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World’s 6th largest economy; Population 39 million; in Bay Area 7 million

Home of Tesla, Google, Facebook, Apple, Twitter 

Solar
208 terawatt-hours (TWh) ; 25 TWh from solar PV, with slightly more than 1/3 of that coming from 

distributed generation. Another 2.4 TWh from concentrating solar power - 13% of the electricity 

generated in California in 2016.

Wind
13,000 Wind turbines; 5,662 megawatts (MW); 13,500 GWh/year - 6.81% of production
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California Facts 
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California Facts – Electric Vehicles 



This will in turn help to achieve California’s energy goals:

Executive Order B-55-18 - Governor Brown has set a target of reaching 5 million ZEVs 

on California roadways by 2030.

Senate bill 350 – Clean Energy and Pollution Act of 2015 (Statues of 2015) requires 

among others that the amount electricity generated and sold to retail customers from 

eligible renewable energy resources be increased by 50% by December 31, 2030.

CPUC Decision 13-10-040, “Decision Adopting Energy Storage Procurement 

Framework and Design Program” policies and mechanisms for energy storage 

procurement were established with achieving a target of 1,325 megawatts of energy 

storage by 2020.
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California has Ambitious Goals
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CEC - Electric Program Investment Charge (EPIC) Program

The Electric Program Investment Charge (EPIC) Program was created by the California 

Public Utilities Commission (CPUC) in December 2011 to support investments in clean 

energy technologies that provide benefits to the electricity ratepayers

EPIC funds will provide approximately $162 million annually from 2012‐2020 primarily to 

address policy and funding gaps related to the development, deployment, and 

commercialization of next generation clean energy technologies. 



6November 27, 2018 INVENT Presentation to Parker

Intelligent Electric Vehicle Integration

(INVENT)



Electrification of Transport Sector is Required for Deep De-carbonization

Source: EPA - Total Emissions in 2016 = 6,511 Million Metric Tons of CO2 equivalent
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California CO2 (in %) from Transport sector almost same as in Denmark

https://www.epa.gov/ghgemissions/sources-greenhouse-gas-emissions#colorbox-hidden


Impact on Electricity Grid*:

o 300 GWh additional battery capacity

o 50 GW potential extra peak power  (same as today’s CA peak power of 50 GW)

Impact on Oil industry:

o 2,500,000,000 Gallons of petroleum-derived fuel saved yearly

Impact on Environment:

o 23,000,000 tons of CO2 saved yearly

California – Goal 5 Million Zero-Emission Vehicles by 2030
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* Assuming 60 kWh EV battery and 10 kW charging



Lots of Solar - The Duck Curve Becomes A Problem
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Steep ramping and overgeneration risk



The Duck Curve – 2020 Ramping 13,000 MW in 3 hours
Equivalent to …
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13 Nuclear power plants 4,300 Wind turbines 1,300,000 EVs



Something Is Happening In California

Tesla Breaks Into America’s Top 10
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Something is happening In California

Tesla now has a higher market cap than BMW



Timeframe October 2017 to December 2020 

Total budget: $7,897,744

CEC Funds: $ 4,200,000  

Match Funds: $ 3,697,744  

INVENT Project Overview
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INVENT Project Goals

Demonstrate solutions that yield and quantify 

multiple real-world benefits of advanced

vehicle-grid integration (VGI) applications for

electric vehicle fleets

and

Pave the way for commercial deployments in California  
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INVENT



INVENT Project - Overview
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Project Lead

Launching Platform

Partners

Infrastructure Partners

EV OEMs



AC

PWM signal

INVENT Phase 1-3 Fleet Configuration
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PowerPort Hitachi

Commute Fleet Work Fleet

Leaf Outlander

DC

CHAdeMO

Phase 2 & 3 

+ up to 30 EVSEs/EVs

+ MUD + Car-sharing

Phase 1



Construction

Phase 1 Start: February 2018

Phase 1 Construction Completion: June 2018
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The UCSD Campus – Host For The INVENT Project



Commonly Held View of Cape Canaveral As a Single 
Launch Pad
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Actual Aerial of Cape Canaveral  With Multiple Launch Pads 

November 27, 2018 INVENT Presentation to Parker

UCSD Microgrid serves as 

launching pad for 

multiple California projects



November 27, 2018 INVENT Presentation to Parker

22

The Grid Taxonomy

Electricity, heating, and cooling for 1,200 Acres campus with a daily 
population of 45,000.

Supplying 85% of campus electricity needs, 95% of its heating, and 95% 
of its cooling.

69kV CA Electric Grid
UCSD Microgrid



UCSD Microgrid – Sandbox As Small Version Of CA Grid

~45 MW

1000 X 45 MW 

CA Electric Grid
UCSD Microgrid
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UCSD – Growth of EVs and EVSEs
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Grid Services

Energy to/from 

Electric Grid

Energy Flow

VSL Vehicle System Link Software – Software Defined Charging Station Control signals Bi-directional energy flow

Distributed Energy 
Storage

AC

External Signals

Energy FlowEnergy Flow

Aggregator

DC

VSL

DC

INVENT Architecture 

VSL VSL VSL VSL VSL

AC

…….

Vehicle-to-

Building

Energy Flow

Driver Preferences



The Case for Workplace Charging

Source: EDF RE
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Service Taxonomy

VGI

Uni-directional

Charging
Bi-directional

Charging/

Discharging

Bolt, Tesla, BMW i3,

Smart-E, Nissan LEAF

Commuter Fleet

Nissan LEAF/Mitsubishi Outlander, 

Work Fleet
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VGI Services & Evaluation
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Demand Response

Distribution-level 

(SDG&E Reduce 

Your Use Events)

Transmission-level

(CAISO Flex 

Alerts)

Vehicle-to-Building

Demand Response 

Peak Shaving

Multi-Unit Dwelling 

Application

Renewable Energy 
Time Shifting

Real-time

Forecast

CAISO AGC Signal 
Simulation

LA AFB Historical 
Signal Dispatch



Society

Services evaluation In 6 dimensions

Technical
Markets

Economics
(Financing)

Regulations
(Permits,

Standards)

Services Owner/User
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UCSD – Demand Charge Simulation
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Vehicle-to-Building
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Working in Harmony With UCSD Solar Forecasting 
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Working in Harmony with UCSD Solar Forecasting
48 Hours Solar Forecast 



Demand Response – Functional Tests
Flex-Alert (CAISO) and Reduce-your-Use (SDG&E)
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Demand Response – Active Participation
3 X Participation in Demand Response Alerts
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INVENT-REDUCE = (Ride the Duck Curve)

Energy was returned to the grid:

Date Alert Type Time Energy Potential Revenues*

July 24th, 2018 Flex-Alert 17:00-21:00 63 kWh

July 25th, 2018 Flex-Alert 17:00-21:00 76 kWh

August 7th, 2018 Reduce-your-Use 17:00-21:00 75 kWh $93.80

* Potential revenues for participation in alert with 7 EVs. Discharged energy must be resupplied adding a cost factor
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Ramping Up the INVENT Project

Planning

Installation

Phase 1 - Infrastructure

Commissioning
Phase 2 - Infrastructure

CAISO AGC
Flex-Alert
Reduce-your-Use

Phase 3 - Infrastructure

Baselining

Base version of services

• Frequency 
Regulation

• Ramping (Demand 
Response)

• Demand Charge

Standard version of 
services

• Frequency 
Regulation

• Ramping (Demand 
Response)

• Demand Charge

• “Sandbox services”

Advanced version of 
services and combined 
fleets
Service Stacking

“Sandbox services”

Evaluation
Ratepayers benefits
Barriers
…….

Phase 3Phase 2Phase 1

Oct, 2017
Jun, 2019

Jan, 2020 Dec, 2017

We Are Here



Winner of ESNA 2018 Mobility Award – Pasadena Nov 7, 2018
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