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PNNL supports the breadth of DOE missions

$987M Budget

4,500 Staff

64 U.S. & Foreign
Patents

1,127 Peer-reviewed
Publications



Source: Bloomberg New Energy Finance
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Is our Grid Ready - Questions?
1. Is there enough generation 

capacity to switch cars from oil 
to electrons?

2. Can the grid T&D infrastructure  
handle the increase in 
electricity

3. What is the optimized role and 
value of centralized & 
decentralized stational energy 
storage? 

4. What is the optimal EV 
charging strategy (location and 
time)

5. Can we reduce cost of 
electricity and increase 
reliability and resiliency

6. Can we deliver electricity 
equitable for all? 



Transitioning the transportation to the grid 

IMPACTS ASSESSMENT OF PLUG-IN HYBRID VEHICLES ON ELECTRIC UTILITIES AND REGIONAL U.S. POWER GRIDS PART 1: TECHNICAL ANALYSIS 

Michael Kintner-Meyer, Kevin Schneider, Robert Pratt (Pacific Northwest National Laboratory)

Generation Capacity & Valley Filling !

✓How many cars can you put on the 
grid with current generation, T&D 
infrastructure?

✓How will this change in the future with 
RPS?

✓How do we optimize valley-filling (off 
peak)?

✓What impact does this have on grid 
reliability & resiliency

✓ What is the optimized role of 
stationary storage ( vs energy 
efficiency, demand response, 
distributed generation) ?



How many cars can we put on the grid via 
valley filling? 

IMPACTS ASSESSMENT OF PLUG-IN HYBRID VEHICLES ON ELECTRIC UTILITIES AND REGIONAL U.S. POWER GRIDS PART 1: TECHNICAL ANALYSIS 

Michael Kintner-Meyer, Kevin Schneider, Robert Pratt (Pacific Northwest National Laboratory)



Current Generation and “Valley-Filling” ECAR, 
Summer
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Current Generation and “Valley-Filling”
NWP, Winter
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-

5,000

10,000

15,000

20,000

25,000

30,000

35,000

40,000

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Hour

MW
Additional Combined

Cycle

Additional Other Fossil

Steam

Additional Coal Steam

Renewable

Conventional Hydro

Pumped Storage

Comustion Turbine/Diesel

Combined Cycle

Other Fossil Steam

Coal Steam

Nuclear

Winter Average

Winter peak

10% to 18%

Existing Light Duty 

Vehicle (gasoline) 

to Electric Vehicles.

Stationary Energy 

Storage could play 

Key role !  



Renewable Portfolio Standards and Grid Energy 
Storage – inter-hour balancing

National Assessment of Energy Storage for Grid Balancing and Arbitrage , Phase: II: WECC, ERCOT, EIC,  Volume 1: Technical Analysis  

M Kintner-Meyer, P Balducci, W Colella, M Elizondo, C Jin, T Nguyen, V Viswanathan, Y Zhang (September 2013)
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Stationary energy storage – value stacking

Puget Sound Energy Utility “Use Case”

• The  Challenge

▪ Substations are capacity constrained

▪ Reliability issues with radial transmission and 
distribution

• The Solution

▪ Optimal energy storage is 3 MW and 9-12 MWh 

▪ Total Cost $3,690 per kW installed

▪ Battery Cost $2300/kw

▪ Net benefits of $6.5M

▪ Total cost  ~ $11.8M 

Assessment of Energy Storage Alternatives in the Puget Sound Energy System , Volume 1: Financial 

Feasibility Analysis, PNNL - 23040 
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• Evaluate arbitrage, balancing services, outage 
mitigation, distribution upgrade deferral and 
capacity value

RESULTS - $26M potential 

Benefit

Outage Mitigation – 41%

Capacity Value – 25%

Deferral upgrade – 23%

Balancing – 11%

Arbitrage – 0.15%

Energy storage applications – which one 
provide greatest benefit?



Thinking about what this means for Hawaii….



Hawaii energy data



https://www.hawaiianelectric.com/clean-energy-hawaii/clean-energy-facts/about-our-fuel-mix



Oahu electricity and transportation data

Electricity Generation 

2.4 GW installed generation 

15,367 GWh – annual energy 
capacity (firm plus variable)

✓ 12,078 GWh – oil and coal (79%)

✓ 460MW customer-sited solar

6,976 GWh HECO total annual 
energy use 

✓ 25% residential

✓ 75% commercial

Transportation Data

906,237 registered vehicles

9,400 annual average miles travelled

20.1 average miles/person/day

Assume 0.25 KWh/mile for an 
Electric Vehicle

2,129 GWh energy needed if all 
vehicles were electric vehicle! 

✓ 31% of current HECO energy consumption

✓ 5KW/hr/day per vehicle



Does Oahu have enough generation capacity 
to put all vehicles on the grid?  

YES!  Current Generation Profile

15,367 GWh total Capacity

✓ 79% oil & coal

6,976 GWh current load

2,129 GWh Electric Vehicle

9,105 GWh current load + EV

15,367 GWh  > 9,105 GWh 

NO!  100% Renewables

3,288 GWh Total Renewables

9,105 GWh current load + EV

3,288 GWh  < 9,105 GWh

5,816 GWh Renewable Generation 
needed 

(~2.2GW solar or wind)



• Impact of distributed  PV on distribution infrastructure

• Location of EV chargers & smart charging

• Location of and size of stationary energy storage

• Demand response and optimized real-time operational 
control

• Performance and cost trade offs.
ANNUAL REPORT Program Year 2016 July 1, 2016 – June 30, 2017 Submitted 

to the Hawai‘i Public Utilities Commission 

Big Bucket thinking is fun, need to really 
understand the specifics of T&D infrastructure? 



EVTC Electric Vehicle Transportation Center. “The State of Electric Vehicles in Hawaii: 2016 Update.” Katherine McKenzie, Hawaii Nature Energy Institute

Optimizing stationary storage with distributed 
renewable generation!



Charging at home
Flat residential rate

50% charging at home
50% charging at work

Smart Charging + stationary energy storage is 
key (5KWh/vehicle/day)



Potential of fast frequency response services
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Take away thoughts…….

✓Are we at a tipping point with 
energy storage?

✓Will change occur faster than we 
expect? 

✓The role of stationary energy 
storage will need to be 
optimized for the system. 

✓Great opportunity to work with 
local utilities to develop an 
optimize future system view

✓Hawaii will lead the world! 

Electricity Delivery System of the Future

Stationary and vehicle energy storage - centralized and decentralized renewable generation 

- energy efficiency - transmission and distribution capacity - demand response – real-time 

operational and decision tools…..

Reliable, Resilient, Equitable, Electricity Delivery System 



Thank You!


