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Executive Summary
Reflecting back on the earliest days of the electric power system, when the first transmission lines
were being strung and electricity accounted for a negligible share of the nation’s total energy use, it is
striking how the system has grown, how the technologies have evolved, and how the system has come
to serve such a central role in powering our homes and businesses. When electric appliances were first
unveiled and electric motors began to replace the steam engine in the late 1800s and early 1900s,
people would flock to witness the new technology and marvel at its “almost magical” abilities.1
Now in the digital age, electric power has become ubiquitous; a critical resource that supplies nearly
40 percent of U.S. energy needs and a system that continues to evolve in response to rapid
advancements in technology, changing market dynamics, aging infrastructure, and energy and
environmental policies. The signs of this transformation are all around us: wind and solar projects
have become common sights in many areas, vehicle charging stations are popping up in city centers,
old power plants are being demolished and replaced with modern generating facilities, and “smart”
appliances and advanced lighting options are available on store shelves. Other changes are less visible.
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The changes that are reshaping the electric sector create both challenges and opportunities for the
companies that build, maintain, and operate the system that produces and distributes this electricity.
This report profiles a diverse cross-section of companies that are proactively leading this transition and
seizing on new market opportunities by investing in alternative energy sources, advanced grid
technologies, and energy efficiency products and services. These companies are making investments
throughout the electric power system, including both supply-side and demand-side investments. These
profiled companies—NextEra Energy, Calpine Corporation, Pacific Gas & Electric Company, Green
Mountain Power, Xcel Energy, and Austin Energy—represent a geographically diverse sampling of
investor-owned utilities, merchant generators, and public utilities.
Each of these companies has taken a somewhat different approach in pursuing their financial and
environmental goals. Because electricity is produced and flows across a complex interconnected
network, corporate managers must consider multiple aspects of the electric system and a broad range
of technologies that together can best achieve their business and environmental goals. This systemwide approach enables companies to drive down emissions by using the most efficient and costeffective mix of resources, including increasing reliance on clean fuels and renewable resources,
deploying energy efficiency and demand-side resources, installing state-of-the-art grid management
technologies, and providing customers with innovative energy solutions and new ways to purchase
electricity. Or, as we discuss in the case of many of these companies, pursuing all of the above.
As the industry prepares to comply with first-of-their-kind regulations on greenhouse gas emissions,
the inherent flexibility that comes from being able to make changes and choices across the many
elements of the interconnected electric system means that these important environmental goals can be
achieved through multiple means. It also means that states, grid operators, and companies operating at
all levels of the system must work together to fashion effective emission reduction strategies, as they
consider which elements of the system are most effective, least costly, or most innovative to pursue
and which sequence of changes will be right for their companies and region.
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Introduction
The electric power system in the United States is one of the greatest technological accomplishments of
the twentieth century, powering more than 140 million homes and businesses and making the U.S. one
of the most attractive markets in the world for companies that rely on a highly reliable and costcompetitive supply of electricity. The system, which operates as an interconnected machine, is a
complex network of power plants, transmission lines, substations, and distribution equipment: more
than 7,000 power plants, with a combined capacity of 1,060 gigawatts (GW), deliver power over
642,000 miles of transmission lines (enough to circle the globe 25 times), and 6.3 million miles of
distribution lines.2 Key to the grid’s functionality is the fact that it is, indeed, an integrated system. Its
widely varied components interact and respond to each other, sometimes automatically and sometimes
with skilled human operation, in a coordinated fashion second by second. The result is a massively
complex, robust, inherently redundant, and reliable platform essential to the growth and operation of
the U.S. economy. And in our increasingly digital economy, the system has only grown in importance.
The electric power system is also in the midst of a major transformation, which creates both challenges
and opportunities for the companies that build, maintain, and operate the system. Driving this change
are rapid advancements in technology, changing market dynamics, aging infrastructure, and state and
federal energy and environmental policies. Customers are also spurring this change as they adopt new
innovative technologies and pursue greater energy savings in their homes and offices.
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The vision for the future, which many power companies are working to achieve, is an electric power
system that delivers affordable power, improves reliability and resiliency, responds to customers’
changing needs, and delivers cleaner results by reducing the sector’s environmental footprint. On the
environmental front, we are already seeing many benefits of this transformation. Power companies
have cut their sulfur dioxide (SO2) and nitrogen oxide (NOx) emissions by 80 percent and 74 percent,
respectively, since 1990.3 The sector has also begun to reduce its carbon emissions, which threaten to
disrupt the global climate. After decades of steadily increasing emissions, the electric power sector in
the U.S. has reversed the trend, cutting its carbon emissions by 15 percent below 2005 levels as of
2014.4 The Clean Power Plan promises to double the level of reductions by 2030.
This report profiles a diverse cross-section of companies that are proactively leading this transition and
seizing on the new market opportunities and new technology solutions by investing in alternative
energy sources, advanced grid technologies, and energy efficiency products and services. These
companies are making investments throughout the electric power system, delivering positive returns
for investors, and better outcomes for society as a whole.
Annual Electric Sector Trends and Macroeconomic Indicators
(indexed: 2000 = 100)
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Industry in Transition
The changes that are reshaping the electric power industry are far-reaching—and many of them are
inevitable. From the largest generating facilities to individual households, nearly every component of
the grid is undergoing rapid change spurred both by necessity—parts of the system are long overdue
for an upgrade—and opportunity, as businesses take advantage of new ways to generate, distribute,
and consume electricity. The digital age has stimulated innovation in nearly every corner of our
economy, yielding new and constantly improving technologies that affect both the supply and demand
sides of the energy equation.
Supply-Side Trends
On the power generation, or supply side, technology advancements have dramatically increased
domestic natural gas production, reducing prices from over $13 per million British thermal units
(MMBtu) at their peak in 2008 to less than $3/MMBtu in 2015 (all prices at Henry Hub).5 This price
decrease, coupled with significant advancements in combined cycle unit efficiencies and other factors,
has led to a 73 percent increase in natural gas-fired output between 2003 and 2014.6 At the same time,
the industry has seen a significant upsurge in renewable generation driven by significant decreases in
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technology costs and constantly improving
technology, combined with supportive state and
federal policies. In 2014, renewables (including
large hydroelectric facilities) served more than 13
percent of total electricity demand in the U.S., and
nearly doubled their level of output since 2001.7
Non-hydro renewable generation, including wind and
solar, has more than doubled since 2008 alone, and
the number of megawatts installed has been on a
steep upward trajectory as technologies mature and
financial institutions and power companies increase
investment in these technologies (see figure above).
Combined, these factors have driven a shift away
from coal-fired generation, which decreased from
over 50 percent of total generation in 2003 to 39
percent in 2014.8
The increase in renewables has also led to changing
grid management practices to incorporate their
variable output, facilitated in part by significant
advances in the fast-ramping capabilities of natural
gas-fired turbines.
Supply-Side Investments
Billions have been spent in supporting the transition
to natural gas. In addition to adding natural gas
generating facilities—nearly 7 GW in 2013 alone—
the system has seen a massive expansion in pipelines
to access new areas of natural gas production.9 Since
2008, companies have invested an estimated $13.5
billion in natural gas pipelines and pipeline
expansions, spanning over 18,000 miles.10 The
Southeast, in particular, has experienced a large shift
to natural gas with significant new pipelines and
natural gas-fired power plants supplying the region.
In Georgia, for example, the state’s generation mix
was 63 percent coal and 10 percent natural gas in
2008.11 By 2013, natural gas generation had
increased by almost 70 percent, and the state’s
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generation mix has changed dramatically, to a third each coal and natural gas.12 And that trend
continues. NextEra Energy, featured in this report, is developing two major pipeline projects that will
deliver significant additional natural gas supplies to Florida. The larger of the two projects is a 465
mile interstate pipeline that will originate in southwestern Alabama and transport natural gas to
Georgia and Florida by 2017.
Similarly, the growth in renewables has been supported by significant investment across the industry,
spurred by declining costs and technological innovation. Investment analysts project that the U.S.
renewable energy sector will invest $580 billion during the next two decades with benefits across the
supply chain.13 The costs of energy storage technology are also falling rapidly, which will likely
accelerate the shift to renewable energy.
Indeed, the trend in costs for wind, solar, and storage has been progressively downward in the past
decade, as new technologies find willing customers and investors and reach unprecedented economies
of scale. In wind, scale has been the biggest factor improving the economics of the technology: larger
towers and turbines allow wind to become economical in locations that were not feasible just five years
ago. For solar energy, well-documented cost reductions in panels have now been followed by balance
of system cost reductions as well as billions of dollars in financing. Energy storage is likely to follow
the same route. If the pace of change continues, the trend of system innovation and new technology
adoption will only increase as technologies improve over ever-shorter timeframes.
This dynamic can be readily observed in the issuance of clean energy patents in the U.S., which serve
as a good proxy for the pace and scale of the innovation dynamic. In fact, between 2010 and 2015, the
number of clean energy patents issued per quarter has tripled.14
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Although at a smaller scale than prior decades,
companies are also investing in new nuclear generating
facilities. There are currently five nuclear generating
units under construction in the U.S. with the first unit
scheduled to begin commercial operation in late 2015
and more under consideration.15,16 Currently, nuclear
power plants produce nearly 20 percent of U.S.
electricity with 100 nuclear reactors in 31 states.
Continued investment will be required to retain the
existing fleet. Nuclear power plants account for about
60 percent of zero carbon generation in the U.S.17
Updating and Expanding the Grid
As electricity demand and sources change, so too must
the system of wires that serve it. The time is ripe for
this investment: 70 percent of the grid’s transmission
lines and transformers are over 25 years old,18 and
many systems still operate using equipment not
significantly updated since the 1950s. Investor-owned
utilities have invested around $93 million in
transmission infrastructure in the ten years from 2004
to 2013, with nearly a third of that ($32 million) spent
in the last two years alone. From 2014 to 2017, the
Edison Electric Institute projects that these utilities
will spend another $78 million, an annual investment
rate over twice that of the preceding decade.19 Beyond
replacing outdated systems, however, this development
will also focus on adapting to the increased use of
renewables and demand-side resources. Twenty-five
states have adopted policies relating to smart grid
technology,20 which aim to improve communication
and responsiveness of the grid and increase grid
resiliency.21 The electricity industry spent an
estimated $22 billion for smart grid technology
deployed in the United States during the 5-year period
from 2010 through 2014.22 Smart grid investments
under the American Recovery and Reinvestment Act
of 2009 (ARRA) accounted for nearly half—
approximately $8 billion—of this investment.23
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Demand-Side Investments
On the customer side of the meter, utility companies, and electric consumers are making significant
investments in energy efficiency and distributed generation: utility financing and investment in energy
efficiency tripled between 2005 and 2013, reaching nearly $14 billion.24 Lighting in particular, which
accounted for about 15 percent of U.S. electricity use by residential and commercial sectors in 2014,
offers the potential for radical energy savings with the application of new intelligent solid state LED
lighting systems (see Kenwall Steel sidebar). Utility companies employ programs such as efficiency
audits, discounts on energy efficient equipment, rebates to consumers, and financial assistance to
companies in order to encourage energy savings.
Looking Ahead
Across the electric industry, companies are investing in clean energy technologies, improving the
efficiency of existing power plants, switching from coal to gas, building renewable and nuclear
facilities, and helping customers to reduce and manage their energy use. As demonstrated by the
companies showcased in this report, the transition in the industry to a lower-carbon profile can result in
real environmental benefits accompanied by strong corporate growth. While each utility and power
market has its own characteristics, constraints, and opportunities, successful companies have
demonstrated a number of common traits: they have embraced new technologies and opportunities and
they recognize that innovation and change cannot, and will not, be stopped in a global marketplace
where both capital and ideas are exchanged freely. As a result, the riskiest strategy in such an
environment may be to do nothing. The challenge, then, is to identify the most effective clean energy
technologies and to proactively pursue the best market opportunities in the emerging new energy order.
The companies profiled below are doing just that.
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Company Profiles
The following section provides a series of company profiles featuring energy companies that have
made major investments in low- and zero-carbon energy resources, on both the supply side and the
demand side. The company profiles provide a brief overview of recent activity and investments as
well as a discussion of trends in CO2 emissions (and CO2 emission rates) associated with these
companies’ portfolios. The companies featured in the report are intended to be a geographically
diverse sampling of investor-owned utilities, merchant generators, and public utilities (states where the
profiled companies have power plants or utility service territories are shown in the map below). They
have in common the fact that they have proactively embraced new technologies and market
opportunities, and they have identified investments in a low carbon future as a solid path to financial
success.
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NextEra Energy
NextEra Energy is one of the largest electric generating
companies in the U.S. and a leading developer of clean energy
projects. Through its primary subsidiaries, NextEra Energy
Resources and Florida Power & Light Company (FPL), NextEra
is the world’s largest generator of wind energy and an
international leader in solar power. NextEra operates in 27 states
and Canada. Its total portfolio of nearly 45 GW produces enough
energy to power 16.1 million homes and includes a mix of assets
powered by natural gas (59 percent), nuclear (22 percent), and
wind (15 percent).25 In 2013, NextEra ranked No. 4 in the nation
in terms of total electricity production.26
From Humble Beginnings to a Clean Energy Powerhouse
NextEra Energy traces its roots to the Florida Power and Light
(FPL) Company, established in 1925 with 76,000 electric and gas
customers, and it has been growing ever since. After building the
Cape Canaveral Plant in 1964, at the height of the space race, FPL
expanded into nuclear generation. The 1970s oil crisis reinforced
the company’s commitment to alternative resources: under the
umbrella of the new FPL Group, the company reduced its reliance
on oil from 50 percent of its generating capacity to barely a
quarter; it also began to focus on energy conservation in addition
to production of electricity. In 1998, the company formed FPL
Energy (which later became NextEra Energy Resources), to
manage growing investments in wind, solar, nuclear, and other
clean energy resources outside of the Florida footprint. In 2010,
FPL Group was officially rebranded as NextEra Energy, to reflect
its vision to be a “forward-looking enterprise that sees the future
and gets there first.” Under this mantle, the company continues to
invest in innovative clean energy technologies.
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NextEra by the Numbers
NextEra is a leader in nuclear, renewable, and low emissions energy, with some of the lowest air
pollution emissions rates in the industry. Among the nation’s 100 largest power companies, NextEra
ranked 76th in terms of its SO2 and NOx emission rates in 2013, and 83rd in terms of its CO2 emission
rate (with companies ranked from highest to lowest).27 Ongoing investment in these clean
technologies has allowed NextEra to improve its environmental performance while expanding its
generating capabilities. Through additions of new natural gas and renewable facilities, and efficiency
upgrades at existing natural gas facilities, NextEra has effectuated a near complete overhaul of its
generating fleet since the turn of the century (see above). Additionally, NextEra has completed
upgrades at six of its nuclear units over the past five years, increasing production capacity by 700 MW.
Since 1990, the company has reduced emissions rates of SO2, NOX and CO2 by 98 percent, 93 percent
and 33 percent, respectively—all while nearly tripling the size of its generation fleet. In 2014, 97
percent of the power generated from NextEra facilities came from wind, solar, combined-cycle natural
gas, and nuclear resources.
NextEra continues to focus its business strategy around clean energy technologies. Between 2015 and
2018, NextEra plans to invest up to $5.7 billion in up to 3,300 MW of new wind projects and as much
as $4.6 billion for 1,800 MW of new solar projects. FPL is in the process of converting its Port
Everglades power plant to a high-efficiency natural gas-fired unit that is expected to provide about
1,240 MW of capacity and be placed in service by mid-2016. Additionally, in the beginning of 2015,
FPL announced that it will issue a request for a proposal for a new natural gas-fired combined cycle
unit in Okeechobee County, Florida. Finally, FPL is licensing two new nuclear units, which would add
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about 2,200 MW of baseload capacity in Florida, and
resulting in over $100 billion in fuel savings and avoid 481
million tons of CO2.28
Beyond Generation
NextEra is also engaged in non-generation clean energy
activities, especially through its subsidiary FPL. In 2013,
FPL completed an extensive grid modernization effort to
improve operational efficiency. Supported by the U.S.
Department of Energy, these projects included the installation
of 4.5 million smart meters and over ten thousand intelligent
devices. This effort will allow FPL to receive and respond to
real-time information on the performance of its system,
allowing it to quickly identify the location and cause of
outages, restore power faster, track progress on restoration
efforts, and manage the grid to limit the extent of an outage.
FPL has also used this system to develop an Energy
Dashboard for customers to track their energy use in real time
and possibly choose to modify their energy use.29
Additionally, FPL has an aggressive demand side
management strategy which has avoided more than 25 million
MWh of electricity and an associated 13 million tons of CO2
between 2007 and 2013. For example, FPL provides rebates
for high-efficiency residential air conditioning systems and
has installed upgraded lighting systems for over 20,000
business customers and air conditioning upgrades for almost
17,000 business customers. Through 2013, this strategy has
reduced summer peak demand, obviating the need to build
around 5,600 MW of new generating capacity in Florida. By
2024, this program is projected to reduce summer peak
demand by 12 percent.
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NextEra Energy
was named to reflect
its vision to be a

“ forward-looking
“

enterprise that
sees the future
and gets there first

An early adopter of clean vehicles, FPL is committed to converting its entire fleet of company cars and
trucks to plug-in electric and hybrid electric vehicles. Today FPL operates the eighth largest hybrid
and plug-in electric vehicle fleet in the nation, comprised of nearly 1,750 biodiesel-power vehicles and
over 500 electric and hybrid vehicles. In 2013, these vehicles saved NextEra more than 682,000
gallons of fuel and reduced carbon emissions by close to 6,700 metric tons of CO2.
Recently, NextEra has also begun to evaluate nascent energy storage technologies with a focus on
battery solutions. Energy storage can be used to manage the frequency of the electric grid, which is
critical for grid reliability, and to store wind and solar energy for later use. NextEra has two sites in
operation and others are being evaluated. In 2013, NextEra installed a demonstration 1.8 MW project
near its Paradise Solar Energy Center in New Jersey. In 2014, the 20 MW Frontier facility entered
commercial service near the Lee DeKalb Wind Energy Center in Illinois.
“Doing Well by Doing Good”
This proactive approach has rewarded investors. From 2005 to 2014, NextEra generated a total
shareholder return of 300 percent, nearly triple the 109 percent recorded by the S&P 500 Index over
that period. During that same period, the company generated a healthy 8.4 percent compound annual
growth rate in dividends per share.30 This performance has resulted in eight consecutive years at the
No. 1 spot among electric and gas utilities on Fortune Magazine’s list of Most Admired Companies—
and in 2015 NextEra ranked, on the same index, among the top 10 companies in the world on the
attributes of innovativeness and community responsibility. NextEra was also named to the Dow Jones
Sustainability Index from 2009 to 2012. In April 2014 the Environmental Protection Agency awarded
FPL with its Clean Air Excellence Award31 in recognition of the company's "green" transportation fleet
and customer education programs featuring electric vehicles and their benefits.
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Calpine Corporation
Calpine Corporation is the largest operator of natural gas-fired
power plants (both combined-cycle and cogeneration plants) and
geothermal plants in the United States. Headquartered in
Houston, Texas, Calpine operates in 18 states and Ontario,
Canada with a significant presence in the major competitive
wholesale power markets in California, Texas, and the
northeastern U.S. As an independent power producer, Calpine’s
customers include electric utilities, independent electric system
operators, industrial and agricultural companies, retail power
providers, municipalities, and power marketers; its products
include wholesale power, steam, capacity, renewable energy
credits, and ancillary services. In 2013, Calpine ranked 8th in the
nation in terms of total electricity production.32
A Competitive Strategy: Minimizing Carbon Emissions
In 2004, Calpine’s then Chairman and CEO, Peter Cartwright,
made an unusual announcement for the head of a major power
company, voluntarily limiting the company’s investments to only
low carbon power generation. In response, Calpine’s Board of
Directors has instructed the company to minimize its greenhouse
gas emissions, and its portfolio reflects that directive. Calpine
operates 71 high efficiency, natural gas-fired power plants as well
as the Geysers geothermal facility in northern California.
Calpine is the largest user of natural gas among all U.S. power
generators. Calpine is also recognized for owning a relatively
young fleet of power plants, with an average age of less than 15
years, well below the rest of the industry.
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In total and following Board guidance, Calpine has
developed a power generation portfolio with substantially
lower air pollution emissions compared to its peers in the
industry. Among the nation’s 100 largest power companies,
Calpine ranked 81st and 79th in terms of its SO2 and NOx
emission rates in 2013, and 72nd in terms of its CO2 emission
rate (with companies ranked from highest to lowest).33
Continued Investment in Cleaner Energy
In recent years, Calpine has been investing in efficiency
improvements at some of its existing gas plants and has also
been adding new facilities. The Garrison Energy Center, a
natural gas combined cycle facility in Dover, Delaware,
started production in June 2015, enhancing the reliability of
the regional power market. Another recent addition, the
Russell City Energy Center in Hayward, California, uses
reclaimed water from the local wastewater treatment plant
for all cooling and boiler makeup, which conserves water
and prevents up to 4 million gallons of wastewater from
being released into the San Francisco Bay daily. The facility
was the first power plant in the country powered by natural
gas to voluntary accept a greenhouse gas emissions limit.
Other improvements and expansions at facilities have
focused on increasing efficiency of water use (see sidebar).
Calpine is also North America's largest producer of
geothermal power. The facilities at the Geysers total over
680 MW and produce almost 16 percent of the renewable
energy that serves California’s Renewable Portfolio
Standard. Calpine is continuing to invest in the facilities to
improve their operations and respond to the new energy
needs in the region. In September 2014, Calpine was
selected by the California Energy Commission to receive a
$3 million grant for “Advancing Utility-Scale Clean
Energy.” Calpine will match the grant award with its own
investment in order to fund a study to investigate how
generation at The Geysers may be modified to enhance
flexibility and address the greater demands imposed on the
grid by intermittent renewables.34
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Competitive Performance
Calpine has experienced strong financial and competitive performance as a result of its reliance of high
efficiency generating facilities. The company has maintained a strong presence in the markets in
which it operates. In 2014, it delivered an annual total shareholder return of over 13 percent and
returned over $1.1 billion in capital to shareholders.
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Pacific Gas & Electric Company
Pacific Gas & Electric Company, or PG&E, is an electric and
gas utility based in San Francisco. One of the largest electric
utilities in the nation, PG&E serves nearly 16 million
customers. Located in California, a state with some of the
most progressive environmental policies and regulations,
PG&E has one of the cleanest portfolios of any utility: in
2014, it ranked high on multiple lists within Ceres’
Benchmarking Utility Clean Energy Deployment Report,
topping the list for annual energy efficiency savings and third
for renewable energy sales.35 This combination of supplyand demand-side measures helped it achieve the lowest CO2
emissions rate of all investor-owned utilities, at 166 pounds
per MWh.36 At the same time, PG&E reports record electric
reliability this past year, as customers experienced the fewest
service interruptions in PG&E’s history and the average
length of a customer outage fell to an all-time low.37
From the Gold Rush to High Tech Hub
The San Francisco Gas and Electric Company and the
California Gas and Electric Corporation merged in 1905 to
form Pacific Gas and Electric Company. The company and
its predecessors were the first to bring natural gas to San
Francisco, the first to develop a central generating station to
sell power to electric customers, the first to achieve the longdistance transmission of electricity, and the first to open an
all-electric model home, attracting hundreds of curious
onlookers. Today, PG&E continues to pioneer new
technologies by investing in smart grid technologies, testing
battery storage systems, and supporting significant investment
in renewable energy technologies.
Building a Clean Portfolio
PG&E is best known for its industry-leading conservation
programs; however, the company has also been a major force
behind the rapid growth in solar energy in the U.S. In 2014,
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27 percent of PG&E’s electric supply (over 20,000 GWh) was in the form of renewable energy, the
highest of any investor-owned utility in the country; in total, more than half of all electricity delivered
to customers is zero-emitting (see chart). A significant portion of that power has been in the form of
solar power. In fact, 34 percent of all solar installations in the U.S. in 2012—both customer-side and
utility-scale—were constructed to supply electricity to PG&E and its customers.38 Since 2002, PG&E
has entered into more than 140 contracts to procure over 10,300 MW of renewable energy.39

PG&E also leads the nation in customer-side solar installations, and has hooked up more than 175,000
solar-generating customers to the electric grid, adding 45,000 new solar customers in 2014 alone.40,41
Starting in 2015, PG&E will also begin offering to customers a community solar option that will allow
customers to choose to purchase either 50 or 100 percent solar energy from small- and mid-size
projects in PG&E’s service area. PG&E will purchase this power on behalf of customers, and those
customers will pay a premium—likely two to three cents per kWh—to cover the higher costs of solar
compared to traditional power. A separate program will allow customers to directly contract with a
solar developer to receive the output of a specific solar project.42 To integrate these renewables,
PG&E is actively seeking to deploy new energy technologies, including energy storage. PG&E is
currently involved in several pilot projects to assess the role of energy storage in supporting
intermittent renewable generation. These pilots include studies of two battery storage systems (2 and 4
MW) while another explores underground compressed air energy storage.43
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Creating a Smarter and More Resilient Grid
To date, PG&E has deployed over nine million smart meters and is collecting data to better understand
customer usage patterns, which can help maintain reliability. Programs such as the “Green Button,”
which allows customers to download their monthly usage data in an easy to use format, are designed to
spur additional third-party development in customer-facing apps or other services to help individuals
manage their energy use. PG&E also uses smart meters to operate demand response programs that can
help cut peak energy use, which lowers the strain on the grid and frees up resources that would
otherwise be spent on local transmission expansion to serve other modernization needs. One of these
programs is SmartAC™, which will automatically cycle participating air conditioners to reduce load in
high stress times. Innovative programs such as this can help bring down infrastructure costs for all
customers.44
PG&E has also invested in electric vehicles and infrastructure as a way to support continuing grid
development and reduce emissions. Not only does the transition from gasoline-powered vehicles to
electric vehicles significantly reduce carbon and local pollutants, but, as PG&E Corporation Chairman
and CEO Anthony Earley noted, the demand from electric vehicles charging can help maintain utility
sales as PG&E continues and expands its energy efficiency and conservation programs, which in turn
helps the utility continue to have capital to invest in grid modernization.45 This has led PG&E to
support electric vehicles across its service area as well as in house: the utility’s current fleet of nearly
1,400 plug-in vehicles is top in the industry; it also offers discounts to help employees purchase their
own electric vehicles. In addition, PG&E recently filed a proposal to install the country’s largest
utility-owned charging network, a system of 25,000 charging stations around Northern and Central
California. Integrating with the smart grid, the utility is also piloting a “smart charging” program that
moves electric vehicle charging to times of lower system demand.46
PG&E will continue to invest in its system to modernize and improve reliability. For example, it
announced a $1.2 billion investment in San Francisco infrastructure over the next five years to improve
natural disaster resiliency.47
“Delivering Today and Enabling Tomorrow”
PG&E has maintained strong returns for shareholders while continuing to invest in clean energy
resources and maintaining reliable service, with stock analysts rating PG&E a “strong buy.”48 It
provides value to customers with average monthly electric bills that are well below the national
average;49 additionally, in 2014, PG&E experienced a 40 percent improvement in duration of service
interruptions since 2006, resulting in the lowest total interruption time in the company’s history.50
Through its commitments to emerging and proven clean technologies, PG&E has positioned itself to
deliver reliably and safely today while investing in the energy system of tomorrow.
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Green Mountain Power
Green Mountain Power, or GMP, is the primary electric utility
in Vermont, serving about 75 percent of the state—about
265,000 residential and business customers. According to the
company’s mission statement, Green Mountain Power’s vision
is to “be the best small company in America by empowering
customers to save money and move to clean energy sources”.
As the role of the utility company continues to evolve, Green
Mountain Power is seeking to develop “a new way of doing
business to meet the needs of customers with integrated
services, while continuing to generate clean, cost-effective and
reliable power in Vermont.”51
Vermont’s Largest Utility Company
Green Mountain Power was founded in 1893 as the Vergennes
Electric Company and has since grown into Vermont’s largest
electric utility company. Initially, the company operated a
single hydroelectric station along Otter Creek in Northern
Vermont, supplying street lighting and power for Burlington’s
trolley system. The company went on to develop and acquire
additional hydroelectric stations throughout the state. Today,
Green Mountain Power still relies on hydroelectric power for a
significant portion of its energy supply, including from large
Canadian hydroelectric stations and some of those same early
stations developed in the late 1800’s and early 1900’s. Green
Mountain Power’s fuel mix, before adjusting for renewable
energy credit sales, is dominated by large hydroelectric power
(34 percent), system purchases from the ISO New England
market (26 percent), and a mix of renewable energy sources (18
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percent).52 A far cry from its early days, Green Mountain
Power is now offering a wide range of new innovative
technologies to its customers, such as Tesla’s new home
battery system.
A Focus on Integrated Innovation and Customer Choice
Green Mountain Power’s products and services highlight a
company that is focused on providing customers with
education and choices about their electricity use. The utility’s
strategy relies on viewing the electric system as an “integrated
system”—a system in which customers make choices about
their energy use and are served by GMP, “an integrated energy
services company.” This integration relies on a smart grid to
accommodate more renewable energy, distributed generation,
intelligent customer devices, demand reducing programs, and
other Integrated Innovation Programs that will create the
electric system—and utility—of the future.
These programs include multiple renewable energy options.
For example, GMP’s “Cow Power” program allows customers
to opt in to support generators run by methane produced by
Vermont dairy farms.53 GMP also is one of the most vocal
utility supporters of customer-side and small-scale solar,
receiving Vote Solar’s Utility Solar Champion award in 2014
for its efforts to raise Vermont’s net-metering cap. GMP
helped develop one of the first third-party financed community
solar systems in the country, located in Rutland, Vermont. The
output of the facility is credited to around 50 residential and
business customers’ bills. In a partnership with NRG
(discussed below), GMP is currently working to develop
additional similar projects across Vermont.
In total, GMP has around 70 MW of wind and 8.8 MW of solar
online or under development (because it does not have a
renewable requirement, it sells the renewable credits to other
utilities in states that do have renewable portfolio standards);
this includes around 630 kW of solar located at customers’
homes and another 145 kW of community solar.54
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GMP also recently announced that it will be one of the first utilities to offer the Powerwall to its
customers. Tesla’s new home battery system, the Powerwall can be paired with a solar installation to
store generation from these distributed resources, or can store energy provided by the central grid; in
times when the grid is down, the battery can power essential home appliances. GMP is also planning
to work with customers to reduce transmission and capacity costs by utilizing these batteries as a
demand-reduction device, in which customers rely on the batteries rather than the central grid during
times of peak demand.55
“The Future of Sustainable Energy in Vermont”
Most recently, Green Mountain Power has launched a new partnership with NRG Energy to help
customers manage their energy use and encourage sustainable energy solutions. This program, which
was launched in 2015, offers a package of clean energy services and products—again, focused on a
system-wide view of electricity production and delivery—co-branded by the two companies. These
include: (1) a Personal Energy Management system, which allows customers to remotely manage their
home’s energy consumption and may allow integration with demand response and other individualized
programs; (2) expanding the region’s network of electric vehicle charging stations; (3) additional
community-based and rooftop solar projects; and (4) 10 kW “micro power” and “micro grid” pilots,
which can help provide heating and electricity, supported largely by solar and battery storage, even
when a customer is disconnected from the electricity grid (see figure below).56
GMP also continues to invest in its existing renewable generating assets. The company recently
completed improvements to its 110-year-old Otter Creek hydroelectric facility. The plant now has 10
MW of generating capacity, doubling its power output.

Photo Credit: Vyto Starinskas
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Xcel Energy
Xcel Energy is a multi-state natural gas and electric utility
that serves 3.5 million electric customers across eight states in
the Midwest and West, in parts of Minnesota, Michigan,
North and South Dakota, Wisconsin, Colorado, Texas, and
New Mexico. The company generates approximately two
thirds of its power from sources it owns, and buys the
remaining power needed to serve its customers.
Xcel Energy’s broad service area is the result of a 1998
merger, in which Northern States Power Company, serving
the Upper Midwest, joined with the Public Service Company
of Colorado and Southwestern Public Service. Each company
brought to Xcel a rich history of operation, some dating back
nearly a century. Now, due to its geographic spread, Xcel
operates in both the Eastern and Western Interconnects of the
North American electric grid, one of the few utilities to do so.
Ranked No. 2 on Ceres’ Benchmarking Utility Clean Energy
Deployment report for renewable energy sales, the utility is
the largest provider of wind power in the United States, and
sourced 21.3 percent of the company’s total electric retail
sales with renewables in 2014.57 As of 2014, Xcel Energy
had reduced its CO2 emissions by 22 percent from 2005
levels.58 The company has a goal of investing $14.5 billion
over a five year period to bolster its clean electric and natural
gas systems. Throughout this transition to an increasingly
clean portfolio, Xcel Energy’s retail electric rates have never
exceeded the national average.59
The Power of Wind
Much of the progress Xcel Energy has made to lower its
emissions rates has been achieved through investment in
renewables; indeed, Xcel Energy has been the No. 1 utility
wind power provider for 11 years straight, according to a
study conducted by the American Wind Energy
Association.60 Colorado and Minnesota, the utility’s primary
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markets, both have aggressive renewables standards. Minnesota, for example, requires that Xcel
Energy source 31.5 percent of its electricity from renewable sources by 2020. Currently at close to
6,000 MW of wind, Xcel Energy announced a plan to add another 1,900 MW to its system. These
projects offer an extraordinarily attractive wholesale energy price, as low as 2.5 to 3.5 cents per
kilowatt-hour.61
Xcel Energy’s Growth in Wind Capacity in Megawatts

CEO Ben Fowkes noted, “It works out to a very good levelized cost for our customers…These prices
are so compelling, the energy (cost) associated with it is less than you can do locking in a 20-year gas
strip.”62 Xcel Energy also proposes to significantly increase its utility-scale and customer-side solar
capacity, adding an additional 170 MW of utility-scale solar in Colorado by 2016 and over 2,300 MW
of combined small- and utility-scale solar in the Upper Midwest.63,64 The latter decision was made not
to reach externally imposed renewables targets but instead based on a strategic decision to pursue clean
energy to cost-effectively and sustainably serve customers.65 Xcel Energy also maintains numerous
programs for customers to increase their personal investment in renewable energy, either through
community wind and solar or “green pricing” programs (see below) – customers can even specifically
join a rate that is powered by wind to charge an electric vehicle. In fact, Xcel Energy’s programs are
some of the largest in the country, consistently ranking in the top ten of green power programs by both
total customer participants and total sales under the program.66
The Impact of Efficiency
Xcel Energy has also invested in making its fossil-fueled portfolio cleaner and more efficient. For
example, in the Twin Cities, it reduced CO2 emissions from area power plants by 1.8 million tons per
year (21 percent) by upgrading and repowering its existing units from 2007 to 2009. Much of this
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reduction came from replacing coal-fired generators with natural gas-fired plants. While the project
cost about $1 billion and had a 2 percent rate impact, it had significant environmental benefits: in
addition to reducing carbon emissions, Xcel Energy recorded a 93 percent reduction in SO2, 91 percent
reduction in NOx, 81 percent reduction in mercury, and 55 percent reduction in particulates, all from
plants that are close to the Minneapolis-St. Paul metro area.67 Additional recent coal unit retirements
in the area have reduced emissions even further.68
Forward Planning
Looking forward, Xcel Energy is targeting continued investment in clean energy to serve customer
needs as well as “to meet expected federal carbon requirements,”69 with detailed plans in both the
Midwest and Colorado to reduce company-wide CO2 emissions by 30 percent below 2005 levels by
2020. In the Midwest, under its Upper Midwest Integrated Resource Plan, the utility plans to
significantly increase its renewable energy portfolio, adding 1,800 MW of wind (to bring total wind
resources in the region to over 3,600 MW) and 1,700 MW of utility-scale solar and 700 MW of
customer-driven small-scale solar by 2030. This plan also proposes to continue operations at two
nuclear power plants and to scale back operations at a 2,400 MW coal-fired facility north of the Twin
Cities. 70 In total, this will result in regional annual clean energy spending between $750 million and
$1 billion, for a total of $8 billion over the course of the Plan.71,72
Xcel Energy’s plan to reduce emissions in Colorado, developed pursuant to the state’s Clean Air,
Clean Jobs Act, will have a similar emissions-reduction impact though will be achieved largely
through plant retirements and retrofits. This plan calls to retire around 700 MW of coal-fired
generation, replacing it with new or repowered natural gas; it will also maintain operations at three
coal-fired power plants totaling about 950 MW, but will install new equipment to limit emissions.
Xcel Energy predicts that the plan will have a state-wide positive economic impact of $590 million
between 2010 and 2026, and will create up to 1,500 jobs during peak construction.73
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Xcel Energy’s ongoing activity and investment in clean energy has been recognized by third parties as
well as rewarded by strong financial performance. The corporation has met or exceeded earnings
forecasts for ten consecutive years, achieving annual earnings growth of 6.5 percent. In 2014, Xcel
Energy stock rose nearly 29 percent, its strongest return in a decade, resulting in increased dividends
and reflecting growth in net income and market capitalization. This will help the company reach its
goal of investing $14.5 billion over five years to expand, modernize, and improve its clean electric and
natural gas operations.74 In this time, Xcel Energy has maintained strong clean energy credentials,
making the Dow Jones Sustainability Index for North America eight times, ranking first for utility
wind energy providers for 11 years in a row, and ranking within the top 10 among U.S. utilities for
solar energy capacity.75
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Austin Energy
Austin Energy, the nation’s eighth-largest publicly-owned
electric utility, serves around 420,000 customer accounts
(representing almost one million people) in the City of Austin,
Texas and surrounding areas. As a public utility, Austin Energy
is a department of the City of Austin, though it is revenue selfsufficient; it receives no tax funding, and its profits support the
city through an annual transfer to the general fund of around
$100 million. Austin Energy operates within the Electric
Reliability Council of Texas (ERCOT) market and delivered
over 12.3 GWh in 2013; it spends around $200 million a year to
maintain, upgrade, and expand its system.
A Start With Moonlight Towers
The first power plant serving the Austin area was built in 1893
on the Colorado River. Part of the foundation for the city’s
growth, this dam provided electricity for an increasing
population and the city’s “moonlight towers,” 165-foot tall
towers that provide outdoor lighting throughout the city. First
lit in 1895, some of these towers still stand today. Since that
time, Austin Energy has grown to serve an ever-growing city,
and since its first purchase of wind energy from a commercial
wind plant nearly one hundred years after its first electric
delivery, the utility has been committed to renewable and
environmental excellence.76 In spite of significant demand
growth, Austin Energy has limited its use of fossil energy
resources to close to 1990 levels by deploying a system-wide
strategy of demand-reduction programs and renewable
resources. As a result, Austin Energy has reduced its carbon
intensity by 14 percent below 2005 levels as of 2012.77 Using a
similarly integrated approach, focusing on efficiency,
renewables, and demand-side measures and initiatives, Austin
Energy intends to be 100 percent carbon free by 2030.78
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The “500+ Plan” to Cut Emissions
In 2013, Austin Energy served customers from a
portfolio of energy that was 28.5 percent
renewable, 11.5 percent nuclear, and 43.7
percent natural gas. Adding to its already clean
energy mix, Austin announced in October 2014
its “500+ Plan,” which calls for the utility to
achieve 50 percent renewable generation and 75
percent carbon-free production by 2025. This
will be achieved by adding nearly 900 MW of
solar and natural gas to the portfolio and
repowering an existing coal facility to natural
gas. The utility has already entered into a
contract with Recurrent Energy for a 150 MW
solar facility, the largest to date in Texas.
Additionally, Austin Energy’s recent RFP
received record-low bids, with over 100 MW
coming in below $40 per MWh. The utility
predicts that prices will continue to drop, and
even if the Federal Investment Tax Credit
declines as scheduled after 2015, expects to see
prices staying below $40.79 The Plan also lays
out a path, contingent on available funding, to
entirely end Austin Energy’s use of coal through
the retirement of its portion of the Fayette Power
Project by the end of 2022.
As discussed below, Austin Energy also
maintains a strong set of energy efficiency and
customer energy management programs, and
plans to shave 800 MW off of peak demand
through these programs by 2020 (as well as an
incremental 200 MW by 2025). In
implementing this plan, Austin also targets
maintaining below-average retail rates and
limiting annual rate increases to less than 2
percent.80
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Similar to other utilities investing in clean energy, Austin Energy provides customers options to
increase their personal commitment to renewable generation even beyond the utility’s current levels.
GreenChoice®, Texas’ first voluntary wind energy green pricing program, allows residential and
commercial customers to purchase energy from Texas wind facilities to serve their energy needs at a
premium of less than a penny per kWh. The program has been highly successful, placing Austin’s
total green power options second in terms of total energy delivered to participating customers in 2014,
with just over 5 percent of sales coming under the program. The utility continues to expand pricing
options, as well: instead of serving 100 percent of their usage, large commercial customers can also
purchase blocks of wind energy under a five-year contract.81 As green pricing programs expand across
the country, this sort of longer-term commitment has begun appearing more and more, as it more
closely mirrors a utility’s long-term contracting and financing structure for renewable energy, and
allows customers to lock in fixed rates for their energy, providing a possible hedge against future rising
energy costs.
Austin Energy also provides solar rebates to customers with the intention of “encourag[ing] customers
to make investments they otherwise might not have made,” both in solar PV systems as well as solar
water heaters. This has meant the distribution of over $44 million in rebates since the program’s start
in 2004 to more than three thousand residential projects and nearly 200 commercial projects. In
addition, the utility is building its first community solar project, a 3.2 MW facility on city land, that
will include battery storage and educational components. Austin Energy notes that this investment has
served as a catalyst for the solar installation business in the region: since the inception of the program,
the number of area solar installation companies has increased tenfold, from four to over forty.82
Cutting Emissions by Cutting Demand
A cornerstone of containing carbon emissions of the Austin Energy system has been the utility’s focus
on energy efficiency and demand-side management programs. Through the achievements of these
programs, the utility has been able to avoid building 700 MW between 1982 and 2006. In the 500+
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Plan, the utility commits to avoiding another 900 MW by 2025, of which nearly 400 MW was already
achieved as of 2013.83
One of Austin Energy’s chief energy efficiency initiatives is the PowerSaver™ Program, which
provides rebates to residential, multifamily, and commercial customers for investments in energysaving projects. Businesses and multifamily properties are provided with rebates for a range of
projects, such as new construction rebates, high-efficiency lighting, and upgraded insulation and
window treatments. On the residential side, these range from refrigerator recycling to ENERGY
STAR® loans. Austin Energy is also taking advantage of its integrated smart grid capabilities: the
utility has smart meters across the entire service territory, and has upgraded server devices,
transmission and distribution lines, and substations to provide one cohesive system. This has allowed
Austin Energy to offer programs such as Power PartnerSM. If choosing to participate in this program, a
residential customer with a smart thermostat can receive up to $85 for letting the utility briefly adjust
their home’s temperature setting during times of peak demand. This program provides additional
benefit beyond existing energy efficiency programs in allowing the utility to dynamically manage
demand in order to balance the grid cleanly and cost-effectively; so far there are over 100,000 smart
thermostats active on the utility’s system. In total, Austin Energy distributed more than $11 million in
rebates to more than 35,000 energy efficiency projects in 2013.84
Austin Energy Green Building: First of Its Kind
In 1991, Austin Energy formed its Green Building team to rate homes for energy efficiency and
sustainable building. Now, 25 years later, nearly 10,000 single-family homes have been rated by the
program; as much as a third of new homes and apartments built each year are green-rated. The
program has been recognized by the United Nations, the U.S. Department of Energy, and more than a
dozen other organizations for its achievements, and it formed the basis of the ever-growing Leadership
and Energy and Environmental Design (LEED) ratings.
The Green Building program rates new and remodeled buildings in multiple categories, that vary by
building type (single-family residential, multifamily, or commercial). These include HVAC efficiency
and design, insulation, indoor environmental quality, electrical appliance and lighting efficiency,
landscaping and use of space, water use, materials sourcing and sustainability, construction and waste
management tenant education (for non-single family residences) and more. The utility maintains a
Rate Projects Map and an updated list of case studies to highlight completed projects and provide
resources for other customers who wish to be rated under the program.
In 2011 alone, Green Building-rated facilities helped shave nearly 10 MW off of peak demand,
avoided over 25,000 MWh of energy usage, and saved 45 million gallons of water.85 Programs such as
this are part of the new wave of clean energy investment that focus on the energy use associated with
the full lifecycle of a building and approach building design as part of a smart, efficient, and clean
electric system.
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Conclusion
As these six profiles show, leading companies in the U.S. electric sector are deliberately and
strategically transforming their enterprises to lower their emissions while continuing to deliver reliable
energy supplies and improving the resiliency of the electric power system. They have used innovative
clean energy solutions to maintain and grow the value of their companies for shareholders and
customers alike.
These case studies also highlight the wide array of strategies that companies have deployed to meet
their customer’s energy needs and grow their businesses. Because electricity by its very nature is
produced and flows across a complex interconnected network, corporate managers must consider
multiple aspects of the system and a broad range of technologies that together can best achieve their
business and environmental goals. This system-wide approach enables companies to drive down
emissions by using the most efficient and cost-effective mix of resources, such as increasing reliance
on clean fuels and renewable resources, deploying energy efficiency and demand-side resources,
installing state-of-the-art grid management technologies, and providing customers with innovative
energy solutions and new ways to purchase electricity. Or, as we’ve seen in the case of many of these
companies, pursuing all of the above.
As the industry prepares to comply with comprehensive national regulations on greenhouse gas
emissions, the inherent flexibility that comes from being able to make changes and choices across the
many elements of an entire system means that these important environmental goals can be achieved
through multiple means. It also means that states, grid operators, and companies must work together to
fashion effective emissions-reducing plans, as they consider which elements of the system are most
effective, least costly, or most innovative to pursue and which sequence of changes will be right for
their companies and region.
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