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IN THE FIELDINNOVATION IN DEVELOPMENT IN THE FIELD

Utilities, Automaker, EPRI to 
Field-Test Plug-in Hybrids
The plug-in hybrid electric vehicles 
(PHEVs) now on the drawing board 
promise significant advances over 
today’s hybrids: three times the fuel 
economy, up to 40 miles of electricity-
only operation, and overnight charging 
from standard wall outlets. With the 
added flexibility of unlimited gasoline-
powered operation for longer trips, the 
PHEV is expected to be an attractive 
option for most consumers’ regular 
driving needs. 

To ensure that these vehicles are fully and seamlessly inte-
grated into customers’ electricity systems, EPRI and Ford Motor 
Company are conducting a three-year field trial of the prototype 
Ford Escape PHEV connected to utility systems across North 
America. “By the time these vehicles become commercialized, 
automotive and electricity companies will need to have already 
worked out a great many technical issues, including the charging 
interface, vehicle-to-grid communication standards, smart charg-
ing technologies, and systemwide management of the charging 
patterns of thousands or even millions of connected vehicles,” 
said Mark Duvall, director of EPRI’s Electric Transportation 
program. “True integration will require that the auto and utility 
industries work together on infrastructure, creating standard 
protocols and solving problems before designs and equipment 
become locked down and difficult to change.”

A Broad Field 
The test program expands on field trials set up in 2007 under a 
collaborative partnership of Ford, Southern California Edison, 
and EPRI. New participants include New York Power Authority, 
Consolidated Edison, American Electric Power, Southern Com-
pany, Progress Energy, DTE Energy, Pepco Holdings, Hydro-
Québec, National Grid, and New York State Energy and 
Research Development Authority. The U.S. Department of 
Energy has committed $10 million to the project. The wide 
geographic distribution of the program’s 21 test vehicles will 
enable analysis of regional differences in the effect of PHEVs on 
the power grid, according to Arshad Mansoor, EPRI vice presi-
dent for Power Delivery and Utilization. “Bringing the addi-
tional utilities on board raises the program to a new level,” he 
said. “We expect the sharing and transfer of data among the new 
participants will lead to much more robust results.” Ford will 

complete delivery of the test vehicles to 
the participants by the end of May. 

The test cars are based on Ford’s 
successful Escape Hybrid. Each proto-
type has been fully engineered to inte-
grate an advanced lithium ion battery 
system produced by Ford partner 
Johnson Controls–Saft. Unlike PHEVs 
converted by third parties from con-
ventional hybrids, each test vehicle has 
been carefully and extensively modified 
to ensure it meets all of the safety, 
performance, and reliability require-
ments of the original stock vehicle.  

These are the first PHEV passenger vehicles developed by a 
major automaker as part of the new generation of plug-ins that 
will be offered in the coming decade. Ford plans to commercial-
ize a plug-in hybrid vehicle by 2012.

Program Focus
The test program focuses on four areas: battery technology, 
vehicle systems, customer usage, and grid interface/charging 
infrastructure. Data on charging infrastructure will be particu-
larly important. Many utilities developed their own automated 
metering infrastructures (AMIs) as part of advanced meter read-
ing, billing, demand response, or smart grid initiatives before 
PHEV charging emerged as a near-term application. Charging 
systems will need to include communication and connectivity 
protocols that can work seamlessly with a variety of utility AMI 
systems. EPRI is at the forefront of smart charging and interface 
development and will be working closely with participants’ AMI 
technical experts to ensure effective integration and to resolve 
compatibility issues.

Project participants will receive all the vehicle data and test 
results from the entire fleet of test vehicles, as well as reports on 
each of the project’s analytical topics. “The performance and 
design are impressive, and the car is receiving many compli-
ments,” said Mike Ligett, director of market and energy services 
at Progress Energy. “We look forward to using it in smart charg-
ing projects in North Carolina to gain real-world experience of 
customer behavior and technical performance. PHEVs are likely 
to become a very big deal in the industry within just a few years, 
and this allows us to be involved as a development partner rather 
than just an observer.”   

For more information, contact Mark Duvall, mduvall@epri.com, 
650.855.2591.
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Air to Ground, Gas to Solid: Getting the 
Mercury out of Emissions While Keeping the 
Ash in Concrete
More than 20 states have imposed stringent limits on mercury 
emissions from power plants, and the U.S. Environmental Protec-
tion agency is developing its Maximum Achievable Control Tech-
nology (MACT) regulations for power plants in response to a 
2008 court decision. Some states currently mandate 90% or 
greater mercury removal from the flue gases of coal-fired power 
plants, and control technologies will probably have to perform 
above that standard to meet long-term emission standards. New 
limits are also being considered on emissions of other trace metals, 
such as arsenic and selenium, as well as acid gases and organics. 

EPRI is working with the electricity industry and its stakehold-
ers to develop and evaluate new, cost-effective mercury controls 
that will perform well with various power plant configurations, 
operating conditions, and coal types. Some control technologies 
are nearing commercial readiness following field testing at various 
plants. Other technologies are also being developed and tested, 
particularly if they offer the potential to lower control costs and 
help preserve the option to use ash in making concrete.

Promising Capture Techniques
For power plants that do not have a 
selective catalytic reduction system for 
reduction of nitrogen oxides and a 
flue gas desulfurization unit for sulfur 
dioxide capture—or in cases where 
these controls together do not remove 
enough mercury—two technologies 
offer the most promise for mercury 
reduction: the injection of activated 
carbon into flue gas or the addition of 
bromide into the boiler. 

In the first case, activated carbon is 
powdered and mixed with the flue gas upstream from a particu-
late control device, such as a fabric filter or electrostatic precipi-
tator. Mercury adheres to the carbon particles, which then are 
captured and removed by the particulate control system. Full-
scale tests of this technique have been conducted at 40 coal units 
and show high mercury capture for western coals at reasonable 
injection rates. Tests at plants using eastern bituminous coals 
have so far been less successful, largely because the high sulfur 
content in the flue gas interferes with adsorption of the mercury 
on the carbon particles. 

Adding halogen compounds—particularly bromide salts—to 

the feed coal before it enters a plant’s boiler oxidizes elemental 
mercury, converting it to a form that is more easily captured by 
downstream particulate control devices. Full-scale tests of this 
approach have been conducted at 14 coal units fueled with west-
ern coal or lignite, resulting in greater than 90% mercury oxida-
tion. The effectiveness of this technique was enhanced in units 
that also employ selective catalytic reduction for emissions control. 
The fate of bromine compounds in power plant flue gas streams 
and their potential impact on various plant components, however, 
remain poorly understood, and EPRI is conducting further tests 
to resolve these uncertainties.  The effectiveness of this approach 
for units fueled with bituminous coal is also uncertain.

Research on Concrete Applications
A major consideration in designing mercury controls is to main-
tain the option to substitute ash for portland cement in manu-
facturing concrete, considered the largest beneficial use of fly 
ash. The presence of activated carbon darkens the concrete and 
decreases the amount of air that is entrained in it. For most 
applications, concrete must contain air bubbles so it can expand 
and contract without cracking in response to temperature 

changes. Tests to date indicate that 
modest amounts of activated carbon 
are acceptable in concrete, although a 
three- to fourfold increase in the 
amount of an air-entrainment agent 
is required. EPRI continues to inves-
tigate the acceptable limits for acti-
vated carbon in concrete and is evalu-
ating ways to mitigate problems—for 
example, developing mercury sor-
bents with less impact on air-entrain-
ment agents or formulating new 
air-entrainment chemicals that are 
not affected by carbon.

Meanwhile, other mercury control options are being investi-
gated as lower-cost alternatives for long-term compliance. EPRI 
has initiated a new program to evaluate the use of sorbent struc-
tures—such as plates, honeycombs, and pellets—that could 
remove mercury when placed in the flue gas stream. The advan-
tage of such fixed structures is that they do not contaminate the 
fly ash and generate very little waste product. With selection of 
suitable sorbent materials, the fixed structures could also be used 
to capture other trace metals. 

For more information, contact Ramsay Chang, rchang@epri.com, 
650.855.2535.

Development of new, highly porous carbon structures 
could greatly increase mercury adsorption.


