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Mission-driven locations empower collaboration



Globally - It’s all about the batteries! 
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Battery500 Consortium

PNNL Leads Battery500 Consortium

Goal: Double the specific energy (to 500 WH/kg) relative to today's 

battery technology while achieving 1,000 electric vehicles cycles

Materials Architectures Integration

Advisory Committee
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The fuel economy at which a gasoline vehicle produces less 
CO2 emissions than a battery electric vehicle changes by region

source: Figure 19 from ADLittle analysis, https://www.adlittle.com/sites/default/files/viewpoints/ADL_BEVs_vs_ICEVs_FINAL_November_292016.pdf

https://www.adlittle.com/sites/default/files/viewpoints/ADL_BEVs_vs_ICEVs_FINAL_November_292016.pdf
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The primary energy used to generate electricity in WA State 
differs dramatically from the nation, and is among the cleanest 
in the nation

CO2 from generating electricity

▪ WA state  25.36 g CO2/MJ

▪ U.S. 124.83 g CO2/MJ
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Washington State uses 702 PJ of fuel for transportation (225 PJ 
for ships and planes) but generates 420 PJ of electricity 

Data  gleaned from Energy Information Agency

* Residual oil fuel
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Is Our Grid Ready for New Loads at Scale?

RESIDENTIAL

COMMERCIAL

Large-scale

Renewables
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100-1000MW 

MWs

SUBSTATION

Energy Storage

Distribute 

Renewables

Electric 

Vehicles
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EV-Grid Impact Study

As adoption of EVs is accelerating, provide insights into the limitations of the US 
bulk power grid to serve the new EV load

Question 1: Are there sufficient resources in the US bulk power grid to provide 
electricity to the projected EV fleet?

Question 2: How will the generation mix dispatch be impacted by the 
additional EV load?

- what are the expected production cost impacts?

- what are the challenges and benefits to grid operations?

Question 3: What are the net impacts and benefits to emissions?
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EV Penetration for LDVs in 2028: National 

2028

Source: EPRI, 2017: “Plug-in Electric Vehicle Market Projections. Scenarios and Impacts”. 3002011617. Technical Update, 

November 2017. Electric Power Research Institute, Palo Alto, CA. 

Scenario Fleet size in 

No. of EVs in 

millions

Low 2.3

Medium 10.8

High 23.6
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Since electric vehicles compete for the electrons needed for 
fuel/ chemical production we are modeling their impact 

24 Million new electric vehicles

• Resiliency (capacity) manageable

• Evening loads stress system the 

most

• At 30 million LDVs, encounter 

operational issues—with 

transmission as foremost limiting 

factor 

• Natural gas combined cycle to 

carry bulk of the load

• Changes in hydro dispatch in WA

• Emissions benefits vary by 

location and season

• Average production cost increase 

of 13 percent in the WECC 

• Reduce renewable curtailment by 

70% 

Considering mode (LD, MD, HD), time of charging, 

location on U.S. 1.1 TW capacity



Digitalization is driving the industry towards vessel electrification.

What about other 
loads? Maritime?

Digitalization is disrupting 
the maritime industry, 
creating new ways to 
manage cargo flows, load 
vessels, optimize berth 
planning, or navigate 
vessels, paving the way for 
autonomous vessels. 



Vessel operators are investigating alternative fuels and methods of 
propulsion, largely in response to industry trends. 

Alternative Fuels 
and Propulsion

• Fully Electric or Hybrids

• Hydrogen Fuel Cells

• Wind Turbines

• Biofuels

• Solar PV
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BACKUP 

SLIDES
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Joint institutes are uniting expertise with strategic 

hires and established programs

Northwest 

Institute for 

Advanced 

Computing 

(NW IMPACT)

Nuclear Science

& Engineering

Advanced

Power Grid

Bioproducts
Northwest 

Institute for 

Advanced 

Computing 

(NIAC)

$10.5M 

EFRC in 

Synthesis 

Science

MOU

to establish 

the NW 

Quantum 

Nexus

$2.8M Award for Jet Fuel 

and 3 additional projects

BUSINESS SENSITIVE
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Mapping LDV to Balancing Areas

National Fleet
Proportionately 

shared to 
Counties

Counties 
mapped into 

Balancing Areas

Counties in 

Arizona

Balancing 

Authority

Projected EV 

Fleet Size for 

2028
COCONINO

AZPS 160,711
MARICOPA

NAVAJO

YAVAPAI

YUMA

GREENLEE PNM 375
GILA

SRP 13,934
PINAL

COCHISE

TEPC 37,769PIMA

SANTA CRUZ

APACHE

WALC 12,849
GRAHAM

LA PAZ

MOHAVE

Balancing 

Area: Grid 

control area, 

in which 

demand and 

supply must 

be balanced 

to maintain 

frequency



At present, shipping contributes 2.5% of global greenhouse gas 
emissions, twice that of Canada.

Maritime Trends -
Emissions

Heavy fuel oil (HFO), or 
bunkers, and to a lesser extent 
marine gas oil (MGO), are the 
traditional sources of energy to 
power ships. Shipping is 
consuming around 3.2 million 
barrels per day of HFO and 
800,000 bpd of MGO – totaling 
more than $100 billion a year, or 
about 5% of global demand.

Enforce a new 0.5% 

global Sulphur cap on 

fuel content from 1 

January 2020 

onwards, lowering from 

the present 3.5% limit. 

By 2025, all new 

ships will be a 

massive 30% more 

energy efficient than 

those built in 2014

Reduce GHG 

emissions by at least 

50% by 2050 compared 

to 2008, while pursuing 

efforts to phase them 

out

International Maritime Organization Regulations



angela.becker-dippmann@pnnl.gov

Thank you!


