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1. Introduction
In FP7 Second Call 6 projects were created, which share the global aim of increasing
renewable energies use, heat reuse and the utilization of Smart Grids. Added to 2 of
the projects that were created in FP7 First Call, a 8-project Cluster (containing 50
partners involved) was created in order to standardize their procedures as much as
possible, to ease the further evaluation of the results obtained. The goal of the Cluster
is to ensure that if the projects measure a common variable, they are going to use the
same metric measured in the same way. By doing this, the information coming from the
results of each project will be directly comparably and understandable by the other
members of the Cluster, making feedback gathering way more efficient.
The projects included in the cluster and a brief explanation of their goals is listed below.
- All4Green. How to shape the energy consumption of DC’s in order to schedule load
so as to use mid-term predictable energy overproduction, and to avoid sudden peaks of
energy power consumption as well. Design Green-SLA’s between DC’s and end users.
- CoolEmAll. Providing advanced simulation, visualization and decision support tools
(SVD Toolkit) along with blueprints of computing building blocks (ComputeBox
Blueprints) for modular data centre environments. Once developed, these tools and
blueprints will minimize the energy consumption, and consequently the CO2 emissions
of the whole IT infrastructure with related facilities.
- GreenDataNet. Development of energy proportional DC’s through optimization of IT
loads and cooling, Development of greener data centers through use of local
renewable energies and utilization of new battery technologies from the automotive
market to store energy and help mitigate power generation and usage imbalance.
- RenewIT. Creating advanced energy simulation tools for integration of renewable
energy sources in Data Centres and mitigating CO2 emissions. Optimize energy
consumption in DC’s. Energy recovery and use of efficient technologies to reduce the
environmental footprint. Explore opportunities for IT load management across DC’s for
thermal response supplies.
- GENiC. Design an integrated thermal, power, and IT load management platform for
integrated data centre management. Use a range of renewable energy sources as
input to power management with the aim to explore possibilities to power data centres
largely from renewable energy sources for some period of time. Explore opportunities
for IT load management across data centre in response to thermal and power supply
constraints.
- GEYSER. Trading-off local energy efficiency and carbon reduction footprint against a
broader system-level smart city energy efficiency, while maximizing the use of
renewable energy. Combine innovative AC/DC data centre optimized design practices
with real time smart synergistic IT infrastructure, cooling and power subsystems for
energy monitoring and control, with flexible supply/demand load and energy
management within green energy-led marketplaces and geographical renewable
energy supply-aware load balancing.
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- Dolfin. Model, monitor, and measure energy consumption and enable seamless,
autonomic migration of VMs between servers of the same DC or across a group of
Energy-conscious, Synergetic DCs, aiming to: optimize the overall energy consumption
by dynamically changing the percentage of active versus stand-by servers and the load
per active server in a DC, and stabilize the Smart Grid energy distribution, under peak
load and increased demand, by dynamically changing the energy consumption/
production requirements of the local DCs.
- DC4Cities. Help data centres to maximize their utilization of available renewable
energy sources by optimizing the overall energy consumption, to reduce absolute
energy footprint and adapting energy demand to the renewable energy availability in a
dynamic way. All of these concepts are in line with Smart City Energy Authority
directives on energy usage planning.
As we have previously seen each project in the cluster has its own goals, so they need
to measure different events. That is why the following table is shown in order to clarify
that aspect and to summarize goals, so it will be known which group of metrics will be
used by each project.

Objectives
Run DCs in an energy
adaptative mode to
increase the use of RES
and/or to adapt to the
requests received from
the SC1

DC4Cities

DOLFIN

GEYSER

GENIC









Explore opportunities for
IT load management
across DCs due to thermal
or power constrains

Renew
IT

All4Green

CoolEm
All













Optimization of the energy
consumption in DCs
(increase of the energy
efficiency)2







Decrease of the
environmental footprint







Use of efficient
technologies in the facility:
absorption chillers, etc.



Energy recovery














Energy storage: batteries
Design a set of metrics
that assess the success of
the project

GreenData
Net
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Comparison of the energy
efficiency/use of RES and
environmental footprint in
different DC





Energy/power consumptions (load) 1
IT

Cooling
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Transformer

Lighting
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Total

DC4Cities
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GEYSER
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RenewIT
GrenDataNet



All4Green



CoolEmAll



Energy
produced
locally
DC4Cities









Heat
recovered/Energy
reused










DOLFIN
GEYSER





GENIC



Power
shifting

Power
being
federated

CO2
emissions

Economic

Applications































Performance

RenewIT











GrenDataNet

























All4Green
CoolEmAll

Table 1 - Measuring needs and objectives summary of each project
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The Cluster agreed to define 6 Tasks to achieve these goals; each Task has its own
leaders and collaborators. This document will focus in explaining Task 3, which was
divided in 3 other Tasks as a result of Task 2, developed in the first Work Shop that
took place in Barcelona.
A small summary of Task 3 is written below:
Task 3: Propose new metrics based on the existing ones that improve their limitations.
- March -June 2014, leaded by Gas Natural Fenosa (GNF).
The Cluster decided to split Task 3 into 3 different Tasks, with independent leaders.
- Task 3.1: Choose current metrics for measuring energy/power consumptions
selected from existing ones.
This Task was leaded by EATON, working with CoolEmAll (IREC), DC4Cities
(GNF), GENIC (UTRC), GEYSER (TUC&Engineering&SingularLogic) and
RenewIT (IREC) as contributors.
The main goal of this Task is to define the final standardized metrics that will be
used for measuring energy and power consumptions. This Task has to include
metrics for measuring IT, Cooling, UPS, Transformer, Lightning and Building
consumptions.
- Task 3.2: Metrics for measuring use of RES, energy reused and flexibility of
DCs to minimize their energy consumptions and environmental footprint.
Leaded by GNF and working with CoolEmAll (IREC), GENIC (UTRC), GEYSER
(TUC&Engineering&SingularLogic), and RenewIT (IREC) as contributors.
GreenDataNet (EATON) has agreed on the results.
The main goal in this Task is to create or modify existing metrics in order to be
able to measure new concepts of energy in DCs, within the context of Smart
Cities and Smart Grids.
- Task 3.3: Metrics for measuring performance in DCs.
This Task was headed by ENEA. It discusses recently developed concepts and
proposes alternatives for measuring useful work.
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2. Task 3 results
The main goal of Task 3 is to define new metrics based on the ones obtained in Task
1, improving the metrics’ limitations that were discussed in Task 2. This Task 3 can be
considered one of the core Tasks of the Cluster, since the proper selection of the
common Key Performance Indicators (KPIs) able to determine the behavior of the
analyzed DCs is a key issue when analyzing and comparing the different projects
outcomes.
The results of Task 1 are shown in the following Table. It is clear that the amount of
KPIs for each variable that needs to be measured is too extensive, and a proper
selection needs to be done in order to standardize concepts among the Cluster
members and facilitate result sharing and feedback.

Table 2 - Results of Task 1.

The following sections contain a summary of the results obtained through Tasks 3.1
and 3.2. It has been decided to classify metrics considering the parameter they are
measuring, in order to ease the explanation of them.
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2.1. Energy/power consumption metrics
2.1.1. PUE – Power Usage Effectiveness
Proposed by: Green Grid1.
Proposed within the Cluster by: SubTask 3.1 (EATON)2.
Measures: How much power is used by the IT Equipment in contrast to Facility.
Measuring unit: unit-less (no.).
Calculation Method:

Equation 1 - PUE – Power Usage Effectiveness

To solve inconsistencies, a group of global leaders has been meeting regularly to
agree on standard approaches and reporting conventions for key energy efficiency
metrics3. In consequence of that, four categories of PUE have been defined, PUE 0
being the current category for the first PUE definition. In fact, PUE 0 is still a demand
based calculation representing the peak load during a 12-month measurement period4.

The IT power is represented by the demand reading of the UPS system output or sum
of outputs if more than one UPS system is installed, as measured during peak IT
equipment utilisation.
The most recent activities of The Green Grid about metrics focus the nomenclature of
PUE on the point of measurement, data measurement frequency and averaging
period5.
Being the PUE initially introduced as instantaneous value based on power
measurements, some efforts were done by the Data Centre Efficiency Task Force to
extend PUE to energy usage effectiveness in data centre facilities by defining PUE1-3

1

http://www.thegreengrid.org/~/media/WhitePapers/WP49PUE%20A%20Comprehensive%20Examination%20of%20the%20Metric_v6.pdf?lang=en
2
See Annex I.
3
Global Metrics Harmonization Task Force, “Harmonizing Global Metrics for Data Center Energy
Efficiency. Global Taskforce Reaches Agreement on Measurement Protocols for PUE Continues
Discussion of Additional Energy Efficiency Metrics,” 2011.
4
Data Center Efficiency Task Force, “Recommendations for Measuring and Reporting Overall Data
Center Efficiency. Version 2 – Measuring PUE for Data Centers,” 2011.
5
The Green Grid, “White paper #49. PUE (TM): A comprehensive examination of the metric. Confidential
Report,” 2012

10

depending on the measurement point and respectively at the UPS, PDU and single IT
equipment. The methodologies for calculating PUE are given in the cited paper.

IT Energy

Total Data Centre
Facility Energy

PUE ENERGY ELEMENTS
PUE Category 0
PUE Category 1
PUE Category 2
- Instantaneous
- Total annualized - Total annualized
peak kW demand. kWh
kWh
- Measured at
consumption.
consumption.
UPS output.
- Measured at
- Measured at
UPS output.
PDU output.
- Instantaneous
peak kW demand.
- Measured at
facility input.

- Total annualized
kWh
consumption.
- Measured at
facility input.

- Total annualized
kWh
consumption.
- Measured at
facility input.

PUE Category 3
- Total annualized
kWh
consumption.
- Measured at IT
input.
- Total annualized
kWh
consumption.
- Measured at
facility input.

Table 3 – Different PUE categories.

The use of PUE1-3 may allow data center operators to find where energy is lost in their
power infrastructure.

2.1.2 CER – Cooling Effectiveness Ratio
Proposed within the Cluster by: ISO/IEC 30134 (provisional)
Measures: This metric indicates the relation between the total heat removed by the
cooling system and the electrical energy used for cooling.
Measuring unit: unit-less (no.).

Equation 2 - CER - Cooling Effectiveness Ratio

In addition, CER is a generic concept for other sub-systems, which allow measuring
other concepts. For example, it can be used to measure the percentage of total heat
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removed by air handling units or the electrical energy provided by power distribution
systems.

2.1.3 EE – Energy Effectiveness for HVAC cooling mode
in a season
Proposed by: GENiC(UTRC).
Proposed within the Cluster by: SubTask 3.2 (GENiC(UTRC)-DC4Cities(GNF))6.
Measures: The energy efficiency of the HVAC system in a data center in a given time
horizon.
Measuring unit: unit-less (no.).

Equation 3 - EEtotal – Energy Effectiveness for HVAC.

-
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: AC energy consumed by HVAC equipment at time I
measured on site.
is the Net Capacity (
measurements:

at time i based on the following real time

[8]
Equation 4 - Nci – Net Capacity.

: Inlet air temperature (ºC).
Outlet air temperature (ºC).
: Air flow rate (kg/s).
System specific heat constant (e.g. air, fluid, etc) on the (J/(kg ºC)). At time
i=1 the baseline value of Net Capacity is the original manufacturer’s data (i.e.
, or an evaluated value of the particular equipment at that time.
gives a measure of how efficient the HVAC system is running for the amount of
energy consumed over time N

6

See Annex II.
HVAC Efficiency Definitions, Carrier Corporation, John Mix, May 2006 http://www.usaireng.com/pdfs/efficiency-definitions.pdf
7

8

Energy Performance Assessment of HVAC Systems, Chapter 9, Bureau of Energy Efficiency India.
http://www.enercon.gov.pk/images/pdf/4ch9.pdf
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2.2. Flexibility mechanisms in Data Centres: Energy
shifting
2.2.1. Adaptability Power Curve (APC)
Proposed by: DC4Cities (GNF).
Proposed within the Cluster by: SubTask 3.2 (DC4Cities(GNF))9.
Measures: How much the DC has adapted its energy consumption to a planned
energy curve. This metric measures the degree of this adaptation.
In a Smart City or Smart Grid context, a energy manager will define an energy usage
plan to each DC (or in general, to each consumer), taking into account the renewable
energy availability or other factors that will be relevant to optimize the grid (demand
reduction during peak hours, etc). DC will have to adapt its energy profile as close as
possible to this “planned energy”. The aim of this metric is to quantify the adaptation of
the DC energy profile at this objective energy profile, and thus, provide information
about how the DC is allowing the smart grid to operate according to its planned
optimized parameters.
If no energy manager authority exists, this planned curve will be performed by the Data
Centre taking into account the different energy providers and the objectives that the
Data Centre wants to achieve (e.g. maximizing renewable consumption, minimizing
electricity bill, etc). Therefore, in this case the metric will be providing information about
the degree of achievement of the own DC optimization goals.

Measuring unit: unit-less (ø).
Calculation Method:

Equation 5 - APC – Adaptability Power Curve.

9

See Annex II.
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APC ranges from 0.0 to 1.0, with 0.0 meaning DC has not adapted to the planned
energy curve and 1.0 means all energy consumption has adapted and its deviation
from the optimal curve is zero.
KAPC is a factor needed to normalise consumptions. Due to the inclusion of the flexibility
mechanisms, variations in the global energy consumption can happen. Moreover,
variations due to services provided can appear, as planned curve and real
consumption are not simultaneous in time (planned curve is calculated previously from
demand prediction and electricity production). Thus, it is needed to normalise the
curves in order to compare the profile of consuming without introducing this distortion.
Where:
- EP i 10 = Planned Energy (kWh).
- EDC i = DC Energy consumption (kWh).
- i = Time period.
- K= Correlative factor to make the curve area the same.
In figure 1 it can be observed DC daily11 energy consumption profile versus planned
energy curve.

Figure 1 - DC planned power and DC power.

Figure 2 represents the numerator of the APC equation which shows the area
contained between the two curves (Planned Power and DC Power). The area means
the cumulative absolute error between DC Power and Planned power.

10

If Energy data is not available, it will be calculated from power measures. Time interval to calculate
energy must be at maximum 1 hour. The complete methodology will be developed in Task4. It is
important to note that it has been supposed that a DC in operation can never have a null consumption.
11
Time period in this specific example is one day, but other temporary base can be agreed. As the
metric compare two curves, n will be always ≥1.
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Figure 2 - Cumulative absolute error between DC Power and Planed power.

Figure 3 shows the area under DC power curve (denominator), which means the total
energy consumption of DC.

Figure 3 - Energy consumption of the DC.

2.2.2. Adaptability Power Curve (APCren) at Renewable
Energies
Proposed by: DC4Cities (HP).
Proposed within the Cluster by: SubTask 3.2 (DC4Cities(GNF))12.
Measures: it is a special case of APC and it represents how much the DC energy
consumption profile has adapted to a renewable curve. This metric uses the same
12

See Annex II.
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structure as the APC metric, introducing a K factor, but in this case for adapting RES
energy order of magnitude to the DC energy consumption. RES energy can be total
RES from the grid and therefore, much bigger than the consumption of an individual
consumer. K factor equalizes the total energy of both curves orders of magnitude,
allowing comparing the profiles.
Measuring unit: unit-less (ø).
Calculation Method:

Equation 6 - APCrem – Adaptability Power Curve at Renewable Energies.

As the renewable curve can include the entire renewable availability from a supplier or
entire renewable production at grid / microgrid level, the order of magnitude of this
curve can be not comparable with the DC consumption curve. Thus, in order to assess
how much the profile consumption of a DC has been adapted to the renewable
availability, it is needed to make equal both orders of magnitude. For this reason, the
factor KAPCRen has been defined.
Where:
- Eren i = Renewable Energy production (kWh).
- EDC i = DC Energy consumption (kWh).
- KAPCRen= Correlative factor to make all the variables comparable.
- i = Time period.
Example: the next graph represents the daily energy profile consumption of two
different DCs, DC1 and DC2. The red curve represents renewable energy availability.
In order to compare which of both DCs has an electricity consumption profile more
adapted to the availability of renewables, APCren will be used.
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Figure 4 - Renewable power curve, DC1 power curve and DC2 power curve.

APCren DC 1: Figure 5 represents the adaptation of renewable power curve to PDC1
curve using the K correlative factor to make the values of both curves comparable.

Figure 5 - Power curves corrected with the factor k.

Figure 6 shows the denominator of the APCren equation (PDC1 area’s curve) which
means the total energy consumption of DC1.
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Figure 6 - Energy consumption of the DC1.

In figure 7 is represented the numerator of the APCren equation which shows the area
contained between two curves (Renewable power and PDC1). The striped area means
the absolute error between PDC1 and renewable power. The white area, the intersection
between both curves, is the amount of energy from the total consumption from DC1
that will be renewable.

Figure 7 - Accumulative error contained between curves Pren and PDC1.

APCren DC1= 0,301
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APCren DC 2:
Figure 8 represents the adaptation of renewable power curve to PDC2 curve using the K
correlative factor to make both curves comparable.

Figure 8 - Power curves corrected with the factor k.

Figure 9 represents the denominator of the APCren equation (PDC2 area’s curve) which
means the total energy consumption of DC2.

Figure 9 - Energy consumption of the DC2

In figure 10 the numerator of the APCren equation which shows the area contained
between two curves (Renewable power and PDC2) is represented. As in previous
example, this area means the cumulative absolute error between PDC2 and adapted
renewable power:
19

Figure 10 - Accumulative error between contained between curves Pren and PDC2

APCren DC 2= 0,575
DC2 has an APCren of 0,575 and DC1 of 0,301. It means that DC2 has adapted to
renewable curve better than DC1, having a more similar profile and, thus, covering a
higher percentage of the consumption by renewable sources.

2.2.3. DCAdapt (DCA)
Proposed by: DC4Cities (Un.Mannheim).
Proposed within the Cluster by: SubTask 3.2 (DC4Cities(GNF))13.
Measures: this metric measures how much the DC energy profile has shifted from a
baseline energy consumption after the implementation of flexibility mechanisms (new
control components for shifting workloads, etc). These flexibility mechanisms are
implemented to adapt the DC energy consumption as close as possible to the planned
energy curve. This metric measures the change of the energy consumption curve.
It is important to distinguish this metric from APC. APC compares a planned curve,
which is sent by an energy manager in order to modify DC consumption according to
energy optimizations and/or constraints, and the actual final DC consumption, which
has been modified trying to follow this planned energy curve. The information that
provides this indicator is the DC’s flexibility: the capability of the DC to adapt its
consumption to a demand response order. Although planned energy curve is
determined previously, information given by both curves belongs to the same time
period.
On the other hand, DCA provides information about the flexibility that has been
achieved after implementing actions to adapt DC energy consumptions to certain
periods of time that are selected as more advantageous, in comparison with the energy
13

See Annex II.
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profiles before operating in this adaptative way. The reason of the changes will be
normally the adaptation of the consumption to the planned power curve (own or
provided by a smart grid authority), but this metric provides no information about the
accuracy level of this adaptation, but the degree of flexibility achieved due to the
modifications in the operation approaches of the DC. These two curves needed to
calculate DCA are not simultaneous in time and information before and after
implementing changes in the DC is needed.

Metric

Curve 1

Curve 2

APC

Planned Power

PDC Real

This curve represents the consumption
that a DC should have to adapt its
consumption
to
and
energetic
optimization or constraint, i.e. the
changes in electric consumption
profiles that are ordered to the DC to
be adapted to a demand response
requirement.

This curve represents the actual
consumption, as DC is not going to be
always able to adapt all the
consumption to the order (Planned
Power).

PDC Baseline

PDC Real

This curve represents the energy
consumption pattern of a DC before
implementing actions/changes in SW
or equipment that imply variations in
this pattern (flexibility).

This curve represents the actual
consumption, after the implementation
of flexibility mechanisms due to
actions/changes in SW or equipment.

DCA

Planned power and PDC Real are
simultaneous in time. One represents
a theoretical consumption (order) and
the other represents the actual
consumption during the same time
interval.

PDC Baseline and PDC Real are not
simultaneous. Consumption patterns
in different periods are compared.

Table 4 - Use of each Adaptability metric.

Measuring unit: unit-less (ø).
Calculation method:

Equation 7 - DCA – Data Centre Adapt.

If the value of DCA is equal to zero, it means that the cumulative difference between
the two curves is greater than the consumption of baseline; a value of DCA equal to 1
means that the curve has not changed.
KDCA is a factor needed to normalise consumptions. Due to the inclusion of the flexibility
mechanisms, variations in the global energy consumption can happen. Moreover,
variations due to services provided can appear, as planned curve and real
consumption are not simultaneous in time (planned curve is calculated previously from
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demand prediction and electricity production). Thus, it is needed to normalise the
curves in order to compare the profile of consuming without introducing this distortion.
Where:
- EDCBaseline i = DC baseline energy consumption (kWh). Energy consumption before the
implementation of flexibility mechanisms. Baseline energy consumption profiles must
be obtained analysing and modelling the energy consumption of the DC before the
actions to adapt flexibility mechanisms has been implemented.
- EDC Real i = DC real energy consumption (kWh). Energy consumption after the
implementation of flexibility mechanisms.
- K = correlative factor to make the curve area the same.
- i = Time period.
Figure 11 shows an example. DC energy baseline consumption profile (before
measure’s implementation, DC energy real consumption (after action’s implantation)
and planned power (after action’s implantation) are shown.

Figure 11 - Baseline energy consumption of DC, real energy consumption of DC and planned
power.

Figure 12 represents the numerator of the DCA equation which shows the area
contained between two curves (EDCbaseline and EDCreal). The area means the cumulative
absolute error between EDCbaseline and EDCReal:
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Figure 12 - Cumulative absolute error contained between curves EDC-baseline and EDC-real.

The denominator of the DCA equation, which means the total energy consumption of
EDC baseline, is represented in the following figure:

Figure 13 - Baseline energy consumption of DC.

DC Adapt = 0 means DC energy real profile has not shifted from energy baseline
consumption.
DC Adapt = 1 means DC energy real profile has shifted from energy baseline
consumption.

2.2.4. Flexible Energy Rate (FER)
Proposed by: DC4Cities (GNF).
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Proposed within the Cluster by: SubTask 3.2 (DC4Cities(GNF))14.
Measures: how much energy consumption from the DC is flexible (has the ability of
being adaptable).
Previous indicators are focused on the operational analysis of the DC. On the contrary,
this index can be used for planning and design phases, so that it provides information
about the energy consumptions that have the ability of being adapted.
Measuring unit: unit-less (ø).
Calculation method:

Equation 8 - FER – Flexible Energy Rate.

FER ranges from 0.0 to 1.0, with 0.0 meaning DC has no flexibility and 1.0 means all
energy consumption is flexible.
Where:
- FE = Flexible Energy (kWh), i.e. the capacity that a DC has to adapt their energy
needs in a certain period of time due to the inclusion of flexibility mechanisms.
- EDC = DC Energy consumption (kWh)
As electricity for cooling represents a significant percentage of the electricity
consumptions in DCs, it is proposed to use a period of 1 year to calculate this index.
Examples:
Example 1: as mentioned before, in a common DC the electricity consumption for
cooling represents a significant amount of energy. A percentage of the cooling energy
consumption can be shifted to other time periods because flexible mechanisms can be
introduced (i.e. thermal energy storage, gap between maximum and minimum
temperature that can be used for adapting the consumption profile to the availability of
RES, etc).
In this example, it is considered that there is a flexible energy consumption for cooling
of 133.000 kWh annually and total DC annual energy consumption is 350.000 kWh. In
case that the other energy consumptions are not flexible (called “non flexible energy”),
the FEI metric of this DC should be calculated as follows:

The result is a FER equal to 38%, thus the maximal flexibility capability of the DC is this
percentage.
14

See Annex II.
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DC Energy distribution
3%

Usage 1

NFE
62%

Usage 2
38%
52%

Usage 3

Cooling
6%

Usage 4

FE
38%

1%

Figure 14 - Flexible Energy in this DC example.

Example 2: from all the IT services provided by a DC, it exists a 20% that can be
shifted to other time periods in a time interval of 24 hours, since the customer does not
require that these services are available instantaneously. For this reason, this
consumption can be considered as flexible.
In this example, it is considered that the total consumption of the DC is 1.500.000 kWh,
being a 60% of this consumption needed to feed IT equipment, which is equal to
900.000 kWh. As only a 20% of this consumption is flexible (180.000 kWh), FER will be
equal to 0,12.

Figure 15 - Flexible Energy in this DC example.

2.2.5. Managed Energy Rate (MER) and Managed
Flexible Energy Index (MFER)
Proposed by: DC4Cities (GNF).
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Proposed within the Cluster by: SubTask 3.2 (DC4Cities(GNF))15.
Measures: How much DC energy is really managed: it is the ratio between actually
shifted energy vs maximum flexibility. This parameter will provide information about the
operation phase, comparing the flexibility that has been achieved in a DC in
comparison with the maximum defined in a design phase.
MER measures the energy managed yearly in a DC versus the total consumption of
the DC.
MFER measures the energy managed yearly in a DC versus the total flexible energy
consumption of the DC (versus the total flexibility capacity of the DC).
Measuring unit: unit-less (ø).
Calculation method:

Equation 9 - MER and MFER – Managed Energy Rate and Managed Flexible Energy Index.

Where:
- ME = Shifted Energy (kWh). It is the energy that is managed.
- FE = Flexible Energy (kWh). See metric 3.1.3.
- EDC = DC Energy consumption (kWh).
Example: In a common data centre the energy cooling consumption represents a
significant amount of energy. Continuing with the previous example (example 1), from
the total 133.000 kWh of cooling consumption only 66.500 kWh are shifted due to the
installation of a thermal energy storage system and the regulation of variable
temperature.
So the energy cooling consumption that is really shifted represents a 50 percent of total
cooling flexible energy.

NFE
62%

100 % MFER

FE
38%
MFER
50%
Figure 16 - Flexible Energy (38%) and Managed Flexible Energy (50%) of this DC example.

15

See Annex II.
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2.3. Flexibility mechanisms in Data Centres: Energy
being federated
Federation is another mechanism to improve the energy and environmental impact of
Data Centres. Federation is a collaboration between DCs that allows to change the
coverage of services offered to customers from one DC to another, depending on the
energy context and constraints in both Data Centres.

2.3.1. Federated Energy Weight (FEW)
Proposed by: DC4Cities (GNF).
Proposed within the Cluster by: SubTask 3.2 (DC4Cities(GNF))16.
Measures: which % of energy has been federated in a period of time. That means,
which amount of extra energy has been consumed in the DC where the services have
been provided (DC2) instead of the DC (DC1), which is normally the one that provides
these services to the customers.
Measuring unit: unit-less (ø).
Calculation method:

Equation 10 - FEW - Federated Energy Weight.

Where:
- FedEDC i = Energy that has been federated during a period of time (kWh).
- EDC i = DC Energy consumption during the same period of time (kWh).

2.3.2. Federated COP

Proposed by: DC4Cities (GNF).
Proposed within the Cluster by: SubTask 3.2 (DC4Cities(GNF))17.
Measures: This metric denotes whether it is more efficient to federate some services
or not federate them. It measures which option is more energy efficient in case that
there is the possibility of shared work. Sometimes a DC can’t execute all the work in
order to achieve its energy, environmental or economic goals, andso that migration of
this work to another DC can be a solution. As the IT and facility equipment and
16
17

See Annex II.
See Annex II.
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operation is different between DCs, the energy needed to provide the same services
and thus, the energy efficiency, can be different. This metric measures the efficiency
level of the options.
Measuring unit: unit-less (ø).
Calculation method:

Equation 11 - Federated COP.

- COP federated < 1 means that it is less efficient to federate units of work from DC1 to
DCi.
- COP federated > 1 means that it is more efficient to federate units of work from DC1
to DCi.
- COP federated = 1.0 means that the situation will be the same federating units of
work.
Where:
- WD = work done (i.e. billions of processes)
- η = kWh/WD, i.e, the energy needed to perform WD by the DC.
- i = number that represents the DC.

DC1

DC2
DC3

DCi

DCn
Figure 17 - Work transfer or federation from DC1 to DCn.
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Example: Data Centre 1 (DC1) has to do 1000 WD but only is able to do 800 WD due
to internal restrictions. In this Smart City there is two data centres more (DC2 and DC3)
which could absorbed this work (100 WD each one). Using “Federated COP” metric is
possible two know which the most efficient way is:

DC1

100 WD

800 WD
η=200 kWh/WD

DC2

η=300 kWh/WD

DC3

η=100 kWh/WD

100 WD

Figure 18 - Work federation possibilities from DC1 to DC2 and DC3.

Federating 100 BOP to DC2 and 100 BOP to DC3 is more efficient than assigning all
the work to DC1.

2.3.3. Federated RES
Proposed by: DC4Cities (GNF).
Proposed within the Cluster by: SubTask 3.2 (DC4Cities(GNF))18.
Measures: How much the usage of renewable has increased due to federating energy
from one DC to another.
Calculation method:

Equation 12 - Federated RES.

Where:
- FedEDC i = Energy that has been federated (kWh) during the period i.

18

See Annex II.
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- RenPercenti,1 = percentage of RES usage in DC 1 (%) during the period i.. See metric
2.4.1.
- RenPercenti,2 = percentage of RES usage in DC2 (%) during the period i. See metric
2.4.1.
- i= time interval.
- Federated RES < 0 means that the usage of renewable has decreased due to
federating services from DC1 to DC2.
- Federated RES > 0 means that the usage of renewable has increased due to
federating services from DC1 to DC2.
- Federated RES >= 0 means that the usage of renewable remains constant although
services are federated from DC1 to DC2.

2.4. Renewables integration: Energy produced locally
and Renewable usage
2.4.1. Renewable usage: RenPercent
Proposed by: DC4Cities (GNF).
Proposed within the Cluster by: SubTask 3.2 (DC4Cities(GNF))19.
Measures: the share of renewables in the electricity consumption of a DC. This share
includes renewable energy coming from the different sources that a DC uses to satisfy
its energy needs: renewable energy produced locally in the own facility and selfconsumed in the DC, renewable energy coming from other local producers and directly
connected to the DC and renewable energy coming from the grid or microgrid.
This metric could be seen as an improvement of ERF, since it considers both local
renewable production and energy taken from the grid.
Measuring unit: unit-less (ø).
Calculation method:

Equation 13 - RenPercent – Renewable usage.

Where:
- EDCgrid i = DC energy consumption from grid or microgrid (kWh) during the period i.

19

See Annex II.
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- Eren i = Renewable energy produced in the electrical system (grid or microgrid,
depending on the supply of the DC) during the period i (kWh).
- Esys i = Total energy produced in the electrical system during the period i (kWh).
In some cases Eren

i

and Esys i is not available, then

will be replaced by the

percentage of renewable in the electrical system.
- EDCself-consump i = Energy produced locally and consumed in the DC during the period i
(kWh).Energy produced locally could be exported to the grid, stored in a device
(normally battery) or consumed in the DC: here we consider the one that is selfconsumed by the DC within the time interval.
- EDC i = Total DC energy consumed during the period i (kWh).
- i = time interval.
Observations:
RenPercent < 1 means that only a percentage of the electricity consumption is covered
by renewable energies.
RenPercent = 1 means that all the electricity consumed by the DC is renewable.
Figure 18 represents the renewable energy availability, being the green curve “System
power” the total amount of energy available in the grid, the red curve “Renewables
power” the total amount of renewable available in the grid, the red curve “EDC AUTO” the
total amount of renewable energy produced and self-consumed in the DC and the blue
curve “DC power” the demand curve from the DC.

Figure 19 - System power, renewable power and DC power.

Dividing Eren and Esys, it is determined the percentage of renewable that the DC will
consume from the total consumption that is covered by the grid.
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Figure 20 - % of renewable energy in front of total energy of the system.

The following figure shows the total amount of renewable energy that will be consumed
by the DC (red curve), which is the numerator of the metric, and the DC total
consumption (blue curve), which is the denominator.

Figure 21 - Total power and renewable power consumed by the DC.

2.4.2. Renewable usage: RenEPPercent
Proposed by: DC4Cities (GNF).
Proposed within the Cluster by: SubTask 3.2 (DC4Cities(GNF))20.
Measures: The share of renewable electricity that is used from the global electricity
consumed by a Data Centre, quantifying the total consumption in primary energy
terms.
20

See Annex II.
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In order to be able to evaluate the global energy consumption of the DC, it is necessary
to consider the global consumption in primary energy terms, then the energy lost in the
conversion from raw fuel to electricity can be taken into account.
Measuring unit: unit-less (ø).
Calculation method:

Equation 14 - RenEPPercent – Renewable usage.

Where:
- EPrenDC i = Renewable electricity consumed by the DC during the period i (kWh) (see
numerator metric 2.4.1.), in primary energy terms21.
- EPe DC i = Total electricity consumed by the DC, in primary energy terms (kWh)22,
during the period i.

2.4.3. Renewable usage: RenThermPercent
Proposed by: DC4Cities (GNF).
Proposed within the Cluster by: SubTask 3.2 (DC4Cities(GNF))23.
Measures: the share of thermal renewable energy that is used for heating/cooling in a
Data Centre. This share includes the renewable energy from the own DC equipment
(direct sources like solar thermal or renewable that can be used through compression
or absorption heat pumps) and the renewable that can be consumed if the DC is
connected to a centralised installation (District Heating & Cooling).
Measuring unit: unit-less (ø).

Calculation method:

Equation 15 - RenThermPercent – Renewable usage.

21

In Task 4 the methodology to convert renewable energy to renewable primary energy will be
explained.
22
Conversion factors that are needed to convert electricity to primary energy will be defined in Task 4.
23
See Annex II.
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Where:
- QDCDH&C i = Thermal energy consumed by a DC that comes from a centralised
installation, that can be at building level or neighbourhood level (District
Heating&Cooling), during the period i (kWh).
- Qren i = Renewable energy produced in the centralised installation during the period i
(kWh).
- QtotDH&C i = Total thermal energy produced in the centralised installation during the
period i (kWh).
In some cases Qren i and QtotDH&C i will not be available. In this case,

will be

replaced by the percentage of renewable from the total thermal production in the
centralised thermal plant.
- QDC HPren i = Thermal energy produced by the compression/absorption chiller that can
be considered as renewable according to the EU Directive 2009/28/EC and
Commission Decision 2013/114/UE (kWh), during the period i.
- QDC ren self-consump i = Thermal renewable energy produced in the DC that satisfy DC
thermal energy needs during the period i (kWh).
- QDC i = Total DC thermal energy consumed during the period i (kWh).
- i = time interval.
Observations:
RenThermPercent < 1 means that only a percentage of the thermal consumption is
covered by renewable energy.
RenThermPercent =1 means that all the thermal energy needed by the DC is satisfied
by renewable energy.

Renewable Energy sources
(air/ground/water)

DC Heating/cooling

65% - 80%

100 %

Auxiliary energy
(electricity/gas)
HEAT PUMP

≈ 35% - 20%

Figure 22 - Renewable energy in a heat pump cycle.

2.4.4. Renewable usage: RenEPThermPercent
Proposed by: DC4Cities (GNF).
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Proposed within the Cluster by: SubTask 3.2 (DC4Cities(GNF))24.
Measures: the share of renewable thermal energy that is used from the total energy
consumed by a Data Centre to produce thermal energy, quantifying the total
consumption in primary energy terms.
Measuring unit: unit-less (ø).
Calculation method:

Equation 16 - RenEPTThermPercent – Renewable usage.

Where:
- QrenDC i = Renewable thermal energy consumed by the DC during the period i (kWh)
(see numerator metric 2.4.3), in primary energy terms25.
- EPe-thermal DC i 4= total electricity consumed by the DC to produce thermal energy during
the period i, in primary energy terms.
- EPothers-thermal DC i = It should be considered not only the electricity needed in the DC,
but also other sources if applies (natural gas, diesel, etc), to produce energy for
heating/cooling. EPe others is the total primary energy consumed by the DC from these
other sources (kWh), during the period i.

2.4.5. Renewable usage: TotalEPPercent
Proposed by: DC4Cities (GNF) - RenewIT (IREC).
Proposed within the Cluster by: SubTask 3.2 (DC4Cities(GNF))26.
Measures: the share of renewable primary energy that is used from the total primary
energy consumed by a Data Centre.
Measuring unit: unit-less (ø).
Calculation method:

Equation 17 - TotalEPPercent – Renewable usage.

24

See Annex II.
In this case, thermal renewable energy in primary energy terms is equal to thermal renewable energy
(numerator metric 3.3.3).
26
See Annex II.
25
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EPrenDC i = Renewable electricity consumed by the DC during the period i (kWh) (see
numerator metric 3.3.1), in primary energy terms27.
QrenDC i = Renewable thermal energy consumed by the DC during the period i (kWh)
(see numerator metric 3.3.3), in primary energy terms.
EPe DC i = Total electricity consumed by the DC, in primary energy terms during the
period i (kWh).
EPothers-thermal DC i = Total primary energy produced from other sources during the period
i, in primary energy terms (kWh).

2.4.6. REF – Renewable Energies Factor (local RES)
Proposed by: ETSI28.
Proposed within the Cluster by: SubTask 3.1 (EATON)29.
Measures: REF is an operational Key Performance Indicators corresponding to the
use of renewable energy. REF is the ratio of local renewable energy over the total data
centre energy consumption. It is a dimensionless number.
Measuring unit: unit-less (no.)
Calculation Method:

Equation 18 - REF – Renewable Energies Factor.

Where:
EREN = Measurement of renewable energy (KWh).
EDC = Total of energy consumptions by a data centre over a year (KWh).

2.4.7. Load matching indicators
Load Matching refers to how the local energy generation compares with the building
load. Grid Interaction refers to the energy exchange between the building and an
energy infrastructure, typically, the power grid. These are independent, but intimately
related issues. The main distinction made here is that load matching indicators
measure the degree of overlap between generation and load profiles (e.g. the
percentage of load covered by on-site generation over a period of time) whereas grid
27

In Task 4 the methodology to convert renewable energy to renewable primary energy will be
explained.
28
http://www.etsi.org/deliver/etsi_gs/OEU/001_099/001/01.01.01_60/gs_oeu001v010101p.pdf
29
See Annex II.
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interaction indicators take aspects of the unmatched parts of generation or load profiles
into account (e.g. peak powers delivered to the electricity distribution grid).
Proposed by: RenewIT (IREC)
Proposed within the Cluster by: SubTask 3.2 (DC4Cities(GNF))30.
Measures: Load cover factor31 (also known as “self-generation”) represents the
percentage of the electrical demand covered by on-site electricity generation.
Measuring unit: unit-less (no.)
Calculation Method:

Equation 19 - Load cover factor

Then a complementary index, the supply cover factor (also known as “selfconsumption”), can be defined representing the percentage of the on-site generation
that is used by the building. Mathematically, it could be defined as:

Equation 20 - Supply cover factor

Where:
- g(t), represents the local energy generation.
- l(t), represents the total facility load.
, represents the part of the power load instantaneously covered by the
local renewable powe supply.

30

See Annex II.
Jaume Salom, Joakim Widén, José Candanedo, Igor Sartori, Karsten Voss, Anna Marszal, Understanding
Net Zero Energy Buildings: Evaluation of Load Matching and Grid Interaction Indicators, Proceedings of
Building Simulation 2011, 12th Conference of International Building Performance Simulation
Association, Sydney, 14-16 November, pp. 2514-2521, 2011
31
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2.4.8. Grid interaction indicators
The Grid utilization factor is defined as the percentage of time that the local
generation does not cover the building demand, and thus how often energy must be
supplied by the grid.

Equation 21 – Grid Utilization Factor

Where ne represents the net exported electricity energy, (exported – delivered)
.

2.5. Energy recovered: heat recovered

2.5.1. Energy Recovered: ReusePercent
Proposed by: DC4Cities (GNF).
Proposed within the Cluster by: SubTask 3.2 (DC4Cities(GNF))32.
Measures: the share of waste energy that is reused in the same DC or in another near
(directly or through a DH&C) from the total primary energy consumed by a Data
Centre. As explained in previous metrics, to compare energy consumptions from
different energy sources, it is needed to convert them in equivalent units of raw fuel
consumed (primary energy).
Measuring unit: unit-less (ø).
Calculation method:

Equation 22 - ReusePercent – Energy recovered

32

See Annex II.
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Where:
- QreusedDC i = Thermal reused energy consumed by a DC during the period i (kWh). This
includes not only the waste energy produced in the DC (e.g. an own CHP), but also
waste heat that can be produced in a centralised installation (e.g. DH&C).
- Qreused outside i = Thermal reused energy generated in the DC and consumed by another
consumer during the period i (kWh).
- EPe-thermal DC i 4= Total electricity consumed by the DC to produce thermal energy
during the period i, in primary energy terms.
- EPothers-thermal DC i = It should be considered not only the electricity needed in the DC,
but also other sources if applies (natural gas, diesel, etc), to produce energy for
heating/cooling. EPe others-thermal DC i is the total primary energy consumed by the DC from
these other sources, during the period i.
- i = time interval.

2.5.2. ERE – Energy Reuse Effectiveness
Proposed by: Green Grid18.
Proposed within the Cluster by: SubTask 3.1 (GreenDataNet (EATON))33.
Measures: The energy efficiency in data centers that re-use waste energy from their
own Data Centre.
Measuring unit: unit-less (no.)
Calculation Method:

Equation 23 - ERE – Energy Reuse Effectiveness.

2.6. Primary
emissions

energy

savings

and

CO2

avoided

2.6.1. Primary energy savings: Pe savings
Proposed by: DC4Cities (GNF), CoolEmAll (PSNC), RenewIT (IREC).
Proposed within the Cluster by: SubTask 3.2 (DC4Cities(GNF))34.
Measures: how much the primary energy consumed by a DC has been modified in
comparison to a baseline scenario, after having performed actions/improvements in
equipment to upgrade the energetic, economic or environmental behaviour of a DC.
33
34

See Annex I.
See Annex II.
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Measuring unit: unit-less (ø).
Calculation method:

Equation 24 - Pe savings – Primary energy savings.

Where:
- EPe DC i = Total electricity consumed by the DC, in primary energy terms during the
period i (kWh).
- EPothers DC i = Total primary energy produced from other sources during the period i, in
primary energy terms (kWh).
- i= time interval.
Energy variations or savings before (baseline scenario) and after (current scenario)
implementing actions in a consumer cannot be directly measured, so they are not
simultaneous. Instead, variations/savings have to be determined by comparing
measurements in two different periods of time, before and after implementation of the
project, making suitable adjustments for changes in conditions in order to make both
measurements comparable. To properly document the energy variations (also in
primary energy terms) distortions due to changes in the variables that affect energy
consumption in the baseline scenario must be avoided. Therefore, the energy
consumption in the baseline scenario will have to be adjusted in order to take into
account the same conditions in both measurements. This is illustrated by the following
example: a DC has increased its surface a 40%, installing new equipment. In order to
be able to calculate the primary energy savings due to the replacement of the HVAC
system, an adjustment has to be done in the baseline measurements, as the surface
conditioned would have been the same.
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Figure 23 - Evaluation of energy savings in the IPMVP protocol.l

2.6.2. CO2 avoided emissions: CO2 savings
Proposed by: DC4Cities (GNF), CoolEmAll (PSNC), RenewIT (IREC).
Proposed within the Cluster by: SubTask 3.2 (DC4Cities(GNF))35.
Measures: how much the CO2 emissions in a DC has been increased/decreased in
comparison to a baseline scenario, after having performed actions (improvements in
equipment, flexibility mechanisms, etc) to upgrade the energetic, economic or
environmental behaviour of a DC.
Measuring unit: unit-less (ø).
Calculation method:

Equation 25 - CO2 savings – CO2 emissions savings.

Where:

35

See Annex II.
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- CO2e DC i = Total CO2 emissions proceeding from the electricity consumed by the DC
during the period i (t).
- EPothers DC i = Total CO2 emissions proceeding from other sources during the period i
(t).
- i = Time interval.

2.7. Economic savings in energy expenses

2.7.1. Energy expenses: EES
Proposed by: DC4Cities (GNF), CoolEmAll (PSNC), RenewIT (IREC), GEYSER (Eng,
TUC, SingularLogic).
Proposed within the Cluster by: SubTask 3.2 (DC4Cities(GNF))36.
Measures: how much the energy expenses has been increased/decreased in
comparison to a baseline scenario, after having performed actions (improvements in
equipment, flexibility mechanisms, etc) to upgrade the energetic, economic or
environmental behaviour of a DC.
Measuring unit: unit-less (ø).
Calculation method:

Equation 26 - EES – Energy Expenses.

Where:
- E DC i = total electricity consumed by the DC during the period i (kWh).
- Coste i = Electricity cost during the period i (c€/kWh).
- E others i =Total energy consumed from other sources during the period i (kWh).
- Costothers i = Energy cost from other sources (natural gas, etc) during the period i
(c€/kWh)
- i = Time interval.

36

See Annex II.
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2.8. Capacity planning & capacity management
“Data Centres are planned to meet the maximum future estimated power for
requeriments of the load. The design capacity and the installed capacity are made
slightly larger than the ultimate expected load.” This text and the figures below are
extracted from37 and illustrate the usefulness of capacity metrics. Capacity metrics
intends to relate the actual peak IT power and the peak facility power with both the
design and installed capacity, in case they are different. In this section KPIs for
capacity optimization are proposed but they don’t consider the energy efficiency.

Figure 24 - Comparison between Design and Installed capacity and Actual load.

Figure 25 - Design capacity and expected load requirement over the lifetime of a data centre.

Proposed by: RenewIT (IREC).
Proposed within the Cluster by: SubTask 3.2(DC4Cities (GNF)).

37

“Avoiding Costs from Oversizing Data Centre and Network Room Infrastructure”, Neil Rasmussen,
White Paper 37, APC / Schneider Electric
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Measures: With these metrics, one can evaluate how to increase as much physical
capacity in a Data Centre as possible (this is capacity that owner-operator has already
paid for). Failing to use this capacity will incur future capital expenditure.
Measuring unit: unit-less (ø).
Calculation Method:
Regarding IT load, we can define:
- PIT, des. Designed IT power capacity.
- PIT, inst. Installed IT power capacity.
- PIT,. Actual IT peak power.
Then, two ratios can be defined:
-

IT installed Capacity credit:

-

IT installed vs. designed Capacity credit:

That is also can be defined, regarding the total facility capacity
- Pfac, des. Designed total facility power capacity.
- Pfac, inst. Installed total facility power capacity.
- Pfac,. Actual total facility peak power.
Then, two ratios can be defined:
-

Total installed Capacity credit

-

Total installed vs. designed Capacity credit

Other interesting capacity metrics are present in recent literature as the Cooling
Capacity Factor (CCF)38. The CCF is defined as the ratio of total running
manufacturer’s rated cooling capacity to 110% of the critical load. Ten percent is added

38

Kenneth G. Brill, Lars Strong, P.E., “Cooling Capacity Factor (CCF) Reveals Stranded Capacity and Data
Center Cost Savings”, White paper, Upsite Technologies, Inc., 2013 (upsite.com)
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to the critical load to estimate the additional heat load of lights, people, etc. Referred
white paper reveals average CCF of 3.9, very high compared to the ideal CCF = 1.2.

2.8.1 UW – Useful Work
Proposed by: GENiC (IBM)
Proposed within the cluster by: Subtask 3.2 (GENiC)
Measures: The useful work performed by the IT equipment in a data center. In this
context, ‘useful work’ is defined as any computation done. This is measured in active
CPU cycles across all servers.
Measuring Unit: Can be measured in number of cycles (to be CPU agnostic), or Mhz
(as provided by tools such as VMware) or approximated as CPU usage in percent
multiplied by the nominal frequency to take into account the number of cores/HW
threads.
Calculation Method:

Equation 27- UW - Useful Work

Where:
is the total number servers
is the total number of measurements performed
is the duration of the

measurement

is the aggregate CPU usage in MHz of server

If
as:

at the

measurement

is not available from the monitoring infrastructure, the above can be approximated

Equation 28 - UW if Cki is not available

Where:
is the total number servers
is the total number of measurements performed
is the number of cores/HW threads of server k in hand
45

is the duration of the

measurement

is the utilization of core at server k at the
is the frequency of core

measurement

at server k at the

measurement

An example of the information measured is shown below:

Figure 26 – Example of the information measured.

2.8.2. ITEE – IT Equipment Energy Efficiency
Proposed by: Green IT Promotion Council39.
Proposed within the Cluster by: SubTask 3.1 (GeenDataNet(EATON))40.
Measures: ITEE (IT Equipment Energy Efficiency) is an approach to introduce IT
equipment with higher energy saving performance.
Measuring unit: unit-less (no.)
Calculation Method:

Equation 29 - ITEE – IT Equipment Energy Efficiency.

39
40

http://home.jeita.or.jp/greenit-pc/e/topics/release/100316_e.html
See Annex I.
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3. Task 3.3 – A new approach to energy performance
metrics in DCs. 41
3.1. Background
The goal of this section is to provide a general framework on how a new approach to
energy performance metrics in DCs can be studied. The result of this work is not going
to be the definition of common metrics among all the projects taking part in this
exercise, because each project has a different approach and different goals with
respect to energy and related metrics.
The major - not yet sufficiently resolved - challenge is the definition of the “useful work”
provided by a DC. In this subTask, therefore, the general objective is the identification
of metrics to relate “useful work” and energy consumption in a DC. Recently developed
concepts to address the calculation of "useful work" will be discussed in the document
and alternative strategies for measuring will be proposed, in order to create a common
basis of discussion for all the projects.

3.2. Goal
The starting point for this analysis is to share the concept for a new metric based on
the ratio:

which is, in fact, the definition of the well-known metric DCeP.
However, for all practical purposes, the understanding and the actual possibility of
calculating in mathematical terms the "useful work" within a DC is particularly
complicated.
It is interesting, therefore, to look for alternative solutions to the problem of evaluating
“useful work” in a data centre. To this end, we introduce into the context of DC4Cities
one possible alternative, to be built through the use of benchmarks. In this case, what
we want to explore is a way to measure the useful work inside a DC running one or
several selected benchmarks, and to measure the corresponding energy consumption.
This procedure would of course greatly simplify the evaluation of useful work, albeit at
a loss of accuracy caused by the shift from a real case scenario to an “artificial” set-up.

41

The information in this document regarding Task 3.3 has been extracted from the original
document from ENEA “Task 3.3. A new approach to energy performance metrics in DCs”
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3.3. Generalities on the method
3.3.1. Introduction
At the moment, the Data Centre Energy Productivity (DCeP) is an equation that
quantifies useful work that a data center produces based on the amount of energy it
consumes. “Useful work” is a sum of Tasks that are completed in a specified period of
time, where each Task is weighted based on a specified relative value. In this way,
more-valued Tasks receive greater weighting in the calculation of useful work, and
less-valued Tasks receive lesser weighting. DCeP allows each user to define useful
work and the weighting for various forms of useful work (if measuring more than one
type) that apply to that user’s business. For example, a retail business may use the
number of sales as its measure for useful work, an online search company may use the
number of searches completed, and so on. The definitions can get as granular as
necessary for the entity using the equation: web pages served, database transactions
executed, emails served, etc. This concept appear compelling but still need to be field
tested and further developed.
Mathematically, DCeP can be expressed as:

Equation 30 - DCeP – Data Centre Energy Productivity.

Where:

Equation 31 - Useful Work Produced.








M is the number of Tasks initiated during the assessment window.
Vi is a normalization factor that allows the Tasks to be summed numerically.
Ti = 1 if Task i completes during the assessment window, and Ti = 0 otherwise.
Ui(t,T) is a time-based utility function for each Task.
t is elapsed time from initiation to completion of the Task.
T is the absolute time of completion of the Task.

Note that Useful Work Produced is defined as the sum over i of all Tasks 1 through M
initiated within the assessment window multiplied by a time-based utility function
Ui(t,T). The factor Vi assigns a normalized value to each Task so that they may be
algebraically summed. Ti eliminates all Tasks that are initiated either prior to the
assessment window or within the window but do not complete.
However, the existing usage effectiveness metrics focus on measuring the relationship
between the total facility energy consumed and the IT equipment energy consumed,
without reflecting the energy efficiency of applications.
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Even if, the DCeP is theoretically a metric which reflects the energy efficiency of
applications - unlike of others existing usage effectiveness metrics that focus on
measuring the relationship between the total facility energy consumed and the IT
equipment energy consumed - in practice the values of “useful work produced” is not
immediate to calculate.
In dealing with a single application we can define Application Work Energy Efficiency
(AWEE)42:

Equation 32 - AWEE – Application Specific Energy Efficiency.

The definition of “work” can be different based on the type of application (mail, web
services, data base management, etc.).
In order to evaluate AWEE for a set of application services, it is possible to imagine a
procedure based on the use of benchmarks. The goal is to measure the energy
consumption concerning each benchmark test, and hence calculate the AWEE for the
selected set of application services. This benchmark procedure could of course
simplify the evaluation of “Useful Work” through experiments set.

3.3.2. Procedure
Proposed by: DC4Cities into WP7 activities.

The procedure proposed consists of the following steps:
1.
2.
3.
4.
5.

Select an array of typical DC Services.
Select a corresponding set of benchmarks.
Build an experimental set up.
Normalize and evaluate the results.
Establish a performance metric and compare it with real-world scenarios.

A diagram of the procedure is presented in the figure below.

42

The definition of AWEE was devised taking into account the paper: Experimental Analysis of
Application Specific Energy Efficiency of Data Centers with Heterogeneous Servers, Metri, G.
Srinivasaraghavan, S. ; Weisong Shi ; Brockmeyer, M., Cloud Computing (CLOUD), 2012 IEEE 5th
International Conference on Cloud Computing
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Figure 27 - Diagram of the procedure to measure “Useful Work”.

A selection of an array of typical DC services is depicted in the first column. To analyze
Data center workload categories and perform this selection a valid tool can be the
taxonomy provided by TOGAF43, which to date seems the most exhaustive and
recognized.
In the second column there benchmarks are selected for each service.
The third column represents the characteristics of the hardware architecture of the realcase test: in practice a decision must be made between an architecture employing
multiple physical servers or virtual machines.
After the test is performed, a normalization of results must take place: this is
represented in column 4. In detail, the objective of the normalization is the following:
results from different benchmarks must be combined in a general metric and decision
must be taken (i.e. parameters must be set) to make different DC operations - and
hence benchmark results - comparable.
In the last column the effort to understand the meaning of the results is represented. In
this phase the result will be compared with other tests/procedures/methodologies and,
if possible, a path towards a standardization of the procedure will be outlined. The
discussion of results with both other projects from the Cluster and with standardization
bodies will be sought.
In detail, the steps of the procedure are described in the following:
a. Select an array of typical DC Services

43

TOGAF: The Open Group Architecture Framework.
http://pubs.opengroup.org/architecture/togaf8-doc/arch/
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In phase 1 a selection is made of typical DC services to be simulated in the
experimental set-up. To carry out this selection the sub-set of TOGAF classification can
be useful. TOGAF taxonomy identifies the following service categories for DCs:


Data Interchange Services.



Data Management Services.



Graphics and Imaging Services.



International Operation Services.



Location and Directory Services.



Network Services.



Operating System Services.



Software Engineering Services.



Transaction Processing Services.



User Interface Services



Security Services



System and Network Management Services.

In order to carry out the experiment we propose to aggregate these services in the
scheme presented in figure 28.

DC workload category
Web services
Email services
Database management
Data intensive applications
File system
Table 5 - Application services categories.
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b. Select a set of benchmark for services
In this phase a benchmark or workload generator for each service category will be
selected. To this end, information concerning the availability and practical use of these
tools must be selected and evaluated.
Benchmarks are commonly used to assess the performance of IT equipment, from
specific components to whole facilities. Usually benchmarks are used to develop
methods to compare the performance of different components and/or systems, in
different experimental situations. Benchmarks can be based on specifically created
programs that generate a workload, or on existing applications.
There is a wide variety of benchmarks developed either by industry or available as
open source. The range of benchmark typologies include:


Component benchmarks.



Kernel benchmarks (such as LINPACK, common in the HPC world).



Benchmarks measuring specific functions (such as I/O, DB management).



Application benchmarks.



Benchmarks for parallel systems.

A complete list of benchmarks would include several dozen of items. One crucial
aspect here is therefore selecting a subset of benchmarks that can effectively be
significant for the work we have in mind. The starting point for this is identifying a
taxonomy of services that can be carried out by a DC (see figure 2). A careful selection
of meaningful services must be carried out, and a corresponding benchmark must be
selected.

c. Build an experimental set up
Once these choices and analyses are made, it is necessary to establish an
experimental set-up. In principle, a Data Center simulator we be made of one server for
each benchmark/workload generator. In each server a single benchmark is being run,
i.e. a single application is being run. The metric AWEE can therefore be evaluated for
each machine.
Different parameters can be investigated and adjusted in order to analyse their
influence on AWEE an on the overall result. These may include the server type and
also wether multiple server or virtual machines are chosen, workload intensity, duration
of the test, etc.
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d. Normalize and evaluate the results
Once the test has been run, results must be evaluated. A crucial aspect is the
normalization of results among the different benchmarks/services that were performed
by the Data Center.
What we want to do is to perform a sum among different Tasks in order to obtain a
global value for a simulated DCeP:

Equation 33 - DCeP (simulated)

where Ni is a normalization factor.

e. Establish a performance metric and compare it with real-world scenarios
Finally, the results obtained must be analyzed in order to assess their consistency with
real-world Data Centers. To this end, a comparison with data available in literature
and/or from project partners will be performed and the experimental set-up will be
adjusted in order to better reflect what happens in an effective production environment.

3.3.3. More information on benchmarks
The first phase, to be carried out with particular care, concerns the selection of
benchmarks to be used in the test. Benchmarks are commonly used to assess the
performance of IT equipment, from specific components to whole facilities. Usually
benchmarks are used to develop methods to compare the performance of different
components and/or systems, in different experimental situations. Benchmarks can be
based on specifically created programs that generate a workload, or on existing
applications.
There is a wide variety of benchmarks developed either by industry or available as
open source. The range of benchmark typologies include:


Component benchmarks.



Kernel benchmarks (such as LINPACK, common in the HPC world).



Benchmarks measuring specific functions (such as I/O, DB management).



Application benchmarks.



Benchmarks for parallel systems.

A complete list of benchmarks would include several dozen of items. One crucial
aspect here is therefore selecting a subset of benchmarks that can effectively be
significant for the work we have in mind. The starting point for this is identifying a
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taxonomy of services that can be carried out by a DC. A careful selection of meaningful
services must be carried out, and a corresponding benchmark must be selected. In the
table below a first selection of benchmarks of common use that could be taken into
consideration.
Workload
category

Benchmark

Metric

High performance
computing

Green500

Flops/Watt

Data
intensive
applications
(Graph algorithms)

GreenGraph500

Teps*/Watt

Web services

SPECweb2009

Simultaneous
user
sessions/watt

Email services

SPECmail2009

Sessions/hour

Database
management

NNA Server Power
Efficiency

Transactions/watt

Table 6 - A first selection of benchmarks.

Presently, SPEC benchmarks are given a special consideration since they represent a
"standard". In detail, Standard Performance Evaluation Corporation (SPEC)44 is a
non-profit corporation and industry consortium which focuses on the creation of server
benchmarks for a variety of standard data center applications. The SPEC benchmarks
are typically aimed at individual server systems and specific subsystems. A SPEC
subcommittee has recently developed a standard protocol for measuring and reporting
power consumption as part of the measurement and reporting process for its
benchmarks. SPEC released the first such benchmark (SPECpower_ssj2008) in 2008
and the second (SPECweb_2009) in 2009, and will continue to revise its other
benchmarks to include power consumption measurements (Standard performance
evaluation corporation).

Hence, based on the existing SPEC benchmarks, in order to measure the services
category (Table 6), we have made a first selection of the following benchmarks.

44

Further information on SPEC and their benchmarks can be found at www.SPEC.org.
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DC workload
category
Web services
Email services
Database management

Benchmarks
SPECweb2009
SPECmail2009
SPECjEnterprise2010

Data intensive applications
File system
....

GreenGraph500
...

Table 7 - DCs workload category and associated benchmarks.

This is nothing more than a “first guess” and contributions from all partners are sought.
It is now necessary, in any case, to deepen our knowledge on how these benchmarks
work, what are the operational rules and restrictions, in order to understand how they
can be effectively put to use in this project.
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Introduction
Cluster objectives are:
Defining common parameters and ratios (metrics) to characterize the energy &
environmental & economic behaviour of our DCs.
o Each project has its own energy goals: they will need to use metrics for these
different goals.
o The goal of the Cluster should be : to define metrics for all the projects and
ensure that if the projects measure the same variable they are going to use the
same metric.
Define a methodology taking into account the agreed parameters & ratios that can be
used to characterize/quantify the energy & environmental & economic behaviour of ALL
DCs projects.

Document purpose
The intent of this document is to provide a view on the selection of current metrics for
measuring energy/power consumptions from existing ones (identified in Task 1).

Definition, acronyms and abbrevations
Key Acronyms and Abbrevations
AC

Alternating Current

AEMS

Aggregated Energy Management System

BMS

Battery Management System

CPU

Central Processing Unit

CUE

Carbon Usage Effectiveness

DC

Direct Current

DCIM

Data Centre Infrastructure Management

EC

European Commission

EPA

Environmental Protection Agency

EV

Electric Vehicle

GHG

Greenhouse Gas

HVAC

Heating, Ventilation and Air Conditioning

IAB

Industry Advisory Board

ICT

Information and Communication Technology

IPR

Intellectual Property Rights

IT

Information Technology

KPI

Key Performance Indicator

LEED

Leadership in Energy and Environmental Design

NoC

Network-on-Chip

PCC

Project Coordination Committee

PDU

Power Distribution Unit

PSB

Project Steering Board

PUE

Power Usage Effectiveness

PV

Photovoltaic

59

SEMS

Smart Energy Management System

SLA

Service Level Agreement

SME

Small or Medium size Enterprise

SoC

System-on-Chip

UPS

Uninterruptible Power Supply

WP

Work Package

WUE

Water Usage Effectiveness
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Task 1 inputs
Cluster Task 1 issued the following document: Existing Data Centres Energy Metrics. This
document lists and classifies more than 90 indicators which could be found in the state of the art
literature. It additionally mentions some existing documents related to data center monitoring
and improvement like the code of conduct.
The below classification has been used to sort indicators:

The aim was to group indicators which may require the same data (and measurements) and
ease the selection of relevant indicators.
The following table is one of the results of Task1:

This table has been discussed during the 1st Cluster meeting in Barcelona on March
23rd. The main outcome of the discussion was: the number of indicators must be
reduced in order to take into account data center owners/operators needs and
roadmaps of standardization bodies.
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Indicators Recommendation
consumption

for energy and power

Short list
Based on GreenDataNet partners experience and to ensure that the Cluster is working
on indicators which may be standardized in a near future one can recommend the
Cluster projects to all work on the following indicators: PUE, REF, ITEE, ERE and
CER.
It’s important to notice that the acronyms listed above are the ones used by SC39 and
may be different from the ones listed in the Task1 document. (REF instead of REN)

Indicators description
PUE – Power Usage Effectiveness
Proposed by: Green Grid45
Measures: How much power is used by the IT Equipment in contrast to Facility
Measuring unit: unit-less (no.)
Calculation Method:

To solve inconsistencies, a group of global leaders has been meeting regularly to
agree on standard approaches and reporting conventions for key energy efficiency
metrics46. In consequence of that, four categories of PUE have been defined, PUE0
being the current category for the first PUE definition. In fact, PUE0 is still a demand
based calculation representing the peak load during a 12-month measurement
period47.

The IT power is represented by the demand reading of the UPS system output or sum
of outputs if more than one UPS system is installed, as measured during peak IT
equipment utilisation.
The most recent activities of The Green Grid about metrics focus the nomenclature of
PUE on the point of measurement, data measurement frequency and averaging

45

http://www.thegreengrid.org/~/media/WhitePapers/WP49PUE%20A%20Comprehensive%20Examination%20of%20the%20Metric_v6.pdf?lang=en
46
Global Metrics Harmonization Task Force, “Harmonizing Global Metrics for Data Center Energy
Efficiency. Global Taskforce Reaches Agreement on Measurement Protocols for PUE Continues
Discussion of Additional Energy Efficiency Metrics,” 2011.
47
Data Center Efficiency Task Force, “Recommendations for Measuring and Reporting Overall Data
Center Efficiency. Version 2 – Measuring PUE for Data Centers,” 2011.
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period48. PUE0, that corresponds to a power-based metrics derived from an
instantaneous measurement on UPS point without averaging value, should be named
as PUEL1.
Being the PUE initially introduced as instantaneous value based on power
measurements, some efforts were done by the Data Centre Efficiency Task Force to
extend PUE to energy usage effectiveness in data centre facilities by defining PUE1-3
depending on the measurement point and respectively at the UPS, PDU and single IT
equipment [21]. The methodologies for calculating PUE are given in the cited paper.

The use of PUE1-3 may allow data center operators to find where energy is lost in their
power infrastructure.

REF – Renewable Energies Factor (local res)
Proposed by: ETSI49
Measures: REF is an operational Key Performance Indicators corresponding to the use
of renewable energy. REF is the ratio of local renewable energy over the total data
centre energy consumption. It is a dimensionless number.
Measuring unit: unit-less (no.)
Calculation Method:

Where:




EREN =Measurement of renewable energy (KWh).
EDC = Total of energy consumptions by a data centre over a year (KWh).

ITEE – IT Equipment Energy Efficiency
Proposed by: Green IT Promotion Council50
Measures: ITEE (IT Equipment Energy Efficiency) is an approach to introduce IT
equipment with higher energy saving performance.
48

The Green Grid, “White paper #49. PUE (TM): A comprehensive examination of the metric.
Confidential Report,” 2012
49
http://www.etsi.org/deliver/etsi_gs/OEU/001_099/001/01.01.01_60/gs_oeu001v010101p.pdf
50
http://home.jeita.or.jp/greenit-pc/e/topics/release/100316_e.html
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Measuring unit: unit-less (no.)
Calculation Method:

ERE – Energy Reuse Effectiveness
Proposed by: Green Grid18
Measures: The energy efficiency in data centers that re-use waste energy from their
own data center
Measuring unit: unit-less (no.)
Calculation Method:

CER – Cooling Effectiveness Ratio
This indicator is under discussion at the moment. It definitely makes sense to consider
it as cooling is the main energy consumption pool after IT.

Measurements
We recommend to use measurement methodologies described in the previously
mentioned documents and avoid new methodologies to be created.

Comments management
Section
2 Task 1 inputs

3 Discussions
about Task 1
result

Comment
SSV1: The main goal of this selection was
also to select the metrics that will be used
in the projects to share results. It is
important to confirm that metrics selected
can measure all the variables that projects
need to measure.
Geyser 1: “Cluster Task 1 issued the
following document: Existing Data Centres
Energy Metrics. This document lists and
classifies more than 90 indicators which
could be found in the state of the art
literature.” instead of “Geyser project issued
the following document: Existing Data
Centres energy metrics. This document
lists and classifies more than 40 indicators.”
MR1: Hi Fabrice, the goal of this document
is to provide the existing metrics.
This section should not be included in
subTask 3.1. document. When we will edit
the final Task 3 document we will include
this section as one independent document,
if you agree.

Answer
No answer.

OK to put it in a separate
document or in annex.
For information, most of the
comments are linked to
indicators description and the
text related to indicators
description was copied from
Task 1 document
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SSV2: Eliminate in the final document, so
this is not directly related with the work
done in subTask 3.1.

GENiC1: Syntax
RenewIT1: What are SC39 criteria?

4.1 Short list

RenewIT2: Besides ITEE, is there other
“capacity”· index in the pipeline to be
standardized? Are these type of indexes
under discussion in SC39?

RenewIT3: Indexes related with the use of
renewables and the re-use of energy from ,
should be included here and not as a part
of the SubTask 3.2

RenewIT4: One general comment, is that
the metrics should present also their goals.
Some metrics are there to assess
algorithms, some are there for assessing
buildings and some to give feedback to final
users.

4.2.1 PUE

SSV3: If we are talking about measuring
energy efficiency, the definition of the PUE
should be in terms of energy instead of
power, as it is explained in the following
paragraphs. It should be more clear that
PUE in terms of power is not going to be
used to measure efficiency in DCs during
their operation.
SSV4: If we are talking about peak load, I
would use another term instead demand
base calculation
SSV5: Include an scheme with the position
of the meters, in order to be able to analyse

See above

Accepted
List of criteria is not public.
Basically criteria are something
like “indicator must fit as many
data centers as possible not a
sub-category”
There are few but not in the
process of being standardized
soon. Capacity from a power
infrastructure point of view may
lead to inappropriate indicators
if it doesn’t take into account
the level of redundancy of the
infrastructure. (40% load in the
case of a N installation means
60% left while in a 2N it means
only 10%) Safety and
efficiency are then subject to
discussions according to the
business of the data center
owner
To be discussed with the
Cluster

Very good point. To be
discussed with the Cluster if
we want to add it.
PUE was initially aimed at
improving energy performance
of a data center by creating
measurement points while it is
now more and more used to
compare a data center to
another.
Agree modification done.

OK. Propose a new wording.

To Do
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if all the different parameters needed in all
the projects can be measured using this
different definitions.

SSV6:
As
we are
proposing
to
66standardize metrics, it would be
interesting to select one of the options as
the most representative to compare DCs
and to be used by them. The one that
provides accurate information of IT
consumption vs facility consumption is
PUE3.

Geyser 2: Symbols must be explained right
after the equation

Geyser 3: syntax
RenewIT5: Regarding PUE, it should be
necessary to define which is the PUE
option that the Cluster thinks it will be better
to record.

Disagree. All provide different
information and may allow to
evaluate losses in the
infrastructure: this is an axis of
improvement for PUE users.
PUE3 may be easy to measure
if intelligent PDUs are used.
This is not the case in most
data centers today. Contrary
PUE0 is the easiest to
measure and could be applied
in most of the data centers. I
would consequently
recommend all projects to
apply PUE0 and let it optional
for others.
Explanation is in the equation
dew lines above.

accepted
See answer to comment SSV6

PUE source energy (see the
document
“Harmonizing Global Metrics for
Data Center Energy Efficiency ;
Global Taskforce Reaches
Agreement Regarding Data Center
Productivity
March 13, 2014”) is in line with my
thoughts. However, it is needed to
define the weighthing factors to get
the source energy (Primary energy).
4.2.2 REF

SSV7: Use the same nomenclature as PUE

SSV8: Only local that are self-consumed in
the DC? Or also the one that is exported to
the grid or consumed by other near
consumer, if applies?
MR2: I understand that this is a acepted
KPI, therefore I am not proposing you any
change. Nevertheless, we need to specify
that considers only local RES

done

Only local that are selfconsumed

Title updated

66

Geyser 4: Energies instead of Energy and
ERF instead of REF
RenewIT6: The factor should be formulated
in a broad manner that it could consider
that several forms of renewable energy are
possible. Not only electricity produced from
renewables.. For example, According to the
EPBD, the energy from renewable sources
is defined as “energy from renewable nonfossil sources, namely wind, solar,
aerothermal, geothermal, hydrothermal,
ocean energy, hydropower, biomass,
landfill gas, sewage treatment plant gas
and biogases”. Special attention needs to
be dedicated to “areothermal” (i.e., free
cooling), “geothermal” and “hydrothermal”,
and decide treate them as renewable and
not as an “efficiency energy” measure.

RenewIT7: I would suggest to harmonize
nomenclature in this document, although
the original sources uses different
nomenclature. For example, total energy
consumed in the Data Centre is named EDC
in the section above (when describing PUE)
and ECDC in this section.

4.2.3 ITEE

SSV9: How it can be observed this energy
savings? Explain more detailed or use an
example about how to use this metric.

GENiC and Geyser: remove CER – Cooling
Effectiveness Ratio
RenewIT8: Besides the ITEE, it will be
worth to consider the Energy Utilization
(ITEU) or an equivalent index to consider
the improve of utilitzation ratio. Are there
other alternatives?
Could it be considered (DH-UR: Deployed
Hardware Utilization Ratio) an alternative
to characterize resource usage?

MR3: THis KPI is not intuitive, could you
introduce an example?
MR4: Total rated power of IT equipment.
Rated power in kWh??
4.2.1 ERE

SSV10: I don’t see clear this metric. Reuse

Terminology used by SC39 is
Renewable Energies factor.
The aim of this indicator as
defined today is to have a ratio
between total energy
consumed by the data center
and the energy produced
locally (on-site).
I agree it should be open to
any renewable energies even if
there are on-site limitations.
Regarding aerothermal I need
to double check if this included
or not. It not, it may justify
having a version of this
indicator in 3.1 and another in
3.2 for further improvements.

Done

To Do

Done.

ITEU is part of existing
indicators pushed by some
standardization organizations.
ITEU is not part of the short
term roadmap of SC39. This is
the reason why I have
excluded it from the short list.
If the Cluster wants to push
this index as it exists it may be
part of 3.1 or if the Cluster
wants to push for an equivalent
it may be part of 3.2 or 3.3
To Do

To Do

This is all about electricity.
For some this is measurement
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energy is going to be always electricity? I
would say, it will be normally thermal
energy. Then, we are adding electricity and
thermal energy and this is not correct. The
result of the metric could provide confusing
information.
RenewIT9: The reference is missing
RenewIT10: Index range is from 1 to
infinity. I would prefer that the one index
related to characterize the energy re-used
goes from 0 to 1. It is more clear to
communicate.

4.2.2 CER

SSV11: Include formula. Which are the
improvements of this metric and why has it
been chosen? Provide information in order
to be able to evaluate it.

Geyser 5: Could not find this metric in the
state of the art literature. Please provide a
reference.

MR5: Please, complete the information
(formula &, what is measuring?) for this KPI
or remove it.

RenewIT11: Do you have any information
of this index?
Which is the rationale behind it?

RenewIT12: Is CER a metric similar to
SEER, Seasonal EER, to measure the
efficiency of the cooling process?

RenewIT13: I miss some index / metric to
characterize the water consumed in a Data
Centre. WUE could be an alternative
among the already proposed metrics

4.2.3
Measurements

SSV12: I disagree. We should propose the
methodology to be used, so in some

for others this based on
calculations.

Reference added
No change to stick to initial
definition.

There is no public formula yet.
It has been chosen because
nd
cooling is the 2 biggest
energy consumption
contributor after IT.
Additionnally this indicator may
apply to every data center.
There is no public formula yet.

There is no public formula yet.

There is no public formula yet.
It has been chosen because
nd
cooling is the 2 biggest
energy consumption
contributor after IT.
Additionally this indicator may
apply to every data center.
It may be if applied to a
season.
Infrastructure managers of
data centers are having a look
at it as seasons directly impact
the use of cooling or the way to
use cooling and consequently
the cooling effectiveness.
ITEU is not part of the short
term roadmap of SC39. This is
the reason why I have
excluded it from the short list.
If the Cluster wants to push
this index as it exists it may be
part of 3.1. Not sure that all
projects would work on.
Agree that everybody most use
the same methodologies.
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metrics this is not stadardised. If all projects
have to use the same metrics, is very
important that they all use the same
methodology.

SSV13: No metric that uses the concept
work done from the existing ones has been
selected, as CADE or DCeP. If a clear
methodology to calculate work done will
exist, would one of them be useful? I think it
would be interesting

REnewIT14: If comments should be
provided in this part, we do need to have a
first version of this section

This is why we recommended
to use the ones described for
indicators already standardized
or about to be standardized.
When no methodology exists
we may propose one.
None of this indicators are
mature enough from my point
of view to be considered as
existing indicators.
Probably better to have it in 3.2
or 3.3.

Agree but it requires to have
an access to the documents.
Not all are public even if one
can find drafts versions.
The Cluster must have a
liaison with SC39 or other
standardization bodies for
documents which are not
public.
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1. Background
Cluster activities are mainly focused in defining common indicators or metrics to
characterize the energy, environmental and economic behaviour in Data Centres
(DCs). On the one hand, these common indicators can be used for measuring results
and share experiences between the different projects that are participating in the
Cluster and, on the other, if new metrics are identified they will be presented to the
Standardization Organisations in order to provide new indicators that can be used by
stakeholders to improve energy efficiency in Data Centres.

2. Goal
The main goal of this report is to provide metrics related to energy consumption in Data
Centres in the context of Smart Cities and Smart Grids that can be used by all the
projects to define the impact of their measures and by stakeholders in order to improve
the energy and environmental impact of Data Centres and their integration in Smart
Cities.
Metrics proposed in this document will be classified in the following main categories:
o

Flexibility mechanisms in Data Centres: adapting the power/energy
consumption in Data Centres, by shifting workloads from peak to valley hours/
to times when more renewable or waste energy is available/to lower price
hours. This can reduce significantly the environmental impact of these
consumers and improve their integration in a smart grid, participating in Smart
Cities energy optimization initiatives. It will be distinguished between two
different flexibility mechanisms:
-

Demand shifting: workloads are shifted from a time period to another, but
always within the same Data Centre.
Demand being federated: federation of Data Centres can be a mechanism
to optimize the behaviour of DCs from the energy and economic point of
view (to increase the usage of renewable or waste energies, for example)
shifting the workloads to other Data Centres where more renewable or
waste energy/ lower prices are available.

Existing metrics are not adequate to measure flexibility, new metrics will be
defined.
o

Renewable energy consumption: maximizing the renewable energy usage
can reduce significantly the energy and environmental impact of Data Centres.
In previous Tasks (Task 1) some metrics have been identified. Nevertheless,
they don’t consider some relevant factors that are necessary to evaluate
correctly the global impact, as for example, that not only electricity produced
locally has to be taken into account, but also the usage of renewable from the
grid. Therefore, new metrics will be proposed in this document.
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o

Energy recovered: it refers to the waste energy produced due to the operation
of a Data Centre that has the capability of being reused in the same Data
Centre or in another close consumer. In this case, there are also several
existing metrics that evaluate this parameter. However, some
improvements/modifications will be proposed in this document, defining new
metrics.

o

Primary Energy consumption and CO2 emissions, it refers to the total
primary energy consumption and emissions of the Data Center .

o

Economic savings in the energy expenses, it refers to the economic savings
that can be obtained in a DC as a result of performing flexibility mechanisms,
energy efficiency measures, etc.

o

Capacity planning and capacity management, with the objective to relate the
designed and the installed capacity with the actual load. It is important to note
that this group of metrics is not going to provide information about the energy
efficiency of the DC. However, capacity management is a key issue in modern
Data Centers operators.

o

Grid interaction indicators, with the objective of representing the degree of
independency of a DC from the electrical system due to the installation of onsite electricity generation.

3. New metrics
3.1. Flexibility mechanisms in Data Centres: Energy
shifting
3.1.1. Adaptability Power Curve (APC)
Proposed by: DC4Cities
Measures: How much the DC has adapted its energy consumption to a planned
energy curve. This metric measures the degree of this adaptation.
In a Smart City or Smart Grid context, a energy manager will define an energy usage
plan to each DC (or in general, to each consumer), taking into account the renewable
energy availability or other factors that will be relevant to optimize the grid (demand
reduction during peak hours, etc). DC will have to adapt its energy profile as close as
possible to this “planned energy”. The aim of this metric is to quantify the adaptation of
the DC energy profile at this objective energy profile, and thus, provide information
about how the DC is allowing the smart grid to operate according to its planned
optimized parameters.
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If no energy manager authority exists, this planned curve will be performed by the Data
Centre taking into account the different energy providers and the objectives that the
Data Centre wants to achieve (e.g. maximizing renewable consumption, minimizing
electricity bill, etc). Therefore, in this case the metric will be providing information about
the degree of achievement of the own DC optimization goals.
Measuring unit: unit-less (ø)
Calculation Method:

APC ranges from 0.0 to 1.0, with 0.0 meaning DC has not adapted to the planned
energy curve and 1.0 means all energy consumption has adapted and its deviation
from the optimal curve is zero.
KAPC is a factor needed to normalise consumptions. Due to the inclusion of the flexibility
mechanisms, variations in the global energy consumption can happen. Moreover,
variations due to services provided can appear, as planned curve and real
consumption are not simultaneous in time (planned curve is calculated previously from
demand prediction and electricity production). Thus, it is needed to normalise the
curves in order to compare the profile of consuming without introducing this distortion.
Where:
EP i 51= Planned Energy (kWh).
EDC i1= DC Energy consumption (kWh).
i = time period.
K= correlative factor to make the curve area the same.
In figure 1 it can be observed DC daily52 energy consumption profile versus planned
energy curve.

51

If Energy data is not available, it will be calculated from power measures. Time interval to calculate
energy must be at maximum 1 hour. The complete methodology will be developed in Task4. It is
important to note that it has been supposed that a DC in operation can never have a null consumption.
52
Time period in this specific example is one day, but other temporary base can be agreed. As the
metric compare two curves, n will be always ≥1.
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Figure 1. DC planned power and DC power

Figure 2 represents the numerator of the APC equation which shows the area
contained between the two curves (Planned Power and DC Power). The area means
the cumulative absolute error between DC Power and Planned power.

Figure 2. Cumulative absolute error between DC Power and Planed power

Figure 3 shows the area under DC power curve (denominator), which means the total
energy consumption of DC.

76

Figure 3. Energy consumption of the DC.

3.1.1.1. Adaptability Power Curve (APCren) at Renewable
Energies
Proposed by: GNF (DC4Cities)
Measures: it is a special case of APC and it represents how much the DC energy
consumption profile has adapted to a renewable curve. This metric uses the same
structure as the APC metric, introducing a K factor, but in this case for adapting RES
energy order of magnitude to the DC energy consumption. RES energy can be total
RES from the grid and therefore, much bigger than the consumption of an individual
consumer. K factor equalizes the total energy of both curves orders of magnitude,
allowing comparing the profiles.
Measuring unit: unit-less (ø)
Calculation Method:

As the renewable curve can include the entire renewable availability from a supplier or
entire renewable production at grid / microgrid level, the order of magnitude of this
curve can be not comparable with the DC consumption curve. Thus, in order to assess
how much the profile consumption of a DC has been adapted to the renewable
availability, it is needed to make equal both orders of magnitude. For this reason, the
factor KAPCRen has been defined.
Where:
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Eren i = Renewable Energy production (kWh)
EDC i = DC Energy consumption (kWh)
KAPCRen= correlative factor to make all the variables comparable.
i = time period
Example: the next graph represents the daily energy profile consumption of two
different DCs, DC1 and DC2. The red curve represents renewable energy availability.
In order to compare which of both DCs has an electricity consumption profile more
adapted to the availability of renewables, APCren will be used.

Figure 4. Renewable power curve, DC1 power curve and DC2 power curve.

APCren DC 1: Figure 5 represents the adaptation of renewable power curve to PDC1
curve using the K correlative factor to make the values of both curves comparable.

Figure 5. Power curves corrected with the factor k.

Figure 6 shows the denominator of the APCren equation (PDC1 area’s curve) which
means the total energy consumption of DC1.
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Figure 6. Energy consumption of the DC1.

In figure 7 is represented the numerator of the APCren equation which shows the area
contained between two curves (Renewable power and PDC1). The striped area means
the absolute error between PDC1 and renewable power. The white area, the intersection
between both curves, is the amount of energy from the total consumption from DC1
that will be renewable.

Figure 7. Accumulative error contained between curves Pren and PDC1

APCren DC1= 0,301
APCren DC 2:
Figure 8 represents the adaptation of renewable power curve to PDC2 curve using the K
correlative factor to make both curves comparable.
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Figure 8. Power curves corrected with the factor k.

Figure 9 represents the denominator of the APCren equation (PDC2 area’s curve) which
means the total energy consumption of DC2.

Figure 9. Energy consumption of the DC2

In figure 10 the numerator of the APCren equation which shows the area contained
between two curves (Renewable power and PDC2) is represented. As in previous
example, this area means the cumulative absolute error between PDC2 and adapted
renewable power:
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Figure 10. Accumulative error between contained between curves Pren and PDC2

APCren DC 2= 0,575
DC2 has an APCren of 0,575 and DC1 of 0,301. It means that DC2 has adapted to
renewable curve better than DC1, having a more similar profile and, thus, covering a
higher percentage of the consumption by renewable sources.

3.1.2. DCAdapt (DCA)
Proposed by: DC4Cities
Measures: this metric measures how much the DC energy profile has shifted from a
baseline energy consumption after the implementation of flexibility mechanisms (new
control components for shifting workloads, etc). These flexibility mechanisms are
implemented to adapt the DC energy consumption so close as possible to the planned
energy curve. This metric measures the change of the energy consumption curve.
It is important to distinguish this metric from APC. APC compares a planned curve,
which is sent by an energy manager in order to modify DC consumption according to
energy optimizations and/or constraints, and the actual final DC consumption, which
has been modified trying to follow this planned energy curve. The information that
provides this indicator is the DC’s flexibility: the capability of the DC to adapt its
consumption to a demand response order. Although planned energy curve is
determined previously, information given by both curves belongs to the same time
period.
On the other hand, DCA provides information about the flexibility that has been
achieved after implementing actions to adapt DC energy consumptions to certain
periods of time that are selected as more advantageous, in comparison with the energy
profiles before operating in this adaptative way. The reason of the changes will be
normally the adaptation of the consumption to the planned power curve (own or
provided by a smart grid authority), but this metric provides no information about the
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accuracy level of this adaptation, but the degree of flexibility achieved due to the
modifications in the operation approaches of the DC. These two curves needed to
calculate DCA are not simultaneous in time and information before and after
implementing changes in the DC is needed.

Metric

Curve 1

Curve 2

Planned Power

PDC Real

This curve represents the consumption
that a DC should have to adapt its
consumption to and energetic
optimization or constraint, i.e. the
changes in electric consumption
profiles that are ordered to the DC to
be adapted to a demand response
requirement.

This curve represents the actual
consumption, as DC is not going to be
always able to adapt all the
consumption to the order (Planned
Power).

PDC Baseline

PDC Real

This curve represents the energy
consumption pattern of a DC before
implementing actions/changes in SW
or equipment that imply variations in
this pattern (flexibility).

This curve represents the actual
consumption, after the implementation
of flexibility mechanisms due to
actions/changes in SW or equipment.

APC

DCA

Planned power and PDC Real are
simultaneous in time. One represents
a theoretical consumption (order) and
the other represents the actual
consumption during the same time
interval.

PDC Baseline and PDC Real are not
simultaneous. Consumption patterns
in different periods are compared.

Measuring unit: unit-less (ø)

Calculation method:

If the value of DCA is equal to zero it means that the cumulative difference between the
two curves is greater than the consumption of baseline; a value of DCA equal to 1
means that the curve has not changed.
KDCA is a factor needed to normalise consumptions. Due to the inclusion of the flexibility
mechanisms, variations in the global energy consumption can happen. Moreover,
variations due to services provided can appear, as planned curve and real
consumption are not simultaneous in time (planned curve is calculated previously from
demand prediction and electricity production). Thus, it is needed to normalise the
curves in order to compare the profile of consuming without introducing this distortion.
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Where:
EDCBaseline i = DC baseline energy consumption (kWh). Energy consumption before the
implementation of flexibility mechanisms. Baseline energy consumption profiles must
be obtained analysing and modelling the energy consumption of the DC before the
actions to adapt flexibility mechanisms has been implemented.
EDC Real i = DC real energy consumption (kWh). Energy consumption after the
implementation of flexibility mechanisms.
K= correlative factor to make the curve area the same.
Figure 11 shows an example. DC energy baseline consumption profile (before
measure’s implementation, DC energy real consumption (after action’s implantation)
and planned power (after action’s implantation) are shown.

Figure 11. Baseline energy consumption of DC, real energy consumption of DC and
planned power

Figure 12 represents the numerator of the DCA equation which shows the area
contained between two curves (EDCbaseline and EDCreal). The area means the cumulative
absolute error between EDCbaseline and EDCReal:
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Figure 12. Cumulative absolute error contained between curves EDC-baseline and EDC-real.

The denominator of the DCA equation, which means the total energy consumption of
EDC baseline, is represented in the following figure:

Figure 13. Baseline energy consumption of DC.

DC Adapt = 0 means DC energy real profile has not shifted from energy baseline
consumption.
DC Adapt = 1
consumption.

means DC energy real profile has shifted from energy baseline
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3.1.3. Flexible Energy Rate (FER)
Proposed by: GNF (DC4Cities)
Measures: how much energy consumption from the DC is flexible (has the ability of
being adaptable).
Previous indicators are focused on the operational analysis of the DC. On the contrary,
this index can be used for planning and design phases, so that it provides information
about the energy consumptions that have the ability of being adapted.
Measuring unit: unit-less (ø)
Calculation method:

FER ranges from 0.0 to 1.0, with 0.0 meaning DC has no flexibility and 1.0 means all
energy consumption is flexible.
Where:
FE = Flexible Energy (kWh), i.e. the capacity that a DC has to adapt their energy needs
in a certain period of time due to the inclusion of flexibility mechanisms.
EDC = DC Energy consumption (kWh)
As electricity for cooling represents a significant percentage of the electricity
consumptions in DCs, it is proposed to use a period of 1 year to calculate this index.
Examples:
Example 1: as mentioned before, in a common DC the electricity consumption for
cooling represents a significant amount of energy. A percentage of the cooling energy
consumption can be shifted to other time periods because flexible mechanisms can be
introduced (i.e. thermal energy storage, gap between maximum and minimum
temperature that can be used for adapting the consumption profile to the availability of
RES, etc).
In this example, it is considered that there is a flexible energy consumption for cooling
of 133.000 kWh annually and total DC annual energy consumption is 350.000 kWh. In
case that the other energy consumptions are not flexible (called “non flexible energy”),
the FEI metric of this DC should be calculated as follows:

The result is a FER equal to 38%, thus the maximal flexibility capability of the DC is this
percentage.
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DC Energy distribution
3%

Usage 1

NFE
62%

Usage 2
38%
52%

Usage 3

Cooling
6%

Usage 4

FE
38%

1%

Figure 14. Flexible Energy in this DC example.

Example 2: from all the IT services provided by a DC, it exists a 20% that can be
shifted to other time periods in a time interval of 24 hours, since the customer does not
require that these services are available instantaneously. For this reason, this
consumption can be considered as flexible.
In this example, it is considered that the total consumption of the DC is 1.500.000 kWh,
being a 60% of this consumption needed to feed IT equipment, which is equal to
900.000 kWh. As only a 20% of this consumption is flexible (180.000 kWh), FER will be
equal to 0,12.

Figure 15. Flexible Energy in this DC example.
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3.1.4. Managed Energy Rate (MER) and Managed
Flexible Energy Index (MFER)
Proposed by: GNF (DC4Cities)
Measures: How much DC energy is really managed: it is the ratio between actually
shifted energy vs maximum flexibility. This parameter will provide information about the
operation phase, comparing the flexibility that has been achieved in a DC in
comparison with the maximum defined in a design phase.
MEI measures the energy managed yearly in a DC versus the total consumption of the
DC.
MFEI measures the energy managed yearly in a DC versus the total flexible energy
consumption of the DC (versus the total flexibility capacity of the DC).
Measuring unit: unit-less (ø)
Calculation method:

Where:
ME = Shifted Energy (kWh). It is the energy that is managed.
FE = Flexible Energy (kWh). See metric 3.1.3.
EDC = DC Energy consumption (kWh)
Example: In a common data centre the energy cooling consumption represents a
significant amount of energy. Continuing with the previous example (example 1), from
the total 133.000 kWh of cooling consumption only 66.500 kWh are shifted due to the
installation of a thermal energy storage system and the regulation of variable
temperature.
So the energy cooling consumption that is really shifted represents a 50 percent of total
cooling flexible energy.

NFE
62%

100 % MFER

FE
38%
MFER
50%

Figure 16. Flexible Energy (38%) and Managed Flexible Energy (50%) of this DC example.
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3.2. Flexibility mechanisms in Data Centres: Energy
being federated

Federation is another mechanism to improve the energy and environmental impact of
Data Centres. Federation is a collaboration between DCs that allows to change the
coverage of services offered to customers from one DC to another, depending on the
energy context and constraints in both Data Centres.

3.2.1. Federated Energy Weight (FEW)
Proposed by: GNF (DC4Cities)
Measures: which % of energy has been federated in a period of time. That means,
which amount of extra energy has been consumed in the DC where the services have
been provided (DC2) instead of the DC (DC1), which is normally the one that provides
these services to the customers.
Measuring unit: unit-less (ø)

Calculation method:

Where:
FedEDC i = Energy that has been federated during a period of time (kWh)
EDC i = DC Energy consumption during the same period of time (kWh)

3.2.2. Federated COP
Proposed by: GNF (DC4Cities)
Measures: This metric denotes whether it is more efficient to federate some services
or not federate them. It measures which option is more energy efficient in case that
there is the possibility of shared work. Sometimes a DC can’t execute all the work in
order to achieve its energy, environmental or economic goals, andso that migration of
this work to another DC can be a solution. As the IT and facility equipment and
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operation is different between DCs, the energy needed to provide the same services
and thus, the energy efficiency, can be different. This metric measures the efficiency
level of the options.
Measuring unit: unit-less (ø)
Calculation method:

COP federated < 1 means that it is less efficient to federate units of work from DC1 to
DCi
COP federated > 1 means that it is more efficient to federate units of work from DC1 to
DCi
COP federated = 1.0 means that the situation will be the same federating units of work

Where:
WD = work done (i.e. billions of processes)
η= kWh/WD, i.e, the energy needed to perform WD by the DC.
i = number that represents the DC

DC1

DC2
DC3

DCi

DCn

Figure 17. Work transfer or federation from DC1 to DCn.

Example: Data Centre 1 (DC1) has to do 1000 WD but only is able to do 800 WD due
to internal restrictions. In this Smart City there is two data centres more (DC2 and DC3)
89

which could absorbed this work (100 WD each one). Using “Federated COP” metric is
possible two know which the most efficient way is:

DC1
800 WD
η=200 kWh/WD

100 WD

DC2

η=300 kWh/WD

DC3

η=100 kWh/WD

100 WD

Figure 18. Work federation possibilities from DC1 to DC2 and DC3.

Federating 100 BOP to DC2 and 100 BOP to DC3 is more efficient than assigning all
the work to DC1.

3.2.2. Federated RES
Proposed by: DC4Cities
Measures: How much the usage of renewable has increased due to federating energy
from one DC to another.
Calculation method:

Where:
FedEDC i = Energy that has been federated (kWh) during the period i.
Rencent i,1= percentage of RES usage in DC 1 (%) during the period i.. See metric
3.3.1.
Rencent i,2= percentage of RES usage in DC2 (%) during the period i. See metric 3.3.2.
i = time interval
Federated RES < 0 means that the usage of renewable has decreased due to
federating services from DC1 to DC2.
Federated RES > 0 means that the usage of renewable has increased due to
federating services from DC1 to DC2.
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Federated RES >=0 means that the usage of renewable remains constant although
services are federated from DC1 to DC2.

3.3. Renewables integration: Energy produced locally
and Renewable usage
3.3.1. Renewable usage: RenPercent
Proposed by: DC4Cities
Measures: the share of renewables in the electricity consumption of a DC. This share
includes renewable energy coming from the different sources that a DC uses to satisfy
its energy needs: renewable energy produced locally in the own facility and selfconsumed in the DC, renewable energy coming from other local producers and directly
connected to the DC and renewable energy coming from the grid or microgrid.
Measuring unit: unit-less (ø)

Calculation method:

Where:
EDCgrid i = DC energy consumption from grid or microgrid (kWh) during the period i
Eren i = Renewable energy produced in the electrical system (grid or microgrid,
depending on the supply of the DC) during the period i (kWh)
Esys i = Total energy produced in the electrical system during the period i (kWh)
In some cases Eren i and Esys i is not available, then

will be replaced by the

percentage of renewable in the electrical system.
EDCself-consump i = Energy produced locally and consumed in the DC during the period i
(kWh)
Energy produced locally could be exported to the grid, stored in a device (normally
battery) or consumed in the DC: here we consider the one that is self- consumed by
the DC within the time interval.
EDC i = Total DC energy consumed during the period i (kWh)
i= time interval
RenPercent < 1 means that only a percentage of the electricity consumption is covered
by renewable energies.
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RenPercent=1 means that all the electricity consumed by the DC is renewable.
Figure 18 represents the renewable energy availability, being the green curve “System
power” the total amount of energy available in the grid, the red curve “Renewables
power” the total amount of renewable available in the grid, the red curve “E DC AUTO” the
total amount of renewable energy produced and self-consumed in the DC and the blue
curve “DC power” the demand curve from the DC.

Figure 19. System power, renewable power and DC power.

Dividing Eren and Esys, it is determined the percentage of renewable that the DC will
consume from the total consumption that is covered by the grid.

Figure 20. % of renewable energy in front of total energy of the system

The following figure shows the total amount of renewable energy that will be consumed
by the DC (red curve), which is the numerator of the metric, and the DC total
consumption (blue curve), which is the denominator.
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Figure 21. Total power and renewable power consumed by the DC.

3.3.2. Renewable usage: RenEPPercent
Proposed by: GNF (DC4Cities)
Measures: the share of renewable electricity that is used from the global electricity
consumed by a Data Centre, quantifying the total consumption in primary energy
terms.
In order to be able to evaluate the global energy consumption of the DC, it is necessary
to consider the global consumption in primary energy terms, then the energy lost in the
conversion from raw fuel to electricity can be taken into account.
Measuring unit: unit-less (ø)
Calculation method:

Where:
EPrenDC i = Renewable electricity consumed by the DC during the period i (kWh) (see
numerator metric 3.3.1), in primary energy terms53.
EPe DC i = total electricity consumed by the DC, in primary energy terms (kWh)54

53

In Task 4 the methodology to convert renewable energy to renewable primary energy will be
explained.
54
Conversion factors that are needed to convert electricity to primary energy will be defined in Task 4.
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3.3.3. Renewable usage: RenThermPercent
Proposed by: GNF (DC4Cities)
Measures: the share of thermal renewable energy that is used for heating/cooling in a
Data Centre. This share includes the renewable energy from the own DC equipment
(direct sources like solar thermal or renewable that can be used through compression
or absorption heat pumps) and the renewable that can be consumed if the DC is
connected to a centralised installation (District Heating & Cooling)
Measuring unit: unit-less (ø)
Calculation method:

Where:
QDCDH&C i = Thermal energy consumed by a DC that comes from a centralised
installation, that can be at building level or neighbourhood level (District
Heating&Cooling), during the period i (kWh).
Qren i = Renewable energy produced in the centralised installation during the period i
(kWh)
QtotDH&C i = Total thermal energy produced in the centralised installation during the
period i (kWh)
In some cases Qren i and QtotDH&C i will not be available, then

will be replaced by

the percentage of renewable from the total thermal production in the centralised
thermal plant.
QDC HPren i = Thermal energy produced by the compression/absorption chiller that can be
considered as renewable according to the EU Directive 2009/28/EC and Commission
Decision 2013/114/UE (kWh)
QDC ren self-connsump i = Thermal renewable energy produced in the DC that satisfy DC
thermal energy needs during the period i (kWh)
QDC = Total DC thermal energy consumed during the period i (kWh)
i= time interval
RenThermPercent < 1 means that only a percentage of the thermal consumption is
covered by renewable energy.
RenThermPercent =1 means that all the thermal energy needed by the DC is satisfied
by renewable energy.
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Renewable Energy sources
(air/ground/water)

DC Heating/cooling

65% - 80%

100 %

Auxiliary energy
(electricity/gas)
HEAT PUMP

≈ 35% - 20%

Figure 22. Renewable energy in a heat pump cycle.

3.3.4. Renewable usage: RenEPThermPercent
Proposed by: GNF (DC4Cities)
Measures: the share of renewable thermal energy that is used from the total energy
consumed by a Data Centre to produce thermal energy, quantifying the total
consumption in primary energy terms.
Measuring unit: unit-less (ø)
Calculation method:

Where:
QrenDC i = Renewable thermal energy consumed by the DC during the period i (kWh)
(see numerator metric 3.3.3), in primary energy terms55.
EPe-thermal DC i 4= total electricity consumed by the DC to produce thermal energy during
the period i, in primary energy terms.
EPothers-thermal DC i =It should be considered not only the electricity needed in the DC, but
also other sources if applies (natural gas, diesel, etc), to produce energy for
heating/cooling. EPe others is the total primary energy consumed by the DC from these
other sources (kWh).

55

In this case, thermal renewable energy in primary energy terms is equal to thermal renewable energy
(numerator metric 3.3.3).
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3.3.5. Renewable usage: TotalEPPercent
Proposed by: GNF (DC4Cities)
Measures: the share of renewable primary energy that is used from the total primary
energy consumed by a Data Centre.
Measuring unit: unit-less (ø)
Calculation method:

EPrenDC i = Renewable electricity consumed by the DC during the period i (kWh) (see
numerator metric 3.3.1), in primary energy terms56.
QrenDC i = Renewable thermal energy consumed by the DC during the period i (kWh)
(see numerator metric 3.3.3), in primary energy terms.
EPe DC i = total electricity consumed by the DC, in primary energy terms during the
period i (kWh).
EPothers-thermal DC i =Total primary energy produced from other sources during the period i,
in primary energy terms (kWh).

3.4. Energy recovered: heat recovered
3.4.1. Energy Recovered: ReusePercent
Proposed by: DC4Cities
Measures: the share of waste energy that is reused in the same DC or in another near
(directly or through a DH&C) from the total primary energy consumed by a Data
Centre. As explained in previous metrics, to compare energy consumptions from
different energy sources, it is needed to convert them in equivalent units of raw fuel
consumed (primary energy).
Measuring unit: unit-less (ø)

56

In Task 4 the methodology to convert renewable energy to renewable primary energy will be
explained.
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Calculation method:

Where:
QreusedDC i= Thermal reused energy consumed by a DC during the period i (kWh). This
includes not only the waste energy produced in the DC (e.g. an own CHP), but also
waste heat that can be produced in a centralised installation (e.g. DH&C).
Qreused outsideDC i = Thermal reused energy generated in the DC and consumed by another
consumer during the period i (kWh).
EPe-thermal DC i 4= total electricity consumed by the DC to produce thermal energy during
the period i, in primary energy terms.
EPothers-thermal DC i =It should be considered not only the electricity needed in the DC, but
also other sources if applies (natural gas, diesel, etc), to produce energy for
heating/cooling. EPe others-thermal DC i is the total primary energy consumed by the DC from
these other sources.
i= time interval

3.4. Primary energy consumption and CO2 emissions
3.4.1. Primary energy savings: Pe savings
Proposed by: GNF (DC4Cities), IREC (CoolEmAll,RenewIT)
Measures: how much the primary energy consumed by a DC has been modified in
comparison to a baseline scenario, after having performed actions/improvements in
equipment to upgrade the energetic, economic or environmental behaviour of a DC.
Measuring unit: unit-less (ø)
Calculation method:

Where:
EPe DC i = total electricity consumed by the DC, in primary energy terms during the
period i (kWh).
EPothers DC i =total primary energy produced from other sources during the period i, in
primary energy terms (kWh).
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i= time interval

Energy variations or savings before (baseline scenario) and after (current scenario)
implementing actions in a consumer cannot be directly measured, so they are not
simultaneous. Instead, variations/savings have to be determined by comparing
measurements in two different periods of time, before and after implementation of the
project, making suitable adjustments for changes in conditions in order to make both
measurements comparable. To properly document the energy variations (also in
primary energy terms) distortions due to changes in the variables that affect energy
consumption in the baseline scenario must be avoided. Therefore, the energy
consumption in the baseline scenario will have to be adjusted in order to take into
account the same conditions in both measurements. This is illustrated by the following
example: a DC has increased its surface a 40%, installing new equipment. In order to
be able to calculate the primary energy savings due to the replacement of the HVAC
system, an adjustment has to be done in the baseline measurements, as the surface
conditioned would have been the same.

Figure 23. Evaluation of energy savings in the IPMVP protocol

3.4.2. CO2 emissions savings: CO2 savings
Proposed by: GNF (DC4Cities), IREC (CoolEmAll,RenewIT)
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Measures: how much the CO2 emissions in a DC has been increased/decreased in
comparison to a baseline scenario, after having performed actions (improvements in
equipment, flexibility mechanisms, etc) to upgrade the energetic, economic or
environmental behaviour of a DC.
Measuring unit: unit-less (ø)
Calculation method:

Where:
CO2e DC i = total CO2 emissions proceeding from the electricity consumed by the DC
during the period i (t).
EPothers DC i = total CO2 emissions proceeding from other sources during the period i (t).
i= time interval

3.5. Economic savings in the energy expenses
3.5.1. Energy expenses: EES
Proposed by: GNF (DC4Cities), IREC (CoolEmAll,RenewIT), Eng, SILO, TUC
(GEYSER)
Measures: how much the energy expenses has been increased/decreased in
comparison to a baseline scenario, after having performed actions (improvements in
equipment, flexibility mechanisms, etc) to upgrade the energetic, economic or
environmental behaviour of a DC.
Measuring unit: unit-less (ø)
Calculation method:
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Where:
E DC i = total electricity consumed by the DC during the period i (kWh).
Coste i = Electricity cost during the period i (c€/kWh).
E others i =total energy consumed from other sources during the period i (kWh).
Costothers i = energy cost from other sources (natural gas, etc) during the period i
(c€/kWh)
i = time interval

3.6. Capacity planning and capacity management
“Data Centres are planned to meet the maximum future estimated power for
requeriments of the load. The design capacity and the installed capacity are made
slightly larger than the ultimate expected load.” This text and the figures below are
extracted from57 and illustrate the usefulness of capacity metrics. Capacity metrics
intends to relate the actual peak IT power and the peak facility power with both the
design and installed capacity, in case they are different. With these metrics, one can
evaluate how to increase as much physical capacity in a Data Centre as possible (this
is capacity that owner-operator has already paid for). Failing to use this capacity will
incur future capital expenditure.

57

“Avoiding Costs from Oversizing Data Centre and Network Room Infrastructure”, Neil Rasmussen,
White Paper 37, APC / Schneider Electric
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Regarding IT load, we can define:
PIT, des. Designed IT power capacity
PIT, inst. Installed IT power capacity
PIT,. Actuak IT peak power
Then, two ratios can be defined:
-

IT installed Capacity credit

-

IT installed vs. designed Capacity credit

That is also can be defined, regarding the total facility capacity
Pfac, des. Designed total facility power capacity
Pfac, inst. Installed total facility power capacity
Pfac,. Actual total facility peak power
Then, two ratios can be defined:
-

Total installed Capacity credit
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-

Total installed vs. designed Capacity credit

Other interesting capacity metrics are present in recent literature as the Cooling
Capacity Factor (CCF)58. The CCF is defined as the ratio of total running
manufacturer’s rated cooling capacity to 110% of the critical load. Ten percent is added
to the critical load to estimate the additional heat load of lights, people, etc. Referred
white paper reveals average CCF of 3.9, very high compared to the ideal CCF=1.2

3.7. Grid interaction indicators
Load Matching refers to how the local energy generation compares with the building
load. Grid Interaction refers to the energy exchange between the building and an
energy infrastructure, typically, the power grid. These are independent, but intimately
related issues. The main distinction made here is that load matching indicators
measure the degree of overlap between generation and load profiles (e.g. the
percentage of load covered by on-site generation over a period of time) whereas grid
interaction indicators take aspects of the unmatched parts of generation or load profiles
into account (e.g. peak powers delivered to the electricity distribution grid).
Load cover factor59 (also known as “self-generation”) represents the percentage of
the electrical demand covered by on-site electricity generation and is defined as:

Then a complementary index, the supply cover factor (also known as “selfconsumption”), can be defined representing the percentage of the on-site generation
that is used by the building. Mathematically, it could be defined as:

g(t), represents the local energy generation

58

Kenneth G. Brill, Lars Strong, P.E., “Cooling Capacity Factor (CCF) Reveals Stranded Capacity and Data
Center Cost Savings”, White paper, Upsite Technologies, Inc., 2013 (upsite.com)
59
Jaume Salom, Joakim Widén, José Candanedo, Igor Sartori, Karsten Voss, Anna Marszal, Understanding
Net Zero Energy Buildings: Evaluation of Load Matching and Grid Interaction Indicators, Proceedings of
Building Simulation 2011, 12th Conference of International Building Performance Simulation
Association, Sydney, 14-16 November, pp. 2514-2521, 2011
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l(t), represents the total facility load

The loss of load probability is defined as the percentage of time that the local
generation does not cover the building demand, and thus how often energy must be
supplied by the grid.

Where ne represents the net exported electricity energy, (exported – delivered)
.

4. Pending information to be included
Project
GENIC



Comments
Proposal of a new metric to measure energy efficiency in HVAC
systems. This will be included with the metrics related to
energy/power analyses in subTask 3.1.
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