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Harmonizing Global Metrics for Data Center Energy Efficiency
TR H DTN —ZhRICET D IEO T HRIC oW T

Global Taskforce Reaches Agreement on Measurement Protocols for PUE — Continues
Discussion of Additional Energy Efficiency Metrics

February 28th, 2011
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The data center has become an increasingly important part of most business operations in the
twenty-first century.  With escalating demand and rising energy prices, it is essential for the
owners and operators of these mission critical facilities to assess and improve their
performance with energy efficiency metrics. However, even with the global presence of
many companies, these metrics are often not applied consistently at a global level.

To address these inconsistencies, a group of global leaders has been meeting regularly to
agree on standard approaches and reporting conventions for key energy efficiency metrics.
These organizations are: U.S. Department of Energy’s Save Energy Now and Federal Energy
Management Programs, U.S. Environmental Protection Agency’s ENERGY STAR Program,
European Commission Joint Research Center Data Centers Code of Conduct, Japan’s

Ministry of Economy, Trade and Industry, Japan’s Green IT Promotion Council, and The
Green Grid.

A joint statement in February 2010 highlighted goals and guiding principles for collaboration.
In the past year, this work has been expanded to provide greater detail on measurement
guidelines and next steps to help bring superior IT productivity metrics to the market. This
current document reflects agreements reached as of February 28th, 2011. The group intends
to continue collaboration as an ongoing effort to improve Data Center Energy efficiency and
Green House Gas Emission efficiencies.
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Goal

Share global lessons and practices with an objective of arriving at a set of metrics, indices,
and measurement protocols which can be formally endorsed or adopted by each participant
organization to improve data center energy efficiency globally. This includes the following
specific goals:

1. Identify an initial set of metrics

2. Define each metric

3. Define the process for measurement of each metric

4. Establish on-going dialog for development of additional metrics
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Desired Outcomes
There are several desired outcomes of the Taskforce’s activities.

Outcome (1) — Effective energy efficiency metrics that measure the actual IT work output of
the data center compared to actual energy consumption. It is of note that in
the process to define IT work output, the following interim measurements are
being defined and/or validated:

Outcome (1.a) — IT — Measure the potential IT work output compared to
expected energy consumption; and measure operational
utilization of IT Equipment.

Outcome (1b) — Data center facility and infrastructure — Measure the data
center infrastructure and efficiency (Power Usage
Effectiveness - PUE)

Outcome (2) — Measure renewable energy technologies and re-use of energy to reduce carbon.
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Guiding Principles

It is recommended by all that the development of metrics to address Outcomes (1.a), (1.b),
and (2), should form a holistic framework to address all aspects of the above desired
outcomes.

The Taskforce has finalized discussions and agreed on the following:
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Outcome (1.b) — It is recommended that data centers begin to measure PUE according to these
principles:

ePUE using source energy is the preferred energy efficiency metric. PUE is a
measurement of the total energy of the data center divided by the IT energy
consumption

e The industry should improve the IT measurement capabilities to ultimately enable
taking the measurement directly at the IT load (e.g. servers, storage, networking,
etc.). The recommendation is to measure the IT energy at the output of the PDU.

At a minimum IT energy measurements should be measured at the output of the
UPS.

eFor a data center, total energy measurement should include all energy sources at the
point of utility handoff. Total energy should include all cooling, lighting, and
support infrastructure, in addition to IT load.

e Additional detail on measurement guidelines have been added in Appendix A for
PUE measurements. The additional detail provides guidelines specific to equitable
measurements of PUE with various designs; using multiple energy inputs
(including renewable energy), on-site generation, and re-use of energy.
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The Taskforce is in agreement on the following concepts, as an interim step toward the
desired Outcomes.

Outcome (1.a) — As noted in the desired outcomes, metrics in this area need to address both
the potential capability of the IT equipment and the efficiency of which it is
employed.

Outcome (2) — As noted in the desired outcomes, metrics in this area need to address on-site
generation efficiencies (including renewable energy), re-use of energy, and
carbon emissions at the data center site.
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Progress to Date and Next Steps

Specific to the holistic framework being sought by the Taskforce, several approaches are
currently being evaluated:

e A single metric to evaluate overall data center efficiency (one such approach is DPPE:
http://www.greenit-pc.jp/topics/release/pdf/dppe_e 20100315.pdf)

8


http://www.greenit-pc.jp/topics/release/pdf/dppe_e_20100315.pdf

e A multi-parameter framework to evaluate overall data center efficiency (one such
approach is The Green Grid Productivity Indicator:
http://www.thegreengrid.org/en/Global/Content/white-papers/TGG-Productivity-Indic

ator)

Other approaches will be evaluated as they are suggested or identified.
Specific to the Desired Outcomes:

Outcome (1) — Measure the actual IT work output of the data center compared to actual
energy consumption. At this time the Taskforce is primarily focusing on
Outcome (1.a).

Outcome (1.a) — IT — Measure the potential IT work output compared to expected energy
consumption; and measure operational utilization of IT Equipment. Over this
past year the Taskforce has reviewed the following metrics and continues to
evaluate their applicability through industry trials:

e IT Equipment Efficiency (ITEE) & IT Equipment Usage (ITEU). For
further details see the published GIPC material:
http://www.greenit-pc.jp/topics/release/pdf/dppe_e 20100315.pdf

e Data Center Energy Productivity (DCeP) Proxies, Bits per kWh Proxy,
CPU Utilization Proxies, OS instance Proxy. For further details see The
Green Grid published material:
http://www.thegreengrid.org/en/Global/Content/white-papers/Productivit
y%20Proxy%20Proposals%20Feedback%20Interim%20Results

Outcome (1.b) — Data center facility and infrastructure — Measure the data center
infrastructure and efficiency (PUE). With the above revised guiding
principles, there are no further outstanding PUE related items for discussion
at this time.

Outcome (2) — Measure renewable energy technologies and re-use of energy to reduce carbon.
Over this past year the Taskforce has begun to review the following metrics.
Further work is required to provide guiding principles in this area. The
taskforce is working toward new metrics and at this time the following are the
metrics under review:
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e Energy Reuse Effectiveness (ERE). For further details see The Green Grid
published material:
http://www.thegreengrid.org/en/Global/Content/white-papers/ERE

e Carbon Usage Effectiveness (CUE). For further details see The Green
Grid published material:
http://www.thegreengrid.org/en/Global/Content/white-papers/Carbon_Usa
ge_Effectiveness White Paper

¢ On-site Energy Generation Efficiency (OGE) and Energy Carbon Intensity
(ECI). For further details see the published GIPC material:
http://www.greenit-pc.jp/topics/release/pdf/dppe_e 20110222.pdf
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Uy Rk 28R 22/
http://www.thegreengrid.org/en/Global/Content/white-papers/ERE

® [RFEFIHICAH % (Carbon Usage Effectiveness, CUE) . 72 25/l 7V —> 7 U » RiZ &
LER ARSI
http://www.thegreengrid.org/en/Global/Content/white-papers/Carbon_Usage Effectivene
ss_White Paper

® ¥ REEOAZNME (On-site Energy Generation Efficiency, OGE) & = %1% —[x#
5 (Energy Carbon Intensity, ECI) . H72 2 ##AHIXGIPCIZ L 2 &Rt A S
http://www.greenit-pc.jp/topics/release/pdf/dppe_e 20110222.pdf

This guidance is meant to provide a status update for the Taskforce’s desired outcomes and to
help drive a common understanding of energy efficiency metrics. With continued dialog and
additional input by a variety of stakeholders, this guidance will be refined and expanded to
maximize its impact on both energy consumption and operational efficiency. There is
significant interest and work among the bodies represented to proceed with globally accepted
metrics and measurement protocols, providing guidance to range from minimum
recommendations to best practices.

The Taskforce has met in the U.S., Italy, and Japan and has recently celebrated two years of
collaboration. The Taskforce has confirmed to continue the discussion and collaboration
around these metrics toward global harmonization of metrics for data center energy
efficiency.
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Participating Organizations

Each organization is represented on the Taskforce, which convenes regularly to advance the
progress of the group. A full group of participants from each organization continues to meet
in person every 6 to 12 months, as the Taskforce feels it is appropriate based on progress.
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For further details, please contact:

e The Green Grid: gdcmetrics@lists.thegreengrid.org

e U.S. Department of Energy Save Energy Now Program:
http://www1.eere.energy.gov/industry/datacenters/contacts.htmi

e U.S. Environmental Protection Agency’s ENERGY STAR Program:
www.energystar.gov/datacenters

e European Commission — Joint Research Centre:
http://re.jrc.ec.europa.eu/energyefficiency/html/standby initiative_data_centers.htm

e Ministry of Economy, Trade, and Industry: http://www.meti.go.jp/english/index.html

e Green IT Promotion Council: http://www.greenit-pc.jp
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