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US Railroad Gauge=4 feet, 8.5 inches?



Challenge #1: Distribution Grid is designed for one-
way power flow
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Challenge #2: Accommodating EVs within Existing 
Grid  Capacity
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Challenge #3: Utilities can not control EVs
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Challenge #4: EVs are mobile and 
Difficult to do Billing?

Moving Storage
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Challenge #5: Grid is Driven by 
Economics

• Every utility is trying to be first to be second – Jeff Dagle, PNNL
• With EVs, Utility economics is poor, specially with two-way flow
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Opportunity #1: Enabling Resilient Smart Grid

By System Design:
• Redundancy and system approach
• Embedding resiliency concepts in 

operational and planning practice
• Automation, flexibility, adaptability, and 

physical network switching 
• Resilient Communication Networking 
• Providing incentive for resiliency

By Cyber Security Measure:
• Cyber-Physical Threat Detection
• Integrated Defense Plan
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By Robust Computing and Data Analytics:
• Distributed coordination
• Centralized, decentralized, distributed

By Robust Mathematical Algorithm and 
Robust Control:

• Distributed optimization
• Robust convergence and time guarantee
• Distributed coordination for RAS

By Resource Flexibility:
• Reconfiguration and resource allocation
• Controlled islanding

EV offers flexibility for DERs based restoration 



Inter-dependency and more and more EVs may not result into resiliency
FEMA Project and SETO project in SLC with PacificCorp



Opportunity # 2: Ancillary Services

11

Voltage control 
Frequency control

Real Power Control
Reactive Power Control

Reliability 
Stability



Transportation-energy Nexus 
and Associated Community

Transportation

Electric 
Grid

Smart 
Drivers

Smart Public 
Services

Community 
Charging

Others 0"

50"

100"

150"

200"

250"

300"

350"

400"

2015" 2016" 2017"
C
o
n
n
e
ct
e
d
(t
h
in
g
s(
(i
n
(m

il
li
o
n
s)
(

Year(

Transporta2on"

Energy"U2lity"

Number of Connected things in Energy 
and Transportation (Source: Gartner)

Centralized

Slow

Not 
Scalable

Optimal

Prone to 
failures

Local/ 
Distributed

Fast

Non-
optimal

Hard 
coded

May fail for 
unexpected

Decentralized, 
Coordinated and 

Hierarchal

Fast

Scalable

Sub-Optimal

Fault-tolerant

Supports Big data

Supports IoT

Existing Decision Support System Proposed Decision 
Support System

PMUCT PT
Smart  
Meter

Fault 
Indicator

\
P

h
ys

ic
a

l 
L

a
ye

r

S
e
n
so

r/
A

ct
u
a
to

r 
L
a
ye

r

C
o
m

m
u
n
ic

a
tio

n
, 

D
a
ta

, 
C

o
m

p
u
ta

tio
n
, 

C
o
n
tr

o
l a

n
d
 

o
p
tim

iz
a
tio

n
 L

a
ye

r

Controller Controller

Controller

H
o
lo

n

Computing
Coordination  

Cyber
security

• Discovery
• Leader Election 
• Consensus

• Threat Info. Sharing
• Detection analytics
• Cyber mitigation

Data Exchange

Knowledge Base

Control/Optimization

views

Learn/Inference

Knowledge
management

• Deep Knowledge 
Learning

• Knowledge 
sharing as views

• Event/security 

analytics

Aircraft
Engine

Climate
Control

Control
Surfaces Actuation

Cyber 
Events and 

Latencies

Switching 
Constraints

Mesh 
Networks 

with DER

3-Phase 
Unbalanced 

Networks

PA
C

-XAdaptive 
MPC

Distributed Delay-
aware Control

Delay-
aware 

CPS

Polynomial 
Chaos 

Expansion

Fast 
Adaptive 

Observers

Distributed Delay-
aware Optimization

Vacuum 
CB OLTC

Controller

Controller



Transmission System

Substation

PMUs/IEDs

Centralized Management System

DCBlock
(Agreement)

Electric Grid 
(Physical System)

Management System with 
DCBlocks (Cyber)

Transportation 
(Physical System)

Dynamic Group Formation and Decentralized Coordinated Control

DCBlock
(ABCAST)

DCBlock
(Election) DCBlock (Voting)

DCBlock
(Agreement)

Data 
Exchange

Traffic Lights

Connected Vehicle

National 
Highway

Opportunity # 3: Integrated Transportation and Electric Grid 
Management 

Route optimization for economics/ability 
to contribute to the grid resiliency



Opportunity # 4+: Offering Services for 
Multiple Stakeholders 
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