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HIGHLIGHTS

"In this report, we develop
8 new indicators, building
on the concept of the
integrated data centre."
The growing energy demand from data centres may jeopardize Europe’s efforts to reach
deep decarbonization. The energy efficiency gains achieved to date thanks to
innovations in IT components are stabilizing and, despite the fact that global energy
consumption for server cooling is constant, it is set to increase following the proliferation
of data centres.
However, current standard designs are limited in driving sustainable change in the
cooling subsystem as they mainly capture energy demand at the overall data centre and
overlook decarbonization potentials other than energy efficiency, such as flexibility and
waste heat.
The indicators developed in this report feed the ongoing discussion within the
European Green Deal framework for the adoption of new metrics to provide
detailed insights into data centres’ decarbonization efforts and to drive change
to decouple sector growth from CO2 emissions.
Current indicators are limited to capturing efficiency gains
Change is happening too slowly in industry to create a sense of urgency. The
guidelines set by the sector for going sustainable remain limited, especially regarding
existing data centres, showing that there is significant room for manoeuvre in driving
and accelerating decarbonization.
The power-usage effectiveness (PUE) indicator, which calculates energy usage in the
whole facility, remains the main metric for monitoring the performance of data
centres.
Other indicators set by international standard agencies allow for more detailed
monitoring of progress in energy use and CO2 emissions, but their use is at the
discretion of data-centre operators and is not monitored by the relevant authorities.
Furthermore, these metrics remain very generic and fail to capture the full range of
the energy efficiencies and decarbonization gains of data centres.
Besides, they overlook the performance potential of cooling subsystems almost
entirely.
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HIGHLIGHTS

New, advanced indicators must expand their scope to activate the full range of
efficiencies of data centres that are at the interface of power and heat
systems.
Considering data centres as integrated players at the interface between the
electricity and heat sectors enables us to move away from the silo view that generally
addresses efficiency gains in data centres and to extend the efficiency potentials to
the flexibility and heat-supply services that data centres can provide to energy
systems.
Key Performance Indicators (KPIs) should diversify the types of performance they
capture in the data centre by focusing on the cooling subsystem and should strike a
better balance between energy efficiency, flexibility and increasing waste-heat
recovery.
This diversification can easily strike roots in existing standardized indicators, either
by marginally modifying their scope and time resolution or through merging.
Using the scope of integrated data centres, this report presents nine new
indicators, mainly focusing on the cooling subsystem and capable of
triggering flexibility, CO2 cuts, Renewables use and decarbonised waste
heat recovery.
The effective monitoring of the observed data and use of the new indicators will
depend on profitability to enable the efficiency gains and, on the ease of
implementing metering and to connect data together via suitable data-management
systems.
A change that must take place hand in hand between industry stakeholders
and the public authorities.
The development of indicators must be followed by a strong will on the part of the
relevant authorities to ensure their systematic application.
Currently, the lack of a clear framework for using these indicators and reporting the
sector's energy performance is an obstacle to the establishment of binding targets
to push the sector to drastically reduce its carbon footprint.
Appropriate transparency mechanisms should be introduced along with monitoring
to support performance benchmarks being devised to set ambitious and achievable
efficiency targets for the sector.
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INTRODUCTION
Sector operators are increasingly directing
their efforts to increasing efficiency gains
in the cooling of their servers. In this
respect, the most significant progress made in
limiting energy consumption in cooling has so
far been achieved by relocating (large) data
centres to locations where the climatic
conditions notably allow the use of free cooling.

The digital sector is among the fastest
growing
sectors,
driven
by
the
digitalization of our economies and the
rising internet traffic. According to Cisco[1],
the next doubling of global data-centre
compute instances from the 2020 baseline may
occur by 2024. Data centres are the backbone
of this digitalization and are responsible for 1%
of total global electricity demand (200 TWh).

The progress made in data centres in
terms of energy use, energy efficiency and
carbon footprints is monitored using key
performance indicators (KPIs) introduced in
international standards or by industry
professionals. These KPIs provide an important
tool for monitoring the sector's evolution and
energy needs and for setting efficiency targets.
In turn, stakeholder groups in both the ICT
sector and political decision-making have
developed several good practices and
guidelines for accelerating this change.

A recent report by the IEA[2] shows that,
despite the expansion of the sector, energy
needs have remained relatively stable due
to innovations in IT components and hardware,
as well as the scaling effect of the development
of hyper-scale data centres. However,
industry experts are questioning how this
relative stability can be maintained given
the ever-increasing building of new data
centres and the slowdown in incremental
efficiency gains on the IT side. This is
particularly acute for small and medium-size
data centres that lack the financial ability to
install the most energy-efficient IT systems.

However, use of these KPIs has remained
limited, and their scope of application is
often too large to fully seize and enable all
possible energy-efficiency gains. Today PUE
(Power Usage Effectiveness), which reflects the
level of energy efficiency, is the most widely
used indicator. However, PUE is considered an
aging indicator limited to presenting a detailed
view of energy use in data centres. It therefore
needs to be complemented by more advanced
indicators.
Europe has recently put the definition and
implementation of new efficiency metrics
for data centres on its agenda. Under the
European Green Deal initiatives are multiplying,
with professionals in the sector organizing to
define new energy pathways to reach deep
decarbonization.
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INTRODUCTION

Due to their energy characteristics at the
interface between electricity and heat
systems, data centres also have the
potential to play an active role in
accelerating the decarbonization of
energy, provided they are incentivized to be
flexible and to recover their decarbonized heat
losses.

This report is divided into three parts. The first
part presents the concept of integrated data
centres to stress how data centres can
contribute to accelerating decarbonization
efforts across energy systems. In the second
part, the report describes the KPIs that are
currently being provided by international
standards and being used in Europe. We
develop an analytical framework to adapt the
KPIs for the challenges of decarbonization and
suggest marginal and in-depth modifications to
guide more sustainable investment and
operating choices in data centres. Thirdly, this
report looks at the forces driving the
sustainable development of data centres from
EU policy-makers and industry. The report
concludes
by
making
some
practical
recommendations for the way forward in
implementing the indicators and arriving at
binding targets for sustainable, integrated data
centres.

Little has been done to capture the efficiencyenhancing opportunities that can be achieved
with the flexible integration of data centres with
energy systems. In this report, we
contribute to this discussion by presenting
8 new indicators, building on the concept
of the integrated data centre. The proposed
indicators target the five dimensions of
decarbonization that integrated data centres
are capable of achieving, namely energy
efficiency in cooling, use of renewable energy
sources (RES), flexibility, waste-heat recovery
and CO2 reductions (see 1.2).
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1 - INTEGRATED DATA CENTRES TO MEET
DECARBONIZATION TARGETS
On this last point, Denmark, and the Nordic
countries in general, have the major advantage
of having a cold climate that gives them access
to free cooling,, simply by using the ambient air
to cool the servers. Besides the large potential
for energy efficiency gains in cooling, data
centres also can actively contribute to the
ongoing energy transition by using cooling
equipment flexibly, reusing the heat produced
as a by-product and valorizing it.

1.1 A key actor at the
interface between
electricity and heat
Figure 1 shows the electricity used in data
centres by the cooling system and the IT
equipment, and the heat loss generated by the
IT equipment escaping the data centre’s
boundary.

The electricity consumed in cooling servers is
subject to fluctuating electricity prices over
time. In a country like Denmark, where the high
penetration of wind energy gradually lowers
average electricity prices and causes periods
with very low electricity prices, operating
cooling equipment flexibly would both lower
the energy bill for cooling and limit the carbon
impact. The constant cooling needs of server
rooms therefore require a diversified portfolio
of cooling equipment to benefit from the
cheapest energy option at the time.

Figure 1. Data centre schematic: energy needs and
connections with electricity and heat sectors.

The figure stresses the link between electricity
used as input and electricity transformed into
heat by the IT equipment in the server room.

On the other hand, heat produced by
servers is mainly dissipated in the form of
losses.
This
by-product
could
be
transformed into a source of additional
profit, provided that it can be recovered,
either directly to heat up the building, or locally
in serving as a cheap and low carbon-energy
source in district heating. This link between the
data centre and the heat sector is especially
stressed as a promising option in accelerating
heat decarbonization in Denmark[3], in
association with small to medium-size data
centres, which are more likely to be located in
urban areas and connected to district heating.

Electricity supply is one of the main
operating costs in running data centres,
which explains the direct interest of datacentre operators in encouraging energy
efficiency and limiting the consumption of their
equipment. Over the past decade, energy
efficiency gains have mostly come from IT
devices. The cooling system has received less
attention, especially in small and medium-size
data centres, although it is responsible for 2540% of the total energy consumed in data
centres[5].
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1 - INTEGRATED DATA CENTRES TO MEET
DECARBONIZATION TARGETS
In this report, the concept of integrated data centre implies that
data centre is an actor at the interface between electricity and heat.
It actively participates in the decarbonisation of district heating through heat loss recovery and uses
electricity in a flexible way to support renewables integration. This flexibility allows the data centre to
use only low or no carbon energy, which are ultimately transformed into carbon-free waste heat,
injected into district heating.
1 - Energy efficiency
Achieving energy efficiency is a matter of
reducing energy input in circumstances of
constant performance or utility, or of relatively
increasing performance or utility with
unchanged energy input. Energy efficiency
gains associated with economic processes are
mostly achieved by using more efficient
equipment and result in a decrease in average
energy consumption, regardless of when the
energy is used.
2 - Flexibility
By definition, flexibility involves making
adjustments to electricity use in response to
signals that can reflect cost variations,
fluctuations in carbon intensity, reliability
issues, etc. Flexibility is therefore defined in
relation to a specific parameter that will
determine the appropriate time-step for the
activation of flexibility. In the same way, the
flexibility service can be valued in different
markets.
3 - Waste heat
Waste heat in data centres comes from the
heat losses generated by the IT and cooling
equipment. In most cases this waste heat is
evacuated and therefore lost. Here, we treat
the heat losses as a by-product with an
intrinsic value that can be valued, either by
substituting part or all of the heating supply for
the building where the server room is located,
or by its injection into the local district heating
whenever possible, against payment as an
energy provider.

Data centres thus have the key characteristics
allowing them to play a truly integrated role at
the interface with both electricity and heat by
providing flexible services and contributing to
injecting decarbonizing heat sources.

1.2 The five dimensions of
decarbonization
Figure 2 shows the five dimensions of
decarbonization with respect to energyefficient and fully integrated data centres. In
this report, we will use these dimensions to
design new energy indicators.

Figure 2. Five dimensions of decarbonization in data
centres.
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1 - INTEGRATED DATA CENTRES TO MEET
DECARBONIZATION TARGETS
4 -Renewable energy
Renewable energy sources (RES) are carbonfree energies such as wind, solar, geothermal,
etc. This dimension refers to supporting the
penetration of RES in the energy mix, for
example, by investing in decentralized energy
units such as solar PV or in using contractual
agreements for RES-based electricity supply.
5 - CO2 reduction
Like the energy efficiency dimension, avoided
emissions gains are achieved when the same
level of energy consumption or activity for the
data centre results in a smaller carbon
footprint.

It should be noted that these dimensions also
overlap with one another or can be one of the
causes of one another. For example, adopting
flexible cooling in response to fluctuating RES
will limit the financial risks for variable energy
operators and indirectly support RES growth,
which will limit carbon emissions.

BOX
The link between RES investment and the ICT sector
ICT companies have accounted for about half of global corporate renewables
procurement in the past five years

This figure, provided in the IEA[2] report, primarily points out industry giants (GAFA) that have
indicated their willingness to use decarbonized energy to meet their energy needs. The
reasons given are both financial, given the low marginal cost of these energies, and because
of the greener image that these players wish to acquire.
What is important to note about this trend is the method of procurement favoured by these
players, which is essentially based on long-term bilateral contracts with their energy supplier,
which ensures a fixed delivery of a certain renewable mix during a fixed period at a fixed,
negotiated price (power purchase agreement).
In other words, the ICT sector is sending strong signals to the energy sector that support both
decarbonized production from wind and solar energy, and strong protection against the price
volatility that is attributable to the intermittent provision that is characteristic of these types of
energy.
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2 - NEW KEY PERFORMANCE INDICATORS FOR
ENERGY USE IN INTEGRATED DATA CENTRES
2.1 KPIs issued by
standardization agencies
and KPIs commonly used
in the industry

BOX
Standardization bodies
relevant to data centres

The main KPIs that apply to the energy use
and CO2 emissions of data centres either
come from standardization agencies or are
derived from the internal practices of datacentre operators.

KPIs issued
agencies

by

Standards have a sectoral dimension
that reflects the technical features of
products. In the case of data centres, the
relevant standardization bodies are the
CEN
(European
Committee
for
Standardization), the CENELEC (European
Committee
for
Electrotechnical
Standardization) and the ETSI (European
Telecommunication Standards Institute).

standardization

Standards aim to guide the industry in
adopting practices that are considered
beneficial by policy-makers and that are usually
combined with KPIs to monitor progress

Standards have an international scope
which ensures the conformity of products
and is a lever in encouraging practices that
are considered beneficial. This results in
the co-existence of several levels of
standardization bodies, which most often
serve to link legislative frameworks in order
to pass a standard from the international
to the national level.

Figure 3 shows the links between international
and European/Danish standards and KPIs that
are applicable to data centres. The
international standard relevant for the
operation of data centres is ISO/IEC 30134
Series: Information Technology - Data centres Key Performance Indicators. This standard
defines a set of KPIs specifically targeting
energy metrics, such as Power Usage
Effectiveness (PUE) and Renewable Energy
Factor (REF).

The highest relevant standardization
bodies internationally are the IEC
(International Electrotechnical Commission)
and the ISO (International Standardization
Organization).
Within
Europe
they
cooperate with CEN, CENELEC and ETSI
and within Denmark with Danish
Standards, the national standardization
body in Denmark. This also ensures that
Danish industry and consumers are linked
to European and international markets.
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2 - NEW KEY PERFORMANCE INDICATORS FOR
ENERGY USE IN INTEGRATED DATA CENTRES

Figure 3. Data-centre family of standards.

This standard is transcribed in the Danish
standard, which complies with the European
standard in the DS/EN 50600 Series:
Information Technology - Data centres facilities
and infrastructure, which in all Member States
provides
a
comprehensive
standard
framework for the design, security and
operation of data centres [4]. The KPIs defined
in the international framework are presented
below .

- Power Usage Effectiveness (PUE); Partial
PUE (pPUE); Interim PUE (iPUE) and
Designed PUE (PUE)
PUE was introduced by the Green Grid in
2007[16] and is currently considered the
standard metric for measuring energy
efficiency in the sector. PUE measures the
efficiency of energy use needed to operate the
IT system during a given year. This energy
mostly consists of electricity for the IT and
cooling equipment, but it also includes other
energy sources when relevant, such as gas, oil,
etc., as well as on-site sources of renewable
energy generation such as solar PV. The lower
the PUE, the higher the efficiency level.
pPUE indicates the relative energy use of a
given subsystem of the data centre, such as
the cooling system, and the energy use of its IT
system. Other variations of this indicator
account for shorter periods for which iPUE
can capture energy intensity, for example,
seasonally, or which look forward with the
designed PUE (dPUE), that sets the expected
levels of energy intensity, e.g., after renovation.

Five KPIs defined in the ISO/IEC standard
specifically target energy use, type of
energy and carbon emissions in data
centre. Other indicators outside international
and European standards capture additional
elements of data-centre activities, especially
regarding energy reuse. Details of their
calculation are given in Table 1.
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2 - NEW KEY PERFORMANCE INDICATORS FOR
ENERGY USE IN INTEGRATED DATA CENTRES
- Renewable Energy Factor (REF)
The REF indicates the share of owned and
controlled renewable energy used by the
data centre, compared with the overall energy
consumption. Owned and controlled energy is
energy generated on site and directly used by
the data centre, energy obtained by
procurement certificates or energy produced
by renewables, as documented by the
electricity supplier. On-site generation of
renewable
energy
above
the
total
consumption of data centres is not counted, so
that the REF has a maximum value of 1.

Non-standardized KPI for energy
In addition to the indicators defined in the
standards, additional indicators are sometimes
used by sector operators to achieve in-depth
monitoring of their strategic activities. Many
reflect other aspects of operation such as
economic performance or data usage, but
others, such as the energy reuse effectiveness,
reflect new aspects of energy use.
- Energy Reuse Effectiveness (ERE)
Developed as an extension to the PUE that
takes into account alternate uses of waste
energy. Where ERF is a measure of the
proportion of total energy reused, ERE is an
efficiency measure of the data centre energy
efficiency, taking waste energy reuse into
account [6].

- Energy Reuse Factor (ERF)
The ERF indicates the energy losses that are
reused
outside
the
data
centre’s
boundary, such as waste heat supplied to a
district heating system. It has a value of
between 0 and 1. The reuse of the waste heat
to heat up the building positively affects the
PUE since it results in reducing the amount of
purchased energy.
- Cooling Efficiency Ratio (CER)
The CER is a unitless indicator that measures
the efficiency of the cooling system during a
given period. It measures the heat removed
by the data centre’s cooling system as a whole
and compares it to its energy consumption.
- Carbon Usage Effectiveness (CUE)
CUE captures the carbon intensity of data
centres in relation to the energy consumption
of their IT equipment. A data centre supplied
solely by renewable energy will obtain a CUE of
0.
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2 - NEW KEY PERFORMANCE INDICATORS FOR
ENERGY USE IN INTEGRATED DATA CENTRES
KPIs issued by standardization
agencies
Power Usage Effectiveness

partial Power Usage Effectiveness

= Annual data-centre energy consumption in kWh.
= IT equipment energy consumption in kWh in the
same time interval used for cooling.

interim Power Usage Effectiveness*

= Annual energy consumption of the cooling system
in kWh.
= Renewable energy in kWh owned and controlled by
the data centre.

Renewable Energy Factor

= Annual energy from the data centre in kWh reused
outside its boundaries.

Energy Reuse Factor

= Heat removed from the data centre in kWh.

Cooling Efficiency Ratio

Total CO2
emissions

= Total CO2 equivalent emissions related to data centre
in energy use in kg.

Carbon Usage Effectiveness

Non-standardized KPIs commonly
used in the industry

= Annual data-centre energy consumption in kWh.
= Annual energy from the data centre in kWh reused
outside its boundaries.

Energy Reuse Efficiency

= IT equipment energy consumption in kWh in the
same time interval used for cooling.
* PUE measured in shorter time intervals, for example seasonal, as indicated by the subscript t.

Table 3. Composition of the new indicators
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2 - NEW KEY PERFORMANCE INDICATORS FOR
ENERGY USE IN INTEGRATED DATA CENTRES
Two indicators, PUE and ERE, score points in
multiple categories. PUE scores a 4 in Energy
Efficiency, its main dimension; a 1 in Flexibility,
since iPUE potentially allows the relevant time
steps for flexibility to be considered; and a 2 in
Waste Heat from the possibility to include
reuse of waste heat within the data-centre
boundary. ERF scores 4 in Waste Heat, its main
dimension, and 3 in Energy Efficiency, as the
indicator can measure the efficiency with the
recovery of waste heat. The remaining
indicators have a single score, as they also
have a single dimension. For example, the CER
which measures the heat-removal efficiency of
the cooling system only scores on its main
attribute, energy efficiency.

2.2 How do current indicators
support decarbonization
in data centres?
Existing KPIs have different purposes and
produce different insights for improving energy
efficiency and sustainability in data-centre
operation. For example, PUE describes the
energy efficiency of the data centre but does
not consider the origin of the electricity, while
the REF indicates the proportion of energy
coming from renewable sources. In the
following, we review the KPIs based on the five
relevant dimensions for full integration and
ambitious decarbonization in data centres
(Figure 2).

Figure 4 below illustrates that measuring the
gains in energy efficiency is prominent in the
current KPIs. Another important fact is that
each dimension has a corresponding indicator
dedicated to measuring its performance,
except the flexibility dimension, which is
overlooked.

Table 2 shows how each standardized and
non-standardized
KPI
supports
each
dimension. KPIs are scored on a scale from 0
to 4 in all five dimensions, such as it scores:
0: If the indicator does not affect the
dimension.
1: If the indicator opens the possibility to
incentivize a given dimension bot does not
implicitly do it.
2: If the indicator is useful in capturing the
dimension but mainly serves another purpose
3: If the indicator is multi-purposed and mostly
targets the dimension.
4: If the indicator describes the dimension as
its main purpose.

Figure 4. KPIs radar.

Table 2. KPIs scorecard
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2 - NEW KEY PERFORMANCE INDICATORS FOR
ENERGY USE IN INTEGRATED DATA CENTRES
The above KPIs are a useful tool for reporting
on improvements, or on the contrary on
deteriorations of energy use in data centres.
However, there is no legal framework or lawful
requirement that effectively sets binding
targets to limit their energy consumption and
carbon impact. Moreover, the application of
the KPIs is in no way mandatory and remains
at the sole discretion of the data-centre
operators.

BOX
Carbon Usage Factor (CUF): A
new factor to capture carbon
intensity in time
The CUF gives an indication of the hourly
carbon intensity of the electricity mix
compared to the average annual
emissions of this mix.

2.3 Development of new
indicators
for
integrated
data centres

For example, if the carbon intensity of the
Danish electricity mix is on average
135kgCO2/MWh, a CUF < 1 indicates that the
hourly level of emissions is lower than the
annual average. The closer the CUF is to 0,
the more consumption or storage should be
encouraged. A CUF > 1 indicates that the
hourly carbon intensity exceeds the average
emission
level
and
therefore,
that
consumption during that hour should be
avoided or delayed.

The new indicators developed in this report
serve the dual purpose of targeting cooling
and
consolidating
the
link
between
decarbonized electricity production, flexibility
in the data center, and waste heat recovery of
decarbonized heat losses.
To achieve this integrated vision, it is necessary
to first develop a new way to measure
carbon intensity that will serve as cursor
in several new indicators. This Carbon
Usage Factor is presented in the BOX.
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2 - NEW KEY PERFORMANCE INDICATORS FOR
ENERGY USE IN INTEGRATED DATA CENTRES

Carbon Usage Factor - Linking low
carbon electricity, flexibility, and
heat waste recovery

8 new indicators for decarbonised
data centres
The existing indicators provide a solid basis for
incentivizing performance in the five
decarbonization dimensions in three ways:

The CUF is used as a cursor to calibrate
those of the new KPIs that couple hourly
carbon
intensity
to
the
power
consumption or excess heat production of
the data center (PUE and ERF). It supports
consumption during the hours when electricity
is the least carbon intensive, and by ratchet
effect, provides signals for flexibility e.g. in
reflecting periods of RES peak production.
The CUF is by nature scalable to follow yearly
evolutions of the carbon intensity of the
mix and can also reflect several levels of
intensity to reinforce the incentive to
consume exclusively in the least carbonintensive hours. For example, instead of taking
only the values below or above the average, the
CUF could be set by quantiles.
It acts as an incentive to concentrate electrical
consumption during the hours when electricity
is the least carbon intensive, and by ratchet
effect, to provide a flexibility service (down
regulation) in periods of RES peak production

By defining new monitoring time-steps
in existing indicators for energy efficiency
gains and flexibility.
By targeting the cooling subsystem,
rather than looking at the data centre as a
whole. The progress observed by using
these indicators will also contribute to the
general efficiency of the entire data centre.
Their main interest lies in shedding new
light on possible room for improvement in
respect of the cooling subsystem itself.
Or by merging them to create new ones.
Table 3 shows the formula for each new
indicator and Table 4 outlines how they relate
to the five sustainability dimensions.
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2 - NEW KEY PERFORMANCE INDICATORS FOR
ENERGY USE IN INTEGRATED DATA CENTRES
- Getting started with the piPUE
The PUE is a powerful indicator because of
its simplicity in reflecting the efficiency of the
data centre as a whole or in relation to its
subsystems. The pPUE and iPUE provide
incentives for energy efficiency in, for
example, cooling and account for the
differences in energy needs or sources in
time. Both the scope of the cooling
subsystem and time-differentiated iPUE
should
be
applied
systematically
together in a piPUE to motivate efficient
cooling solutions and seasonal or day-night
flexibility.
The choice of the observed time-step defines
the usefulness of the indicator. In the context
of this study, two models for the design of
this time-step are defined that serve energy
efficiency and flexibility respectively.
- Fixed piPUE
In the fixed piPUE, the time-step used
reflects the effects of variations in the
ambient air temperature. The interest of
this indicator is that it shows differences in
consumption of the cooling system caused
by climatic conditions in order to account
precisely for the efficiency gains obtained
with the inclusion of free-air cooling
technologies.
On an annual average, the fixed piPUE
produces the same result as the pPUE, but it
reflects to what extent the electricity supply
is replaced by free-air during the coldest
periods of the year. Depending on the
difficulties in collecting cooling, consumption
and outdoor temperature data, the fixed
piPUE can be determined on a seasonal to
day/night basis.

An example of the application of a fixed piPUE is
to define an average in hours or days during
which the ambient temperature is strictly below
12 degrees, e.g., a certain share of the hours from
October to March, and when the fixed piPUE
should be lower than the pPUE.
- Variable piPUE
The variable piPUE is coupled with the carbon
intensity of electricity production over time
indicated by the CUF (see previous BOX). Again,
the annual average variable piPUE does not differ
from the pPUE, but the indicator shows to what
extent the electricity used for cooling is
decoupled from carbon emissions from electricity,
or conversely is not affected by the level of CO2
per MWh.
With this indicator, the carbon intensity
associated with a specific time of the year is
used as a proxy for time. The main issue is
then to determine a level of carbon intensity
beyond which we seek to decrease the pPUE. For
example, in Denmark, carbon intensity is on
average 100 kg/MWh, when 80% of electricity is
produced by renewables in a given hour*.

*We consider an average hourly demand of 4,000 MWh
supplied at 20% by fossil fuels with an average carbon
intensity in Denmark of 0,135t/MWh[17]
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Since the carbon intensity of electricity is
significantly correlated with the share of RES
among the other sources of decarbonized
energies, it varies as a result of RES variations
per hour.
If this threshold of 100 kg/MWh is taken into
account, then the Variable piPUE should be
able to distinguish the level of consumption
during low carbon periods from the level of
consumption during high carbon periods. A
constant pPUE during both periods indicates
that the data centre is not responding to
carbon emission variations.
Energy consumption is calculated at the
metering point, i.e. at the data centre’s
boundary. The question is therefore to
determine whether less electricity is withdrawn
from the system in periods of high carbon
intensity. A lower pPUE during periods of high
CO2 intensity indicates that the data centre is
running its cooling system flexibly, for example,
by using a storage unit charging during low
carbon periods and supplying the cooling
system during high carbon periods, as
illustrated in Figure 5.

Figure 5. Illustration of low (top) and high (bottom)
carbon intensity periods and impact on flexible cooling.
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An indicator that would account for the level of
on-site (variable) energy generation used for
self-consumption in data centres, thereby
excluding external procurement, would
provide a strong incentive to develop
advanced flexibility, as shown below with the
OwnREF.

Targeting the cooling system
Except for the CER, which indicates the amount
of heat removed from the data centre in
relation to the cooling subsystem, all the
indicators
could
provide
new
useful
information using the scope of the cooling
subsystem.

- Partial Energy Reuse Factor (pERF)
The partial Energy Reuse Factor, pERF, is an
extension of the ERF indicator, and also targets
the energy reuse of data centres. In doing
so, the pERF also supports more energy
efficiency in the cooling equipment,
besides heat waste recovery.

- Partial Renewable Energy Factor (pREF)
The REF promotes the use of renewables in
the data centre. Linking this indicator to the
cooling sub-system with the partial REF (pREF)
would have the effect of increasing the
efficiency of the cooling system to
minimize its energy input, in addition to
encourage decarbonization of the power
supply.

- Partial Carbon Usage Effectiveness (pCUE)
In targeting the cooling subsystem, the pCUE
shows the carbon footprint associated
with cooling, opposed to consumption by the
IT. This indicator addresses energy efficiency
in the cooling system, as an average
reduction in energy consumption will result in
environmental gains. It also encourages the
promotion of decarbonized electricity
supplies through either an agreement with
the supplier or on-site generation. Depending
on the variability of the decarbonized
electricity, the indicator will also provide an
incentive to invest in thermal storage. The
trade-off
between
the
different
decarbonization strategies – energy efficiency,
RES-based electricity and storage – will depend
on the relative per ton carbon price and the
investment cost in the on-site generation unit.

It is important to note that this indicator is not
appropriate in stimulating flexibility, even if a
time-step shorter than the annual step is used.
The reason is that the energy contract or the
contractual purchases of certificates included
in the REF acts to a certain extent as a
substitute for flexibility. A contract that
stipulates 100% renewable supply holds the
supplier responsible for ensuring a sufficient
portfolio of renewable energy sources to
account for their volatile effect. In other words,
a trade-off arises between the cost of
provisioning and hedging the service as
charged by the supplier, and the cost to the
data centre of investing in its own generating
unit to diversify its supply.
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Merging existing indicators
- Partial OwnREF to support autoconsumption of decarbonized energy and
flexibility in cooling
The partial pOwnREF focuses particularly on
the contribution of on-site renewable energy
production to the cooling system. With this
constraint linked to self-consumption, the
pressure to be more flexible is stronger, since
the flexible equipment in the data centre must
provide demand-response services or be
accompanied by storage capacities to make
the best use of the energy available over time.

- The Renewable Energy Reuse Efficiency
(RERE) for RES-based heat waste utilization
The Renewable Energy Reuse Efficiency, RERE,
merges the REF with the ERF. This indicator
directly connects the energy input from
renewable energies to the heat waste
that is generated by data centres
recovered outside their boundaries. The
indicator tracks the level of RES in the waste
heat used to supply the building or the district
heating. The indicator has a value of 1 when
100% of the heat energy reused is supplied by
RES-based production and incentivizes the use
of, for example, storage or the procurement of
green certificates.
Just like the variable piPUE, this indicator is
coupled with the carbon intensity of
electricity production over time indicated
by the CUF (see previous BOX).

- OwnREF and partial OwnREF to support
auto-consumption of decarbonized energy
The OwnREF indicator shows the share of
energy produced from on-site renewable
energy and consumed within the boundaries
of the data centre. It differs from the
renewable energy factor, REF, in that it targets
auto-consumption in order to limit the impacts
of data centres’ energy use on the existing
energy infrastructure. The incentive is greater
participation in decentralized decarbonized
energy generation such as from solar energy
and the possible storage capacity to meet all
or part of the data centre’s energy needs.
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New indicators based on new time steps
= * Energy consumption of the cooling system in kWh in
a fixed time interval determined by the ambient
temperature.

Fixed piPUE*

= ** Energy consumption of the cooling system in kWh
in a variable time interval determined by the carbon
intensity related to consumed electricity.

Variable piPUE**

= IT equipment energy consumption in kWh in the same
time interval used for cooling.

New indicators based on the cooling
subsystem scope

= Renewable energy in kWh owned and controlled by
the data centre.

Partial Renewable Energy Factor

= Annual energy from the data centre in kWh reused
outside its boundaries.

Partial Energy Reuse Factor
Total CO2
emissions

= Total CO2 equivalent emissions related to data centre
in energy use in kg.

Partial Carbon Usage Effectiveness

Merging existing indicators

= Renewable energy in kWh owned and controlled by
the data centre.

The Renewable Energy Reuse Efficiency

= Annual energy from the data centre in kWh reused
outside its boundaries.

Own Renewable Energy Factor

= Renewable energy use in kWh generated by on-site
sources.

Partial Own Renewable Energy Factor

= Annual data-centre energy consumption in kWh.

Table 3. Composition of the new indicators
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Table 4. Indicators and sustainability gains

EE: Energy Efficiency; HW: Heat Waste; RES: Renewable Energy Sources

2.4 How do the new
indicators support
decarbonization in
data centres?

The score given to each indicator in each
attribute refers to:
0: If the indicator does not affect the
dimension.
1: If the indicator opens the possibility to
incentivize a given dimension bot does not
implicitly do it.
2: If the indicator is useful in capturing the
dimension but mainly serves another purpose
3: If the indicator is multi-purposed and mostly
targets the dimension.
4: If the indicator describes the dimension as
its main purpose.

The developed KPIs are reviewed based on the
five dimensions of sustainability and scored on
the same scale as the existing KPIs (see 2.2).
Table 5 shows the scoring of each indicator in
each attribute. Since the new indicators target
the cooling sub-system, the energy efficiency
dimension in the table focuses on cooling.

Table 5. Sustainable KPIs scorecard
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Figure 6 illustrates how the developed KPIs
affect the sustainability dimensions compared
to the existing indicators.

Figure 6. Sustainable KPIs radar.

As reading examples, the piPUE encompasses
both the variable and fixed time-step variant,
and while energy efficiency is still the main
reading of the indicator, this allows the
indicator to react to all remaining attributes.
The partial indicator variants expand with a
dimension of energy efficiency, due to the
improvement option of reducing energy use
from the cooling subsystem. The OwnREF
indicators target the use of renewable energy
as the primary attribute, but with an additional
dimension in flexibility, due to the requirement
for RES auto-consumption that induce some
level of flexibility, which is exacerbated in the
pOwnREF.
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Upgrading existing indicators can therefore
significantly broaden the impact current KPIs
have on the 5 dimensions of sustainability.
The biggest gap is observed in the area of
flexibility, whose representation is increased
tenfold by the set of new indicators. The new
KPIs also allow for an almost fivefold increase
in the representation of RES usage in data
centres. CO2 emissions are represented
more than twice as much and waste heat
and energy efficiency of the cooling system
are captured 40% to 60% more.
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2.5 The way forward:
two technical
preconditions and three
economic factors
The effective use of the new indicators will
depend on two preconditions: that data-centre
operators can access the metrics required for
the construction of the indicator, and that
energy-related data are smartly pooled
together.

The proposed indicators build on the
metering of the energy used by the
cooling equipment and of on-site
production
at
hourly
intervals.
Distinguishing
the
energy
inputs
associated with the cooling system from
the rest of the data centre should be
established as a priority. Technically, this
simply requires installing a meter connected to
the cooling installation. On-site generators
must be associated with a net metering
system that keeps track of the electrical flows
behind the meter. The argument is simple: if
we want to account for the contribution of
these energy sources to the cooling supply, we
must be able to separate their energy inputs
from the traditional supply of electricity coming
from the grid. Besides, net metering allows the
contribution of each energy source to be
recorded over time, whether on an hourly
basis or more frequently. This is a
determining factor when considering data
centres as an electricity–heat interface, since
the main argument for integrated data centres
is that they ensure that heat recovery is
generated by RES-based cooling.

On the other hand, the usefulness of
indicators is measured by their ability to drive
change – and this is also affected by several
exogenous factors over which operators have
little or no control. When it comes to the
decarbonized integration of data centres,
these factors are of three kinds and concern
conditions in the electricity market, electricity
taxes and tariffs, and taxes related to the
recovery of excess heat.
Monitoring efficiency depends on access
to data, which can be more or less
challenging to obtain, depending on the
KPI. The useful metrics in implementing the
new indicators proposed here come from a
limited sub-set of equipment or activities: the
cooling sub-system, on-site generating units
and the quantity of generated heat waste.
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The collected data should then be
processed
using
advanced
datamanagement systems. This especially
involves synchronism between the collection
of the different inputs to energy inflows, the
possible charging and discharging of storage,
and outflows (heat waste). In the case of the
Fixed and Variable piPUE, the synchronism
must
also
include
exogenous
data
(temperature and the CO2 intensity of
electricity recorded hourly), which requires that
the data is effectively available and shared at
an appropriate time-step. This combination
can be challenging to obtain with the
multiplication of cooling technologies and data
sources. The effective use of complex
indicators
targeting
flexibility
and
decarbonized integration into energy systems
will depend on the ease of implementation and
the reliability of such smart systems in monitor
and connecting all the relevant data together.

Free-cooling is a good example of an energy
solution because of its low costs and negligible
environmental
impact.
The
continuous
reduction of electricity prices along with the
growth of renewables and the expected
increase in CO2 costs will push inefficient
equipment further out of the market, support
stringent
requirements
for
RES-based
electricity procurement, and act as a driving
force to keep better track of progress in and
monitoring of RES use.
The growing share of RES and the EU’s
decarbonization targets create a business
case
for
more
flexible
energy
consumption
and
for
supplying
decarbonized waste heat. The economic
trade-off in favour of storage, the flexible use
of electrical equipment, the self-generation of
RES and heat recovery thus depend on two
main factors: the potential sources of profit
from flexibility and heat recovery services,
which are added to the traditional business
practices of data centres; and the costs that
are associated with these services.

Finally, the information provided by the
indicators is only useful when it can guide the
operator's investment or operational
decisions towards sustainable choices,
which are also subject to exogenous
factors, especially reflecting the economic
and regulatory conditions that apply to
both the cooling equipment and the
energy systems.

As electricity prices fall and the value of
flexibility rises, the business case for the
active participation of data centres in electricity
markets will become stronger. This will include
an economic incentive to diversify cooling
sources to accommodate load adjustments
and to invest in thermal storage in order to
align periods of consumption with periods of
generation from cheap, carbon-free energy. At
the same time, experts also predict that
network costs and energy taxes are likely
to drive access to energy costs up.

The determining economic factors for
decarbonized integrated data centres are first
associated with the investment costs required
to replace or add new equipment, and then to
their operating costs.
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This trend will affect the choice between
resorting to the market or relying on selfgeneration to meet one’s energy needs.
Similarly, taxes associated with the supply of
excess heat will affect the profitability of
connecting the flexible electricity consumption
of data centres with the supply of carbon-free
heat to district heating.
In the end, the challenge lies in the
convergence of KPIs that are simple enough to
define and to feed with data, that target energy
consumption with a high decarbonization
potential, as is the case with the cooling system,
and that account for the main market trends
and the regulatory framework conditions in the
energy sector.
However, building up innovative indicators
alone will not be enough to curb the
energy trend in data centres. A strong
commitment from policy-makers and the
sector itself is needed to align data
centres’
growth
with
our
climate
ambitions. To this end, several initiatives from
the EU and the digital sector itself are underway
to establish future decarbonized pathways for
data centres.
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Although participation is voluntary, it is
mandatory for participants to monitor their
energy consumption continuously, report
yearly to the JRC, submit data showing trends
in their energy use, and implement the good
practices in energy management defined by
the Code of Conduct. These good practices are
divided into five categories based on the type
of equipment or part of the building at which
the efficiency gains are targeted (Table 6).
Some of the guidelines affect the entire data
centre, while others only apply to specific
equipment.

Measures are underway at the European level
to decouple the growth of data centres from
their carbon emissions, which have already
given rise to the Code of Conduct for Energy
Efficiency in Data Centres initiated by the
EU and the Climate Neutral Data Center
Pact initiated by the digital sector.

3.1 European Code of Conduct
Data Centre Energy
Efficiency
Within the EU, in 2008 the Code of Conduct for
Energy Efficiency in Data Centres was created
by the European Energy Efficiency Platform
team [7] to limit the increase in energy
consumption in data centres. The Code is
managed by the Joint Research Center (JRC) of
the European Commission [8].

Requirements
energy use

for

sustainable

Only a handful of minimum requirements
target the efficiency gains from cooling,
distributed between the categories of the
entire data centre, new build/retrofit, and
optional practices (see Appendix for details).
Except for practices that are considered
“optional”, all the guidelines should be
considered as minimum requirements.

The Code of Conduct is a voluntary program
that imposes common rules of conduct on
data centres in introducing a set of bestpractice guidelines supportive of lower
energy and resource use [9].

Table 6. European Code of Conduct's practice guideline categories
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Concerning existing data centres, the
Code of Conduct only recommends the
implementation of energy-management
processes to improve energy performance
over time. This mainly refers to educating
personnel to strive for better efficiency; to
achieve coordination gains between different
parts of the data centre, such as avoiding
recirculation and obstructions; and to monitor
the use of renewables. The guidelines also
address
operating
and
maintenance
procedures by establishing appropriate
equipment
maintenance
and
effective
operation that meets actual demand, for
example, building on revisions of IT service
demand
and
adjustments
to
the
corresponding cooling needs. All data centres
are also expected to monitor their power
usage using the PUE.

Ultimately, several optional practices cover
a wide array of activities affecting energy
use, ranging from the choice of where to site
the data centre to possibilities to enhance
reuse of waste heat. Notable practices include
the
installation
of
“capture-ready”
infrastructure capable of capturing waste
heat in new builds or retrofits and of heat
pump-assisted waste-heat re-use. Since 2008,
the EU Code of Conduct also includes the KPIs
of international standards, but their use
remains at the discretion of the
operators, only the PUE being a
mandatory measure on the part of the
participants. On the bright side, the PUE has
generated improvements in energy efficiency
in data centres over the last ten years.
However, we will have to wait until 2022 to see
whether adopting the ERE, ERF, pPUE, REF
and CER indicators becomes a minimum
requirement.

The guidelines that apply to newly built
data centres (built from 2021) and retrofit
(defined as data centres undergoing significant
refits of their mechanical and electrical
equipment) point towards investment in
efficient cooling and airflow circulation
equipment. The Code of Conduct especially
targets efficiency gains from the separation of
cooling needs, for example, by maintaining two
aisles at different temperatures if the
equipment in each aisle works optimally at
different temperatures, and by installing
cooling equipment with a high coefficient of
performance. Among the technological
recommendations, the guidelines strongly urge
operators to consider the use of free cooling,
but they do not give specific indications
regarding portfolios of cooling and
thermal storage equipment that would
enhance flexibility.

Progress made in energy efficiency
The total cumulated electricity consumption of
the participants as published in the latest JRC
report in 2016 was 3.7TWh. In its 2016 report,
the JRC updated past results published in the
Code of Conduct using the data provided by
268 participants and found a declining trend
in PUE values from 1.96 in 2010 to 1.64 in
2016 [10]. However, this 16% improvement in
energy efficiency over the reporting period
masks
substantial
differences
between
locations and participants.
Facilities located in the Nordic region and
central Europe show better results mainly
due to their colder climatic conditions
than those located in southern Europe, with
PUE values 1.71 and 2.0 respectively.
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The JRC study also reveals that 52% of
participating European facilities reported a
PUE of between 1.6 and 2.0, while only 1%
reached values between 1.1 and 1.2 in data
centres
using
advanced
free-cooling
technologies.

BOX
Insights on data centres
energy efficiency

Several past studies have shed light on
the evolution of energy efficiency in data
centres using PUE benchmarks.

The results also indicate that medium-sized
data centres, which make up the vast
majority of the participants to the Code of
Conduct, have performed less well
compared to large or small-sized data
centres. In 2016 the smallest and largest sites
showed PUEs of 1.76 and 1.7 respectively,
against an average PUE of 1.84 in mediumsized sites.

In 2010, Koomey estimated an average
PUE of 1.92 among 61 data centres
located in the USA [11]. The Uptime
Institute published the results of a survey
carried out with a thousand worldwide
data-centre operators. A declining trend
reflecting improvements in the use of
energy was found, from 2.1 in 2007 to
1.89 in 2011 and down to 1.65 in 2013
[12]. Also in 2013, Bertoldi reported an
average PUE of 1.77 among 221 European
data centres participating in the Code of
Conduct programme [13].

The report mainly attributes the general
efficiency gains to the use of advanced freecooling solutions that contribute to widening
the geographical performance gap between
data centres. Other driving forces are mainly
attributed to the implementation of
advanced practices for reading and
reporting total and IT energy use and in
better equipment reviewing, for example,
through better assessments of cooling needs
before equipment changes. It is worth noting
that, despite their share in the total energy
consumption of data centres, cooling
systems are very rarely subject to
technical
improvements
aimed
at
enhancing their performance.

3.2 Climate Neutral Data
Centre Pact
The Climate Neutral Data Centre Pact [14] is a
self-regulatory initiative launched in 2020 in
response to the EU Green Deal. It is
administered by a coalition between Cloud
Infrastructure Service Providers in Europe
(CISPE) and the European Data Centre Alliance
(EUDCA) and gathers together more than sixty
of the largest actors in the sector. The Pact
presents the set of actions that data-centre
operators and trade associations have jointly
agreed to enhance the sector’s efficiency and
align it with the proposed climate law [15].*

*The initiative is expected to be signed by trade
associations and companies with their own data centres.
The list of signatories includes 22 associations from
multiple countries, including Germany, the UK, France
and Denmark, and 40 operators, including Amazon,
Microsoft and Google.
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Milestones in RES use and energy
efficiency

BOX
The European Green Deal

The Pact is intended to align the commitments
of the Member States in terms of
decarbonization plans and data centres and
introduces measurable targets and milestones
(Figure 7):
All data centres with a maximum IT power
demand of 50 kW operating in cool
climates should meet an annual PUE target
of 1.3 and of 1.4 for data centres operating
in warm climates by 1 January 2025 for
newly constructed data centres and by 1
January 2030 for all the existing data
centres. The initial period of measurement
will cover the period from 1 January 2022
to 31 December 2022.
75% of the electricity used in data centres
must be supplied by renewable or carbonfree energy sources by 31 December 2025
and 100% by 31 December 2030. This
corresponds to REF targets of 0.75 and 1
respectively.

The European Green Deal aims to lay the
legal foundations to accelerate, among
other things, efficient energy use in
encouraging a clean and circular
economy, and it outlines a portfolio of
policy measures. It sets the roadmap to
make the European economy sustainable
in reaching zero net emissions by 2050.
With the European Green Deal, a push
has started to emerge from policy-makers
and industry players to decarbonize data
centres and the ICT sector as a whole. The
Green Deal sets specific emissions
reduction targets, proposed as law
through the Climate Law, while the
Climate Neutral Data Centre Pact sets
specific targets to meet these proposed
reduction targets.

Figure 7. Milestones set in the Climate Neutral Data Centre Pact concerning energy efficiency and RES
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Towards better integration with
waste heat and the inclusion of new
metrics?

BOX
Other pushes from industry

Finally, the Climate Neutral Data Center Pact
has placed two major topics on its agenda as
priorities to ensure that the sector will be
climate-neutral. Data-centre operators are
initiating a dialogue with district heating
system operators to explore the potential
for connecting them. Although there is
currently no mention in the Pact of any target
for energy reuse or waste-heat recovery, these
topics are likely to gain in importance during
the second half of this decade. In early 2021
the Pact also announced its intention of
defining new KPIs as a critical means of
drawing attention to the efficiency and
decarbonization potential that is currently
sidelined.

Other projects and initiatives have also
taken up the issue of decarbonization
targets and energy indicators in data
centres to accelerate their transition.
The Sustainable Digital Infrastructure
Alliance is an independent alliance of
stakeholders working across the digital
sector which looks at ways of adapting
digital infrastructure to move towards
zero-impact development. It has
developed a roadmap to reach the 2030
sustainability goals that includes:
Cooling systems designed to consume
less energy and to support heat
recovery. The target is set to
consume at most 10% of the
maximum IT load and to deliver
60% of the electrical input as
excess heat.
60% efficiency gains should be
achieved through a better utilization
rate of hardware.
The RES must cover 50% of energy
needs.
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4 - CONCLUSION
In this report, nine new indicators have been
put forward building on current standard
indicators, all addressing several dimensions of
decarbonization with a special focus on the
cooling system as the main source of flexibility
and decarbonization.

The establishment of standards aimed at
refocusing the impact of data centres on their
carbon footprints and energy requirements is
a necessary step in shaping the future
development of the sector. Stakeholders in the
digital sector have taken up the issue
themselves by setting targets and milestones
for energy efficiency and carbon-free energy
use.

Their effective use and usefulness will depend
on meeting the technical and economic
preconditions for accessing data, connecting
them and supporting sustainable choices by
data centres. More active involvement by
policy-makers also seems necessary in order
to accelerate the efforts to decarbonize the
sector, notably in setting binding targets for
the systematic monitoring of KPIs and the
establishment of transparency rules aimed at
collecting data on energy consumption and the
actuators' performance. This transparency and
data collection should be made a priority as
the first step in applying advanced benchmark
methods
to
establish
ambitious
decarbonization
objectives
that
will
progressively force the sector to fully mitigate
its carbon footprint. Such strong signals would
have the effect of creating market incentives
for manufacturers to come up with innovative
solutions and would support better the
consideration of flexibility and heat-supply
potentials by energy operators.

Despite these efforts, it is clear that there is
still room for improvement. The performance
indicators associated with the efficiency
standards of data centres are often too
generic and only capture efficiency gains and
opportunities
for
flexibility
and
decarbonization to varying degrees. On the
bright side, current KPIs have helped drive
significant improvements in the energy
requirements of data-centre IT components
over the past ten years. In the coming decade,
a more detailed view of the energy
consumption of data centres and their
decarbonization potential will be desirable in
order to move towards a zero-emissions
sector.
One step forward will be to revise the classic
conception we have of data centres as
isolated, energy-consuming actors so as to trat
them as fully integrated active players
providing services to energy systems.

The project of the European Commission
President Ursula von der Leyen to make the
Green Deal the first European Climate Law
may in the future support the implementation
of binding efficiency targets and encourage the
integration of new ones. Until then, however,
and like the KPIs place in international
standards, the Climate Neutral Data Center
Pact only constitutes an indicative framework.

Resituating the data centre at the centre of the
energy system is the first step in highlighting
the synergy effects between data-centre
operators and energy systems and to redefine
the overall benefits of integration. This
definition of a fully integrated data centre
provides the framework within which to build
on current indicators.
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APPENDIX - EXAMPLES OF BEST PRACTICES
Entire Data Centre
Data-centre management
The management practices envisage that the data centre:
Establishes a board containing representatives from all data-centre disciplines (IT, M&E
engineering and Applications/Software) to ensure that new solutions in an area do not
compromise the efficiency of other areas.
Implements energy management, an example of which is the ISO 50001 standard.
Monitors energy use from renewable/sustainable energy sources, for example, by using the KPI
REF as introduced by DS/EN 50600-4-3 or ISO/IEC 30134-3.
Trains personnel responsible for data-centre operations in the practices they should comply
with.
Manages airflow as well as possible given existing layout to minimize mixing hot and cold air, air
recirculation, and turbulence from obstructions.
Data-centre O&M
Operation & Maintenance includes:
Operating under temperature conditions best suited for the data centre’s equipment;
considering the data centre as industrial space, and not space that should cater to general
comfort.
Ensuring proper maintenance, such that equipment operates as efficiently as possible.
Operating while considering the actual demand, such that the IT and cooling loads are
optimized.
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New Build/Retrofit
Cooling system
Important factors to consider when designing new data-centre cooling systems include:
Contained hot/cold aisle separation for optimal airflow, with variable speed fans and pressure
control.
Segregation of equipment with different cooling needs to tailor temperatures better for
equipment with different requirements.
Investigating the possibility of installing free-cooling, for example, when outdoor conditions are
cold.
Chillers with a high CER should be used and should be operated based on normal IT load
conditions and needs, and not maximum load or other cooling needs.

Optional Practices
Re-use of waste heat
The possibility of re-using waste heat includes:
Direct waste heat re-use in adjacent spaces or heat pump-assisted re-use when the temperature
is too low for direct re-use.
Introducing re-use indicators ERE and ERF as measuring metrics.
Considering installing capture-ready infrastructure during new builds/retrofits to prepare for
future energy re-use.
Free-cooling
Integrating free-cooling as the main method of data-centre cooling, for example, by directly utilizing
external ambient air, or chilled water cooled by external ambient air.
Expected to become a minimum requirement
Practices planned to become minimum expected practices in the 2022 CoC update include:
Reporting pPUE, CER, REF in energy management reports.
Introducing a plan for LCA.
Specific targets for PUE and CER are also being considered as a minimum expected practice.
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