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Abstract

Cloud-based software applications have
spurred a renewed interest in thin clients -
laptops, smartphones and tablet PCs. The
resulting increase in the demand for servers in
data centers challenges the current electrical
grid, but provides an opportunity to pioneer
renewable energy, demand response and dis-
tributed generation. Organizational issues
hinder immediate improvement, but as the
infrastructure costs of information technology
firms rise, cooperation with utilities will be an
increasingly attractive idea.

1 Implications of Thin Clients

The software as a service (SaaS) business model
is relatively new for application developers and
IT firms. Instead of selling packaged software
to customers to run on their local computer
hardware, SaaS companies provide access to
their applications exclusively via the Internet.
Any computation required is done by the ven-
dor, on servers they provide. As broadband In-
ternet connection speeds reach more of the pop-
ulation, SaaS has become increasingly popular,
and the effect is clear in the hardware purchas-
ing decisions of both businesses and consumers.
After years of increasing power in home com-
puters, SaaS shifts the heavy lifting to servers.

In a few ways, SaaS is a throwback to the
push for “thin clients” in the 1990s. Thin
clients were proposed as low-cost, energy effi-
cient, underpowered machines that would serve
as a gateway to applications hosted and run
by third parties on Internet servers, or “in the
cloud”. For whatever reason it failed to take

off in the first iteration, the latest push has
spurred laptop and smartphone sales, and en-
couraged new devices like Apple’s iPad. Their
minimal energy demands are even more attrac-
tive in today’s energy concious society.

A consequence of the shift is a dramatic in-
crease in the number of servers required to sup-
port clients that previously ran their own appli-
cations. The type of hardware used for these
servers is also quite different that in the last
decade. Whereas IBM and Sun Microsystems
built their companies with large mainframe
servers, they are now sustained by sales and
support of volume servers. These are small, in-
expensive servers built with commodity parts.
Instead of a massive mainframe (a single point
of failure for a company), data centers house
thousands of rack mounted volume server re-
placements. A recent report by The Climate
Group (2008) found that “[i]f growth continues
in line with demand, the world will be using
122 million servers in 2020, up from 18 million
today.” (The Climate Group 2008, p. 21)

An increase in the number of servers implies
a change in the distribution of demand for en-
ergy. Processing power is being concentrated
in data centers, instead of distributed evenly
among all customers. Unless new data centers
are strategically planned to optimize energy ef-
ficiency, they will burden IT firms with increas-
ing costs, utilities with demand spikes and the
environment with increasing emissions. Reg-
ulatory agencies, IT firms and public power
utilities can cooperate to find an optimal so-
lution that maximizes profit, minimizes emis-
sions, and alleviates some of the problems with
young renewable energy sources.
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Figure 1: Thin clients use up to 24% less electricity than desktop computers, but some of that
efficiency is lost in in the increased demand for servers. Davis (2008)

2 Data Center Efficiency

The costs and demands of data centers can be
first viewed at the level of an individual deploy-
ment. The site infrastructure capital costs of a
data center, separate from any application de-
velopment, alone accounts for 2/3 of IT costs
of a data center. (Koomey 2007). These costs
as well as emissions are increasing on par with
the total number of servers in operation. Fig-
ure 2 shows the expected increase in emissions
by data centers, broken down by the type of
server. Figure 3 shows that the total amortized
cost of operating a volume server (1U server)
is quickly passing the cost of hardware.

Volume servers are substantially more diffi-
cult to run efficiently, primarily due to their
number. Tracking the energy use of 5 high-end
machines is a simpler affair than tracking the
use of thousands of volume servers. It is also
common for a volume server to run with a small
amount of load if it is dedicated to a task with
an uneven workload. Similar to power utilities
overprovisioning for reliability, servers are over-
provisioned to meet their peak demand. Un-
fortunately, a volume server at 20% load still
uses 60-90% of its peak power consumption. In
the previous decade, an expensive mainframe
would be made to always run at optimal effi-
ciency, as it represented a significant cost and
investment. A single inefficient volume server
is easy to write off because of the tiny impact,
but the combined cost in a data center is high.

The high energy demands and fast growth

of data centers prompted the United States
Congress to pass Public Law 109-431 (Congress
2006) requiring the Environmental Protection
Agency to report on the current state of energy
efficiency in data centers. Among the EPA’s
findings is the surprising distribution of power
within a single data center. Another recent re-
port (The Climate Group 2008) put data to this
fact, not spoken of much outside of IT circles:

Only about half of the energy used
by data centres powers the servers
and storage; the rest is needed to run
back-up, uninterruptible power sup-
plies (UPS) (5%) and cooling systems
(45%). (The Climate Group 2008,
p. 22)

Despite the large increase in the number of
servers, their individually low power require-
ments and strides in server energy efficiency
mostly mitigate any large increase in power de-
mand. The true effect is the indirect power
required to cool the server rooms. This puts
data centers more in line with industrial loads,
where demand is largely for reactive power. In
more detail,

If the power and cooling overhead
needed to support the IT equipment
are factored in, only about half the
power entering the data center is used
by the IT equipment. The rest is ex-
pended for power conversions, backup
power, and cooling. Peak power usage

2



Figure 2: Diagram from The Climate Group (2008) showing projected data center emissions.
Volume servers represent the fastest growing segment.

Figure 3: The total cost of ownership of a 1U or volume server is almost four times that of the
hardware itself, and it still increasing. EPA (2007)
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for data centers can range from tens
of kilowatts for a small facility, to tens
of megawatts for the largest data cen-
ters. (EPA 2007, p. 21)

Data centers often perform critical functions
for business who are loath to experiment with a
system that is working well enough to finish the
job. The increased costs are bearable with the
subsequent increase in profit due to enhanced
availability and features. The EPA found re-
sistance to energy efficiency widespread in IT
businesses:

With the increasing importance of
digital information, data centers are
critical to businesses and government
operations. Thus, data center opera-
tors are particularly averse to making
changes that might increase the risk of
down time. Energy efficiency is per-
ceived as a change that, although at-
tractive in principle, is of uncertain
value and therefore may not be worth
the risk. (EPA 2007, p. 12)

The EPA plans to introduce Energy Star rat-
ings for data centers and their equipment, al-
lowing cost planners to better analyze the to-
tal cost of ownership for a server. In combina-
tion with increased public pressure for environ-
mental efficiency, the efficiency of data centers
should continue to increase.

2.1 Virtualization

Even with efficiency improvements, naive data
center software will hamper any energy conser-
vation. As consumers are encouraged to shut
electrical devices off when not in use, and to
hunt down glowing lights and phantom power
in their living rooms, a server often burns for
them 24/7 to provide on-demand availability.

Server virtualization is a new technique to
avoid this symptom. Briefly, virtualization al-
lows many virtual servers be spun up and down
dynamically across a smaller number of phys-
ical servers. One piece of hardware that was
previously leased by a small website can now be

used to run 50 small websites with no change
for the customer. For example, at night when
application activity is low, the servers can be
automatically shut down to save power. A
small volume website run on a single server can
also be scaled up to hundreds in a few seconds
if there is a large traffic spike. Utilities such
as California’s PG&E are offering monetary in-
centives to remove physical hosts from demand
and use virtualization instead. (PG&E 2009)
Virtualization allows data centers to aviod the
volume server efficiency problem discussed ear-
lier. Virtual servers can be spread across the
fewest number of physical machines required,
each running at 100% load and thus maximum
efficiency.

3 Location

Location selection is a critical decision for IT
companies, regardless of power, because of the
sensitivity and security requirements of data
and software running inside. They also must
consider the added network latency due to the
geographic distance between service and client.
At the start of the new Internet age, data cen-
ters were typically located closed to metropoli-
tan areas to provide the lowest latency to their
prime users. Unfortunately, this proved less
than ideal as the number of servers grew:

It is important to note that two of
the cities with the highest concen-
tration of data centers New York
City and San Francisco are geo-
graphically isolated areas with rela-
tively limited electricity transmission
resources. (EPA 2007, p. 64)

The impact of data center location is less im-
portant than it was a decade ago. IT firms
are increasing interconnecting their networks
(peering) to avoid paying transit costs to the
Internet backbone providers, and to create di-
rect links to their customers. These changes,
both policy wise and physically, have more ef-
fect on latency than data center location. The
latency within regions of considerable size is
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Figure 4: Some of the areas of high congestion concern noted by the U.S. Department of Energy
are also popular locations for data centers which contribute additional strain to the grid. EPA
(2007)

Figure 5: A high density strip of data centers mirrors the strip of transmission congestion in
Figure 4. Map of Data Centers on East Coast (2010)
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comparable enough to allow more flexibility in
locating a data center.

Unfortunately, data center locations are no-
toriously hard to analyze, as companies are
understandably protective of the information.
The EPA found that comprehensive data about
the locations is not readily available because:

• Organizations are concerned about the
physical security of these critical infras-
tructure facilities

• Private data centers are seen as a confi-
dential, strategic asset

• Many data centers are part of larger com-
mercial buildings and campuses and there-
fore not separately identified or metered

• Data centers have only recently been seen
by government agencies as important in-
frastructure and an indicator of economic
activity

(EPA 2007, p. 63)

While increasing the efficiency of individual
data centers reduces costs and increases profits,
the environmental impact may be negligible. A
recent report found that many new data centers
are located next to strong but non-renewable
power sources.

[...] efficiency by itself is not green if
you are simply working to maximise
output from the cheapest and dirti-
est energy source available. The US
EPA will soon be expanding its Ener-
gyStar rating system to apply to data
centres, but similarly does not factor
in the fuel source being used to power
the data centre in its rating criteria.
(Greenpeace 2010, p. 8)

Acting individually, data center operators
are encountering the same issue as consumers
regarding renewable power sources. The elec-
tricity market and Kirchoff’s laws dictate that
with a general connection to the grid, it cannot
be definitively said where the power originated.

Data centers must accept a mix of clean and
dirty energy sources. (Greenpeace 2010, p. 7)

Data centers are typically located near
baseload, reliable sources of power. They are
increasingly being built outside of metropoli-
tan areas partly in response to the conges-
tion encountered with the earliest data centers.
The lower cost of land, construction also con-
tribute to the shift. (EPA 2007, p. 64) As long
as power and latency are met at an adequate
cost level, the location of a data center is rel-
atively flexible. This makes them a good can-
didate for pairing with power sources that are
cost effective only in certain regions. An on-
going issue with wind power is that the wind
blows strongest in the central United States,
exactly where the demand is the lowest and
most spread out. Utilities could work with IT
firms to move the load, not the generation.

4 Common Goals Among
Utilities & ITC

The effect of data center growth and location
on the power grid and public utilities was one
of the items set to be investigated by Congress
(2006). The EPA was required to analyze “[...]
the potential cost savings and benefits to the
energy supply chain through increasing the en-
ergy efficiency of data centers and servers, in-
cluding reducing demand, enhancing capacity,
and reducing strain on existing grid infrastruc-
ture [...].” (Congress 2006)

The EPA suggested that electric utilities
“consider offering incentives for energy-efficient
data center facilities and equipment.” (EPA
2007, p. 15) Data centers represent a significant
portion of the load in the United States, so hav-
ing an open communications channel between
the two could benefit both parties. According
to the EPA,

Nationwide, the energy use estimate
for data centers translates into a peak
load of more than 7 GW in 2007
(equivalent to the output of about 15
baseload power plants), growing to
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about 12 GW if current growth trends
continue. (EPA 2007, p. 58)

As discussed in Section 3, many data cen-
ters are located near metropolitan areas and
contribute to the transmission congestion prob-
lems threatening the United States. According
to the EPA, “the peak-load reductions achiev-
able through energy efficiency improvements
could play a significant role in relieving ca-
pacity constraints in these grids.” (EPA 2007,
p. 58)

With server virtualization (see 2.1) and given
that most major IT firms have multiple data
centers among which work is distributed, the
demand of any given location could be made
highly flexible. When the servers are operating
continuously, the load shape of a data center
is currently very flat. Some of the efficiency
improvements may change that, including the
ability to use outside air for cooling and compu-
tational load distribution among multiple data
centers. Consider a data center handling ex-
clusively non real-time data processing timed
to peak at night, located near a wind turbine
installation. A coordinated effort between IT
firms and power utilities could pair computa-
tion load profiles with the best possible gener-
ator time profile. (EPA 2007, pp. 60–61)

This flexibility, and the requirement of
steady power for data centers, offer two addi-
tional opportunities for cooperation - demand
response and distributed generation.

4.1 Demand Response

Due to their requirements for high reliabil-
ity, data centers are already equipped to re-
sist short interruptions in power supply. The
servers are usually backed with a large, UPS
(flywheel or large battery) for the entire data
center, or individual batteries on each server.
With proper incentives, the utilities could use
data centers for demand response by switching
servers to their backup power source for short
periods of time. The EPA’s investigation con-
firms the feasibility of such an idea:

Although it is often assumed that

data centers are not good candidates
for load management because of the
critical function they perform, high-
reliability data centers are in fact de-
signed to continue operating when
the power grid is unavailable using
on-site power generation and storage,
which suggests that they can also re-
duce the energy drawn from the grid
at times of peak load. (EPA 2007,
p. 65)

There would be some additional technical
work to implement such a system reliably, as
the backup equipment is not intended to be
used regularly. The failure rates and repair
costs may change if the batteries are discharged
often.

These backup batteries also make data cen-
ters a good target for renewable power sources
like solar and wind, which both have inconsis-
tent time profiles and often generate the most
power when it is least needed. Energy storage
with compressed air, elevated water or chemical
batteries is a promising grid-level solution, and
with batteries already in place in data centers,
the utility would have smaller startup costs.
Fluctuations in generation would matter even
less if this was used in combination with a lo-
cal prime mover generator that was the primary
backup for the data center.

4.2 Distributed Generation

Some data centers have additional power gen-
eration on site for backup and also to allevi-
ate any voltage fluctuations on the grid. Dis-
tributed generation is being discussed by util-
ities, but a large number of private generators
are already in operation at data centers. An
intelligent connection to the grid is required to
bridge between the utilities and these local gen-
erators.

Distributed generation applications at data
centers include:

• Standby/backup power

• Continuous prime power
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• Combined heat and power (CHP)

(EPA 2007, p. 81)

On-site power generation, whether
it is an engine, fuel cell, microtur-
bine, or other prime mover, supports
the need for reliable power by pro-
tecting against long-term outages be-
yond what the UPS and battery sys-
tems can provide. DG/CHP systems
that operate continuously provide ad-
ditional reliability compared to emer-
gency backup generators that must
be started up during a utility outage.
(EPA 2007, p. 75)

Renewable generation is often more feasible
and less risky at small scale, making distributed
generation such as this a good candidate for
widespread testing.

5 Impediments to Implemen-
tation & Conclusion

The biggest impediments to adoption are orga-
nizational - the complexity and massive scale
of the power grid combined with the unwilling-
ness of private, competitive companies to open
up what they consider trade secrets make large
scale cooperation unrealistic.

The relationship between data center oper-
ators, their financial planners and those inter-
ested enough in the environment to start a con-
versation is difficult to predict.

Many companies, for example, do not
know whether a 50% increase in cus-
tomer volume would require 25% or
100% more server and data center ca-
pacity. As a result, data center fa-
cilities can sit half empty, particu-
larly just after construction. In other
cases, companies find they complete
one data center build program only to
find, because of capacity constraints,
they must launch a new one almost
immediately. (Kaplan, Forrest, and
Kindler 2008, p. 7)

Ultimately, what will get companies moving
is an opportunity to reduce operating costs of
data centers. More and more, they recognize
the weight on their balance sheet of the infras-
tructure demands of SaaS, and only when there
is a concise solution to seriously reduce that
number will they take action.
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