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ABSTRACT

Energy efficiency has become increasingly important in
the data center industry, driven by rising energy prices, envi-
ronmental legislation, corporate social responsibility pres-
sures, and competition. Energy efficiency is part of
sustainability, however, consideration of other aspects such as
the embodied environmental impact of materials, components,
and systems is needed for a holistic view. Life-cycle assessment
(LCA) is a useful methodology that examines wider environ-
mental impact including areas of protection such as climate
change, ecosystem quality, human health, and resource deple-
tion.

The industry is starting to become more aware of these
issues and is developing metrics to quantify performance. This
paper describes key data center sustainability issues identified
by the life-cycle assessment of data centers and proposes how
the industry could approach its environmental responsibilities
in order to capitalize on the business opportunity as well as
demonstrating sustainable leadership.

INTRODUCTION

The data center industry has made some significant
improvements in recent years with respect to IT hardware and
power and cooling infrastructure energy efficiency. There is
still further optimization to be achieved, however, most new
design briefs now include a requirement for efficient opera-
tion. Another factor driving efficient operation is the increased
awareness about the contribution of operating costs to total
cost of ownership (Flucker and Tozer 2012). As the industry
continues to grow globally, so too does its environmental foot-
print.

The challenge is how to manage this growth at a time when
there is an imperative to reduce global carbon emissions in order
to mitigate the risks associated with climate change (IPCC 2014).
There is a perception by some people that investing in better envi-
ronmental performance impacts profitability, however this need
not be the case, particularly considering the multitude of business
opportunities presented by the green economy. For example, the
Global e-Sustainability Initiative (GeSI) reported on how the
information and communication technology (ICT) industry can
makeasignificantcontribution tocreatinga low-carboneconomy
by helping others to reduce emissions and by creating jobs
(GeSI 2008a).Variousauthorshavepublishedontherequirement
for businesses to adapt in the face of sustainability challenges, for
example, by considering how climate change informs their busi-
ness strategy throughout their operations in terms of cost savings,
brand/reputation, and customer/stakeholder engagement, ulti-
mately impacting on profitability (IFC 2012). This paper set outs
what is required for a truly sustainable data center and how the
industry can achieve this objective.

SUSTAINABILITY

Sustainability has been defined as pertaining to environ-
mental, social, and economic longevity (EPA 2015). Human
life on earth is currently unsustainable; our consumption of
natural resources has been calculated as exceeding those avail-
able (Global Footprint Network 2015) and continues to rise
(Friends of the Earth Europe 2009). One impact of this is a
high level of carbon emissions, which cause global warming.
Various climate models have been produced to predict the
likely future increase in temperatures for different carbon
emission scenarios and the impact of these temperature rises
upon human life on earth. The Intergovernmental Panel on
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Climate Change (IPCC) has set a target of limiting global
warming to a two degree Celsius (3.6 degree Fahrenheit) rise;
this aims to mitigate the worst projected impacts of climate
change such as global food and water shortages and associated
migration/civil wars (IPCC 2014), although even a one degree
rise is still likely to result in huge disruption to life on earth
(SEI 1990). The true cost of energy is higher than the actual
cost, as historically this has not factored in the damage to the
environment.

Changes in behavior can be driven through a combination
of policy changes (i.e., legislation and government funding
and innovation, where enterprises derive a business advantage
by being the first to market [Newell and Paterson 2010]).
Discussions with global data center operators suggest there is
market demand to improve environmental performance and
there is an expectation that large enterprises will publicly
report this (e.g., using GRI G4 guidelines) (GRI 2015).

LIFE-CYCLE ASSESSMENT

LCA is a methodology used to measure the environmental
impact of a product or system over its entire life cycle, from
raw material extraction and acquisition, through energy and
material production and manufacturing, to use, and end of life
and final disposal, illustrated in Figure 1. Through such a
systematic process, the shifting of a potential environmental
burden between life-cycle stages or individual processes can
be identified and possibly avoided (ISO 2006).

LCA considers several areas of protection (damage cate-
gories); the most commonly used damage categories are
human health, ecosystem quality, resource depletion, and
climate change.

Currently most data centers measure their environmental
performance only in terms of their energy efficiency and electric-
ity usage during operation, with some associating this with
carbon emissions. The embodied impact of the production, trans-
portation, and disposal of the IT and mechanical and electrical
services materials, components, and systems used in the data
center are not considered. This is partly due to data center
complexity (each facility is composed of many subsystems and
components); also, this is due to the lack of availability of easy to
use data, metrics, and tools that allow a comprehensive, cost-
effective life-cycle assessment to be undertaken. However,
awareness of LCA is increasing in both the building services
industry and data center sector (CIBSE 2014; Green Grid 2012,
2014b, 2014c). The Green Grid’s data center maturity model
requires for Level 5 (visionary, 5 years away) procurement that
“cradle-to-cradle life-cycle CO2e emissions are learned and
controlled forall electrical andmechanical facilities” (GreenGrid
2014b). Most procurement strategies are capital-cost and return-
on-investment focused and thus do not usually support sustain-
able purchasing choices. However, there are signs that this is
changing—theEUCodeofConduct forDataCentreEnergyEffi-
ciency has an expected practice for new IT equipment: “Include
theenergyefficiencyperformanceof the ITdeviceasahighprior-
ity decision factor in the tender process” (EC 2015). ISO14001,
Environmental Management Systems (ISO 2004) at one coloca-
tion operator covers energy use, packaging, and recycling of e-
waste.

The study conducted by Whitehead et al. (2015), which
verifies the study by Shah et al. (2012) concludes that the main
contributors to data center total environmental impact are energy
consumption, energy mix (type of electricity generation) and IT

Figure 1 Life-cycle assessment.
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equipment. Research by Shah et al. (2009), suggests that the
impact of mechanical and electrical (M&E) equipment is also
significant.

Whitehead (2013) found that for a U.K. facility using free
cooling with a three year server refresh rate, fully populated
with servers that use 50% of peak power at idle and 30% utili-
zation, the operational impact is four times that of the embod-
ied impact. Of this environmental impact, the release of
carcinogens associated with arsenic and cadmium from the
disposal of sulphidic tailings, a byproduct of the IT hardware
manufacturing process, is one of the largest contributors to the
whole life-cycle impact. However, for an identical facility
located in Sweden with reduced energy consumption (through
IT consolidation and virtualization) but an increased number
of servers, the operational impact is half of that of the embod-
ied impact. It is important to note, however, that the release of
carcinogens remains high in this scenario. Although the
renewable content of the energy supply has been increased, the
reduction in carcinogens released through energy consump-
tion has been outweighed by those released during the manu-
facturing of the additional servers. The same scenario was run
again with a reduced number of servers, resulting in a huge
reduction in carcinogens (Whitehead 2015). If the Swedish
facility was located in the U.K., the operational impact would
be roughly equal to the embodied impact, but, again, the
carcinogens were found to be higher than the base case.

These scenarios are incredibly important to note. They
show that the environmental impact of a data center is influ-
enced by a combination of factors: the efficiency of energy
consumed, the source of energy, and the frequency of IT
refresh. By considering only the operational energy efficiency,
rather than reducing the biggest offender (carcinogens), it is
possible that efficiency measures could actually increase the
impact further.

LCA is an incredibly time-consuming process for even
the smallest of components. To model the life cycle of an entire
building therefore requires lengthy assumption making. The
study carried out by Whitehead (2013) is a screening LCA.
These are designed to provide insight into the general pattern
of results and help to inform an industry on where best to focus
their attention. In the case of Whitehead et al. (2015), the
results were validated against previous research by Shah et al.
(2012), however, as with any research, further work would
provide additional insight and validation. It must be noted that
the same assumptions were applied to each scenario discussed
above and so, although the value of total impacts might vary,
the share of embodied to operational impact is unlikely to alter
to a great degree.

The conclusions are that in order to minimize the envi-
ronmental impact of a data center, total resource efficiency
needs to be considered: minimizing operational energy
consumption of M&E and IT equipment, minimizing embod-
ied impact by reducing the components used and refresh
frequency, and supplying the facility with low impact source
energy (i.e., renewables). This can be achieved using LCA,

which, for example, can be used to determine whether visual-
ization and consolidation of old, inefficient servers or refresh
with new servers has a lower total environmental impact. Data
center LCA studies have been normalized to the unit of energy
consumed by IT equipment but do not describe how efficiently
that IT energy is utilized by the IT equipment.

ENERGY USE

IT equipment is the largest energy consumer in most data
centers and there are various ways in which the IT load can be
reduced, principally through rationalization, consolidation,
visualization, hardware/software selection, and enabling of
energy saving features of IT equipment. These are listed in the
Best Practice Guidelines of The European Code of Conduct
for Data Centre Energy Efficiency (EC 2015). It should be
noted that although this program originates in Europe, the best
practices have global application and the European Commis-
sion has welcomed participants from beyond the European
Union; eBay has two participating US data centers.

It is important to analyze IT performance in order to
understand where there may be opportunities to reduce energy
consumption; reducing IT energy consumption also has a
cascade effect on M&E energy consumption. IT efficiency is
a difficult concept, partly because the IT output is related to
processing, communication, and storage and the business
benefit will depend on what it is used for (Green Grid 2014a).
Some ideas are currently in development on quantifying
processing efficiency (Summers 2015).

Power usage effectiveness (PUE) is a metric commonly
used to describe data center energy efficiency (Green Grid
2007); it describes the ratio of total data center energy
consumption to IT energy consumption: ideal PUE = 1 with
zero M&E energy consumption (i.e., all energy is used by IT
equipment). PUE indicates only how efficiently the energy
consumed by M&E is used but does not give any detail on how
effectively the IT energy is used.

The typical energy breakdown of facilities with a PUE of
2.0 and 1.2 are shown in Figure 2.

Typically, cooling is the largest energy consumer after the
IT load, the largest component of which is from the compres-
sors used for refrigeration. This is followed by computer room
air handling (CRAH) or computer room air conditioning
(CRAC) unit fans and then UPS losses.

New facilities that are designed for low energy consump-
tion in climates with an average wet-bulb temperature below
16°C (60.8°F) can achieve a PUE of around 1.2 (Tozer and
Flucker 2012). This is achieved through minimizing refriger-
ation requirements, by maximizing the use of free cooling
(economizer cycle), and facilitated by increasing temperature
setpoints amongst other things. Design scalability is an
important consideration to ensure that high efficiency is
achieved at part loads throughout the facility life (Tozer et al.
2013). An overview of the main types of data center free cool-
ing technologies are shown in Figure 3 with diagrammatic
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sections of direct and indirect/air and water systems (varia-
tions also exist). Typical approach temperatures (the differ-
ence between the ambient condition and that of the data hall
supply air) are also shown. A lower approach temperature
allows for increased free cooling hours.

ASHRAE’s Technical Committee 9.9 for Mission Criti-
cal Facilities, Data Centers, Technology Spaces, and Elec-
tronic Equipment has worked with hardware manufacturers in
recent years to widen the recommended and allowable envi-
ronmental envelopes of air conditions entering IT equipment
(ASHRAE 2012b), thus increasing the opportunities for
energy savings, illustrated in Figure 4.

Good air management within the data hall is required in
order to benefit from higher operating temperatures. This
involves separation of hot and cold air streams so that cold air
supplied to the room reaches IT equipment intakes with minimal
temperature increase caused by the recirculation of warm IT
equipment exhaust air (Tozer et al. 2015). Data center tempera-
ture has traditionally been measured at the cooling unit air return,
not the server inlet (ASHRAE 2012a), which means that opera-
tors do not have visibility of the temperature of air delivered to the
servers. When a sample of server inlet temperatures is measured
and sorted in ascending order, the typical profile observed is
shown in Figure 5. The results shown are from a representative
data hall air temperature survey conducted by the authors.

(a) (b)

Figure 2 Typical energy breakdown of data centers with PUE = 2.0 for Figure 2a and 1.2 for Figure 2b (Flucker and Tozer 2012).

Figure 3 Types of free cooling system with number of heat exchanges shown in circle.
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Although the cooling system is operating as designed and
controlling to a return temperature of 22°C (71.6°F), there are
hot spots within the space that impact IT equipment reliability
(see the last two IT equipment inlet temperature points at the
top right of Figure 5 that exceed A1 allowable range).

After air management has been addressed, a flatter, lower
temperature profile is observed, as shown in Figure 6. Once
tighter control over input temperatures has been observed, it is

possible to increase setpoints and operate towards the upper
part of the ASHRAE recommended range. The average server
supply temperature is higher but hot spots have been removed,
resulting in a more reliable environment.

In Thermal Guidelines for Data Processing Environ-
ments, ASHRAE (2012) compares likely failure rates between
traditional (20°C [68°F], tightly controlled) and expanded
temperature range economization and find that the amount of

Figure 4 Psychrometric chart indicating ASHRAE environmental ranges classes A1 through A4.

Figure 5 Sample of server inlet temperatures sorted in ascending order. Horizontal lines represent ASHRAE A1 allowable upper
limit (32°C [89.6°F]), ASHRAE recommended range upper and lower limits (27°C [80.6°F], 18°C [64.4°F]),
ASHRAE A1 allowable range upper limit (32°C [89.6°F]), and cooling unit return temperature (dashed, 22°C [71.°6F]).
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time the data center spends at cooler temperatures offsets the
hours operating at elevated temperatures; depending on the
local climate, the net effect is in some cases a slightly
improved hardware failure rate. In other cases, there may be a
negligible increase in relative hardware failures, for example,
increasing from four server failures per thousand to five server
failures per thousand.

In many global locations, zero refrigeration can be
employed, as illustrated in Figure 9 (Tozer and Flucker 2012;
Flucker and Tozer 2012). The fan energy consumed by CRAH/
CRAC units can be minimized by using variable-speed control
to deliver the correct air volume to IT equipment, with a small
amount of bypass to maintain positive pressure from cold to
hot aisle in a contained environment, rather than wasting
energy on moving a large amount of bypass air.

Legacy facilities can improve their (IT and infrastructure)
energy efficiency, although it may be too disruptive and costly
to upgrade infrastructure in order to achieve a very low PUE
that is often targeted for a new build. Through analysis, air
management improvements, setpoint increases, fan speed
reduction, and the installation of dry coolers into an existing
chilled-water system, a significant operating cost reduction
was achieved at a high resilience, financial data center in
Europe (Tozer and Flucker 2015). These energy reduction
improvements can be applied to other facilities with tradi-
tional chilled-water cooling designs.

A range of techniques for optimizing energy efficiency in
existing facilities for both IT and M&E equipment are also
described in Green Tips for Data Centers (ASHRAE 2011).

The European Union Code of Conduct for Data Centres
recognizes that different stakeholders have responsibility for
different areas of the data center, for example in a colocation
or hosted facility, the data center operator manages the power

and cooling infrastructure but their customers install and oper-
ate the IT equipment housed in the data halls (EC 2015).
Participants are expected to implement best practice for areas
within their control and endorse it for other areas.

The cost model for colocation can be used to incentivize
energy efficiency best practice. Historically, this was a fixed
price per unit area. Now customers are typically charged for
their energy consumption plus a factor to cover that of the
power and cooling infrastructure. In the authors’ experience,
some colocation providers are uninterested in the efficiency of
their customers’ IT equipment as they make a profit on energy
consumption. Similarly, some of the authors’ colocation
provider clients who wish to implement improvements have
shared feedback that some of their colocation customers are
resistant to energy efficiency initiatives at the hosted facility
(such as increasing operating temperatures) as they do not
perceive a direct cost benefit, even though the host’s environ-
mental commitment may have been a factor in the procure-
ment of data center space. However, data center energy
efficiency improvements reduce operational costs, which ulti-
mately impacts the price charged to customers, helping both
the customer and provider to remain competitive.

ENERGY MIX

The carbon intensity of source electricity has a significant
impact on the environmental impact of the data center. Renew-
able energy sources produce significantly lower carbon emis-
sions than fossil fuels. The grid carbon intensity varies
according to the mix of electricity production methods used,
and, in 2013, 13% of total electricity generation in the United
States was from renewable sources (NREL 2014). In Europe,
the EU Renewable Energy Directive set a 15% target by 2020
(European Parliament 2009).

Figure 6 Sample of server inlet temperature (1) before air management, (2) after air management improvements, and (3) after
setpoint increase.
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It is interesting to note the growth of renewable energy
deployment in off-grid systems throughout the developed and
developing world (IRENA 2015) despite the barriers to adop-
tion of renewable energy technologies (UCS 1999).

In markets where nonrenewable energy sources are
cheap, renewables are likely to be uneconomical in the short-
term and thus fail to be adopted; one example of this is solar
photovoltaics (PV) in the U.S. domestic sector. The diagram in
Figure 7 indicates where this is viable in terms of grid parity,
where electricity can be generated at a levelized cost that is
less than or equal to the price of purchasing power from the
grid. It should be noted that grid parity is affected by energy
price, technology cost, and solar radiation (NREL 2009).

Some data center operators are trying to reduce their envi-
ronmental impact by purchasing green energy. ISO
Standard 30134-3 for sustainable IT, currently in develop-
ment, includes a renewable energy factor as a key performance
indicator for data centers (BSI 2015).

Arlitt et al. (2012) describe how an on-site microgrid may
be used to achieve a net-zero energy data center; one that
consumes no net energy from a public utility over its life cycle.
This strategy also includes a plan to reshape noncritical work-
loads to take full advantage of the available renewable energy
supply. However, purchasing off-site renewable energy is
often more effective and practical than on-site generation,
partly due to the capacity and corresponding area required for
the generation plant (e.g., PV cells/wind turbines). Combined
heat and power (CHP), specifically trigeneration, finds appli-
cations where there is a base refrigeration load, however, new

data centers exploit free cooling extensively and no longer
have this requirement, making this solution unviable. In addi-
tion, disadvantages include higher investment costs and
design and operational complexity (Tozer 2015).

Waste heat reuse has limited application in data centers at
present as current operating temperatures produce low-grade
heat and require the recipient of the waste heat to be located
nearby; one example of this in the U.K. is on a campus where
the data center waste heat is used to preheat adjacent warehouse
space, thereby reducing the boiler load. Export of waste heat
helps reduce emissions for the recipient but not the data center.

Carbon usage effectiveness (CUE) is a measure of a data
center’s in-use carbon emissions and is the product of its PUE
and the source energy carbon intensity factor (Green Grid
2010). The best performers can be found in locations where the
grid uses a high percentage of renewable energy (e.g. Scandi-
navia).

Several data center operators purchase green energy
(Greenpeace 2014), and there are locations where cheap
renewable energy is available (e.g., hydropower from Niagara,
New York state at $2c/kWh). Positive branding and corporate
social responsibility are secondary benefits in these cases.
Where operators pay a premium for renewable energy due to
customer demand, this may be described as a self-imposed
carbon tax. The costs for renewable energy are more stable
than those for fossil-fuel-based energy, which vary with oil
prices and geopolitical activities; cost certainty is another
reason to purchase green energy, as stated by those responsible
for the procurement of energy in data centers.

Figure 7 U.S. residential photovoltaic (PV) solar energy breakeven cost. Reprinted with permission of the National Renewable
Energy Laboratory.
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EQUIPMENT: IT AND M&E

Whitehead et al. (2015) report on studies that assign vary-
ing levels of embodied impact to environmental damage cate-
gories. Points per kW of IT load per year are attributed to each
category, where one thousand points are equivalent to the
annual environmental impact of one average European (results
are summarized in Table 1).

The study showed that the embodied impact of the IT
equipment is double that of the M&E equipment. The impact of
the IT equipment and M&E equipment is many hundreds of
times that of the building itself due to the types and amount of
materials used. However, building environmental assessment
methods (such as LEED and BREEAM), including those
adapted for data center use, do not consider the embodied
impact of IT and M&E equipment and, hence, are of limited use
in helping operators to improve their environmental impact.

The main embodied impact from IT equipment stems from
the disposal of metal refining waste products from the manufac-
ture of IT components, in particular sulphidic tailings, which
continue to cause environmental damage over a very long time
period; disposal of tailings results in intensive land use and, if not
disposed of responsibly, can leach into surrounding water and
soil. Social sustainability is also important here, for example,
considering supply chain issues around human rights and work-
ing conditions in factories in the developing world (GeSI 2008b).
Reducing the number of servers purchased can help to reduce the
data center environmental footprint. This may be achieved by
focusing on how hardware utilization may be maximized, for
example, through consolidation of services to avoid wasteful use
of resources. Hardware design could reduce environmental
impact through material selection and designing for staged
decommissioning. It is thought that the use of chassis type hard-
ware, where blades may be upgraded, has a reduced environmen-
tal impact compared with high volume, pizza-box-style (1-2U)
servers. Planned obsolescence is to become illegal under French

law, which will force manufacturers to consider business models
based on a circular economy. Virtualization, including Open-
Stack (OpenStack 2014), is a methodology widely practiced to
reduce the number of physical servers; it also reduces operating
costs (EnergyStar 2015). Policies around equipment refresh
rates impact the number of servers purchased. Replacing servers
togain improvedoperationalenergyefficiencymaybeperceived
as the “green” thing to do, however, an LCA would determine
whether or not the additional embodied impact is offset by the
savings in operational environmental impact.

High-impact components used in M&E equipment include
batteries, copper, and steel. In many cases, it may be possible to
eliminate plant (along with materials and cost) at the design stage
or “design out” plant, for example, by considering the feasibility
of a zero refrigeration solution. In order to do this, the climate at
the facility location requires analysis; there is a strong correlation
between the average wet-bulb temperature and achievable aver-
age PUE. In many cities, best practice air management operating
at higher temperatures with indirect air side economization
allows zero refrigeration whilst maintaining conditions with the
ASHRAE recommended or allowable A1 envelopes (Tozer and
Flucker 2012). Similarly, the maximum wet-bulb temperature
determines the installation sizing and necessity of refrigeration
equipment, as illustrated in Figure 8.

Compressor-free designs do not have chillers or the associ-
ated electrical installation required to power them, illustrated in
Figure 10. This represents a capital and operational cost saving
through reduced energy consumption and maintenance as well as
the reduced embodied impact associated with dematerialization.

High-availability designs cater to increased redundancy
with additional items of plant or systems. Hence it is important
to consider the design topology requirement. Overspecifica-
tion results in increased embodied impact and often worse
energy efficiency at part-load operation. The Uptime Institute
has defined tier levels to describe the level of redundancy

Table 1. Embodied Impact of IT Equipment and M&E

Damage Category
IT Eq Facilities Building

(Pt/kW IT/year)

Climate change 6.54E-01 3.16E-01 1.48E-03

Ecosystem quality 1.20E-01 6.23E-02 2.64E-04

Human health 5.06E-01 2.70E-01 1.37E-03

Resources 7.42E-01 3.54E-01 1.26E-03

Total 2.02E+00 1.00E+00 4.37E-03

Ratio IT/Facil 2.0 (1.3 to 5.3)

Ratio (IT + Facil)/Building 691 (400 to 1200)
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provided by the power and cooling infrastructure design (UI
2012). Resilience may be achieved through the application
layer rather than at the facility level (i.e., distributed tier 1
facilities rather than a pair of tier 3 or 4 facilities).

The Open Compute Project is an example of where comput-
ing and data center design innovations are shared using open
source principles (Open Compute 2011). Open Compute has led
to new hardware and infrastructure designs that achieve a total

cost of ownership reduction and improved resource efficiency.
This type of initiative, often led by the cloud providers who have
more freedom to explore cutting edge, customized, long-term
solutions, helps to drive the market to rethink traditional ideas.

CONCLUSION

The data center industry has changed the way it designs
facilities to deliver energy efficient operation, and the source

Figure 8 Psychrometric chart with climate envelopes for Paris and Abu Dhabi.

Figure 9 Light gray dots represent cities where zero refrigeration is possible while maintaining data hall conditions within
the ASHRAE recommended range. Dark gray dots represent cities where zero refrigeration is possible for the A1
allowable range. Medium gray dots are cities where refrigeration is required to comply with A1. Note that this is
based on best practice air management and indirect air-side economization, rather than legacy facility design and
operation. Tozer and Flucker (2012) has more detail on U.S. locations.
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energy consumed is also facing increasing scrutiny. Currently,
the significant wider environmental impact due to the embod-
ied impact of IT equipment and M&E materials is still largely
unmeasured; life-cycle assessment is recommended as a
sound methodology to evaluate this. A summary of the data
center environmental impacts is shown in Figure 11, including
the financial impact of each: equipment impact/capital expen-
diture, energy use/operational expenditure, and energy mix/
brand. Climate change is forcing governments to legislate in
order to mitigate the impact of emissions and the industry is
under pressure to do more to clean up as it grows. Organiza-
tions with a strategic awareness of the landscape and trends
will be better positioned to respond and capitalize on the busi-
ness opportunities this presents, for example, by increasing
their brand value by demonstrating environmental leadership,
reducing total cost of ownership and increasing profitability
through innovation.

Data center sustainability is a complex area that needs
increased industry awareness. Part of the challenge is a lack of
suitable metrics that the industry can adopt to measure and
report their performance. Although hardware designs
continue to become more efficient, further work is needed;
capital cost is still often more important than total cost of
ownership for purchasers. This may be caused in part by the
range of disciplines working in the sector and a lack of coor-
dination and communication between them.

Groups such as ASHRAE Technical Committee 9.9 and
the European Code of Conduct for Data Centre Energy Effi-
ciency program need to continue to promote best practice and
help the industry share ideas. Ongoing innovation helps to
drive the industry towards becoming truly sustainable, so that
the benefits are not only environmental but also social and
economic.
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