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VIEWPOINT

by Mike Howard, President and CEO, EPRI

EPRI JOURNAL

Our Grid, Ourselves:
Looking at Grid 3.0

Coming on the heels of this summer’s unusual “derecho,”
Hurricane Isaac, and hurricane-turned-“Super Storm Sandy,”
big questions emerged regarding the grid’s resiliency: How can
we harden the grid and how can we recover more quickly to
restore power? It also directed attention to “survivability”—the
capacity for people to carry on some aspects of normal life
when the grid is hit hard.

Today’s information and communication technologies have
dramatically changed the expectations of our connected-24/7
society regarding grid reliability. These technologies also serve
as the foundation for a more resilient grid. EPRI is looking at.
what we call Grid 3.0, an operating system that will seamlessly
integrate these information and communication technologies.

Here’s how a recent EPRI white paper summarized where
we're headed: “The power system is revolutionizing at an
exponential pace into a highly interconnected, complex, and
interactive network of power systems, telecommunications,
the Internet, and electronic commerce applications.” Sound
familiar? It should, because in general it also describes us—as
individuals and as a society. So it is not surprising to realize
that we, too, have changed and must change more. It is also
not surprising that our expectations—Ilike the grid itself—are
already changing considerably.

It’s important to note that this vision of the new grid
encompasses much more than just disaster preparation or
response. Sandy does provide us, however, with an opportu-
nity to focus sharply on what we expect the grid to do and
how we expect it to perform. In framing Grid 3.0, EPRI’s job
is to bring together the disparate trends in technology and
society and help marshal the resources to make the new grid a

reality.



Sensors, smart meters, phasor measurement units, and informa-
tion/communication technologies will be the heart of Grid 3.0.
The grid’s brain will do the heavy lifting of data analysis and
processing.

Let’s imagine how the heart and the brain of Grid 3.0 can
make the grid more resilient. As utility crews are deployed, they
will take with them a mobile platform technology such as an
iPad to do damage assessment. Linked with the utility asset
database, crews will be able to generate work orders and transmit
important information on damage assessment in real time.

Customers, meanwhile, will be using their mobile platforms
to send pictures with GPS tags to inform utilities of the extent
of the damage. Smart meters will have sent last-gasp signals
before power was lost, helping pinpoint outages and prioritize
where crews should be dispatched.

We do not have to imagine this anymore. EPRI is working
with our members and national labs, universities, and technol-
ogy providers to make Grid 3.0 a reality. I see growing indica-
tions that our communication technologies will help lead us
toward Grid 3.0. A “killer app” may be just the bait to hook us
on becoming more than passive consumers. And given our long-
standing love affair with the automobile, it was not surprising in
the wake of Sandy to see media interest in the concept that
plug-in electric vehicles can play a role in resiliency and surviv-
ability for Grid 3.0. Currently we focus on simple things, such
as charging phones from the car’s battery. But for Grid 3.0, we're
thinking big and looking at how such resources could be aggre-
gated to support the grid and its customers.

As I write this, heroic and persistent utility crews are finishing
rebuilding the grid in the U.S. Northeast. Here at EPRI, work-
ing collaboratively with our members, we are well down the road
of rethinking the grid, with the ultimate goal of retooling and
creating a more resilient grid. Read the column in this EPR/
Journal by Mark Savoff, executive vice president and chief
operating officer at Entergy Corporation. Entergy demonstrated

important vision and leadership in commissioning a wide-rang-

ing study of approaches for making the Gulf Coast infrastruc-
ture more resilient.

Together—researchers, utility executives, regulators, policy
makers, and consumers—we will achieve the more flexible,
resilient Grid 3.0 because our thinking, our expectations, and

our innovations will themselves be more flexible and resilient.

Michael W. Howard
President and Chief Executive Officer
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SHAPING THE FUTURE

Innovative approaches to upcoming challenges

Cyber Security Strategies for the Smart Grid
The emerging smart grid will offer capabilities and efficiencies
unimagined before the digital age, from self-healing transmission
system equipment to custom-tailoring consumer service and rate
structures to using one’s electric car as a home backup power
source.

But the digital age has brought new vulnerabilities as well. The
smart grid’s advantages are enabled by its two-way communica-
tion and control linkages within a highly networked structure
involving thousands of interconnected nodes. With such a sys-
tem, the centralized, top-down approach to security will be insuf-
ficient to comprehensively deter cyber attacks. Hardening must
be provided at many levels, as intruders could enter at virtually
any point in the interconnected system.

There are also nonmalicious cyber security events, such as
equipment failures and user/administrator errors, which currently
cause the majority of cyber security problems. Natural phenom-
ena such as hurricanes, tornadoes, floods, and solar activity can
also result in security disruptions. Regardless of the source of the
cyber security event, the impact is often the same.

Practical Guidance for Implementation

High-level guidance for the electricity industry has been provided
in the three-volume National Institute of Standards and Technol-
ogy Interagency Report (NISTIR) 7628, Guidelines for Smart Grid
Cyber Security. The report addresses cyber security for all smart grid
systems in all operational domains—generation, transmission, and
distribution—and includes an approach for identifying cyber
security threats and risks.

But while NISTIR 7628 provides a starting point for selecting
and modifying security requirements, additional criteria must be
used in selecting and implementing cyber security controls. These
additional criteria include constraints and issues posed by device
and network technologies, the existence of legacy components and
devices, varying organizational structures, regulatory and legal
policies, and cost criteria.

Under its Cyber Security and Privacy program, EPRI is provid-
ing udlities with practical guidance for setting up a smart grid
cyber security program through a technical update report
(1025672) that provides perspective and useful tips on issues
broadly outlined in NISTIR 7628. The first phase of a cyber secu-
rity strategy is to develop an overall cyber security risk management
framework. The report outlines major concerns incorporated in
such a framework, including the risk assessment process, security
requirement specifications, and strategies for selecting and tailoring
security control and countermeasure systems.

EPRI JOURNAL

Experiment Setup and Initiation
The National Electric Sector Cybersecurity Organization Resource
(NESCOR), a DOE public-private partnership led by EPRI, has

drafted a report containing cyber security failure scenarios and

impact analyses for the electricity sector. Expanded and refined by a
technical working group from results of this summer's NESCOR
Annual Summit Meeting, the report is expected to be a living
document that will be updated continually.

'The report includes a threat model, a template for detailed sce-
nario write-ups, a method and criteria for prioritizing the failure
scenarios, and an initial list of scenarios, covering both malicious
and nonmalicious cyber security events. About 100 scenarios are
included in the current document, which also includes a sample
failure scenario write-up that uses the defined template. Going
forward, the work plan includes further testing of the scenario
prioritization method and development of detailed information for
additional scenarios using the template and guided by the priority
ranking.

The failure scenarios, impacts, and mitigation strategies were
developed from a bottom-up, rather than top-down, assessment of
potential cyber security events. The failure scenarios included in
this document are not intended to represent a complete catalog of
all possible events. The write-ups are brief but commonly include
some specific details to aid understanding. This is in contrast to a
single, more general failure scenario that includes significant details
to address all elements. The failure scenarios will be developed into
tabletop exercises as part of a 2013 supplemental project, allowing
utilities to assess their preparedness in responding to the impact of
cyber incidents on power system operations.

For more information, contact Annabelle Lee, alee@epri.com,

202.293.6345.



Advanced Materials for Carbon Capture

Under its Technology Innovation program, EPRI is pursuing
interdisciplinary efforts to identify and advance revolutionary
carbon capture processes for postcombustion, gasification, and
oxycombustion applications. While the work ranges from the
modeling of CO, absorption, adsorption, and membrane
processes to the testing and pilot-scale demonstration of
emerging capture technologies, recent solvent-screening research
has resulted in development of a particularly valuable tool—one
that is expected to greatly accelerate identification of the most
promising sorbent materials.

The materials-screening model, supported by the Department
of Energy’s Advanced Research Projects Agency—Energy
(ARPA-E) program and developed in collaboration with the
University of California at Berkeley, Lawrence Berkeley National
Laboratory (LBNL), and Rice University, will help researchers
find new, more effective carbon-

grabbing materials to increase the

(MOFs), which combine metals like iron with organic com-
pounds to form a porous structure. Such solid materials are
expected to be inherently more energy-efficient than amine
scrubbing because the CO, can be driven off at lower

temperatures.

Modeling for Higher Efficiency

The Berkeley researchers worked with EPRI technical executive
Abhoyjit Bhown and Adam Berger, a senior project scientist at
EPRI, to establish criteria for carbon capture materials—focus-
ing on the energy costs of capture, release, and compression—
and developed a computer model to calculate this combined
energy consumption for any material. The model then analyzed
hundreds of thousands of representative structures from a data-
base of more than 4 million zeolite structures compiled by Rice
University scientists, as well as an additional 10,000 MOF struc-
tures. “The surprise was that we found
many materials that could be synthesized

efficiency and reduce the cost of
the capture process.

Reducing Parasitic Losses

The few pilot plants currently
investigating carbon capture use
amine scrubbing—considered
today’s best technology. In this

process, combustion emissions
are funneled through a solution
of nitrogen-based compounds
called amines, which snare CO,
from the flue gas. The amines are  solvents can.
then boiled to release the cap-
tured CO,, which can be compressed and prepared for injection
in underground storage systems. Unfortunately, the capture,
release, and compression process is energy intensive, costing a
coal plant about a third of its potential electrical output.

Researchers seek to reduce these “parasitic” losses by finding
new materials that can remove the carbon from flue gas more
efficiently than amines. “There are potentially millions of materi-
als that can capture carbon dioxide, but it’s physically and eco-
nomically impossible for scientists and engineers to synthesize
and test them all,” said U.C. Berkeley professor Berend Smit,
who is also a faculty senior scientist in the Materials Sciences
Division at LBNL.

The team has focused mainly on zeolites—crystalline porous
materials made of silicon dioxide—and metal oxide frameworks

With its innovative use of graphics processing units, the new

analysis model quickly identifies sorbent structures that can
remove carbon from flue gas more efficiently than amine

and work more energy efficiently than
amines,” Smit said. The model showed
that the best materials would use 30%
less energy than the amine process.
“What is unique about this model,”
said Bhown, “is that, for the first time,
we are able to guide the direction for
materials research and say, here are the

properties we want, even if we don’t
know what the ultimate material will
look like. Before, people were trying to
figure out what materials they should
shoot for. Now, with the carbon capture
model, a tremendous range of possibili-
ties can be narrowed down quickly for more detailed investiga-
tion. The hope is that we can set up a system where, when some-
one comes up with a promising material, we can rapidly test it
and get it to a readiness level pretty quickly.”

This greater speed is facilitated by the model’s use of graphics
processing units rather than standard computer central process-
ing units to perform complex quantum chemistry calculations—
an innovation that cuts the analysis time for a candidate material
from 10 days to 2 seconds. The database of carbon capture mate-
rials is being coupled with models of full power plants so that
engineers can immediately see whether a material makes sense
for an actual plant design.

For more information, contact Abhoyjit Bhown, abhown@epri.com,
650.855.2383.
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oiler failures are the leading cause
B of unplanned outages in coal-fired

power plants. Tubes that rupture
and leak can force plants off line for days,
and these outages can be costly. “If you
lose a big, efficient unit in the middle of
July and you've got to buy power now off
the grid, it can be very expensive,” said
Tom Alley, vice president of the Genera-
tion Sector at EPRI. In 1985, EPRI
launched a research program aimed at
reducing boiler tube failures, which identi-
fied the causes and how to address them.
The long-term program offers guidelines
and technology for addressing problems
and preventing tube failure.

The payoff for this research has been
substantial. In 2007, Midwest Generation
implemented EPRI’s boiler tube failure
reduction program at six Illinois plants.
The program recommends that when fail-
ures do occur, plant managers investigate
the causes and review the repairs, and that
when tubes must be replaced or repairs
modified, managers schedule these tasks
during planned outages. By adopting these
practices, Midwest Generation increased
its annual available generation by 300,000
megawatt-hours between 2008 and 2010.
The 80 utilities that have adopted this pro-
gram in the past 25 years have improved
boiler availability by as much as 4.5% and
saved up to $37 million per year in reduced
generation costs or lost opportunity sales.
Reducing the overall cost of power genera-
tion translates into savings for customers.

Over the past six decades, the power
grid has grown in size and complexity, yet
the average cost of electricity is roughly the
same today as it was in the late 1960s,
when adjusted for inflation. “Electricity is
still a bargain,” said Mark McGranaghan,
vice president of Power Delivery and Uti-
lization at EPRI. The flat prices are due in
part to industry advances made possible by
rescarch and development. Although
research costs money, the investment
comes with a significant return: low-cost
electricity.

THE STORY IN BRIEF

Utility industry investments in R&D—especially in the

areas of reliability, efficiency, and environmental

compliance—have kept electricity prices low for 30

years. Continuing advancements and innovation

promise even more benefits for the future.

Preventing Generation
Outages

Plant operation and maintenance costs
have a powerful influence on affordability.
Long outages can be especially costly
because of lost earnings and the need to
rely on purchased or generated replace-
ment power from more expensive sources.
“An unplanned outage at a large nuclear or
fossil plant can result in replacement
power costs upwards of $1 million per
day,” said Neil Wilmshurst, vice president
of EPRI’s Nuclear Sector.

Fuel failures are one cause of outages in
nuclear plants. Although the number of
fuel failures has fallen dramatically since
the 1980s, the problem has not yet been
entirely eliminated. Fuel failures can cost
utilities tens of millions of dollars in main-
tenance and downtime if the plant must
shut down mid-cycle for an unplanned
outage. In collaboration with utilities, fuel
vendors, and industry organizations, EPRI
published a series of reports on the best
practices for eliminating fuel failures.

Although there was concern that striving
for ever-shorter outages would compro-
mise safety, “what has been proved over the
last decade or so is that safety goes up,”
Wilmshurst said. “Shorter outage sched-
ules have compelled plant owners to plan
outage activities more carefully, with par-
ticular attention to plant and worker safety
and reduced dose.”

Outage length in a nuclear plant is
dependent, in part, on cleaning up the
cooling water. The plant’s water must be
scrubbed of radioactive materials to bring
radiation levels down before plant workers
can enter containment. EPRI has devel-
oped a new resin that may be able to cap-
ture three times more radioactive cobalt—
the greatest source of exposure for plant
workers—than traditional resins. “The
sooner maintenance workers can safely get
into containment, the sooner they can
conduct the necessary inspection and
maintenance activities,” Wilmshurst said.
“Keeping outages as short as safely possible
results in reduced costs.”

To keep plants reliable, power producers
need to invest in new equipment. One key
challenge is to determine which items to
replace and when. Replacing a transformer
too soon means wasted expenditures, but
waiting too long might cause equipment
to fail, precipitating costly outages. “We've
done a considerable amount of work on
life-cycle  management—understanding
when to replace equipment, what to
replace it with, how to replace it
Wilmshurst said. Recently EPRI research-
ers used asset-management tools devel-
oped by French utility Electricité de France
(EDF) to conduct life-cycle analyses for
the main transformers at Constellation
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Energy Nuclear Group’s five nuclear power
plants. The tools help determine the best
schedule of refurbishment, spare parts pro-
curement, and replacement to minimize
costs while maintaining reliability.
Another simple way to curb costs is to
increase plant efficiency. “We're looking at
how we can tune the combustion process
so that we get more energy conversion out
of the coal,” Alley said. “It’s a pretty good
bang for the buck.” One way to improve
efficiency is to increase the temperature
and pressure inside boilers. EPRI has been
working with boiler and steam turbine
manufacturers to develop materials that
can withstand temperatures up to 760
degrees Celsius, the temperatures needed
for advanced ultrasupercritical steam
cycles. The team’s research focused on
nickel-based alloys, examining long-term
material strength, weldability, oxidation,
corrosion, and more. In March 2012, the
American Society of Mechanical Engineers
Boiler and Pressure Vessel Code approved
the best candidate, Inconel® Alloy 740, for
use at temperatures up to 800° Celsius

(1472°F).

Toward a Smarter, More
Efficient Grid

The grid that carries power from producers
to customers is expected to play a larger,
changing role in affordability. “Ensuring
efficient operations on the distribution
system keeps the customer cost down,”
said McGranaghan. That requires better
planning, matching investments in the
system to what’s needed, and maintaining
and replacing infrastructure in the most
efficient way possible.

The emergence of smart grid technology
promises huge efficiency gains, allowing
the grid to become much more flexible
and responsive. The smart grid’s capacity
for two-way communication will allow
utilities and customers to take advantage
of new options in managing and using
energy. Utilities can offer demand response
options to reduce load on the grid and to
shift demand such as water heating and
electric vehicle charging to off-peak times.

EPRI JOURNAL

Customers typically receive some financial
incentive for participating in such pro-
grams. “Demand response is the least
expensive approach for meeting capacity
reserve requirements on the grid, but there
are a lot of technological challenges in con-
tinuing to expand that option,”
McGranaghan said. One challenge is to
develop communications standards so that
grid operators’ systems can communicate
with customers’ meters and appliances.
EPRI is conducting a demonstration proj-
ect involving a nonproprietary standard
called OpenADR. “Through the demon-
stration, we identified the holes in the
standard and where the standard needs to
be adjusted,” McGranaghan said. The
researchers are now providing feedback for
the protocol’s next version.

Power companies also can help custom-
ers cut costs by helping them save energy.
One way is to lower the voltage supplied to
customers’ homes. Engineers commonly
think that motors on refrigerators and
other appliances run hotter and draw more
current when supplied with lower voltages,
but they actually run more efficiently as
long as the voltage stays within the appli-
ance specifications. “The savings occur on
the customer’s side,” said McGranaghan.
Research conducted by EPRI and Pacific
Northwest Laboratories suggests that utili-

ties could cut energy use 3% nationwide

by optimizing the voltage supplied to cus-

tomers. Researchers are testing voltage
control technologies and developing tools
to determine where to implement these
new technologies to get the maximum
return on investment. The smart grid, with
its advanced meters, will enable two-way
communication between the utility and
the consumer. “The advantage of having
all those advanced meters there is that we
can see every customer and make sure that
the voltage is still acceptable in every case.
That allows us to go right down to the
limit in lowering the voltage,” said
McGranaghan. This voltage adjustment
loop could eventually be automated by
making use of continuous feedback from
the meters.

Some studies show that simply supply-
ing customers with more information can
reduce energy use. For example, a study in
Ireland found that 1,000 customers who
received advanced meters reduced their
energy consumption by 7%-12%. EPRI’s
research suggests that the awareness that
comes from having an advanced meter
helps customers reduce their energy con-
sumption. “In Ireland the benefits were
very clear,” McGranaghan said. “It became
the justification to go ahead with advanced
metering throughout the country.” Today
EPRI has a whole research program
focused

on understanding customer

behavior.




Cost-Efficient Compliance

Environmental regulations have a signifi-
cant impact on power producers’ bottom
line. Retrofitting power plants with new
equipment to comply with increasingly
stringent regulations is expensive. “We can
comply with the current regulations,” said
Alley. “The real issue is the cost of that
compliance.” To reduce costs, EPRI
researchers look for more eflicient ways to
meet environmental requirements.

Future federal and state air quality regu-
lations will likely require coal-fired power
plants to slash mercury emissions. For
many plants, injecting activated carbon
into the flue gas stream to absorb mercury
may be the most feasible option, but the
reduction will come at a significant cost. A
preliminary EPRI analysis suggests that
the cost of producing sufficient activated
carbon for the entire U.S. fleet could sur-
pass a billion dollars. Power producers may
be able to save money by producing the
activated carbon on site, so EPRI, with the
Ilinois State Geological Survey, is develop-
ing the technology to manufacture it. The
technology is projected to cut the cost of
activated carbon by half, saving a
500-megawatt plant up to $2.5 million
per year. The technology also would elimi-
nate the need for handling and storage
facilities.

EPRI research not only provides a better
understanding of power production’s envi-
ronmental impacts, it also helps inform

environmental regulations. In recent years,
the U.S. Environmental Protection Agency
(EPA) has been working to revise a rule
with significant implications for the power
industry. The rule, section 316(b) of the
Clean Water Act, is aimed at preventing
fish, shellfish, and their eggs from being
harmed by cooling-water intake structures.
Small organisms can be pulled into the
plant and killed by heat, and larger fish can
be trapped against the screens that cover
these structures. The rule requires power
plants to use the best available technology
to minimize these impacts. The proposed
rule considers two options that would
require closed-cycle cooling (cooling tow-
ers). EPRI research estimated that retrofit-
ting the U.S. fleet with this technology

could cost more than $100 billion.

“We know that closed-cycle cooling
could make a significant impact from a
fish-protection standpoint, but is that the
most efficient way to achieve the environ-
mental outcome?” asked Bryan Hannegan,
vice president of Environment and Renew-
able Energy at EPRI. EPRI’s research sug-
gests that fine-mesh screens provide simi-
lar protection for fish at a tenth the cost of
a closed-cycle system. If the final EPA rule,
set to be issued in June 2013, does not
require closed-cycle cooling, the industry
could potentially save approximately $90
billion in retrofit expenses.

The cost benefits of research arent
always easy to see. The payoffs of environ-
mental studies, for example, may come
years in the future. And rather than bene-
fiting a single company, they may benefit
the industry as a whole. But the value is
real nonetheless. “There is an inherent and
intrinsic value in maintaining an ongoing
fundamental science and technology
research program that you have at the
ready, even though you might not use it
every year,” Hannegan said. “If we don’t
invest in the basic science, then when the
industry faces a challenge, it’s not going to
have the tools it needs.”

This article was written by Cassandra Willyard.
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he smart technologist looks to the
T future to see what needs to be done

today. One thing that’s clear for the
electric utility industry is that environ-
mental concerns, energy economics, and
technical innovation will change the
generation portfolio by 2030 and alter the
way new plants are designed, built, and
operated.

The broad changes are fairly clear.
Relatively clean-burning natural gas—fired
plants will claim increasing portfolio share
so long as the fuel is relatively cheap, but
their emissions are receiving renewed
regulatory scrutiny, and new fuel sources
may prove problematic. Renewables are
expected to claim a larger share, but
environmental impacts of combustion-
based options such as biomass have not
been robustly investigated. If coal power
plants continue to play a large role in a
future concerned with greenhouse gas
emissions, then carbon capture technol-
ogy, and its environmental issues, will
need to be understood and addressed.

The Big Picture
So how should new power plants change
over the next 20 years, and how will they
deal with growing environmental pres-
sures? In 2009, EPRI zeroed in on this
issue by launching groundbreaking multi-
disciplinary research to evaluate the envi-
ronmental and health impacts of future
generation technologies. It is a compre-
hensive undertaking to measure emissions,
study new fuels and emission controls,
understand the chemistry and toxicity of
the resulting emissions, and determine the
impacts of these technologies.

The aim is to provide power producers
with robust science about possible health
and environmental impacts during plant
engineering, enabling smart decisions at
the outset. Developing and adding equip-
ment and processes after a power plant is
built difficult

expensive.

can prove and very

EPRI is methodically characterizing,
modeling, and assessing the properties and
health risks of these fuels and compounds

THE STORY IN BRIEF

A farreaching, multidisciplinary research program is

clarifying the potential environmental and health

impacts of the next generation of power plants,

allowing issues to be addressed as emerging

technologies are being developed.

to address potential environmental issues.
Currently, there are no regulations govern-
ing a number of materials or compounds
because they are part of new technologies
that are still undergoing laboratory
rescarch and field testing for wide
deployment.

“We want to evaluate the technologies
before widespread deployment,” said
Annette Rohr, a senior project manager in
EPRI’s Air Quality and Health program.
“We want to avoid having to go back and
retrofit facilities in the future.”

The initial work identified 20 plant con-
figurations likely to be operating by 2030,
including different combinations of fuels,
generation technologies, and pollutant-
curbing processes. The study of natural gas
combustion focused on advanced com-
bined-cycle technology, while future coal
plant configurations covered a range of
technologies—conventional and advanced
direct firing, oxyfuel combustion, circulat-
ing fluidized-bed (CFB) combustion, and
integrated-gasification—combined-cycle
technology—all with appropriate existing
or emerging emission controls. CFB and
direct firing of biomass were also included,
as well as mass firing of municipal solid
waste.

The list led to a preliminary screening
impact assessment project to evaluate the
health and environmental risks of the 20
configurations. This project has modeled
emissions and quantified cancer and other
health risks from different potential path-
ways of exposure, with results indicating
low projected health risks overall.

The Rise of Natural Gas

A significant increase in natural gas extrac-
tion, coupled with the use of the contro-
versial hydraulic fracturing, or “fracking,”
method to extract this fuel, has refocused
a spotlight on natural gas. Demand and
prices are projected to increase as power
producers look for ways to reduce their
generation fleets’ emissions, given that
natural gas combustion produces less
greenhouse gases than coal combustion
does.

In fact, natural gas power plants will
likely be the dominant fuel source for new
power plants in the near future. The U.S.
Energy Information Agency (EIA) reports
that in 2010, 23% of U.S. electricity was
generated by natural gas power plants. The
agency expects nearly half of the capacity
added between 2009 and 2015 will come
from natural gas. Even with relatively
lower emissions, natural gas—fired plants
still have significant impacts on the envi-
ronment and human health. In 2010,
according to the EIA, natural gas power
plants generated 18% of the carbon diox-
ide and 10% of the nitrogen oxides that
came from electricity generation plants in
the United States.

EPRI recently reviewed key air quality
issues associated with natural gas extrac-
tion and combustion, considering conven-
tional pollutants such as particulate matter
and volatile organic compounds (VOCs)
as well as emerging concerns such as ultra-
fine particles (those less than 100 microns
in diameter). The review identified missing
darta and assessment criteria that will help
the electricity industry anticipate new reg-
ulations and make financial and opera-
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tional decisions. For example, the review
concluded that a closer look at emissions
from the natural gas combustion cycle is
needed. Several studies have offered con-
flicting evidence as to whether the process
produces a greater number of ultrafine
particles when a power plant increases its
power output. There is speculation that
ultrafine particles could cause greater harm
to human health than larger particles, but
no data exist on their emissions from grid-
connected natural gas power plants. Simi-
larly, emissions of VOCs, carbon monox-
ide, and nitrogen oxides have been shown
to increase substantially during plant
startup and shutdown.

The use of a high-pressure mix of
water and chemicals in the fracking
process to force natural gas from frac-
tures generated in shale could have
impacts on soil and water, as well as
on emissions; none of these impacts
are yet well understood. Research so
far has focused on methane for calcu-
lating potential shale gas losses and on
VOCs—including some hazardous
air pollutants—that pose health risks
to humans. Collecting both nitrogen
oxide and VOC emission data from
drilling and fracking would be another
important undertaking, given these
pollutants’ significant impact on
ozone creation.

The Green Fuel

Biomass is a renewable fuel that is
under serious consideration by electric
utilities. Using feedstock such as wood
and agricultural wastes, biomass combus-
tion generally produces lower emissions
than fossil fuels. For example, the sulfur
levels in biomass are lower than those in
coal, and evidence shows that burning bio-
mass along with coal reduces nitrogen
oxide emissions. Net carbon dioxide emis-
sions also should be lower with biomass,
since the energy crops used for the feed-
stock take in carbon dioxide during their
growth cycle. However, while some emis-
sions data exist for pollutants such as ozone
and lead, which are regulated by the ambi-

EPRI JOURNAL

ent air quality standards, a good picture of
the emissions composition of VOCs and
other unregulated pollutants in a large-
scale power plant is not available.

As part of EPRIs research program,
emissions data were collected during test
burns at a plant cofiring 20% biomass. Pol-
lutants under the spotlight included par-
ticulate matter, elemental and organic car-
bon, semivolatile organic compounds, and
mercury. A report on this work is forth-
coming and will include results of toxicol-
ogy studies that compared the emissions
from cofiring with those from coal-only
combustion at the same plant. EPRI is
looking for additional opportunities to col-

lect samples at a biomass-only plant and is

conducting research on occupational expo-
sure and health issues specific to biomass
combustion, such as levels of biogenic dust.

Promising Technologies for
Coal Plants

Research into understanding coal-fired
generation emissions and ways to reduce
them is farther along than such research for
some other fuels. One of the most promis-
ing processes for capturing

carbon from coal-fired plants relies on the

use of a group of chemical compounds
called amines; the process also could be
applied to other carbon-based fuels, such as
natural gas and biomass. As a result, EPRI
focused on determining the impact of
amines, as well as their degradation prod-
ucts, on environmental and human health.

Amines are organic compounds and
derivatives of ammonia that are widely used
in natural gas processing to remove impuri-
ties. As chemical absorbents, amines can
bond with carbon dioxide in a solvent.
After an amine compound captures carbon
dioxide at the end the combustion cycle, it’s
then heated to separate it from the carbon
dioxide before being returned to the
absorber to perform the carbon cap-
ture process again. Unlike other
emerging carbon capture technolo-
gies, which would require large-scale
modifications to existing power
plants, the use of amines would
require the simpler addition of an
absorber to the plant. Though there
are a number of pilot projects world-
wide, there has not yet been full-scale
deployment of amines for carbon
capture at a coal-fired power plant.

While the proven ability of amine
technology makes it an attractive can-
didate for controlling carbon emis-
sions, the approach does come with a
significant shortcoming; the regener-
ation process can use 30% of the
energy produced by the power plant,
Rohr said. That ineficiency has
prompted a search for solvents or sor-
bents that will lower the energy
requirement (see “Advanced Materials for
Carbon Capture,” page 5).

Rohr and her team have evaluated the
toxicity of three different amine solvents,
the ways they might degrade during use,
and their impact on air quality. Not only is
it possible for the amines to escape into the
atmosphere inadvertently, but the thermal
and oxidation processes they undergo while
capturing carbon dioxide also could lead
to emission of compounds such as nitrosa-
alkylamines, and

mines, nitramines,

amides. These emissions could then react
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with other compounds in the atmosphere and
create new compounds that could negatively
affect air quality, the environment in general,
and, potentially, human health.

Early toxicology results show that an acute
exposure to amines at high doses didnt cause a
strong reaction in the lung, but an exposure to
a degraded amine compound did increase pul-
monary inflammation. Work is under way to
assess the toxicity of the amines after they
undergo chemical reactions in a test chamber
designed to simulate the atmosphere. Other
projects include the evaluation of the genotox-
icity of the amines and their degradation prod-
ucts and a focused evaluation of nitramines—a
group of compounds that are not well under-
stood from a health perspective.

Aside from toxicity concerns, another chal-
lenge related to studying amines and their deg-
radation is the lack of standardized sampling
and analytical methods for monitoring these
compounds in flue gas. In early 2012, EPRI
assembled an international working group to
review the methods currently in use, test the
methods at a pilot facility, and ultimately
develop recommendations for a standardized
approach. EPRI published a technical update
on test methods for amines (1025020) in June
of

Pollution Contra

this year. In 2013 and 2014, the working
group plans to carry out round-robin testing of
different methods and create a standardized
protocol based on those results.

Other activities related to amine research
include modeling the thermodynamic and
photochemical behavior of amines, modeling
the formation of ultrafine particles in power
plant plumes, and assessing potential occupa-
tional health and safety issues.

Another area of interest in the research pro-
gram is the use of bromine in coal-fired power
plants; research will address direct bromine
injection and the use of bromine-activated car-
bon for mercury removal. Potential concerns
exist with bromine reaching surface waters and
forming potentially hazardous compounds.
Research in this area will clarify whether, and
to what extent, these risks exist.

Another
combustion, which uses an oxygen-enriched

emerging  technology—oxyfuel
atmosphere instead of air during coal firing—
has not yet been widely deployed. EPRI has
reviewed potential environmental and health
impacts of emissions from oxyfuel combustion
and will be submitting an article to the peer-
reviewed literature shortly.

€€\We want to evaluate the technologies before

widespread deployment. . . to avoid having to

eloes. b/
go back and retrofit facilities in the future.

Planning for the Future

The electricity industry anticipates new and/or
tightening federal and state regulations on
power plant emissions. Although there isn't a
national climate policy, federal agencies have
been moving steadily to set more emissions
restrictions on power plants and invest in tech-
nologies for capturing pollutants. States such
as California are tightening their emissions
rules as well.

Responding effectively to such regulatory
mandates requires a thorough understanding
of complicated and interrelated scientific pro-
cesses and health outcomes. EPRI’s compre-
hensive approach, involving emissions moni-
toring, atmospheric chemistry and transport
studies, measurements, and toxicological stud-
ies in both the laboratory and the field, offers
needed information for making educated
choices for generating electricity cleanly and
economically in the future.

This article was written by Ucilia Wang. Background
information was provided by Annette Rohr, arohr@
epri.com, 425.298.4374.

Annette Rohr, a senior project
manager in EPRI's Air Quality
program area, conducts epide-
miological and foxicological

research on the health effects of
air pollution. Before joining EPRI in 2001, she was
an environmental scientist at Dames & Moore, where
she conducted human health and ecological risk
assessments. She received a B.S. degree in microbi-
ology and an M.S. in environmental engineering
from the University of Brifish Columbia in Vancouver
and an Sc.D. in environmental health from Harvard

University.
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sed fuel that is discharged from
U nuclear reactors—“spent” fuel—

is initially placed into adjacent
spent fuel pools. Because fuel assemblies
continue to emit heat and radiation pro-
duced by radioactive decay after being
removed from the reactor, they must stay
in the spent fuel pools for a period of time
to cool down and reach manageable levels
of radiation before being transferred into
dry storage. Spent fuel pools remove decay
heat via active cooling systems; the pools
maintain low radiation dose levels because
the spent fuel is covered by approximately
20 feet of water.

The March 2011 earthquake and tsu-
nami that damaged Japan’s Fukushima
Daiichi nuclear power plant knocked out
power to the spent fuel pool cooling
systems, resulting in pool water heating,
evaporation, and a drop in water level.
While this activity did not lead to serious
consequences at Fukushima, it prompted
renewed concerns over the safety of nuclear
plant spent fuel pools damaged by acci-
dents, terrorist attacks, or natural
disasters.

To reduce potential risks due to decay
heat and spent fuel radiation in storage
pools, some policy makers, individuals,
and organizations have called for moving

In evaluating
accelerated transfer,
EPRI determined that
the main benefits relate
to reduced pool
inventories and decay
heat, while the main
drawbacks relate to
worker radiation
exposure, equipment

availability, and cost.

THE STORY IN BRIEF

Should nuclear plants speed up the transfer of spent

fuel from wet-storage pools to dry sforage? To inform

the discussion, EPRI has studied the costs, benefits,

logistics, and safety issues involved.

spent fuel as rapidly as possible into dry
storage. Advocates for accelerated transfer
contend that spent fuel pools are already
filled beyond their initial design capacity,
are storing fuel much longer than
originally intended, and contain substan-
tially more radioactive material than the
reactor cores themselves. In some scenar-
ios, damage to or loss of the ability to
actively cool spent fuel pools could lead to
high radiation dose rates around the pools
and a large release of radionuclides to the
environment. Accelerated transfer could
reduce such risks and decrease the heat
load and radionuclide source term from
materials in spent fuel pools.

These benefits are receiving further con-
sideration in light of Fukushima. To
inform these discussions, EPRI has studied
the costs, benefits, logistics, and safety
issues pertaining to accelerated transfer.
For the study, EPRI examined several rep-
resentative nuclear power plants and gen-
eralized those findings to the U.S. indus-
try. EPRI considered two scenarios for
transferring all fuel cooled at least 5 years
from pools to dry storage—a rapid,
10-year transfer schedule and a more mod-
est, 15-year schedule—comparing them
with a base case where spent fuel contin-
ued to be moved only as needed.

Wet and Dry Storage

Individual fuel assemblies remain in service
for 4 to 6 years, and a typical plant shuts
down every 18 to 24 months to replace
about one-third of the fuel in the reactor
and move the replaced fuel to the pools. In
the United States, these pools were intended
for short-term storage until the fuel could
be reprocessed or moved into a permanent

repository. Because neither option has

materialized, most spent fuel has remained
in pools far longer than expected.

“No regulations specify how long spent
fuel can remain in wet storage before being
transferred to dry storage,” said John Kes-
sler, manager of EPRI’s Used Fuel and
High-Level Waste Management program.
“The current practice is to make space as
needed for staging new fuel and for storing
spent fuel.”

Dry storage facilities will become more
common in the years ahead. Even without
an accelerated schedule, projections call for
the amount of fuel in dry storage to nearly
double by 2020. “As with spent fuel pools,
dry storage was never intended to be a per-
manent waste-disposal solution, although
facilities are projected to remain safe for
many decades,” said Kessler.

For dry storage, fuel assemblies are trans-
ferred into a steel cask in the spent fuel
pool. A cask can hold 40 of the largest
assemblies, which are 12 to 15 feet high and
weigh about 1500 pounds each. The full
cask is closed by bolting or welding a lid on
top, after which water is evacuated and
replaced with an inert gas. The cask is then
enclosed in a concrete vault on an outdoor

pad.

Study Findings

In evaluating accelerated transfer, EPRI
determined that the main benefits relate to
reduced pool inventories and decay heat,
while the main drawbacks relate to worker
radiation exposure, equipment availability,

and cost.

Benefits: Smaller Pool Inventories, Less
Decay Heat

Reducing the used fuel in pools would
reduce the amount of material that could
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The State of Dry Storage

No permanent used fuel repositories are yet in opera-
tion around the world. As a result, dry storage facilities
will likely remain in use for at least 60 years. In the
United States, the earliest sites from the mid-1980s
have already exceeded their initial 20-year licensing
ferm and are operating under license extensions. Many
others will require extensions in the next few years.

Two different dry sforage systems are used world-
wide. One is a metal cask with a bolted metal lid; the
metal cask provides the required radiation shielding for
this system. The second type, more widely used in the
United States, is a welded stainless steel canister hold-
ing the spent fuel, which is then placed inside a con-
crete "overpack” for shielding purposes.

One concern with extended dry storage is stress cor-
rosion cracking of the stainless steel canister. laborato-
ry tests have shown that such cracking can occur in the
steels used in casks when they are subjected to fensile
stress and are in a corrosive environment (such as one
with salt in the air and the right combination of tem-
perature and humidity). The risk increases with time, not
only because of aging and confamination of the mate-
rials, but also because the lower temperature of older
fuel allows humidity fo rise, creating conditions more
favorable for salts on metal surfaces to absorb water
and create corrosive, concentrated brine pockets.

"Experiments have shown it can occur, but that was
under lab conditions,” said John Kessler. “VWe need to
know whether these conditions exist in the field in order
fo develop an aging management plan.” EPRI worked
with Constellation Energy Nuclear Group in inspecting
two casks from the Calvert Cliffs Nuclear Plant's dry
storage  facility near Chesapeake Bay. Of

the 60 dry sforage casks in service, some for more
than 15 years, the researchers inspected the cask with
the highest radioactivity and thermal output and the
cask that was the oldest and coolest on site.

The procedure involved video inspection of the casks
and of the concrete overpack doorway and seismic
restraint; temperature measurements on the bottom and
upper shell of the coolest cask; and collection of dust
and salt samples from the cask surface. EPRI will inves-
tigate whether correlations can be established between
the internal and external salt concentrations and the risk
of stress corrosion cracking.

Inspection at Calvert Cliffs revealed some rust stains
on one of the canisters, but no signs of major corrosion
on the casks’ surface or on the welds. This is significant
because the welds are more prone fo stress corrosion
cracking due fo high tensile stresses.

"This inspection was our first attempt to do this sort of
thing,” said Keith Waldrop. “Just showing that we
could do it was a great success, and we completed it
with a radiation dose only half of the planned level.
Our temperature measurements at the end of the cask
were close to predictions, but we didn't get good
enough confact with other parts of the cask for accu-
rafe readings. That was part of the learning process.”

Plans call for two to three inspections at other sites in
2013. “Our goal is to use field data to develop mod-
els that predict temperature and humidity based on
conditions that can be observed without going in fo
inspect every cask,” said Kessler. “This involves predict-
ing when and where the conditions conducive fo stress
corrosion cracking might warrant enhanced inspection
or monitoring and determining what kind of monitoring

is necessary.”

contribute to health, safety, and environ-
mental effects in the event of a serious
nuclear plant accident. Removing assem-
blies would also have the benefit of reduc-
ing the density of the remaining assemblies
in the pool, which could lower the risk of
radioactive release in the event of pool
drainage.

EPRI JOURNAL

Removing fuel cooled five years or lon-
ger would reduce the inventory of spent
fuel assemblies in the pool by 67%~73%.
Because the youngest, hottest fuel must
remain in the spent fuel pools until it can
be placed into dry storage, the relative
reduction of heat and radioactivity would
be smaller than the reduction of assembly

inventory in an accelerated transfer sce-
nario. Decay heat would fall by 23%—32%,
and radioactivity in the pool would be
reduced by 43%—47%.

Drawbacks: Exposure and Equipment
Accelerated transfer would require workers
to spend more time moving fuel, working
with greater quantities of fuel, and work-



ing with hotter fuel, resulting in exposure to

more radioactivity. The EPRI study estimates
that the average worker dose would rise from
the current level of 400 person-millirems per
cask to 750 person-mrem. While the regu-
lated limit for workers is 5,000 mrem per
year, any increase in dose is a concern because
of regulatory and industry efforts to drive
exposure as low as reasonably achievable.

Transferring spent fuel requires one to two
weeks to fill a single cask. Meanwhile, plant
operations place competing demands on the
cask crane. These tasks include repositioning
spent fuel or control rods in the pool, receiv-
ing new fuel, identifying and removing for-
eign objects, and performing inspections and
repairs.

In view of other scheduling demands, a
typical plant might have only a few weeks per
year available for dry storage transfer—or
less, if reactors share a spent fuel pool and/or
cask crane. Given these factors, a typical plant
would need between 8 and 15 years to move
all of its 5-year-cooled fuel into dry storage.

“We looked at the time line for a typical
two-unit plant with one shared crane and
spent fuel pool,” said Keith Waldrop, EPRI
senior project manager. “Normally this plant
would load about four dry storage casks per
year. At best, with all the other demands on
cask crane scheduling, this site could manage
about three additional casks per year.”

Cask availability is another concern. EPRI

calculated that annual demand for casks
would be three times greater for the 10-year
transfer scenario than for the base scenario.
Also, given the higher decay heat and radia-
tion source term from younger fuel, it may be
necessary to design smaller casks or to load
less fuel in existing cask designs. Thus, cask
manufacturers would have to increase pro-
duction significantly for the accelerated trans-
fer period; once the existing inventory had
been transferred, demand would return to
current levels.

Costs of Accelerated Transfer

By 2060, nearly all spent fuel from nuclear
plants currently in service will be in dry stor-
age, regardless of the schedule followed. In
comparing the cost of accelerated transfer
with the cost of transfer at current rates, EPRI
calculated the added cost (net present value)
to be $3.5 billion, or 38% higher than the
base case, for the 15-year schedule and $3.9
billion, or 42% higher, for the 10-year sched-
ule. This includes up-front costs, such as pur-
chasing additional transfer equipment; opera-
tional costs and risks related to loading more
casks; and incremental costs resulting from
the higher demand for dry storage casks and
the possible need for cask redesign or
recertification.

“Our study shows that it is feasible to move
spent fuel into dry storage at an accelerated
rate,” said Waldrop. “However, it is not clear
whether the potential risk reduction from

doing so would be great enough to offset the
increases in accident risks, occupational safety
hazards, operational impacts, and costs that
an accelerated transfer rate would bring
about.” The Nuclear Regulatory Commission
will evaluate the pros and cons of accelerated
transfer as part of its review of spent fuel
safety post-Fukushima; EPRI’s research is
expected to inform these deliberations.

This article was written by Cliff Lewis. Background
information was provided by John Kessler,
jkessler@epri.com, 704.595.2737, and Keith
Waldrop, kwaldrop@epri.com, 704.595.2887.

John Kessler is the program
manager of EPRI's Used Fuel and
High-Level Waste Management
program. Before joining EPRI in
1993, he worked at Nutech and
was a private consultant on dry spent fuel storage
system design. In addition to developing cement-
based nuclear waste forms at Oak Ridge National
Laboratory, he worked with Sargent & Lundy on
licensing of new nuclear plants. Kessler received
B.S. and M.S. degrees in nuclear engineering from
the University of Illinois, Urbana-Champaign, and a
Ph.D. in mineral engineering from the University of
Cadlifornia af Berkeley.

Keith Waldrop is a senior proj-

ect manager, specializing in

research related to the manage-

ment, storage, and transportation

of spent nuclear fuel. Before
coming to EPRI'in 2011, he was a senior engineer
at Duke Energy, responsible for management of
spent fuel at the McGuire Nuclear Stafion. He also
performed core reload design analyses, including
implementation of in-house core power disfribution
monitoring. Waldrop received a bachelor’s degree
in nuclear engineering from Georgia Institute of
Technology.
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DATELINE EPRI

News and events update

RESPONSE TO EPA NOTICE INFORMS FISH
PROTECTION RULES

PALO ALTO, Calif. —In August, EPRI published technical
comments that respond to an Environmental Protection
Agency Nofice of Data Availability (NODA) on the con-
trol requirements for fish mortality at power plant cool-
ing water intake structures. The NODA process is in-
tended to ensure that regulations are based on the best
available scientific, economic, and engineering data,
are protective of the environment, and are in the best
interest of the public. The EPRI report (1025381) dis-
cusses the potential consequences, both positive and
negative, if requirement components ouflined in the
NODA are included in EPAs final rule, expected in the
summer of 2013.

WORKSHOP TARGETS GAPS IN DEMAND
RESPONSE

HOUSTON, Texas — CenterPoint Energy hosted an EPRI
Demand Response 2.0 Roadmap Workshop to identify
gaps in the state of demand response and develop rec-
ommendations for research, development, and demon-
stration fo fill them. The workshop looked af bulk renew-
able integration using demand response; grid capacity
and resource planning using demand response and dis-
fributed energy resources; and aligning wholesale and
refail programs and rate structures.

HANNEGAN MODERATES RETECH ROUNDTABLE
WASHINGTON, D.C. — EPRI environment and renew-

able energy vice president Bryan Hannegan moderat-
ed an executivelevel generatingcompany roundtable
as part of the opening plenary session of the Renew-
able Energy Technology Conference and Exhibition
(RETECH) in October. RETECH, a global business
conference, brings together business and utility leaders,
investors, fechnology innovators, government officials,
and university researchers from across the renewable
energy industry. Hannegan also chaired a technical
session on frends in utility-scale renewable energy
power production and ifs infegration with existing
generating systems.

EPRI HOSTS FUKUSHIMA FORUM

CHARLOTTE, N.C. — EPRI hosted the second Fukushima Forum in
Charlotte in early Ocfober. This meeting, cosponsored with the
Insfitute of Nuclear Power Operations and the World Association
of Nuclear Operators, attracted almost 100 participants from 53
utilities and organizations in more than 15 countries. Presentations
and discussion centered on the results of safety evaluations con-
ducted at nuclear power plants around the world, actions
taken or planned to upgrade safety af these plants, and implemen-
fafion plans for the next five years, including expected resource
requirements, availability of resources, and implementation costs.
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NEW SPEECHES, PROGRAM
EVENTS REPORTS MEMBERS TESTIMONIES, AND PROJECT CONFERENCES
AND BRIEFINGS UPDATES

AGREEMENT OUTLINES EPRI-IAEA COLLABORATION

VIENNA — EPRI and the Infernational Atomic Energy Agency announced an agreement in September to promote public benefit
research info nuclear power plant development, operation, decommissioning, and waste disposal. The collaboration enables
technical engagement on issues regarding nuclear plant development in countries initiating commercial nuclear power pro-
grams. Technical areas of engagement will include risk and safety evaluation, power plant aging and materials degradation,
nuclear waste disposal technologies, and capacity building for new owners and countries developing nuclear power pro-
grams. Key collaboration mechanisms will include sharing of information on commercial nuclear energy, organization of joint

workshops and fraining seminars, and publication of joint reports and guidelines.

EPRI COSPONSORS INTERNATIONAL GHG
EMISSIONS TRADING WORKSHOP

PARIS — The 12th Annual Workshop on Greenhouse Gas
Emission Trading was held October 15-16, cospon-
sored by EPRI, the International Energy Agency, and the
Infernational Emissions Trading Association. This year's
workshop focused on the evolution of national and sub-
national GHG trading programs, the linking of existing
and evolving GHG trading programs, the role of emis-
sions trading in international frade and potential trade
wars, and the evolution of new market mechanisms as
part of international negofiations under the United Nao-
tions Framework Convention on Climate Change. EPRI's
Adam Diamant provided a presentation on California’s
forthcoming GHG  cap-and-trade program, which is
effective January 1, 2013.

WORKSHOP PROVIDES GLOBAL TAKE ON ULTRA-
SUPERCRITICAL TECHNOLOGY

VIENNA - Along with delegates from more than 17
countries, EPRI participated in the Infernational Energy
Agency Clean Coal Centre Workshop examining the
status of research on the next generation of advanced
ultrasupercritical power plants. EPRI senior project man-
ager John Shingledecker served as the U.S. represento-
five for the closing panel discussion. EPRI is the fechnical
lead for the U.S. Department of Energy / Ohio Codl
Development Office Advanced Ultrasupercritical Steam
Boiler and Turbine Consortium.

EPRI INITIATES INTERNATIONAL SOLAR POWER
PROJECT

SICILY — EPRI has launched a three-year field assess-
ment and optimization project at the Archimede Con-
centrating Selar Power Plant, part of Enel’s Priclo Gar-
gallo Power Station in Sicily. Archimede, which
contributes 4.9 MWe of equivalent solar capacity fo
an adjacent natural gas combined-cycle plant, is the
first plant to use molten salt as the working fluid instead
of synthetic oil. The EPRI study will help optimize, scale,
and expand the use of concentrated solar technology
by providing insights on preferred design configura-
fions, components, and mainfenance sirategies.
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oal-fired power plants account for
C nearly half of total power genera-

tion capacity in the United States,
and nearly three-fourths of those plants
are now over 30 years old. They face a pin-
cer action between new, more stringent
environmental regulation on one side and
age/technological obsolescence on the
other. Whether an aging coal-fired power
plant should be retired, converted to gas,
upgraded environmentally, or repowered
is one of the most challenging decisions
facing power plant owners today. A recent
EPRI analysis of current and potential
Environmental Protection Agency (EPA)
regulations estimates that under a refer-
ence case natural gas price (average of
$6.50/MBtu), between 35 and 60 giga-
watts (GW) of U.S. power generation may
retire or refuel to natural gas by 2020.
However, if low natural gas prices con-
tinue (average of $4.50/Mbtu), then up to
100 GW of existing coal capacity could
retire or refuel by 2020.

Short-term options include retiring the
plant or quick conversion to direct firing
of the boiler with natural gas. The latter
might buy a few years of extended life
without imposing the economic burden of
environmental retrofit. But increasingly,
utilities are seeking a longer-term solution
that bypasses expensive environmental
controls yet brings additional benefits.
They are seriously exploring repowering
plants with combined-cycle technology
for a number of reasons.

The most likely plant configuration
involves replacing the coal boiler with a
gas-fired turbine (GT) that feeds its
exhaust into a heat recovery steam genera-
tor (HRSG), whose output is run through
a steam turbine to increase both electricity
production and overall plant efficiency.
Where feasible, the existing steam turbine
would be retained and refurbished to add
another 20-30 years of operation. To
reduce capital cost further, utilities would
also attempt to retain as much as possible
of the original balance-of-plant equip-
ment, including the switchyard, adminis-
trative buildings, condenser, and source of

THE STORY IN BRIEF

Repowering aging coal plants for gasired

combined-cycle operation is a strategically

important option for owners and operators that face

expensive or problematic environmental upgrades.

EPRI has studied the key factors involved in such

conversions to clarify when they make the most

practical, economic sense.

cooling water.
According to Dale Grace, EPRI senior
project manager, “In the past 20 years,
more than a dozen such repowering proj-
ects in the United States have utilized GT/
HRSG technology.” The popularity stems
from the potential to create an essentially
new unit at lower cost while gaining the
benefits of higher efficiency, reduced emis-
sions, increased operational flexibility, and
additional capacity in comparison with
the coal-fired predecessor.
appear

according to conservative assumptions.

The economics solid, even
“Repowering saves about 20% of the capi-
tal cost compared with a brand new power
plant, on a dollar-per-kilowatt basis,” said
Grace. “On a cost-of-electricity basis, it
can save about 5%. Since fuel is still the
lion’s share (50%—-60%) of this cost, the
operational savings could be even greater

if gas prices remain low.”

Driving Forces
Two regulations recently promulgated by
the EPA would require significant pollu-
tion control upgrades for many older
plants: the Cross-State Air Pollution Rule
(CSAPR) and the Mercury and Air Toxics
Standards Rule. Although the CSAPR
implementation schedule is working its
way through the courts, the bottom line is
that aging coal-fired plants will have to
meet these new emissions standards or
shut down.

Many plants are approaching the age at
which it may no longer be economical to

maintain them, with the equipment’s age
or technological obsolescence rendering it
too costly to upgrade or to modify with
new pollution controls. Emissions regula-
tions may make it necessary to shut these
units down earlier than planned or to
retire them simply to make room for new
units that are more efficient and environ-
mentally compatible.

Even as this pincer action comes into
play, new opportunities have been opened
by the combination of advanced power-
generation technology and low gas prices
afforded by the boom in shale gas produc-
tion. Grace points out that repowering
with combined-cycle technology was
examined in some detail in the 1990s, but
it was not nearly as attractive as it is today.
Environmental pressures at the time were
mild in comparison, natural gas prices
were volatile, and the domestic natural gas
resource base was much smaller, with
planners anticipating extensive imports of
liquefied natural gas. Today, GT/HRSG
repowering is a much more promising
option for coal-based utilities looking to
diversify their energy resource base.

Broad Benefits

The improvements made possible by
repowering with GT/HRSG are quite
broad. First and foremost is improved
plant efficiency. Modern gas turbines
operate with efficiencies in the range of
27%-36% (higher heating value, or
HHYV) in simple cycle. Adding an HRSG
to convert the gas turbine’s waste heat into
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steam to flow through the steam turbine
raises overall plant efficiency to 40%-50%
(HHV). The lower end of this combined-
cycle range is typically above the higher
end of the range for coal-fired plants
(20%—-40%).

Higher efficiency results in reduced fuel
consumption and lower plant emissions.
The improved low-nitrogen oxide (NOx)
combustor technology of modern gas tur-
bines, combined with selective catalytic
reduction, can reduce NOx concentra-
tions by a factor of 6 below the best-per-
forming coal-fired units. With natural
gass negligible sulfur and ash content,
repowering also reduces sulfur dioxide and
particulate emissions significantly. Also,
the switch from coal-fired operation to gas
in combined-cycle mode dramatically
reduces carbon dioxide emissions.

Operational flexibility is another key
benefit. Increased reliance on renewable
energy sources requires load-following
plants capable of starting quickly. Renew-
able generation technologies, such as wind

The inventory of possible
candidates for
repowering is large.
Worldwide, the number
of potential candidates
is estimated at 1,540
units, tofaling some 273
GW of capacity. In
North America, there is
some 60 GW of coal-
fired capacity over 30
years old for which
repowering could be

viable.
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and solar, produce power under condi-
tions that dont match fluctuations in
demand. Wind power is particularly difhi-
cult to predict more than a hour or two in
advance, so it’s essential to have standby or
quick-start power during peak demand.

Advances in gas turbines provide the
capability to fast-start the engine, achiev-
ing full capacity from a cold start in about
ten minutes, at least in simple-cycle opera-
tion. In combined-cycle mode, the rest of
the power train becomes the determining
factor. Start-up time increases substan-
tially when an HRSG and steam turbine
are added to the system, because these
components require a more gradual start-
up to match temperature and minimize
thermal strain. However, newer HRSG
designs will better accommodate fast-start
cycling conditions. The steam turbine
remains the primary component adversely
affecting the overall start-up sequence.
Even so, start-up duration and cycling
ability should be much improved with a
GT/HRSG unit in place of the original
coal-fired plant.

An important aspect of combined-cycle
repowering is the additional capacity
resulting from gas turbine power trains.
The existing coal plant uses a boiler to pro-
duce steam, which in turn drives the steam
turbine—the only source of electric power
generation. Replacing the boiler with one

or more trains of GT/HRSG can double
or triple plant capacity.

Absent the need for additional capacity,
the economic case and impetus for repow-
diminished.

becomes particularly relevant in regions

ering are “Repowering
that need power,” said Grace. “However, if
there is excess capacity, due to wind and
solar installation, for example, the addi-
tional capacity can be a drawback. This
should be an early and central consider-
ation for repowering. You can’t turn a mar-
ginal coal plant into a profitable gas-fired
plant if you don’t have the market to begin
with. Currently, a lot of regions in the
country are right-sized. So if you generate
excess power, you need to ask if there is
transmission capacity to get it to a distant

market.”

Ideal Candidate
The ideal candidate for

according to Grace, is relatively young—

repowering,

roughly 20-30 years old—with plenty of
life left in the steam turbine, auxiliaries,
