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Summary

Recommendation ITU-T L.1316 contains a framework of documents for collecting standards on energy efficiency metrics/key performance indicators (KPIs), measurement methodologies and energy management solutions for information and communication technology (ICT) equipment.

The Recommendation suggests the selection of the appropriate document to reference when determining energy efficiency.

History








 
	Edition	Recommendation	Approval	Study Group	Unique ID*

	1.0	ITU-T L.1316	2019-11-13	5	11.1002/1000/14081



Keywords

Energy efficiency, energy management, methodology, metrics.




* To access the Recommendation, type the URL http://handle.itu.int/ in the address field of your web browser, followed by the Recommendation’s unique ID. For example, http://handle.itu.int/11.1002/1000/11830-en.



FOREWORD

The International Telecommunication Union (ITU) is the United Nations specialized agency in the field of telecommunications, information and communication technologies (ICTs). The ITU Telecommunication Standardization Sector (ITU-T) is a permanent organ of ITU. ITU-T is responsible for studying technical, operating and tariff questions and issuing Recommendations on them with a view to standardizing telecommunications on a worldwide basis.

The World Telecommunication Standardization Assembly (WTSA), which meets every four years, establishes the topics for study by the ITU-T study groups which, in turn, produce Recommendations on these topics.

The approval of ITU-T Recommendations is covered by the procedure laid down in WTSA Resolution 1.

In some areas of information technology which fall within ITU-T's purview, the necessary standards are prepared on a collaborative basis with ISO and IEC.



NOTE

In this Recommendation, the expression "Administration" is used for conciseness to indicate both a telecommunication administration and a recognized operating agency.

Compliance with this Recommendation is voluntary. However, the Recommendation may contain certain mandatory provisions (to ensure, e.g., interoperability or applicability) and compliance with the Recommendation is achieved when all of these mandatory provisions are met. The words "shall" or some other obligatory language such as "must" and the negative equivalents are used to express requirements. The use of such words does not suggest that compliance with the Recommendation is required of any party.





INTELLECTUAL PROPERTY RIGHTS

ITU draws attention to the possibility that the practice or implementation of this Recommendation may involve the use of a claimed Intellectual Property Right. ITU takes no position concerning the evidence, validity or applicability of claimed Intellectual Property Rights, whether asserted by ITU members or others outside of the Recommendation development process.

As of the date of approval of this Recommendation, ITU had not received notice of intellectual property, protected by patents, which may be required to implement this Recommendation. However, implementers are cautioned that this may not represent the latest information and are therefore strongly urged to consult the TSB patent database at http://www.itu.int/ITU-T/ipr/.



© ITU 2019

All rights reserved. No part of this publication may be reproduced, by any means whatsoever, without the prior written permission of ITU.



Table of Contents


	1Scope

	2References

	3Definitions

	3.1Terms defined elsewhere

	3.2Terms defined in this Recommendation





	4Abbreviations and acronyms

	5Conventions

	6Energy efficiency and management general discussion

	7Energy efficiency metrics and KPI definitions

	7.1ITU-T Recommendations

	7.2ETSI documents

	7.3ATIS documents





	8Energy efficiency measurement methods

	8.1ITU-T Recommendations

	8.2ETSI documents

	8.3ATIS documents





	9Energy management methods

	9.1ETSI documents on energy management solutions









Guide


	Cover

	Start of Content

	Table of Contents






Recommendation ITU-T L.1316

Energy efficiency framework

1Scope

The Recommendations are a framework of existing standards, from ITU-T, ETSI and ATIS, covering various aspects of energy efficiency (EE) and energy management.

This Recommendation covers energy efficiency of:

–information and communication technology (ICT) goods;

–telecom networks;

–services.

Standards from other organizations not covered in this Recommendation will be added in future versions.

2References

The following ITU-T Recommendations and other references contain provisions which, through reference in this text, constitute provisions of this Recommendation. At the time of publication, the editions indicated were valid. All Recommendations and other references are subject to revision; users of this Recommendation are therefore encouraged to investigate the possibility of applying the most recent edition of the Recommendations and other references listed below. A list of the currently valid ITU-T Recommendations is regularly published. The reference to a document within this Recommendation does not give it, as a stand-alone document, the status of a Recommendation.

[ITU-T L.1302]Recommendation ITU-T L.1302 (2015), Assessment of energy efficiency on infrastructure in data centres and telecom centres.

[ITU-T L.1310]Recommendation ITU-T L.1310 (2017), Energy efficiency metrics and measurement methods for telecommunication equipment.

[ITU-T L.1315]Recommendation ITU-T L.1315 (2017), Standardization terms and trends in energy efficiency.

[ITU-T L.1320]Recommendation ITU-T L.1320 (2014), Energy efficiency metrics and measurement for power and cooling equipment for telecommunications and data centres.

[ITU-T L.1330]Recommendation ITU-T L.1330 (2015), Energy efficiency measurement and metrics for telecommunication networks.

[ITU-T L.1331]Recommendation ITU-T L.1331 (2017), Assessment of mobile network energy efficiency.

[ITU-T L.1332]Recommendation ITU-T L.1332 (2018), Total network infrastructure energy efficiency metrics.

[ITU-T L.1350]Recommendation ITU-T L.1350 (2016), Energy efficiency metrics of a base station site.

[ITU-T L.1351]Recommendation ITU-T L.1351 (2018), Energy efficiency measurement methodology for base station sites.

[ITU-T L.1361]Recommendation ITU-T L.1361 (2018), Measurement method for energy efficiency of network functions virtualization.

[ATIS-0600015]ATIS-0600015 (2018), Energy Efficiency for Telecommunication Equipment: Methodology for Measurement and Reporting – General Requirements.

[ATIS-0600015.01]ATIS-0600015.01 (2014), Energy Efficiency for Telecommunication Equipment: Methodology for Measurement and Reporting – Server Requirements.

[ATIS-0600015.02]ATIS-0600015.02 (2016), Energy Efficiency for Telecommunication Equipment: Methodology for Measurement & Reporting – Transport & Optical Access Requirements.

[ATIS-0600015.03]ATIS-0600015.03 (2016), Energy Efficiency for Telecommunication Equipment: Methodology for Measurement and Reporting for Router and Ethernet Switch Products.

[ATIS-0600015.04]ATIS-0600015.04 (2017), Energy Efficiency for Telecommunication Equipment: Methodology for Measurement and Reporting DC Power Plant – Rectifier Requirements.

[ATIS-0600015.05]ATIS-0600015.05 (2010), Energy Efficiency for Telecommunication Equipment: Methodology for Measurement and Reporting Facility Energy Efficiency.

[ATIS-0600015.07]ATIS-0600015.07 (2018), Energy Efficiency for Telecommunication Equipment: Methodology for Measurement and Reporting – Wireline Access, Asymmetric Broadband Equipment.

[ATIS-0600015.08]ATIS-0600015.08 (2014), Energy Efficiency for Telecommunication Equipment: Methodology for Measurement and Reporting for Small Network Equipment.

[ATIS-0600015.09]ATIS-0600015.09 (2015), Energy Efficiency for Telecommunication Equipment: Methodology for Measurement and Reporting of Base Station Metrics.

[ATIS-0600015.10]ATIS-0600015.10 (2015), Energy Efficiency for Telecommunication Equipment: Methodology for Measurement and Reporting DC Power Plant – Inverter Requirements.

[ATIS-0600015.11]ATIS-0600015.11 (2016), Energy Efficiency for Telecommunication Equipment: Methodology for Measurement and Reporting DC/DC Converter Requirements.

[ATIS-0600015.12]ATIS-0600015.12 (2016), Energy Efficiency for Telecommunication Equipment: Methodology for Measurement and Reporting Power Systems – Uninterruptible Power Supply Requirements.

[ATIS-0600015.13]ATIS-0600015.13 (2017), Energy Efficiency for Telecommunication Equipment: Methodology for Measurement and Reporting of 802.11xx Wi-Fi Access Points.

[ETSI EN 301 575]ETSI EN 301 575 V1.1.1 (2012), Environmental Engineering (EE); Measurement method for energy consumption of Customer Premises Equipment (CPE).

[ETSI EN 303 215]ETSI EN 303 215 V1.3.1 (2015), Environmental Engineering (EE); Measurement methods and limits for power consumption in broadband telecommunication networks equipment.

[ETSI EN 303 423]ETSI EN 303 423 V1.2.1 (2018), Environmental Engineering (EE); Electrical and electronic household and office equipment; Measurement of networked standby power consumption of Interconnecting equipment; Harmonised Standard covering the measurement method for EC Regulation 1275/2008 amended by EU Regulation 801/2013.

[ETSI EN 303 470]ETI EN 303 470 V1.1.1 (2019), Environmental Engineering (EE); Energy Efficiency measurement methodology and metrics for servers.

[ETSI EN 303 471]ETSI EN 303 471 V1.1.1 (2019), Environmental Engineering (EE); Energy Efficiency measurement methodology and metrics for Network Function Virtualisation (NFV).

[ETSI EN 303 472]ETSI EN 303 472 V1.1.1 (2018), Environmental Engineering (EE); Energy Efficiency measurement methodology and metrics for RAN equipment.

[ETSI EN 305 174-1]ETSI EN 305 174-1 V1.1.1 (2018), Access, Terminals, Transmission and Multiplexing (ATTM); Broadband Deployment and Lifecycle Resource Management; Part 1: Overview, common and generic aspects.

[ETSI EN 305 174-2]ETSI EN 305 174-2 V1.1.1 (2018), Access, Terminals, Transmission and Multiplexing (ATTM); Broadband Deployment and Lifecycle Resource Management; Part 2: ICT Sites.

[ETSI EN 305 200-1]ETSI EN 305 200-1 (2018), Access, Terminals, Transmission and Multiplexing (ATTM); Energy management; Operational infrastructures; Global KPIs; Part 1: General requirements.

[ETSI EN 305 200-2-1]ETSI EN 305 200-2-1 V1.1.1 (2018), Access, Terminals, Transmission and Multiplexing (ATTM); Energy management; Operational infrastructures; Global KPIs; Part 2: Specific requirements; Sub-part 1: ICT Sites.

[ETSI EN 305 200-2-2]ETSI EN 305 200-2-2 (2018), Access, Terminals, Transmission and Multiplexing (ATTM); Energy management; Operational infrastructures; Global KPIs; Part 2: Specific requirements; Sub-part 2: Fixed broadband access networks.

[ETSI EN 305 200-3-1]ETSI EN 305 200-3-1 V1.1.1 (2018), Access, Terminals, Transmission and Multiplexing (ATTM); Energy management; Operational infrastructures; Global KPIs; Part 3: ICT Sites; Sub-part 1: DCEM.

[ETSI ES 201 554]ETSI ES 201 554 V1.2.1 (2014), Environmental Engineering (EE); Measurement method for Energy efficiency of Mobile Core network and Radio Access Control equipment.

[ETSI ES 202 706-1]ETSI ES 202 706-1 V1.5.1 (2017), Environmental Engineering (EE); Metrics and measurement method for energy efficiency of wireless access network equipment; Part 1: Power Consumption – Static Measurement Method.

[ETSI ES 203 136]ETSI ES 203 136 V1.2.1 (2017), Environmental Engineering (EE); Measurement methods for energy efficiency of router and switch equipment.

[ETSI ES 203 228]ETSI ES 203 228 V1.2.1 (2017), Environmental Engineering (EE); Assessment of mobile network energy.

[ETSI ES 203 475]ETI ES 203 475 V1.1.1 (2017), Environmental Engineering (EE); Standardization terms and trends in energy efficiency.

[ETSI ES 203 539]ETSI ES 203 539 V1.1.1 (2019), Engineering Environmental (EE); Measurement method for energy efficiency of Network Functions Virtualisation (NFV) in laboratory environment.

[ETSI ES 205 200-1]ETSI ES 205 200-1 V1.2.1 (2014), Access, Terminals, Transmission and Multiplexing (ATTM); Energy management; Global KPIs; Operational infrastructures; Part 1: General requirements.

[ETSI ES 205 200-2-1]ETSI ES 205 200-2-1 V1.2.1 (2014), Access, Terminals, Transmission and Multiplexing (ATTM); Energy management; Global KPIs; Operational infrastructures; Part 2: Specific requirements; Sub-part 1: Data centres.

[ETSI ES 205 200-2-2]ETSI ES 205 200-2-2 V1.1.1 (2018), Access, Terminals, Transmission and Multiplexing (ATTM); Energy management; Global KPIs; Operational infrastructures; Part 2: Specific requirements; Sub-part 2: Fixed broadband access networks.

[ETSI TS 102 706-2]ETSI TS 102 706-2 V1.5.1 (2018), Environmental Engineering (EE); Metrics and Measurement Method for Energy Efficiency of Wireless Access Network Equipment; Part 2: Energy Efficiency – dynamic measurement method.

[ETSI TS 105 174-1]ETSI TS 105 174-1 V1.2.1 (2014), Access, Terminals, Transmission and Multiplexing (ATTM); Broadband Deployment and Energy Management; Part 1: Overview, common and generic aspects.

[ETSI TS 105 174-2]ETSI TS 105 174-2 V1.2.1 (2017), Access, Terminals, Transmission and Multiplexing (ATTM); Broadband Deployment and Energy Management; Part 2: ICT sites.

[ETSI TS 105 174-2-2]TS 105 174-2-2 V1.1.1 (2009), Access, Terminals, Transmission and Multiplexing (ATTM); Broadband Deployment – Energy Efficiency and Key Performance Indicators; Part 2: Network sites; Sub-part 2: Data centres.

[ETSI TS 105 174-4-1]ETSI TS 105 174-4-1 (2005), Access, Terminals, Transmission and Multiplexing (ATTM); Broadband Deployment and Energy Management; Part 4: Access Networks; Sub-part 1: Fixed access networks (excluding cable).

[ETSI TS 105 174-5-4]ETSI TS 105 174-5-4 V1.1.1 (2019), Access, Terminals, Transmission and Multiplexing (ATTM); Broadband Deployment - Energy Efficiency and Key Performance Indicators; Part 5: Customer network infrastructures; Sub-part 4: Data centres (customer).

3Definitions

3.1Terms defined elsewhere

This Recommendation uses the following terms defined elsewhere:

3.1.1energy [ITU-T L.1310]: "The capacity for doing work". In the telecommunication systems, where the primary source of energy is electricity, energy is measured in Joules.

3.2Terms defined in this Recommendation

None.

4Abbreviations and acronyms

This Recommendation uses the following abbreviations and acronyms:

ACAlternating Current 

CPECustomer Premises Equipment

DCDirect Current

DSLAMDigital Subscriber Line Access Multiplier

EEEnergy Efficiency

EoLEnd of Life

FANFixed Access Network

GEPONGigabit Ethernet Passive Optical Network

GPONGigabit Passive Optical Network

GSMGlobal System for Mobile communications

ICTInformation and Communication Technology

KPIKey Performance Indicator

LTELong-Term Evolution

MSAMMulti-Service Access Node

MUXMultiplexer

NFVNetwork Function Virtualisation

OTNOptical Transport Network

RANRadio Access Network

TDMTime Division Multiplexing

TEERTelecommunications Energy Efficiency Ratio

UMTSUniversal Mobile Telecommunications System

UPSUninterruptible Power Supply

WDMWavelength Division Multiplexing

5Conventions

None.

6Energy efficiency and management general discussion

A general discussion and definition of energy efficiency is presented in [ITU-T L.1315] which contains an explanation of terminology concerning the differences between energy efficiency and energy management.

[ITU-T L.1315] shall be used as basis for the definition of energy efficiency terminology, ICT equipment working conditions and status.

7Energy efficiency metrics and KPI definitions

7.1ITU-T Recommendations

[ITU-T L.1315] Standardization terms and trends in energy efficiency contains general energy efficiency (EE) metrics considerations such as general efficiency definition, useful work concepts for ICT equipment, functioning status/mode and EE; it is technically equivalent to [ETSI ES 203 475].

[ITU-T L.1315] shall be used as a reference in other Recommendations when defining energy efficiency metrics and key performance indicators (KPIs).

[ITU-T L.1310] Energy efficiency metrics and measurement methods for telecommunication equipment contains metrics definitions for digital subscriber line access multiplier (DSLAM), multi-service access node (MSAM), gigabit passive optical network (GPON), gigabit Ethernet passive optical network (GEPON), routers, Ethernet switches, wireless access technologies, small networking devices, wavelength division multiplexing (WDM)/time division multiplexing (TDM)/optical transport network (OTN), multiplexer (MUX)/switches and converged packet optical equipment.

[ITU-T L.1320] Energy efficiency metrics and measurement for power and cooling equipment for telecommunications and data centres contains the general definition of metrics, test procedures, methodologies and measurement profiles required to assess the energy efficiency of power and cooling equipment for telecommunications and data centres.

Metrics and measurement methods are defined for power equipment, alternating current (AC) power feeding equipment (e.g., AC uninterruptible power supply (UPS), direct current (DC)/AC) inverters), DC power feeding equipment (such as AC/DC rectifiers, DC/DC converters), solar equipment, wind turbine equipment and fuel cell equipment.

In addition, metrics and measurement methods are defined for cooling equipment such as air conditioning equipment, outdoor air cooling equipment and heat exchanging cooling equipment.

[ITU-T L.1330] Energy efficiency measurement and metrics for telecommunication networks provides a set of metrics for the assessment of energy efficiency of telecommunication mobile networks, together with proper measurement methods. The technologies covered are: global system for mobile communications (GSM), universal mobile telecommunications system (UMTS) and long-term evolution (LTE) (including LTE advanced (LTE-A)). In particular, this Recommendation defines metrics for mobile network energy efficiency and methods for assessing (and measuring) energy efficiency in operational networks.

[ITU-T L.1331] Assessment of mobile network energy efficiency is an evolution of [ITU-T L.1330] introducing new requirements for radio sites.

[ITU-T L.1332] Total network infrastructure energy efficiency metrics contains metrics definitions used to evaluate the energy efficiency of an entire network consisting of telecommunication equipment and infrastructure equipment; different energy sources of different natures are taken into account.

[ITU-T L.1350] Energy efficiency metrics of a base station site contains energy efficiency metrics used to evaluate the energy efficiency of a base station site considering the energy consumption for:

–telecom equipment inside the base station site e.g., backhaul, base station equipment;

–the entire infrastructure, including cooling systems, monitoring systems (e.g., power consumption, equipment running status, environment parameters), fire protection and lighting systems for all sites;

–energy losses due to AC/DC rectifiers, generators and cable losses.

[ITU-T L.1361] Measurement method for energy efficiency of network functions virtualization contains metrics definition for network functions virtualization (NFV) environments. All of the different types of VNFs (e.g., firewall, gateway), are not covered in this Recommendation, but it does provides the basis to make an extensible definition.

7.2ETSI documents

[ETSI EN 303 472] Energy Efficiency measurement methodology and metrics for RAN equipment contains requirements for energy efficiency measurement of radio access networks in use including radio site EE and references to [ITU-T L.1350].

[ETSI EN 303 471] Energy Efficiency measurement methodology and metrics for Network Function Virtualisation (NFV) contains requirements for energy efficiency measurements of NFV networks in use.

[ETSI EN 303 470] Energy Efficiency measurement methodology and metrics for servers contains metrics and measurement methods relating to computer servers.

[ETSI EN 303 215] Measurement methods and limits for power consumption in broadband telecommunication networks equipment contains metrics definition and measurement methods for fixed wired access technologies. It is used as a reference by [ITU-T L.1310].

[ETSI ES 203 539] Measurement method for energy efficiency of Network Functions Virtualisation (NFV) in laboratory environment contains metrics definition and measurement methodology for NFV solutions for laboratory testing. It is technically equivalent to [ITU-T L.1361].

[ETSI ES 203 475] Standardization terms and trends in energy efficiency contains general EE metrics consideration such as general efficiency definition, useful work concept for ICT equipment, functioning status/mode and EE. It is technically equivalent to [ITU-T L.1315].

[ETSI ES 203 228] Assessment of mobile network energy provides a set of metrics for the assessment of EE of telecommunication mobile networks, together with proper measurement methods. The technologies covered are: GSM, UMTS and LTE (including LTE advanced (LTE-A)). In particular, this Recommendation defines metrics for mobile network energy efficiency and methods for assessing (and measuring) energy efficiency in operational networks. It is technically equivalent to [ITU-T L.1331]; the first version it is technically equivalent to [ITU-T L.1330].

[ETSI ES 203 136] Measurement methods for energy efficiency of router and switch equipment contains metric definition and measurement methods for router and switch products.

[ETSI ES 202 706-1] Metrics and measurement method for energy efficiency of wireless access network equipment; Part 1: Power Consumption - Static Measurement Method contains metrics definitions and measurement methodologies for the power consumption of wireless access base stations with static loads.

[ETSI ES 201 554] Measurement method for Energy efficiency of Mobile Core network and Radio Access Control equipment contains metrics definitions and measurement methodologies for efficiency of mobile core equipment.

[ETSI TS 102 706-2] 	Metrics and Measurement Method for Energy Efficiency of Wireless Access Network Equipment; Part 2: Energy Efficiency – dynamic measurement method contains metrics definitions and measurement methodologies for the power consumption of wireless access base stations with a dynamic loads.

7.3ATIS documents

[ATIS-0600015] Energy Efficiency for Telecommunication Equipment: Methodology for Measurement and Reporting – General Requirements provides the methodology to be used by vendors and third-party test laboratories in the formation of a telecommunications energy efficiency ratio (TEER). This document is the base standard for determining telecommunications energy efficiency.

[ATIS-0600015.01] Energy Efficiency for Telecommunication Equipment: Methodology for Measurement and Reporting – Server Requirements defines how to measure the TEER of a server. This standard also provides requirements for how equipment vendors shall respond to a TEER request based on a specific application description by making use of relevant data from internal and independent test reports.

[ATIS-0600015.02] Energy Efficiency for Telecommunication Equipment: Methodology for Measurement & Reporting – Transport & Optical Access Requirements specifies the definition of transport and optical access products and systems as well as a methodology to calculate the TEER of a transport or optical access system or network configuration. This standard also provides requirements for how equipment vendors shall respond to a TEER request based on a specific application descriptions by making use of relevant data from internal and independent test reports. 

[ATIS-0600015.03] Energy Efficiency for Telecommunication Equipment: Methodology for Measurement and Reporting for Router and Ethernet Switch Products specifies the definition of router and Ethernet switch products based on their position in a network, as well as a methodology to calculate the TEER. This standard also provides requirements for how equipment vendors shall respond to a TEER request based on a specific application description by making use of relevant data from internal and independent test reports.

[ATIS-0600015.04] Energy Efficiency for Telecommunication Equipment: Methodology for Measurement and Reporting DC Power Plant – Rectifier Requirements defines how to measure the TEER of DC power plant rectifiers. This standard also provides requirements for how equipment vendors shall respond to a TEER request based on a specific application description by making use of relevant data from internal and independent test reports.

[ATIS-0600015.05] Energy Efficiency for Telecommunication Equipment: Methodology for Measurement and Reporting Facility Energy Efficiency defines how to measure the TEER of a telecommunications facility. This technical report is built upon facility measurement metrics used in the data centre industry.

[ATIS-0600015.07] Energy Efficiency for Telecommunication Equipment: Methodology for Measurement and Reporting – Wireline Access, Asymmetric Broadband Equipment provides the methodology used by vendors and third-party independent laboratories in the formation of a telecommunications energy efficiency ratio. The requirements and definitions in this document are for wireline access equipment that provides standards-based asymmetric broadband service and is deployed in the telecommunications industry. This supplemental standard represents one part of the larger ATIS suite of standards concerning telecommunications energy efficiency [ATIS-0600015]. This supplemental standard [ATIS-0600015.07] specifically addresses access equipment and is to be used in conjunction with [ATIS- 0600015].

[ATIS-0600015.08] Energy Efficiency for Telecommunication Equipment: Methodology for Measurement and Reporting for Small Network Equipment specifies the definition of router and Ethernet switch products based on their position in a network, as well as a methodology to calculate the TEER. This standard also provides requirements for how equipment vendors shall respond to a TEER request based on a specific application description by making use of relevant data from internal and independent test reports.

[ATIS-0600015.09] Energy Efficiency for Telecommunication Equipment: Methodology for Measurement and Reporting of Base Station Metrics defines the methodology to be used by vendors and third-party test laboratories in the determination of base station input power and energy efficiency.

[ATIS-0600015.10] Energy Efficiency for Telecommunication Equipment: Methodology for Measurement and Reporting DC Power Plant – Inverter Requirements defines how to measure the TEER of telecom inverters for use in DC power plant configurations. This standard also provides requirements for how equipment vendors shall respond to a TEER request based on a specific application description by making use of relevant data from internal and independent test reports.

[ATIS-0600015.11] Energy Efficiency for Telecommunication Equipment: Methodology for Measurement and Reporting DC/DC Converter Requirements defines how to measure the TEER of DC/DC converters. This standard also provides requirements for how equipment vendors shall respond to a TEER request based on a specific application description by making use of relevant data from internal and independent test reports.

[ATIS-0600015.12] Energy Efficiency for Telecommunication Equipment: Methodology for Measurement and Reporting Power Systems – Uninterruptible Power Supply Requirements provides the methodology to be used by vendors and third-party independent laboratories in the formation of TEER for various typical operating modes of UPS systems. This standard also provides requirements for how equipment vendors shall respond to a TEER request based on a specific application description by making use of relevant data from internal and independent test reports.

[ATIS-0600015.13] Energy Efficiency for Telecommunication Equipment: Methodology for Measurement and Reporting of 802.11xx Wi-Fi Access Points specifies the definition of Wi-Fi access points based on a network they serve, as well as a methodology to calculate the TEER. This standard also provides requirements for how equipment vendors shall respond to a TEER request based on a specific application description by making use of relevant data from internal and independent test reports.

8Energy efficiency measurement methods

Standards for efficiency measurement methods are important tools used to define energy efficiency of networks and services, verifying their performance in relation to pre-defined metrics or KPIs.

8.1ITU-T Recommendations

[ITU-T L.1315] Standardization terms and trends in energy efficiency contains general measurement condition requirements such as environmental conditions, voltage, power sources and power measurement equipment.

Energy efficiency Recommendations shall use general measurement conditions requirements established by [ITU-T L.1315] unless deviations are necessary due to the nature of ICT goods under energy efficiency measurement.

[ITU-T L.1310] Energy efficiency metrics and measurement methods for telecommunication equipment contains measurement methodologies for DSLAM, MSAM, GPON, GEPON, routers, Ethernet switches, wireless access technologies, small networking devices, WDM/TDM/OTN MUX/switches and converged packet optical equipment.

[ITU-T L.1302] Assessment of energy efficiency on infrastructure in data centres and telecom centres specifies an energy efficiency assessment methodology for data centres and telecom centres, test equipment accuracy requirements, assessment periods, assessment conditions and calculation methods. Concerning data centres and telecom centres, this Recommendation considers assessment methods for the efficiency of the entire data centre/telecom centre as well as part of the data centre/telecom centre.

[ITU-T L.1320] Energy efficiency metrics and measurement for power and cooling equipment for telecommunications and data centres contains the general definition of metrics, test procedures, methodologies and measurement profiles required to assess the energy efficiency of power and cooling equipment for telecommunications and data centres.

Metrics and measurement methods are defined for power equipment, AC power feeding equipment (such as AC UPS, DC/AC) inverters), DC power feeding equipment (such as AC/DC rectifiers, DC/DC converters), solar equipment, wind turbine equipment and fuel cell equipment.

In addition, metrics and measurement methods are defined for cooling equipment such as air conditioning equipment, outdoor air cooling equipment and heat exchanging cooling equipment.

[ITU-T L.1330] Energy efficiency measurement and metrics for telecommunication networks provides a set of metrics for the assessment of energy efficiency of telecommunication mobile networks, together with proper measurement methods. The technologies covered are: GSM, UMTS and LTE (including LTE advanced (LTE-A)). In particular, this Recommendation defines metrics for mobile network energy efficiency and methods for assessing (and measuring) energy efficiency in operational networks.

[ITU-T L.1331] Assessment of mobile network energy efficiency is an evolution of [ITU-T L.1330] introducing new requirement of radio sites.

[ITU-T L.1332] Total network infrastructure energy efficiency metrics contains measurement methods used to evaluate the energy efficiency of an entire network consisting of telecommunication equipment and infrastructure equipment; different energy sources of different natures are taken into account.

[ITU-T L.1351] Energy efficiency measurement methodology for base station sites contains the methodology for base-station site energy efficiency parameter measurement in line with metrics established by [ITU-T L.1350].

This Recommendation describes how to realize measurements of parameters establishing requirements on:

–measurement points;

–measurement conditions; and 

–instrumentation.

This Recommendation also considers continuous monitoring of site energy efficiency parameters. It does not specify metrics, but refers to the metrics defined in [ITU-T L.1350].

[ITU-T L.1361] Measurement method for energy efficiency of network functions virtualization contains measurement methods for NFV environments, it does not try to cover all of the different types of VNFs (e.g., firewall, gateway), but provides the basis to make an extensible definition.

8.2ETSI documents

[ETSI EN 301 575] Measurement method for energy consumption of Customer Premises Equipment (CPE) defines the methodology and test conditions to measure the power consumption of end-user broadband equipment in different operating states: disconnected mode, off mode, standby, idle states, low-power states, on mode. Moreover, these different modes of operation are defined.

The methods of measurements are applicable to CPE which can be directly connected to the mains.

[ETSI EN 303 423] Electrical and electronic household and office equipment; Measurement of networked standby power consumption of Interconnecting equipment; Harmonised Standard covering the measurement method for EC Regulation 1275/2008 amended by EU Regulation 801/2013 contains power consumption measurement methods for network standby equipment in line with European regulations.

Other ETSI related documents are reported in clause 7.2.

8.3ATIS documents

ATIS related documents are reported in clause 7.3.

9Energy management methods

ETSI released a series of documents reported in clause 9.1 dealing with energy management KPI definitions and measurement for different ICT technologies. These documents relate to the energy management of ICT solutions in operational conditions.

9.1ETSI documents on energy management solutions

[ETSI ES 205 200-1] Access, Terminals, Transmission and Multiplexing (ATTM); Energy management; Global KPIs; Operational infrastructures; Part 1: General requirements describes the energy management landscape of the operational infrastructures of broadband deployment addressed by this multi-part deliverable, their inter-relationship and boundaries.

[ETSI ES 205 200-2-1] Access, Terminals, Transmission and Multiplexing (ATTM); Energy management; Global KPIs; Operational infrastructures; Part 2: Specific requirements; Sub-part 1: Data centres specifies global key performance indicators (KPIEE) in relation to energy management for operator data centres (ODCs), operator sites and customer data centres (CDCs) and addresses the following objectives:

–energy consumption;

–task efficiency;

–energy re-use;

–renewable energy.

[ETSI ES 205 200-2-2] Access, Terminals, Transmission and Multiplexing (ATTM); Energy management; Global KPIs; Operational infrastructures; Part 2: Specific requirements; Sub-part 2: Fixed broadband access networks specifies requirements of a global KPI for energy management (KPIEM) and their underpinning Objective KPIs addressing the following objectives for the fixed access networks (FANs) of broadband deployment:

–energy consumption;

–task effectiveness;

–renewable energy.

[ETSI TS 105 174-1] Access, Terminals, Transmission and Multiplexing (ATTM); Broadband Deployment and Energy Management; Part 1: Overview, common and generic aspects provides an overview of this multi-part deliverable covering energy management and broadband deployment.

[ETSI TS 105 174-2] Access, Terminals, Transmission and Multiplexing (ATTM); Broadband Deployment and Energy Management; Part 2: ICT sites details measures which may be taken to improve the energy efficiency within ICT sites for broadband deployment.

[ETSI TS 105 174-2-2] Access, Terminals, Transmission and Multiplexing (ATTM); Broadband Deployment – Energy Efficiency and Key Performance Indicators; Part 2: Network sites; Sub-part 2: Data centres details measures which may be taken to improve the energy efficiency within operators sites and data centres for broadband deployment.

[ETSI TS 105 174-4-1] Access, Terminals, Transmission and Multiplexing (ATTM); Broadband Deployment and Energy Management; Part 4: Access Networks; Sub-part 1: Fixed access networks (excluding cable) details measures which may be taken to improve the energy efficiency of access networks for broadband deployment.

[ETSI TS 105 174-5-4] Access, Terminals, Transmission and Multiplexing (ATTM); Broadband Deployment – Energy Efficiency and Key Performance Indicators; Part 5: Customer network infrastructures; Sub-part 4: Data centres (customer) details measures which may be taken to improve the energy efficiency within industrial premises (single-tenant) by virtue of broadband deployment.

[ETSI EN 305 200-1] Access, Terminals, Transmission and Multiplexing (ATTM); Energy management; Operational infrastructures; Global KPIs; Part 1: General requirements describes the energy management landscape of the operational infrastructures of broadband deployment addressed by this multi-part deliverable, their inter-relationship and boundaries.

[ETSI EN 305 200-2-1] Access, Terminals, Transmission and Multiplexing (ATTM); Energy management; Operational infrastructures; Global KPIs; Part 2: Specific requirements; Sub-part 1: ICT Sites specifies requirements for a global KPI for energy management (KPIEM) and its underpinning objective KPIs addressing the following objectives for the ICT sites of broadband deployment:

–energy consumption;

–task effectiveness;

–energy reuse;

–renewable energy.

[ETSI EN 305 200-2-2] Access, Terminals, Transmission and Multiplexing (ATTM); Energy management; Operational infrastructures; Global KPIs; Part 2: Specific requirements; Sub-part 2: Fixed broadband access networks specifies the requirements for a global KPI for energy management (KPIEM) and their underpinning objective KPIs addressing the following objectives for the fixed access networks (FANs) of broadband deployment:

–energy consumption;

–task effectiveness;

–renewable energy.

[ETSI EN 305 200-3-1] Access, Terminals, Transmission and Multiplexing (ATTM); Energy management; Operational infrastructures; Global KPIs; Part 3: ICT Sites; Sub-part 1: DCEM specifies requirements for a global KPI for energy management (KPIDCEM) and their underpinning objective KPIs addressing the following objectives for the ICT sites of broadband deployment: 

–energy consumption;

–task effectiveness;

–energy reuse;

–renewable energy.

[ETSI EN 305 174-1] Access, Terminals, Transmission and Multiplexing (ATTM); Broadband Deployment and Lifecycle Resource Management; Part 1: Overview, common and generic aspects is part 1 of a multi-part deliverable which specifies the general engineering of various broadband infrastructures to enable the most effective energy management (and management of other resources) and the appropriate measures for end-of-life (EoL) treatment of ICT equipment. This document provides an overview of the ETSI EN 305 174 series of standards together with a definition of the common and generic aspects to which the other standards in the series conform.

[ETSI EN 305 174-2] Access, Terminals, Transmission and Multiplexing (ATTM); Broadband Deployment and Lifecycle Resource Management; Part 2: ICT Sites specifies requirements for resource management of ICT sites, as a combination of:

–energy management;

–management of EoL procedures for ICT equipment.
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