

Body 

construction 

Resin laminate fiber glass 

reinforced (composite) 

Motor Power 150 kW (200 HP) peak power 

Battery Lithium titanate battery  

72 kWh 

Curb Weight 27250 lbp 

Acceleration 60 seconds (0-60mph) 

Passenger 

Capacity 

62 

Top Speed 55 MPH 

Images  obtained from  Proterra 



FastFillTM rapid charging station, 500 kW DC 

Charge bus battery 10-95% in <10 min 

Rapid Charging Station 

Bus Charging Infrastructure 



Fuel Efficiency Comparison 

Electric Bus Diesel Bus 

Efficiency 
(kWh/mile) 

2.5 9.7 

Cost per Mile 
($) 

0.7 0.9 

300% better 

30% better 

Baseline buses: 

 Five 2010 Diesel bus 
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Demand Charge with Bus Charging 
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FSEC FPL Building Power Meter, Jun 10 (Peak), 2014  
30-minute average demand during previous billing period 

July Billing Demand = 350 kW FSEC measured   350.9 kW 

Demand Profile of the peak demand 

day of Florida Solar Energy Center-

June 2014 

Energy Consumption (kWh) x Base Price (6₵/kWh)+Peak Demand (kW) x $12.72/kW 
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$0.06/kWh $0.28/kWh 
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Shaving Peak Demand Via Optimizing 
Charging Behavior 
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Total Cost of Ownership 

TCO=Initial price+ Fuel cost + Maintenance cost 

Purchase price ($) Fuel Cost ($) 
Maintenance 

Cost ($) 
TCO ($) 

Diesel Bus 450k 432k 211k 1,093 k 

Electric Bus 950k 336k 141k 1,427 k 

Electric Bus* 800k 140k 141k 1,057 k 

All calculation assumes 40,000 miles/year and 12 years services 

Electric Bus* calculation used optimized electricity cost. 
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Real World Applications 

• Slides 87 to 116 were presented by John 
Smart from Idaho National Lab, showing 
results from the EV Project 
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VEHICLE-TO-“X” APPLICATIONS 
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View of the Energy Landscape 

• We use energy in everything we do 

– For our appliances, we call it “electricity” 

– For our heat, we call it “natural gas” 

– For our cars, we call it “gasoline” 
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Image credit: Lawrence Livermore National Laboratory and Department of Energy 

https://flowcharts.llnl.gov/commodities/energy 



Current System 
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Challenges with Current System 

• “Just-in-time” electricity generation and 
consumption 

– Need to match production with load exactly 

– Maintain frequency at 60Hz (+/- 0.02 Hz) 

• High costs with peaker power plants 

– Inefficient, “spinning reserves” 

• Curtailment with high renewable penetration 

121 



Frequency Regulation 

• Increased load = decreased frequency 

– Must increase generation/decrease load 

• Generation and demand are matched exactly 

122 

J.H. Eto et al., “Use of Frequency Response Metrics to Assess the 

Planning and Operating Requirements for Reliable Integration of 

Variable Renewable Generation” December 2010. LBNL-4142E 

U.S.-Canada Power System Outage Task Force. Final Report on the August 14, 

2003 Blackout in the United States and Canada: Causes and Recommendations. 

April 2004. 



Types of Power Plants 

• Baseload plants operate nearly continuously 

• Peaker plants operate ~10% of the time 

• Costs are nearly double for peakers 

– $0.07-0.08/kWh vs. $0.14-$0.15/kWh 

• Required due to the variability of demand 

123 http://www.eia.gov/todayinenergy/detail.cfm?id=12711 

http://www.eia.gov/todayinenergy/detail.cfm?id=1710 



“Duck Curve” 

• Electricity demand does not match up with 
renewable production 
– Daily variation in wind and solar 
– Seasonal variations complicate planning 

• Data from Tuscon, AZ home and 2kW PV models 

124 http://pvwatts.nrel.gov/pvwatts.php http://en.openei.org/datasets/files/961/pub/ 
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“Duck Curve” 

• Can meet building energy demand with 2kW 

– Winter months = “overgeneration” 

• California has predicted high PV penetration 
statewide could lead to risks 
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V2X System 
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Electrification of Transportation 



Benefits of V2X System 

• Vehicle-to-home (V2H): single, 3-5 kW 
– TOU cost reductions 

– Backup power 

• Vehicle-to-grid (V2G): multiple, 10-30 kW 
– Improved frequency response 

– Reduce peaker plant usage 

• Vehicle-to-building (V2B): multiple, 10-30 kW 
– Micro-grid backup 

– Demand charge reductions 
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V2H: Modeled Case Study 

• NHTS data shows vehicles leave at 7am, return 
at 6pm 

• Upon return, BEVs will have traveled ~40 miles 

– For this model, assume Nissan Leaf, 80 mi range 

• Must recharge vehicle before the following 
day 

– Three scenarios: Immediate, Delayed, V2H 

– Time of Use (TOU) rates in effect 
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TOU and Charging Profiles 

• Same energy required for BEV recharge 
– Delaying until midnight shifts charge time 

– Adding V2H reduces demand during high rates 
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TOU and V2H 

• Adding EV increases electricity costs 

– Offset by no gasoline costs 

• V2H saves $50/month for BEV owners 

– Improves cost-margins vs. gasoline savings only 

131 

Monthly Electricity Costs Gasoline Costs Total 

No BEV $135 $65* $200 

Immediate Charging $175 $0 $175 

Delayed Charging $160 $0 $160 

V2H $150 $0 $150 

* 1000 miles per month, 30 MPG vehicle, $2.00/gal gasoline 



Backup Power and V2H 

• Model home requires 46kWh/day in Aug 

– Nissan Leaf has 24kWh 

– Tesla Model S has up to 85kWh 

• A single BEV may not meet energy needs 

– Super Storm Sandy left some people without 
power for nearly 3 weeks 

• Reduce home electricity during outage 
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V2G: DOD Pilot Project 

133 
Camron Gorguinpour. The DOD V2G Piolot Project: Overview. 



V2G Benefits 

• Reduce the cost of leasing the vehicle through 
participating in grid frequency regulation 
markets 

– Southern CA market could save $209/month/car 

• Additional savings could be realized 

– Participate in “spinning reserves” markets 

– Increased price of natural gas 
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V2B: FSEC Model 

• Reduce demand charges 

– Need to recharge vehicles before COB 

– Need multiple vehicles 
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85 kW reduction in demand = $850 saved Vehicles provide 109 kWh 

FSEC has >120 kWh in “gaps” 
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V2X Summary 

• Significant reductions in operating costs 
– Frequency regulation limited to select markets 

– TOU savings possible with correct strategy 

– Demand charge reduction very likely 

• Need to identify infrastructure 
– DC to AC converters required for most applications 

– May not be needed everywhere 

• Impact on battery lifetime unknown 
– EVTC is currently researching 
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Other Emerging Technologies 

• Wireless charging 

• Autonomous vehicles. 

137 



Wireless charging 
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Faraday induction 

Images obtained from Oakridge National Lab 

Convenient 

Up to 90% efficiency 

Non-radiative power transfer 

Current power rating: 3.3 kW 

High cost 

Sensitive to alignment 

Large size 

The secondary coil needs to be installed 



Dynamic Wireless Charging 

 

139 



140 

Utah State University 

Electric Vehicle and  

Roadway research facility 

Highways England 



Autonomous Vehicles 
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Autonomous Vehicle Technology 

• Radar 

• Lidar 

• GPS 

• Computer vision 

Level 0: The driver has full controls. 

Level 1: Individual vehicle controls are automated. 

Level 2: At least two controls can be automated in unison. 

Level 3: The driver can fully cede control of all safety-critical functions in certain 

conditions.  

Level 4: The vehicle performs all safety-critical functions for the entire trip, with 

the driver not expected to control the vehicle at any time. (self-driving cars) 



Autonomous Vehicles and EVs 

Efficiency 
Boosting 

Autonomous Vehicles 

Electric Vehicles 

Wireless Charging 
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Electric Vehicle Ecosystem 

• What do we mean by “Ecosystem” 
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143 





 

145 Beyond the plug: finding value in the emerging electric vehicle charging ecosystem 





The ultimate value of a technology is 

determined by the marketplace, and 

impactful technologies ultimately become 

disruptive – that is, they are widely 

adopted and displace existing 

technologies from the marketplace or 

create entirely new markets. --DOE 
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Thank You! 
For more information about EVTC, please visit http://evtc.fsec.ucf.edu/ 

 

nqin@fsec.ucf.edu PBrooker@fsec.ucf.edu  

http://evtc.fsec.ucf.edu/
http://evtc.fsec.ucf.edu/
mailto:nqin@fsec.ucf.edu
mailto:PBrooker@fsec.ucf.edu

