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Case Study: Google’s Green Initiatives

Jim Miller has an impressive resume. His career includes stints at:

Intel, at the birth of the Pentium; Amazon.com, in the early stages of

e-commerce; Cisco, when broadband exploded; First Solar, as part of

the green/solar resurgence; and now Google, where as Vice President

for Worldwide Operations he is in the engine room for the emergence

of cloud computing.22

Most of his employers prior to Google had hardware/logistics el-

ements. So as he was being recruited by Google, he wondered how

different it would be to work for a software company for a change. Even

after months of due diligence on both sides, “My job offer letter had so

few details about the operations I would be running, that I had to take

a leap of faith in joining Google,” says Miller. That is no surprise, since

Google is extremely secretive about its global operations.

Of course, this “software” company has lots of physical assets in its

data centers, self-driving cars, and leased satellites that Miller is admirably

qualified to optimize. And they are at a scale that challenges even a rocket

scientist like Miller.

On any given day approximately 10 percent of the world’s Inter-

net traffic traverses the Google infrastructure. That comes from more

than 1 billion query searches per day, over 500,000 Android activa-

tions a day, 2 billion YouTube videos watched each day and 120 million

Chrome browser users. That does not even begin to account for demands

from applications like Google Maps, Earth, Voice, Translate, Mail, Docs,

Google+, and countless others. Add to that the logistical and energy

needs of a global employee base. As Miller says, “My operations team

is small (175 out of total employee count of 25,000) but it is intense

and we spend a substantial portion of Google dollars (2010 revenues of

$29 billion).”

Just don’t ask him to publicly discuss how much he spends.

The operations focus is on cost, systems availability, efficiency, and

being “green.” Google has a stated goal of being carbon neutral as a



R
ev

ie
w
 C

op
y

P1: OTA/XYZ P2: ABC

JWBT651-c17 JWBT651-Mirchandani January 21, 2012 2:9 Printer Name: Courier Westford, Westford, MA

Sustainable: Mining the Green Gold 283

company. Its accomplishments to date are impressive. Its data centers

claim to use about half the energy of a typical data center.

Let’s explore a few dimensions of the “green focus” at Google.

Google Energy LLC

Google has a subsidiary certified by the Federal Energy Regulatory

Commission (FERC) to purchase power and resell it to wholesale cus-

tomers. While the initial market reaction was Enron-esque and that it

was designed to speculate around energy markets, Google presents it as

facilitating purchases of renewable energy.

Google explains:

The plain truth is that the electric grid, with its mix of renewable

and fossil generation, is an extremely useful and important tool for a

data center operator, and with current technologies, renewable energy

alone is not sufficiently reliable to power a data center.23

So, Google buys electricity directly from a renewable project de-

veloper in the form of a power purchase agreement, or PPA. Their

first PPA was with NextEra Energy Resources. Google agreed to buy

114 MW of wind power for 20 years from a project in Ames, Iowa,

directed to a data center in Council Bluffs, Iowa. In Oklahoma, they

added just over 100 MW of wind power for the data center in Mayes

County. Since then, Google has announced another commitment of

$38.8 million with NextEra in North Dakota.

This is where the energy reselling is involved. Google sells the power

acquired under the PPAs back to the grid at the local, wholesale price.

Today, because generic “grid” power is cheaper than renewable power,

this may result in a slight net loss for Google, but longer-term, Google

is betting the economics will reverse. In the process of selling, Google

strips the renewable energy credits (RECs) to apply in the next step.

The data centers at Iowa and Oklahoma will be largely powered by

conventional power from the local grid. Since the RECs were produced

on the same grid, one REC represents one MWh of renewable power

“used” at their data centers, displacing one MWh of local conventional

power, and the data centers are considered carbon free.
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While the accounting makes your head spin, the important nugget

is that Google has given NextEra a firm, long-term commitment to

build wind farms. Mike O’Sullivan, senior vice president of develop-

ment for NextEra, was quoted as saying, “With the support of cus-

tomers like Google Energy, we’ve built our wind fleet from fewer than

500 megawatts a decade ago to nearly 8,300 megawatts—the largest fleet

in North America today.”24

It also allows Google to decouple the data center location decision

from the renewable energy source. Data center location decisions are

driven by many factors including latency, taxation, talent, and real estate.

As Google says, “Building a data center in an optimal area for renewable

development would result in increased latency for our users and the

inefficient use of land better used for renewable energy.”

Investment in Other Renewables

Google has been investing in various start-ups to gain access to other

forms of renewable energy. BrightSource and eSolar focus on concen-

trated solar energy and use swiveling mirrors to reflect sunlight to heat

towers of water. The resulting steam is used to generate electricity.

The investments in AltaRock Energy and Potter Drilling were to

get access to enhanced geothermal energy. The principle is to drill deep

enough to get to the hot core of the earth, then pump water into it

and use the resulting steam to create energy. Think of them as manmade

geysers.

Google also invested in a company called Makani Power, which is

leveraging high-altitude wind. One of their concepts is to fly kites with

propellers. As the propellers spin they act like turbines, and the power is

circled down a cable back to the ground.

In 2011, Google allocated $160 million of funds for the Alta Wind

Energy Center (AWEC) in Tehachapi, California. It also allocated

$280 million toward residential solar power; $100 million of that went

toward a majority stake in the 845-megawatt Shepherds Flat wind power

project in Oregon. Another $168 million investment went into Bright-

Source Energy’s 2,600 megawatts Ivanpah Solar Electric Generating

System in California’s Mojave Desert.25
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Google has also invested in the development stage of the “Atlantic

Wind Connection”—an underwater transmission network that can har-

vest electricity from wind farms off the Mid-Atlantic coast and could,

when finished by 2020, power 1.9 million homes across a 350-mile

network across Virginia, New York, and New Jersey.

All told, Google’s investment in such renewable projects now exceeds

over $1 billion.

In addition to renewables, Google has made investments (though

relatively small ones) in cleantech startups, including battery maker Acta-

Cell, electric vehicle maker Aptera, efficient car maker Next Autoworks,

neighbor-to-neighbor car sharing company RelayRides, weather insur-

ance company WeatherBill, smart grid company Silver Spring Networks,

biofuel maker Cool Planet Biofuels, and efficient power gear conversion

startup Transphorm.26

Ray Lane, a lead cleantech partner at the venture capital firm Kleiner

Perkins, says: “We think the world of Google Ventures. In the hyper-

competitive world of venture investing, we share intelligence, co-invest,

and do a number of collaborative activities. Google, as a customer, has

also been an early adopter of products like fuel cell technology of our

portfolio company, Bloom Energy. No question, Google bleeds green.”

Data Center Efficiency

In 2010, Google took over a former paper mill in Hamina, Finland, and

retrofitted it into a data center. It continues to use a seawater tunnel

that was built for the paper mill in the 1950s. The seawater passes

through four different straining systems. This reduces corrosion from

the salt and other minerals in the seawater before it reaches the heat

exchanger and is used to cool the data center. On the way out, water

then moves to a tempering building, where it mixes with a separate

source of the seawater, so it is cooled before returning to the Gulf of

Finland. The goal is to “return to a temperature that is much more similar

to the inlet temperature, so as to minimize environmental impact in this

area.”27

Google’s experience at Hamina and with every new data center it

opens around the world adds to a sizable bag of tricks from a decade of
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running data centers. It increasingly shares with the world some of the

best practices it has accumulated.

Its practices include:

r Measure PUE: “We use a ratio called PUE—Power Usage

Effectiveness—to help us reduce energy used for noncomputing,

like cooling and power distribution. To effectively use PUE, it’s

important to measure often—we sample at least once per second.

It’s even more important to capture energy data over the entire

year—seasonal weather variations have a notable effect on PUE.”
r Manage air flow: “Thermal modeling using computational fluid

dynamics (CFD) can help you quickly characterize and optimize

air flow for your facility without many disruptive reorganizations of

your computing room.”
r Adjust the thermostat: Raising the cold aisle temperature will reduce

facility energy use. Don’t try to run your cold aisle at 70◦F; set the

temperature at 80◦F or higher—virtually all equipment manufactur-

ers allow this.
r Use “free cooling”: Since chillers are the dominant energy-using

component of the cooling infrastructure, minimizing their use is

typically the largest opportunity for savings. There is no one “right”

way to free cool—but water or air-side economizers are proven and

readily available.
r Optimize power distribution: Minimize power distribution losses

by eliminating as many power conversion steps as possible. One

of the largest losses in data center power distribution is from the

uninterruptible power supply (UPS); so be sure to specify a high-

efficiency model. Also keep as high a voltage as close to the load

as feasible to reduce line losses. We also recommend using en-

ergy efficient IT equipment, especially those with high efficiency

power supplies. Look for the EnergyStar label for future server

purchases.28

All these lead to an impressive Google statement: “In the time it

takes to do a Google search, your own personal computer will likely use

more energy than we will use to answer your query.”
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RE<C

Through November 2011, Google.Org, one of Google’s philanthropic

initiatives, funded a project called RE<C—to develop one gigawatt

of renewable energy capacity (enough to power a city the size of San

Francisco) at a price cheaper than coal, in years, not decades.

Google’s former “green energy czar” Bill Weihl explained:

We’ve learned that a small team of smart people with basic technical

expertise and the freedom to really innovate can do something quite

remarkable, and we wanted to see if that really could be true for

alternative energies. One of the keys there is the freedom to go after

a really aggressive goal, and so we set a goal of making renewable

energy cheaper than coal—it’s a very simple, kind of audacious and

crazy goal.29

Some of the R&D projects included an effort to design and build

low-cost heliostats, mirrors that track the sun, and reflect sunlight to

concentrate solar energy. Another worked on a solar Brayton engine

(a gas turbine engine like those currently used in jet aircraft, but powered

by sunlight) that would heat air to drive a turbine and generate electricity.

Consumer and Other Applications

Google has created a $280 million fund with home solar installer

SolarCity. This is Google’s largest investment in clean power to date,

and its first in-home rooftop solar.

For several years Google offered an app called PowerMeter, a free

energy monitoring tool that helped consumers save energy and money.

Using energy information provided by utility smart meters and energy

monitoring devices, Google PowerMeter enabled you to view your

home’s energy consumption from anywhere online.

Google has also built the largest corporate installation of solar panels

at headquarters campus in Mountain View, CA. Over 9,000 solar panels

means that the “installed capacity of this solar grid is 1.6MW. . . . In

one day the system generated 9,468 kilowatt-hours of electricity. This

is enough electricity to power 83,000 hours of flat-screen TV viewing
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each day.”30 Google was an early adopter of Bloom Energy’s boxes on

its campus. “Over the first 18 months the project has had 98 percent

availability and delivered 3.8 million kWh of electricity.”31

Then there are the other less prominent sustainability moves on its

main campus. Robyn Beavers of Google provides some examples:

When we’re done with (our carpet), we can send it back to the

manufacturer and they grind it up into little pellets and use it again

in the supply stream so it never ends up in a landfill. In some of our

window shades and the textiles we use in our cubicles, we focus on

eliminating toxins. We have filtered water everywhere, we have 90

percent fresh air coming into the building throughout the day—a lot

of stuff you can’t really see.32

Summarizes Weihl:

I believe that the problems we’re facing are solvable, but they’re not

going to solve themselves. And solving them is either going to require

spending a lot more money on energy than we’re spending today,

which I think is probably a non-starter, or it’s going to require major

technological innovation. That’s where I think Google can help.


