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The Technology Collaboration Programme on Energy Efficient End-Use Equipment (4E TCP), has been supporting governments to co-ordinate effective energy efficiency policies since 2008.
Fifteen countries have joined together under the 4E TCP platform to exchange technical and policy information focused on increasing the production and trade in efficient end-use equipment. However, the 4E TCP is more than a forum for sharing information: it pools resources and expertise on a wide a range of projects designed to meet the policy needs of participating governments. Members of 4E find this an efficient use of scarce funds, which results in outcomes that are far more comprehensive and authoritative than can be achieved by individual jurisdictions.
The 4E TCP is established under the auspices of the International Energy Agency (IEA) as a functionally and legally autonomous body.
Current members of 4E TCP are: Australia, Austria, Canada, China, Denmark, the European Commission, France, Japan, Korea, Netherlands, New Zealand, Switzerland, Sweden, UK and USA.
Further information on the 4E TCP is available from: www.iea-4e.org 
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The EDNA Annex (Electronic Devices and Networks Annex) of the 4E TCP is focussed on a horizontal subset of energy using equipment and systems - those which are able to be connected via a communications network. The objective of EDNA is to provide technical analysis and policy guidance to members and other governments aimed at improving the energy efficiency of connected devices and the systems in which they operate. 
EDNA is focussed on the energy consumption of network connected devices, on the increased energy consumption that results from devices becoming network connected, and on system energy efficiency: the optimal operation of systems of devices to save energy (aka intelligent efficiency) including providing other energy benefits such as demand response. 
Further information on EDNA is available at: edna.iea-4e.org

This report was commissioned by the EDNA Annex of the 4E TCP. It was authored by Viegand Maagøe. The views, conclusions and recommendations are solely those of the authors and do not state or reflect those of EDNA, the 4E TCP or its member countries.
Views, findings and publications of EDNA and the 4E TCP do not necessarily represent the views or policies of the IEA Secretariat or its individual member countries.
The IEA, 4E, EDNA and the authors make no conclusions, endorsements or disendorsements in relation to the organisations and brands mentioned in this report. 
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[bookmark: _Toc76330425]Introduction
The purpose of this scoping report is to start the collection of data and information for each task and, based on the data and information collection, to give a more in-depth description of how we propose to scope and approach each topic, compared to what was given in the proposal, and finally to get comments and acceptance from EDNA on the main sources identified, the scope and the approach. 
The scoping report is made as one report for all five tasks, but with a dedicated chapter for each of the following tasks:
· Metrics for data centre efficiency
· Mobile devices
· Emerging battery technologies
· Interoperability
· Connection with standardisation
Each of the task-specific chapters are structured in the same way, starting with a description of the scope based on the Request for Proposal (RfP), a literature review, clarification of the scope based on what was found in the literature review, leading to a description of the proposed approach to completing the task. The approach section contains a description of the steps of the approach and methodology, and a proposed table of contents for the task report. 
[bookmark: _Ref74056487][bookmark: _Toc76330426]Introduction to literature review approach
The starting point for the literature review is the articles and reports mentioned in the proposal, as well as EDNA reports found on the EDNA website[footnoteRef:2] and other sources known to the study team in advance. In order to capture any articles and reports unknown to us, we also conducted a structured literature search following the protocol described in Sections 1.1.1 and 1.1.2.  [2:  https://www.iea-4e.org/edna/publications/ ] 

The literature review provides the basis for answering the questions of the task reports, but we may add studies and sources found at later stages for supplementary information and data. An overview of all the sources identified is provided in an Excel file along with this scoping report[footnoteRef:3]. [3:  Excel file sent together with this report with the file name “Literature review_EDNA packages_V01_june 2021”] 

[bookmark: _Toc76330427]Generic repetitive sections
The literature review sections for the first four tasks (i.e. excluding connection with standardisation) follows the same protocol where some points are generic for all literature reviews and are not repeated for each section. 
They include:
Source Selection: ‘Sources’ are the databases or other types of information sources that the literature is extracted from. This section describes which ones are used, and how they are used, including the development of a search string for the purpose. The selected sources are: 
· Google Scholar to access academic and scientific journals. 
· Google to access public reports from governments and organizations. 
· For metrics for Data Centre Efficiency, additional sources are described in its individual section on page 3.
· For Connection with Standardisation, different SDOs (standardisation organisations) are used as sources and described on page 44.

Source Languages: English
Selection of studies: The selection of studies to include is done by a number of inclusion and exclusion criteria that define when a study is relevant for the task. E.g. based on the type of methodology, number of results, or relevance for a specific industry.
Procedure for studies selection: The papers will be analysed and selected based on the following approach:
reading title of report and the study’s keywords
reading abstract
reading introduction and conclusion
Inclusion/exclusion criteria: Studies are selected if they answer questions related to the individual tasks. Studies of too academic and abstract character are in many cases not relevant, and they have been excluded. Studies are selected, when they are technical in approach, give an overview of different technologies, metrics etc. or lead to specific policy recommendations.
[bookmark: _Toc76330428]Individual repetitive sections
The following sections are to be filled out in each of the topics, as content differs from topic to topic.
Formulation of questions to be answered by the literature review. These questions are in most cases directly extracted from the RfP, but the scoping of Metrics for Data Centre Efficiency required division and further scoping of questions. 
Keywords and synonyms: Based on the questions to be answered, the keyword to search for are identified along with synonyms related to those keywords, in order to make sure that the selected sources from the literature review contain relevant information, and that none are left out. In some cases, the search string will need additional priming keywords to scope the results in a given direction e.g. to only show results that also mention energy efficiency or policies. As these are the expected outcomes of the projects, the priming keywords help in narrowing down the results to only relevant information.
String Development: The keywords are combined into a single string using Boolean logic (AND, OR, NOT)
A summary of the results: The results from the studies are summarized and classified based on relevant subtasks.


[bookmark: _Toc76330429]Metrics for Data Centre Efficiency
[bookmark: _Toc76330430]Task
The specific objectives to be achieved via the activities in this study are, as defined by the RfP:
· Explore existing metrics for data centre efficiency.
· Identify which existing metric(s) would be most suited for use by policy makers, i.e. which metric(s) would be most suited to base policies on. 
· Background: a lot of work has already been done on data centre metrics, however, for example the PUE is subject to some difficulties. Also, the EU Code of Conduct for Data Centres is essentially a list of options to improve the efficiency of data centres, where improvements relate to the baseline of the data centre in question (and not to a general metric). 
· Conduct a gap analysis of existing metrics for data centre efficiency, and make policy recommendations for the modification or development of energy metric(s) to fill any gaps and address any barriers (if this is indeed required). Paying close attention to the issues raised in the EDNA report on data centres and wide area networks. 
· Background: the EDNA report on data centres and wide area networks concludes that maximising efficiency can only be achieved by comparing the product efficiency at the range of utilisation levels which the device is expected to operate in, and this is most easily determined with knowledge of the complete efficiency curve, rather than a single number. A standardised reporting format (e.g. JSON or API) to access the power and performance data for each type of equipment would be much more useful for making detailed comparisons.
· Examine the data sources required to calculate the preferred metrics (above).
· For any proposed metric, provide an example of a small (possibly hypothetical) case study on how to calculate/assess the metric with a typical data centre.
As clarified at the kickoff meeting, the scope for the metrics is the energy consumption and energy efficiency for the data centre i.e. not including opportunities for using waste heat and renewable energy. The metric should be a tool for policy makers mainly for following the energy consumption and energy efficiency rather than for setting requirements as MEPS.
Data centres are in the following abbreviated to DC.
[bookmark: _Ref75252075][bookmark: _Toc76330431]Literature Search
Based on the methodology described in Section 1.1 the literature review was performed in the light of the questions and problems found in the task description above and following this sequency of search and review: 
1. Articles and reports mentioned in the proposal; EDNA reports found on the EDNA website, as well other sources known to the study team in advance
2. Other literature identified via a structured literature search
The accompanying Excel file contains the sources from both 1 and 2.
Keywords and synonyms: The main keywords of the study are data centre metrics and data centre efficiency. 
Data Centre: data center, 
Metrics: measure, evaluate, statistics, figures, 
Efficiency: effectiveness, energy, performance, productivity, efficacy, resourcefulness,
Inclusion/exclusion criteria: The study is relevant when it considers, analyses and/or develops metrics for energy efficiency for the complete DC or for individual products or subsystems in the DC, e.g., for servers and for cooling systems.
Search String: 
Intitle:(“data centre” OR “data center”) AND (metrics OR measure OR evaluate OR statistics OR figures) AND (efficiency OR effectiveness OR energy OR performance OR productivity OR efficacy OR resourcefulness)
[bookmark: _Toc76330432]Result Summarisation
The results from the studies are summarized and classified in relation to their relevance to the research topics. 
[bookmark: _Toc76330433]Which metrics exist for data centre efficiency?
[bookmark: _Toc76330434]Introduction to problem definitions related to metrics
Energy efficiency metrics for systems and products provide a relation between the energy services delivered by the system or products and the energy consumed by the system or product. 
The primary problem for DC metrics is that there is no agreed or acknowledged method of quantifying the DC services delivered i.e. typically a mixture of data computational, data storing and data transmission services for serving the needs end-users in the form of e.g. data crunching, media streaming or document storing (may also be called “energy functions”), however, the mixture is different from DC to DC. This is also due to DCs being a complex system with central data computing, data storing and data transmitting parts and with accessories in the form of environment controlling equipment for temperatures and humidity and of power distrubuting equipment. 
The data computing, data storing and data transmitting parts provide the end user services and functions on the internet such as websites, email, streaming media, etc. This is performed in conjunction with the end user device by the ICT equipment housed in the data centre. The DC ICT equipment is most commonly split into network, storage and computer servers, although the distinctions are increasingly blurred. The infrastructure includes the building envelope, power and environmental controls which securely house the equipment, provide a eliable power supply and ensure a suitable operating environment. Table 1 below provides an overview.
[bookmark: _Ref76303935]Table 1: Simplified data centre stack3 
[image: ]
Measurement methods of the energy consumption exist, however, there can still be definitions to be made regarding e.g. if backup diesel or gas generators and office buildings at the DC location should be included. 
This problem can be split into various secondary problems:
· Different types of DCs exists – requiring different kind of metrics – basically (see more detals in Table 2):
· Enterprise DC or server room (smaller DC)
· Co-location centre, where the DC provides the building, space, utilities (cooling, power, etc.) and customers can rent space for their servers and data storage units. 
· Managed Service Provider DC, where customers can rent hardware for their own applications, software, data storage and cloud services. 
· The mixture of delivered services for DCs depend highly on enterprises served e.g. streaming Netflix content or delivering high performance computing for a university
· DC Tier classification related to reduncancy and fault tolerance
· Purpose of the metric, e.g. 
· Setting requirements (MEPS, informative, voluntary etc.) for establishment of DCs and/or bringing the DC services on the market.
· Setting requirements for the operation of DCs.
· Providing a tool for policy makers for following the development of energy consumption and energy efficiency of DCs, benchmarking them etc. 
· Providing a tool for DC operators to follow the energy efficiency performance over periods of time to see the developments.

[bookmark: _Ref76303526][bookmark: _Ref76303896]Table 2: Data centre operating and ownership models[footnoteRef:4]  [4:  Intelligent Efficiency For Data Centres & Wide Area Networks. Anson Wu of Hansheng Ltd, Paul Ryan of EnergyConsult Pty Ltd and Terence Smith of Mississippi Consulting Pty Ltd for EDNA. May 2019] 

[image: ]
The largest internet companies tend to be more vertically integrated which means they own and operate the data centres, infrastructure, IT equipment and end user services. 
These models may be less relevant when identifying DC energy efficiency metrics, as long as the DC would be able to report data, also for the customer owned IT equipment. This may however not be possible of confidentiality reasons and due to no access to the IT equipment e.g. for measuring the useful work they provide. 
[bookmark: _Toc76330435]Types of metrics
Due to differences between the DCs, no metric is able to compare different systems and instead KPIs (Key Performance Indicators) can cover a number of different metrics and are targeted primarily as tools for operational tracking and management of efficiency over time3. 
There are a large variety of metrics from very generic and simple metrics – some only covering part of the DC formance – to very complex requiring many measurements. To select the most suited metric, it is important to have the purpose well-defined and to assess the data availability during the selection processs. 
The most common metric is the Power Usage Effectiveness (PUE), which measures the efficiency of the infrastructure as a proportion of the total energy consumed. 
Metrics and testing methods for equipment are the second most common type of metric, and typically measure the average efficiency at a number of utilisation points including at idle. Measuring at multiple utilisation points is needed to better represent actual use and because power is not perfectly proportional to utilisation - at idle equipment can consume at 30-70% of the peak power. In the area of IT efficiency, much work remains to develop a metric that can assess the utilization over time of IT capacity (CPU, memory, I/O and storage) and workload delivered per unit of energy consumed in a way that is simple and effective. This is a difficult problem, the solution for which will depend on using data collected by automated systems in a ‘simple’ form (not a research project) to give a meaningful but not overly complex assessment of capacity utilization. A recommended priority is to develop standardised detailed reporting for efficiency/power testing rather than over simplified metrics which have limited use when selecting equipment. Since every DC is different, the equipment will operate under different conditions, and limits the use of standardised metrics designed to emulate ‘typical’ conditions.
One sourceError! Bookmark not defined. provides a good description of various types of relevant metrics for DCs and equipment:
· Infrastructure (i.e. all over equipment than critical IT equipment), namely PUE, defined in standards (ISO 30134-2:2018, L.1302). 
· Equipment efficiency: The power consumption of equipment is not directly proportional with the utilisation, e.g. at 0% utilisation, usually around 30-70% of the peak power. This means that efficiency is much lower at typical, low utilisation conditions. Efficiency is classified into three types, which can be measured in laboratory conditions, however they may not reflect actual use:
· Peak efficiency, which is a measure of peak performance against peak power consumption. Metrics exist for servers and network equipment.
· Variable efficiency, which measure power and performance at different utilisation rates designed to be indicative of the actual load in use. The overall efficiency is then weighted based on the time spent at the load level. Metrics exist (ETSI and ISO/IEC) for servers and network equipment. One metric introduces a concept of data centre scaling to determine the efficiency of deploying racks of servers as opposed to a single machine, however, the source states that due to overhead, scaling based on a single machine’s performance per watt will likely show an inappropriate result for IT facilities provisioned for more compute than a single machine.
· Extended idle, which is similar to variable efficiency but focuses on different operating states with different performance levels, e.g. by letting components such as network interfaces into sleep mode. A problem identified by the source is that it encourages equipment manufacturers to develop low power idle modes that are rarely used in current operating environments.
· Utilisation: This metric is important for the efficiency metric. The source states that utilisation metrics are available for routers and switches (ITU L.1310) and for servers (ISO/IEC 30134-5:2019)
· System efficiency: The system efficiency seeks to assess the efficiency of the service provided i.e. including both the DC and the WAN (Wide Area Network). The ITU standard Mobile network energy efficiency (L.1331) defined the efficiency of the mobile network as volume of data over the energy consumed (bit/J). Another metric provided is the efficiency for the area covered (CoA) is also calculated – which is the area covered divided by the energy consumed, while taking into account the quality of the coverage. The metrics can be used as inspiration, however, it considers only the data traffic work of the DC. 
· Renewable energy: A standard has been developed for and renewable energy factor (REF)[footnoteRef:5], however, this metric is not relevant for the current study and will not be further assessed. [5: https://www.evs.ee/en/iso-iec-30134-3-2016] 

· Energy reuse: An energy reuse metric is under development (ISO/IEC 30134-6), however, this metric is not relevant for the current study and will not be further assessed. 
The same source provides a list of standards from ITU, ISO/IEC, ETSI and ATSI related to energy and environmental topics for data centres and networks. We will screen these standards in the following analysis work.
It is however also relevant to mention that metrics already exist for product performance and efficiency of main components of the data centre, i.e. for servers, storage equipment, network equipment, UPS systems and cooling systems. Some of these metrics are used in regulation (eg. EU enterprise server and storage regulation) and labelling scheme (e.g. Energy Star). A combination of these may be considered an option for a DC metric, however, this requires that the products are measured according to the measurement methods.
Uptime Institute provides in a white paper[footnoteRef:6] four metric categories to define data centre greenness based on the function within a user organization: IT strategy, IT hardware asset utilization, IT energy and power efficient hardware deployment, and site physical infrastructure overhead. Computing work is included in one of the metrics (DC Watts of Hardware Compute Load per unit of computing work), however, the paper also highlight the difficulties in defining “computing work” for the data centre, because it means very different things depending on type of equipment: servers (processing data), storage (reading and writing data), or networking (routing packets). Furthermore, even within a category like servers, what kind of computing work should be measured (web serving, databases, calculations, network throughput, etc.) and how should the work be quantified e.g. processor cycles, MFLOPS, SPEC benchmarks, etc. Therefore, the paper describes this metric only qualitatively. The paper provides a good description of metric categories useful for a data centre organisation and furthermore considerations for measuring power and energy and relating this to KPIs. One central conclusion is that there is still considerable (and possibly contentious) work to be done around the exact technical and tactical procedures for measuring the metrics. [6:  "Four Metrics Define Data Center “Greenness”. Enabling users to quantify energy consumption initiatives for environmental sustainability and “bottom line” profitability". John R. Stanley with Kenneth G. Brill, and Jonathan Koomey, PhD. White Paper. Uptime Institute. December 2007.] 

A 2020 policy brief from EDNA[footnoteRef:7] provides a central conclusion relevant for the current study: Various metrics have been developed to measure the energy efficiency of data networks and data centres, however these are often quite limited when used in real-world situations. Policy makers can help to address this by developing complementary test methods and metrics with better real-world applicability. The analysis work behind the policy brief showed that the global energy consumption for data centres and networks decreased since 2012 and is modelled to stabilize at least until 2030 due to more efficient technologies and thereby improved energy intensity of the internet (as stated by the source). [7:  Policy brief: Upstream Consequences from Connected Devices. The IEA Technology Collaboration Programme on Energy Efficient End Use Equipment. April 2020. ] 

A simplified metric is used in EDNA’s Total energy Model for Connected Devices[footnoteRef:8] (TEM) for the upstream impact (DCs and WANs) of connected devices by calculating energy intensity as energy use per data transferred (kWh/GB) for each DC and WAN technology types. The energy intensity and data transfer for the DC and WAN are separately determined for different architecture and equipment generations following another EDNA studyError! Bookmark not defined.. The DC energy intensity is disaggregated by IT equipment and infrastructure equipment and by utilisation. An addendum study for the TEM focused on streaming media and the energy consumption associated with streaming video services (upstream), and the energy consumed by the device used to view the video.  [8:  Total energy Model for Connected Devices. EnergyConsult Pty Ltd, Hansheng Ltd. June 2019.] 

One source[footnoteRef:9] compares different ways to calculate the energy intensity and energy consumption for networks resulting in large discrepancy. The source suggest further studies to harmonise the numbers for the energy intensity and the yearly energy consmption of the internet.  [9:  Internet Energy Metric. Can an “energy-per-bit” metric be developed? Vlad C. Coroamă, ETH Zurich] 

Another source[footnoteRef:10] analyses the electricity consumption and operational carbon emissions of telecom operators to calculate the ICT network (i.e. fixed and mobile telecom networks) operations´ share of the Information and Communication Technology (ICT) sector impact globally,  historically (2010 and 2013) as well as currently (2015). The study  covers the ICTnetworks, defined as fixed and mobile telcom networks, and related operator activities, but excludes enterprise networks, data centers and end-user equipment. This study provides input for further assessment of the data traffic as potential KPI. [10:  The electricity consumption and operational carbon emissions of ICT network operators 2010-2015. Jens Malmodin and Dag Lundén. KTH Centre for Sustainable Communications. 2018.] 

The EU Green Public Procurement criteria for data centres, server rooms and cloud services[footnoteRef:11] published in 2020 based on a technical report[footnoteRef:12] includes a broad spectre of selection criteria, technical specifications, award criteria and contract performance clauses. The criteria are based on equipment efficiency (e.g. server efficiency) or specific topic (e.g. cooling, waste heat, renewable energy) and not for the total DC. I.e. the metrics utilised are PUE, Renewable Energy Factor and Energy Reuse Factor. This is also an indication that no metric for public procurement is available.  [11:  Commission Staff Working Document. EU green public procurement criteria for data centres, server rooms and cloud services. European Commission. March 2020.]  [12:  Development of the EU Green Public Procurement (GPP) Criteria for Data Centres, Server Rooms and Cloud Services. Nicholas Dodd, Felice Alfieri, Miguel Gama Caldas (JRC) Larisa Maya-Drysdale, Jan Viegand (Viegand Maagøe), Sophia Flucker, Robert Tozer, Beth Whitehead (Operational Intelligence), Anson Wu (Hansheng) Fiona Brocklehurst (Ballarat Consulting). 2020] 

A study commissioned by the European Commission[footnoteRef:13] uses computing (compute instances) and data traffic (in bytes/year) as indicators for data centre workload and performance. The study uses data from Cisco (both for computing and data traffic) for assessing the development in workload. Additionally, the study mentions the DPPE - Data Centre Performance Per Energy (proposed by JEITA, Japan Electronics and Information Technology Industries) and the Server Idle Coefficient and Data centre Idle Coefficient developed by Certios.nl. The latter coefficients are further described separately.[footnoteRef:14]  [13:  ICT Impact study. VHK and Viegand Maagøe for the European Commission. July 2020.]  [14:  Analysis LEAP Track 1 ‘Powermanagement’. 	Created by Certios/WCoolIT For LEAP commissioned by Netherlands Enterprise Agency.] 

A policy paper from the Netherlands Enterprise Agency[footnoteRef:15] goes into details for the DC energy services mentioning that the services are data processing, storage and transport, however, that the customers are interested in the functions these services provide e.g. watching a movie and writing a report. Quantifying the real performance regarding the function is, according to the source, difficult or impossible. It mentions that this is also the case for products like a television, which provides a moving picture (light) of a certain size (screen size) and resolution is a proxy for the energy function. The metric DPPE mentioned above is also mentioned by this source. The paper finally suggests to simplify by not consider the functions (i.e. e.g. watching a video), not take the location into account (regarding climate zone), use rated data for products, measure energy consumption as rolling measurements (e.g. average of the last 12 months) and keep the number of metrics and variables low when it concerns metrics for policy makers.  [15:  Energy Efficiency Policy for Data Centres (paper). Hans-Paul Siderius, Netherlands Enterprise Agency. September 2020.] 

[bookmark: _Toc76330436]Which of the existing metric(s) would be most suited for use by policy makers to base policies on?
When the purpose of the metric is to have a tool for policy makers mainly for following the energy consumption and energy efficiency at an overall level i.e. national or regional level, it is needed to consider a balance between the preciseness of data and the efforts required to capture data the needed data. 
A metric worthwhile studying further is the DPPE, Data center Performance Per Energy because it calculates the DC efficiency at an overall level. It however requires data collection at the DCs or at an representative proportion of the DCs. 
Interesting for the study are the metrics which uses data from central sources as Cisco for the DC performance. For a country or region with DC as a category in the electricity statistics, it would be possible to establish a metric using data already available centrally. If this is not possible, energy consumption data may be collected directly from the DCs or via a representative sample similar to other industry data collected by national statistical organisations. 
A working hypothesis is that the metrics based on data traffic (e.g. intensity as kWh/GB) potentially combined with adjustment factors for different DC work types (e.g. streaming vs high performance computing) would provide a simple indicator for following the development of the energy efficiency / intensity of DCs. 
Work related to the EDNA’s Total energy Model for Connected Devices would be relevant here combined with other sources. A consideration is also the separation of the DCs and the WAN. 
[bookmark: _Toc76330437]What are the gaps in existing metrics for data centre efficiency and how can the gaps be filled
The main gaps in existing metrics related to the scope for this study are the following: 
· The overall KPI using data traffic as a proxy for DC work may not reflect the total work by the DCs, especially concerning high performance computing, large data storage
· Energy consumption data may not be available for the categories for which data are available
[bookmark: _Toc76330438]Which data sources are required to calculate the preferred metrics? 
Main data sources for simple metrics based on data traffic vs energy consumptions are Cisco data traffic statistics and national or regional electricity statistics from the electricity utilities and/or energy authorities. Other metrics would typically require data collection from the DCs and even very detailed data for the individual equipment in the DCs. 
[bookmark: _Toc76330439]Provide for each preferred metric, an example of a small (possibly hypothetical) case study on how to calculate/assess the metric with a typical data centre.
Some of the sources provide data for DCs studied, which may be used as a case study or at least provide input for this topic. 
[bookmark: _Toc76330440]Scope clarifications
The suggested scope for this study is metrics suitable for policy makers for following the electricity consumption and energy efficiency / intensity at a regional or national level of DCs including all IT, power supply and cooling equipment without utilisation of waste heat and renewable energy requiring limited data collection.
[bookmark: _Toc76330441]Approach and Methodology
[bookmark: _Toc70285178][bookmark: _Toc76330442] Subtask 1: Existing metrics for DC efficiency suited for energy efficiency policies
The aim of the subtask is to collect information on relevant existing metrics related to DC efficiency and identify which of these would be most suited to base energy efficiency policies on.
The focus will be existing metrics within the adjusted scope, however, for inspiration and completeness of the study, we will also broadly present other metrics as presented in this scoping report.
The metrics suited for energy efficiency policies will be assessed in more details in parallel with the gap analysis and the data source analysis, because they are central for the suitability of the metrics. 
The research will focus on these areas:
· Data traffic as a proxy for DC work and potential adjustments or weighting factors and different methodologoies
· Studies, cases etc. where methods have been applied
· Cisco Visual Network Index (VNI) as data sources
· Electricity consumption data
· Pros and cons for defined options
[bookmark: _Toc70285181][bookmark: _Toc76330443]Subtask 2: Gap analysis and policy recommendations
The additional analyses in this subtask will focus on analysing the gaps being contras identified in the previous task. 
Gaps include be too large methodological uncertainties and too low availability of data of sufficient quality, especially regarding data for data traffic and electricity consumption for the same sub-categories. 
[bookmark: _Toc70285184][bookmark: _Toc76330444]Subtask 3: Data sources and case study
The assessment of data sources will focus on the data traffic and electricity consumption combined if necessary with other data related to potential adjustments or weighting factors and different methodologoies.
A small case study will be prepared for the recommended metrics, providing illustrative examples of the use of the metrics for typical data centres. These are thought to be case study calculations that only function as examples for understanding the metrics. They should be based on realistic figures, though not necessarily real-life figures from a specific DC.
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[bookmark: _Toc76330446]Mobile Devices
[bookmark: _Toc76330447]Task
The objective of this task defined by the RfP is to:
· Examine the energy used by mobile devices (connected and otherwise).
· Investigate policy options to improve their energy efficiency (including the power supply, the battery charging equipment, and the device itself, as well as the impact of various battery chemistries).
· Assess the similarities and differences between mobile device energy efficiency policies around the world. Compare their scope, test methods, metrics, MEPS, etc. and identify any gaps.
· Identify pathways towards international harmonization of policies for mobile devices.
Our understanding of the objective of this topic is that it is much focussed on policy options and policies for more energy efficient mobile devices that the EDNA members and other policy makers and stakeholders can use in their work. The study should provide a set of actionable policy recommendations, or at least issues for policy makers to consider, including recommendations that take into account how the policies can be harmonized internationally. The background for the policies and the recommendations is an analysis of energy consumption for mobile devices and policy options for improvements.
The subject is highly relevant and interesting due to the ongoing development towards more mobile devices. The number of mobile devices is increasing though many of them are substituting stationary devices. Mobile devices are often used more than stationary devices of the same type and more devices are being sold. E.g. the computing work provided by a desktop computer is now typically provided by a combination of a laptop computer, a tablet and a smartphone and often supplemented by data centre computing work. Furthermore, these mobile devices are always on or mostly on and always or almost always connected while in use. 
On the other hand, the specific energy consumption per device has been reduced substantially for mobile devices compared to stationary devices mainly due to a focus on longer battery life. 
We have structured the work around the objective from the RfP via the following four sub-tasks. 
[bookmark: _Toc76330448]Literature Search
Based on the methodology described in Section 1.1 the literature review was performed in the light of the questions and problems found in the task description above and following this sequency of search and review: 
1. Articles and reports mentioned in the proposal; EDNA reports found on the EDNA website, as well other sources known to the study team in advance
2. Other literature identified via a structured literature search
The accompanying Excel file contains the sources from both 1 and 2. 
Keywords and synonyms:
The synonyms for these keywords are listed below. 
Mobile: portable, battery
Device: equipment, “power tool”, appliance, computer, phone, laptop, speakers, “smart speakers”, e-bike 
Energy: energy AND efficiency, effectiveness, energy, performance, efficacy, resourcefulness,
Priming keywords: connect*, policy, 
Search String: 
intitle:((mobile OR portable OR battery) AND (device OR equipment OR “power tool” OR appliance OR computer OR phone OR laptop OR speakers OR “smart speakers” OR e-bike OR ebike) AND (“energy efficiency” OR “energy performance”)) AND (connect* OR policy)
[bookmark: _Toc76053258][bookmark: _Toc76053259][bookmark: _Toc76330449]Result Summarisation
The results from the studies are summarized and classified in relation to their relevance to the research topics. See the supplementary Excel file delivered together with this report for the full list of studies used for the scoping of this topic. 
Note that mobile devices cover a broad range of different products and product groups, which partly complicates this task. Also, this product group's energy consumption may be of less relevance to the consumers, who may focus more on the purchase cost, run time and functionality of these products than on the annual energy consumption. This is also reflected in the lifecycle costs, where it is assumed that the greatest cost is related to purchasing the products.
From an environmental point of view, most impacts are likely related to the material and manufacturing phase meaning that fewer studies may focus on the energy consumption of this product group.
[bookmark: _Toc76053261][bookmark: _Toc76330450][bookmark: _Ref76117901]Energy use and energy efficiency options 
Overall energy use
The term mobile devices can be interpreted in different ways and are often connected with mobile phones, smartphones, tablets, handheld gaming devices, laptops, but the definition can also include power tools, smartwatches, smart speakers, etc. Common for all of the mentioned products are that they are mobile and not restricted in the use area by a cord, meaning that they include a battery. Battery technology is a key enabler for more mobile devices, and future advancements allow new types of products to be mobile. This is best exemplified by the increasing amount of different power tools, computers, speakers and phones that today are battery-driven. Even though battery-driven products often replace electrical products, battery-driven products also replace petrol-fuelled products such as hedge trimmers. 
The shift towards more battery-driven products is expected to continue. The innovation space for batteries has grown rapidly, and more than seven times more battery-related patents are filed compared to the year 2000 and prices for energy storage has dropped by 90% over the last decade. And in the next decade, they are expected to further drop 66-80% compared to current prices. So, the development is fast, but the demand is likewise strongly expanding. IEA expect the market to increase 50 times by 2050 if the global green transition goals are to be met, which also is assumed to benefit mobile devices.
[bookmark: _Ref75442235]The Total Energy Model 2.0[footnoteRef:16] estimates that mobile devices currently consume approximately 300 TWh annually of all mobile connected devices worldwide. The energy consumption is not expected to significantly increase over the next decade, presumably because energy efficiency in mobile devices will continue to improve to weigh up the expected increase in mobile devices. [16:  IEA 4E EDNA, 2020, Addendum Report for the Total Energy Model V2.0 for Connected Devices ] 

[image: ]
Figure 3‑1: Energy consumption of connected devices from 2010 to 2030. The grey part of the graph indicates the relevant energy consumption of connected mobile devices15

Note that the figure above only considers connected devices and does not include all mobile devices described previously, meaning that the energy consumption of all mobile devices in scope is considered higher. However, no articles or reports estimating the energy consumption of all mobile devices were found except for specific products such as:
· Smartphones and tablets and computers, where the energy consumption of smartphones and tablets can be found in the Ecodesign preparatory study on mobile phones, smartphones and tablets[footnoteRef:17]  [17:  European Commission, 2021, Ecodesign preparatory study on mobile phones, smartphones and tablets] 

· Computers, where the energy consumption can be found in the review of Regulation 617/2013 (Lot 3) Computers and Computer Servers[footnoteRef:18] [18:  European Commission, 2017, Preparatory study on the Review of Regulation 617/2013 (Lot 3) Computers and Computer Servers] 

· Cordless vacuum cleaners, where the energy consumption can be found in the review study for vacuum cleaners[footnoteRef:19] [19:  European Commission, 2019, Review study on Vacuum cleaners] 

· Power tools, where the energy consumption is estimated in the Ecodesign Working Plan Study 2015-2017[footnoteRef:20]. [20:  European Commission, 2015, Preparatory Study to establish the Ecodesign Working Plan 2015-2017] 

· Speakers, where the energy consumption is estimated in the working plan study 2020-2024[footnoteRef:21]. [21:  Preparatory study for the Ecodesign and Energy Labelling Working Plan 2020-2024. Task 3 Preliminary analysis of product groups and horizontal initiatives. ] 

Standby power
[bookmark: _Ref75442335]For many digital devices, standby power consumption in networked standby contributes greatly to the total energy consumption over its lifetime because it is typically higher than traditional standby due to the need of a network interface and be ready to be woken by the network. Compared to smartphones, other non-mobile devices have significantly higher standby power consumption despite that many of these products maintain the same functionalities during standby (voice assistants and internet connection). Manufacturers of mobile devices have a much higher motivation to improve their products' energy efficiency, because battery life directly impacts the user experience of their products[footnoteRef:22]. [22:  EDNA, 2019, Bridging the Network Standby Gap Between Mobile and Mains-powered Products ] 

[image: ]
Figure 3‑2: Standby power of connected devices21.
[bookmark: _Toc76330451]Policy options for improvement of energy efficiency
Policy options to improve the energy efficiency (including the power supply, the battery charging equipment and the device itself, as well as the impact of various battery chemistries) of mobile devices are partly already described in connection with Ecodesign studies and Energy Star specifications presented in section 3.3.1 and section 3.3.3. These sources provide valuable input on the current energy consumption and available BAT levels for a number of mobile devices. Besides the Ecodesign studies and Energy Star, there seems to be a lack of available information regarding policy options to improve energy efficiency.
Regarding components, the following components are considered to be of special interest.
· Power supply and voltage conversion where efficiency is of great importance[footnoteRef:23]  [23:  Ecodesign and Energy Labelling Working Plan Study 2020-2024] 

· Chipsets including processor, RAM/ROM and storage. The tendency is towards more efficient processors, which better scale power with performance, but the increase in processing power has equalised the efficiency gains. The most energy-consuming components are often the processor and screen[footnoteRef:24]. Of the available processors on the market, there are large differences between the power vs performance numbers[footnoteRef:25] and a relevant metric can potentially include performance and TDP (Thermal Design Power) [24:  Tom's Hardware, 2009, Calculating Power Consumption Of The Entire System, https://www.tomshardware.com/reviews/geforce-radeon-power,2122-7.html]  [25:  PassMark Software, Power Performance, https://www.cpubenchmark.net/power_performance.html] 

· Displays (where especially, 4K, HDR and high refresh rate can drain the battery[footnoteRef:26] [26:  https://pcper.com/2015/10/testing-gpu-power-draw-at-increased-refresh-rates-using-the-asus-pg279q/] 

· Actuators and motors for regulation and movements, with considerations on motors outside the scope of the new motor regulation[footnoteRef:27]  [27:  Eurpean Commission, 2019, COMMISSION REGULATION (EU) 2019/1781] 

· Network interfaces (Wi-Fi, Bluetooth, low power protocols (Zigbee, Z-wave, Bluetooth Low Energy, DECT Ultra Low Energy, etc.), Ethernet, 5G/6G cellular networks (etc.)
· Other ports and interfaces
· Other components for product functionality

In addition, the impact of the efficiency of the source code in software may impact the power consumption[footnoteRef:28] [28:  Acar, Alptekin, Gelas & Ghodous, 2017, The Impact of Source Code in Software on Power Consumption] 


[bookmark: _Ref76117906][bookmark: _Toc76330452]Similarities and differences between mobile device energy efficiency policies around the world
Generally, standards, MEPS and labelling have had a significant influence on energy efficiency globally and is expected to have triggered a halving of energy consumption of some home appliances[footnoteRef:29]. Some best practices for policy interventions are investigated below. [29:  UNITED NATIONS ECONOMIC COMMISSION FOR EUROPE, 2015, BEST POLICY PRACTICES FOR PROMOTING ENERGY EFFICIENCY] 

EU Ecodesign Directive and other relevant regulations
The EU ecodesign standby regulation[footnoteRef:30] for standby and auto-off mode dictates under which conditions electric appliances marketed in EU should automatically go to energy-efficient modes such as standby or auto off. These are different for different types of appliances, and the policy determines the time before such power-saving modes should switch on and the power requirements for these modes.  [30:  Commission Regulation (EC) No 1275/2008 of 17 December 2008 implementing Directive 2005/32/EC of the European Parliament and of the Council with regard to ecodesign requirements for standby and off mode, and networked standby, electric power consumption of electrical and electronic household and office equipment ] 

The EU ecodesign regulation[footnoteRef:31] on energy efficiency for external power suppliers does not include those for charging of batteries if it is directly connected to the battery. Generally, the no-load power may not exceed 0.5 W, and the active efficiency follows a specified calculation based on the nominal effect of the power supply. For mobile phones, the EU is currently developing a similar ecodesign policy planned for adoption in 2022. Thus far, the policy is open for public feedback until August 2021, before the act is finally drafted[footnoteRef:32]. [31:  European Commission, 2009, Commission Regulation (EC) No 278/2009]  [32:  European Commission, 2020, Designing mobile phones and tablets to be sustainable – ecodesign] 

Of other relevant EU regulations, proposals and studies, the following should be highlighted:
· EU 666/2013 with regard to ecodesign requirements for vacuum cleaners (and more interesting the review study for vacuum cleaners representing possible new requirements )
· EU 617/2013 with regard to ecodesign requirements for computers and computer servers[footnoteRef:33] [33:  European Commission, 2013, COMMISSION REGULATION (EU) No 617/2013] 

· EU 2019/1782 laying down ecodesign requirements for external power supplies[footnoteRef:34] [34:  European Commission, 2019, COMMISSION REGULATION (EU) 2019/1782] 

· The proposal for a battery regulation[footnoteRef:35] [35:  European Commission, 2020, Batteries and accumulators] 


Note that the preparatory studies often also provides an overview on national legislations outside EU.

US Department of Energy (DoE) appliance standards and rulemaking
The US Department of Energy (DOE) establishes energy-efficiency standards for certain appliances and equipment, and currently covers more than 60 different products[footnoteRef:36]. Examples include External Power Supplies, Televisions and Dishwashers. [36:  https://www.energy.gov/eere/buildings/standards-and-test-procedures ] 


APEC Cooperative Energy Efficiency Design for Sustainability
Success factors for implementation of standards and labelling of energy efficiency identified in the APEC region[footnoteRef:37] include explicit criteria for MEPS and labelling of appliances into categories. The responsible authority for implementing the MEPS must be in dialogue with the relevant stakeholders including manufacturers to ensure realistic requirements and ease of compliance with the future requirements. Furthermore, continuous update of the policies is important as energy efficiency improves yet faster and faster.  [37:  APEC Cooperative Energy Efficiency Design for Sustainability (CEEDS), 2010, Appliance Energy Efficiency Standards and Labeling] 

Energy Star Label
Energy Star is the endorsement label for more than 70 product categories from the American EPA but is used widely all over the world. The label can only be given to the top 25% most energy efficient products in a category, and is helping consumers and public procurement to select the best performing products. The label helped reducing energy consumption by 0.5 TWh in the US in 2013. Energy star has specifications for several relevant product groups such as:
· Computers[footnoteRef:38] [38:  Energy Star, 2020, ENERGY STAR® Program Requirements for Computers: Partner Commitments ] 

· Telephony[footnoteRef:39] [39:  Energy Star, 2014, ENERGY STAR® Program Requirements for Telephony: Partner Commitments] 

· Thermostats[footnoteRef:40] [40:  Energy Star, 2017, ENERGY STAR Program Requirements For Connected Thermostat Products: Partner Commitments] 

· Smart Home Energy Management Systems[footnoteRef:41] [41:  Energy Star, 2021, ENERGY STAR® Program Requirements Product Specification for Smart Home Energy Management Systems Partner Commitments] 

Harmonisation of policy interventions
There are already harmonisations fully or partly between policy interventions between regions. Examples include computers (partly of Energy Star 5.0 specification in the EU ecodesign regulation for computers) and external power supplies (harmonised partly between US DoE and EU). 
If the strictest MEPS and energy labels from EU and USA were harmonised globally, worldwide energy consumption would be 9% lower today[footnoteRef:42]. Furthermore, if this strategy is applied on specific product groups forecasting to 2030, consumer electronics would use 69% less energy and ICT 40% less[footnoteRef:43]. These two categories have the highest absolute potentials. [42:  European Union, 2015, Savings and benefits of global regulations for energy efficient products, p. 3]  [43:   European Union, 2015, Savings and benefits of global regulations for energy efficient products, p. 20] 

No reports were found pinpointing the similarities and differences between mobile device energy efficiency policies around the world.
[bookmark: _Toc75248846][bookmark: _Toc76330453]Pathways towards international harmonization of policies for mobile devices
A comparison of energy efficiency policies around the world[footnoteRef:44] for different products identifies that reasons for the lack of harmonisation of regulations worldwide include cultural, climate, and economic differences, levels of technological adaptation, lack of testing facilities and methodologies, and potential damage to local manufacturers because of increased competition on global terms. [44:  United Nations Economic Commission for Europe, 2015, Best Policy Practices for Promoting Energy Efficiency] 

Attempts to harmonise energy efficiency criteria are many. External power suppliers have been identified as a product group with successful policy interventions[footnoteRef:45]. Energy Star, from the US, was the first to develop a testing method for power supplies, which was an initial step in the standardization and harmonization of policies in that topic. Energy Star’s initiative was joined by energy commissions from China, Australia, California, and EU. The testing procedure for companies was required at both 220V and 110V to ensure compatibility between the different regions. The power supplies were classified from I to VI, to ensure a simple overview of the energy efficiency of the products and allowed comparability between them. Key factors for the successful implementation of the policy, include that power supplies are more or less identical in all countries, there was no global or regional testing procedure implemented anywhere when the initiative started, thus a new method could be co-developed. Lastly, the policy only involved conditions for no-load energy consumption and then a calculation for energy efficiency in active mode led to the I through VI classification.  [45:  Lin & Fridley, 2006, Harmonization of Energy Efficiency Standards: Searching for the Common Ground] 

[bookmark: _Toc76053265][bookmark: _Toc76053266][bookmark: _Toc76330454]Scope Clarifications
It is important to clearly define the scope for the analysis, i.e. which mobile devices are considered in this study because further analyses will be based on this scope. We suggest keeping a flexible approach to the scope, i.e. the quantitative analysis will be based on the product groups in scope, but the qualitative analysis and especially the conclusions regarding policy recommendations may be broader.
A suggested preliminary scope is: 
The scope is mobile devices mainly used in households, in the public sector and in the office and commercial sectors at a global level. A mobile device is defined as a portable device to be used for extended periods of time without connection to the mains supply by the use of a built-in battery or other kind of energy source. 
[bookmark: _Toc76053268][bookmark: _Toc76330455]Approach and Methodology
[bookmark: _Toc68902503]Subtask 1: Energy use by mobile devices
The aim of the subtask is to analyse the energy used by mobile devices, which we understand as providing energy consumption data for defined groups of mobile devices. Hence, there seems to be available data in a range of different preparatory studies and review studies, but currently, data is still missing from a range of products due to the broad scope. Hence, It is necessary to estimate the energy consumption of some of the product groups by calculations that take into account:
· The use patterns
· The energy consumption in different modes (standby, active, off, etc.)
· The energy efficiency of the charger
· The estimated sales in Europe
The figures will be provided for today (or most recent year) with a look into the near future (e.g. 2030) regarding expected developments, especially for products and areas where many changes are expected to take place.
This can be very time-consuming, but at the same time it may not be the most important subtask; hence the calculation may be based on reasonable assumptions to reflect the energy consumption of the products in scope. If a product group prove to be of special interest or show high energy consumption compared to the other products, the calculations will be refined by interviewing relevant stakeholders. 
When the energy use of mobile devices is established, the products are grouped regarding assumptions on components and which components are assumed to consume the most energy. 
This subtask will feed into the next subtask investigating the policy options. 
[bookmark: _Toc68902506]Subtask 2: Policy options for energy efficiency improvements
Based on the energy consumption of mobile devices, the product groups are investigated regarding which components consume most energy and if these components are used across the different product groups. If the components are used across different product groups, it may be relevant to consider setting requirements for the component instead of the product.
Special attentions are put on: 
· Chargers (wireless and corded)
· Processors
· Actuators
· Standby consumption
· Programming
Besides the focus on components, it is still important to verify whether it makes sense to look at the components, or if the components anyway are restricted to specific product groups were product requirements makes more sense. Based on the initial scooping, it seems that both approaches seem relevant. 
The policy options can include a wide spectrum of policy options that federal, national and regional governments and authorities may implement, from informative, economic and voluntary options to regulative requirements such as MEPS. 
[bookmark: _Toc68902509]Subtask 3: Assessment of mobile device energy efficiency policies
The aim is to assess the similarities and differences between mobile device energy efficiency policies around the world regarding scope, test methods, metrics and requirements such as MEPS and informative requirements. Furthermore, any gaps will be identified. Review and preparatory studies often pinpoint different policies around the world and will be used as a solid foundation for discussion with relevant stakeholders such as industry associations and manufacturers. Who the relevant stakeholders are, will be determined after subtask 1 and 2, hence these tasks helps pinpointing the greatest potentials.
[bookmark: _Toc68902512]Subtask 4: Pathways towards international harmonization of policies
The last subtask will identify and recommend pathways towards international harmonization of policies. We see this subtask as a way to achieve synergy by imposing the same type and level of requirement towards the manufacturers, suppliers and other organisations in the supply chain to the end-use and also gain mutual experiences and interchange experiences for already existing policies. 
Based the work carried out in this study and specifically Subtask 1.3 possible pathways will be considered. These should represent a wide range of options from low- to high-level harmonization in order to stimulate a good dialogue for the proposed workshop. 
Because this subtask needs to be related closely to the specific situation of governments, authorities etc., it would be difficult to suggest realistic pathways without consulting policymakers. Therefore, we suggest to conduct an online workshop of 2-3 hours duration with relevant policymakers, primarily the EDNA members and secondarily other policymakers who could contribute to the discussions. 
We will present the possible pathways with selected illustrative examples and conduct structured discussions of these pathways at a workshop. 
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[bookmark: _Toc76330457]Emerging Battery Technologies
[bookmark: _Toc76330458]Task
The objective of this task defined by the RfP is to examine new battery technologies suited to power devices such as IoT, actuators and sensors, portable devices such as mobile phones and laptops, e-scooters and e-bikes. We will include both existing and emerging power storage technologies, as well as information on energy harvesters based on the EDNA on Energy harvesting technologies for IoT[footnoteRef:46].  [46:  IEA 4E EDNA, 2018, Energy Harvesting Technologies for IoT Edge Devices] 

Issues to be covered include:
· Overview/exploring of emerging and existing energy storage and energy harvesting technologies for small devices.
· Analyse the pros and cons of emerging and existing battery technologies, including the aspects of:
· Performance (storage capacity / energy harvesting potential, power density, charging time, lifetime etc.)
· Environmental impacts (very general analysis of resource consumption and CO2 impact)
· Cost 
· Market readiness
The energy harvesting technologies with various energy sources (vibration, heat, light, electromagnetic radiation) will be analysed based on the same criteria to evaluate their pros and cons as well. 
Our understanding of the objective is that it is focused on providing an overview of the battery technologies, which are related to the mobile devices analysed in topic 1 and include a set of actionable policy recommendations, or at least issues for policy makers to consider.
[bookmark: _Toc76330459]Literature Search
Based on the methodology described in Section 1.1 the literature review was performed in the light of the questions and problems found in the task description above and following this sequency of search and review: 
1. Articles and reports mentioned in the proposal; EDNA reports found on the EDNA website, as well other sources known to the study team in advance
2. Other literature identified via a structured literature search
The accompanying Excel file contains the sources from both 1 and 2. 
Keywords and synonyms:
The synonyms for these keywords are listed below. 
Battery, energy storage
Emerging technology, cutting edge
Chemistry
Performance, storage, capacity, power density, charging time, lifetime
Environmental impact, CO2, resource consumption
Priming kywords: cost, market readiness, energy efficiency
Search String: 
intitle:((Battery OR “energy storage”) AND (“emerging technology” OR “cutting edge”) AND (chemistry) AND (performance OR storage OR capacity OR “power density” OR “charging time” OR lifetime) AND (“environmental impact” OR CO2 OR carbon OR “resource consumption”) AND (cost OR “market readiness” OR “energy efficiency”)
[bookmark: _Toc76330460]Result Summarisation
The results from the studies are summarized and classified in relation to their relevance to the research topics. See the accompanying Excel file for full list of studies used for the scoping of this topic.
Generally, the demand for energy storage is growing fast, and with the outlook to electrification of our transport sector, this demand is expected to increase by around a factor 10 in the next decade. Consumer electronics, including our mobile devices, are expected to require a 60% growth in energy storage over the next decade. For those reasons, new technologies must be invented to supply the growing demand more efficiently than the current technologies.
[image: ]
Figure 4‑1: Battery demand growth globally towards 2030[footnoteRef:47] [47: European Commission, 2020, Batteries Europe: Strategic Research Agenda for batteries] 

[bookmark: _Toc76330461]What are the existing and emerging battery technologies?
There are multiple approaches to store energy for use in a wide range of applications. These include electrochemical (batteries), electromechanical (electrolysis), chemical, thermal and mechanical storage. The main goals and requirements for small mobile devices are modularity, flexibility, and compactness. Where the latter is likely the most critical. As seen in Figure 4‑2, electrochemical is the most compact energy storage method. However, efficiency and lifetime are very low for batteries, and is a main barrier for the technology.
[image: ]
[bookmark: _Ref75254511]Figure 4‑2: Overview of overall energy storage technologies and their application potential for various tasks and goals [footnoteRef:48] [48:  US Department of Energy, 2020, Energy Storage Grand Challenge] 

[bookmark: _Ref75339872][bookmark: _Ref75338948]Batteries, as we know them, rely on electrochemical cells, where electricity can be converted into chemical energy and the other way around. The most popular batteries are lead-acid batteries, nickel metal hydride and lithium-ion batteries[footnoteRef:49]. Some emerging battery technologies are identified by Deloitte[footnoteRef:50] to keep an eye out for. They can be seen in Figure 4‑3. [49:  DTU, 2019, Energy storage technologies in a Danish and international perspective]  [50:  Deloitte, Energy storage: Tracking the technologies that will transform the power sector] 
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[bookmark: _Ref75338504]Figure 4‑3: Game-changing battery technologies identified by Deloitte on a scale of maturity for commercialization49
[bookmark: _Ref75339897]The report “The 2021 battery technology roadmap”[footnoteRef:51] gives a technical overview on battery technologies, and in combination with the information from Deloitte49 gives an overview of relevant technologies which are listed and described below: [51:  Jianmin Ma et al., 2021, The 2021 battery technology roadmap, J. Phys. D: Appl. Phys. 54 183001] 

Lithium-ion batteries (LiB)
LiBs are currently the most efficient portable battery technology and will likely remain the best alternative for the next few years. It consists of a graphitic anode, a lithium-based cathode and a liquid electrolyte based on lithium salt. Copper and aluminium are the most common metals for conducting the energy externally48. The electrolyte solvent is flammable, which is a challenge in many applications, such as explosion risks in smartphone batteries or fire hazard of electric vehicles. The cathode often contains cobalt, which is a serious ethical problem due to the toxic environment cobalt miners are working in under poor conditions often in DR Congo. Lastly, lithium is a limited resource which is a challenge in the supply chain and future of the technology. LiB development has accelerated over the years and the technology has continuously improved, but scientists fear that the lithium technology is reaching its maximum theoretical energy density and new technologies must be invented to enable long distance driving in EVs50.
Lithium oxygen batteries (Li-O2)
Li-O2 consist of two electrodes of Li and O2. The Li is stripped from the negative electrode and forms Li2O2 on the opposing electrode. Li-O2 is still a new and immature technology with still some challenges to overcome, including stability of chemical cells, improvement of energy efficiency, and battery lifetime. But theoretically the technology has a very high energy potential50.
Lithium Sulphur Batteries (Li-S)
Li-S has a five times higher theoretical energy potential than LiB, and the availability of sulphur is plentiful, sustainable, and very inexpensive, making it one of the most favourable future technologies for delivering low-cost and high efficiency of batteries. However, the technology is still not practically developed in big scale50.
Solid State Lithium Batteries (SS-LiB)
SS-LiB are promising as they are based on the LiB technology but replaces the flammable liquid electrolytes with solid electrolytes. This not only eliminates the fire hazard but also increases energy potential of these batteries. There is still some way to go for the technology to reach market in big scale, and some current challenges include some SS-LiB do not work in moist air or room temperature50.
Sodium ion batteries (SiB)
Sodium is a promising material for battery production due to the abundant availability and low cost. Also, the similarity between lithium and sodium makes the technology develop fast. However, sodium batteries have low energy density, so while they have high potential for stationary energy storage, they are likely not the future battery type for mobile devices50. 
Aluminium air batteries (AAB)
AABs are yet to be commercially developed, but AlcoaPhinergy claimed in 2014 to have equipped an EV with AAB technology enabling a 1600 km range. The technology is low-cost with high energy density and is therefore promising for transportable applications, such as mobile devices or EVs50. 
Energy harvesting
Energy generation within the mobile devices sound like a promising technology to support or eliminate the need for batteries. However, a study from TU Delft indicates that energy harvesting from regenerative braking in e-scooters is not feasible, as it requires a bigger energy controller which might outweigh the advantages[footnoteRef:52]. Also, the power management integrated circuits that are necessary, may be both expensive and space consuming[footnoteRef:53]. Furthermore, many small devices are wireless products which is very energy consuming, making it challenging to unite with the self-harvesting technologies[footnoteRef:54]. [52:  Boukens, M.J.M., 2013, Regenerative braking in scooters - is it worth it?]  [53:  Elahi, Munir, Eugeni, Atek and Gaudenzi, 2020, Energy Harvesting towards Self-Powered IoT Devices]  [54:  Grossi, 2021, Energy Harvesting Strategies for Wireless Sensor Networks and Mobile Devices: A Review] 

[bookmark: _Toc76053278][bookmark: _Toc76053279][bookmark: _Toc76053280][bookmark: _Toc76330462]What are the pros and cons for existing battery technologies?
The pros and cons of existing battery technologies will briefly be mapped to highlight the possibilities and challenges of emerging battery technologies and mobile devices. Battery technology is a topic with high focus, but a lot of the available information is focused on batteries for electric cars. Even though a lot of the information is based on cars, it is possible to draw conclusions to mobile devices regarding environmental performance impacts, including the content of critical raw materials, energy consumption in the use phase, etc. In this regard, a preparatory study has been performed on batteries for electric vehicles highlighting the environmental impact on the basis of a functional unit which seems to well aligned with other studies – the findings from the preparatory study on Ecodesign and Energy Labelling of batteries54 presented in Figure 4‑4 and Figure 4‑5.
 [image: ]
[bookmark: _Ref75336761][bookmark: _Ref76051587]Figure 4‑4: Overview of the GWP impact [kg CO2 eq.] per kWh storage capacity and kg battery of the Base Cases in the preparatory study[footnoteRef:55].  [55:  European Commission, 2019, Preparatory Study on Ecodesign and Energy Labelling of Batteries under FWC ENER/C3/2015-619-Lot 1] 


[image: ]
[bookmark: _Ref75336763]Figure 4‑5: GWP results obtained for different battery chemistries. T-D: Top-Down modelling; B-U: Bottom-up; N/A: not given. MV: mean value[footnoteRef:56] [56:  Peters, Jens F, Manuel Baumann, Benedikt Zimmermann, Jessica Braun, and Marcel Weil. 2017. “The environmental impact of Li-Ion batteries and the role of key parameters – A review.” Renewable and Sustainable Energy Reviews 491-506] 

From the figures, it may be difficult to interpret the environmental performance of batteries but considering the combined weight of all batteries in mobiles devices, the impact of the batteries is significant.
The performance of batteries can be quantified in different ways. It is necessary to consider durability in terms of cycles and in terms of high power or high energy demands for the different applications. The cycle count for smartphones is presented in Figure 4‑6.
[image: ]
[bookmark: _Ref75336810]Figure 4‑6: State of health (SOH) of smartphone batteries, clustered into intervals of battery age in years, over the course of 1000 charging cycles in intervals of 200 charging cycles. The statistics below present the share of data points in each interval that have retained at least 80 % and 60 % SOH[footnoteRef:57] [57:  Clemm, Christian & Sinai, Christoph & Ferkinghoff, Christian & Dethlefs, Nils & Nissen, Nils & Lang, Klaus-Dieter. (2016). Durability and cycle frequency of smartphone and tablet lithium-ion batteries in the field. 1-7. 10.1109/EGG.2016.7829849. Available at: https://www.researchgate.net/publication/312963977_Durability_and_cycle_frequency_of_smartphone_and_tablet_lithium-ion_batteries_in_the_field] 


The cost is expected to decrease even though it is considered that some raw materials are limited, which generally would have reduced in higher prices due to consideration on the supply and demand. However, it seems that the cost of batteries is decreasing. See Figure 4‑7 and Figure 4‑8.
[image: ]
[bookmark: _Ref75337700][bookmark: _Ref75352363]Figure 4‑7: Lithium-ion battery price survey results: volume-weighted average[footnoteRef:58] [58:  BloombergNEF, 2019, A Behind the Scenes Take on Lithium-ion Battery Prices, https://about.bnef.com/blog/behind-scenes-take-lithium-ion-battery-prices/] 

[image: ]
[bookmark: _Ref75337701]Figure 4‑8: Lithium-ion battery price outlook57

[bookmark: _Toc75248858][bookmark: _Toc76053282][bookmark: _Toc75248859][bookmark: _Toc76053283][bookmark: _Toc76330463]Scope Clarifications
The suggested scope is relevant energy storage technologies typically used for mobile devices and emerging in the near future. Even the products may differentiate, many of the same types of batteries are used across different product groups. The main types of battery cells are:
· Cylindrical cell
· Button cell
· Prismatic cell
· Pouch cell
They will all be further considered in the project. 
[bookmark: _Toc76330464]Approach and Methodology
[bookmark: _Toc68902517]Subtask 1: Overview of emerging and existing energy storage technologies
The subtask aims to provide an overview of emerging and existing energy storage and energy harvesting technologies relevant to mobile devices, but due to the initial scoping, it seems that energy harvesting technologies are not very relevant considering the scope of mobile devices. The energy harvesting technologies may use too many resources or weigh too much to benefit most mobile devices; hence it is suggested to exclude energy harvesting technologies from the aim of the subtask. 
Overall, it seems that plenty of information is available to create a quick overview of emerging and existing storage technologies relevant to mobile devices. Hence, the overview of energy storage technologies will be based on desk research of several sources mentioned in this scoping report, and we will also draw on our experiences from our studies for the European Commission and the Nordic Council of Ministers. 
[bookmark: _Toc68902520]Subtask 2: Analysis of the pros and cons of emerging and existing battery technologies
The aim of the subtask is to provide an analysis of the pros and cons of emerging and existing battery technologies described in the previous subtask focussing on: 
· Performance (storage capacity, power density, charging time, etc.): This will include the suitability for each of the base-cases defined in topic 1.
· Environmental impacts (very general analysis): Focus will be on most relevant aspects such as CRM (Critical Raw Materials), battery lifetimes and recycling.
· Cost: As far as possible, we will provide generic cost data for main groups of the base-cases, e.g. traditional size for mobile devices such as laptops and smartphones and for newer types of IoT devices. It may not be possible for emerging technologies to provide data, but it may still be possible to indicate if technology would be in the lower or higher end of the market prices.
· Market readiness: This will basically report if the storage technology is already applied in marketed devices or when it is expected to take place. If possible, the Technology Readiness Level (TRL) will be provided. 

Overall, it seems that plenty of information is available to create a quick overview of the pros and cons of emerging and existing storage technologies relevant to mobile devices. Hence, the overview of the pros and cons will be based on desk research of several sources mentioned in this scoping report, and we will also draw on our experiences from our studies for the European Commission and the Nordic Council of Ministers.
When the pros and cons are listed, we will try to rate the different batteries according to their overall performance (if possible) and provide estimates on how the different batteries fit with the different mobile devices. 
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[bookmark: _Toc76330466]Interoperability
[bookmark: _Toc76330467]Task
The objective of this topic defined by the RfP is to study the issue of (a lack of) device interoperability and the resultant impact of this on IE (Intelligent Efficiency) and DF (Demand Flexibility). The RfP emphasises the following questions to answer in the study:
1. What is a suitable definition for interoperability?
2. What is the scope of the problem? To what extend does lack of interoperability limit IE and DF (currently and potentially into the future)?
3. What are the causes of a lack of interoperability? 
4. To what extent do “closed” proprietary device ecosystems limit interoperability? What are the commercial drivers for proprietary device ecosystems? What would be the commercial impacts if ecosystems were required to be “open”?
5. What standardisation efforts are underway and where are the gaps?
6. What are the implications for (government) policy makers?
[bookmark: _Toc76330468]Literature search
Based on the methodology described in Section 1.1 the literature review was performed in the light of the questions and problems found in the task description above and following this sequency of search and review: 
1. Articles and reports mentioned in the proposal; EDNA reports found on the EDNA website, as well other sources known to the study team in advance
2. Other literature identified via a structured literature search
The accompanying Excel file contains the sources from both 1 and 2. In total 25 sources on Interoperability was included in the literature list Excel file[footnoteRef:59].  [59:  Excel file sent together with this report with the file name “Literature review_EDNA packages_V01_june 2021”, Filter column “G” filter on “interoperability”] 

Keywords and synonyms: 
The main keywords and their synonyms are listed below. 
Interoperability: compatibility, connection, interconnection, mesh networks, Open Systems Interconnection, 
IoT: Smart systems, smart lighting, smart heating, smart cooling, smart appliances, smart EV charging, smart electric vehicle charging, smart road lighting, smart thermostats, smart blinds, local area networks, building automation and control systems, BACS,
Standards: standardization, policy,
Priming keywords: energy efficiency, sustainability, energy.
Search Strings: 
(Interoperability OR compatibility OR connection OR interconnection OR “mesh networks” OR “Open Systems Interconnection”) AND (IoT OR “Internet of things” OR “smart systems” OR “smart lighting” OR “smart heating” OR “smart cooling” OR “smart appliances” OR “smart EV charging” OR “smart electric vehicle charging” OR “smart road lighting” OR “smart thermostats” OR “smart blinds” OR “local area networks” OR “building automation and control systems” OR bacs) AND (Standard OR standardization OR policy) AND (sustain* OR “energy efficiency” OR energy) )
intitle:Interoperability AND (compatibility OR interconnection) AND intitle:(“smart home” OR “smart systems”) AND ("energy efficiency") AND (standardisation)
Interoperability AND (“intelligent efficiency” OR “demand flexibility”) AND (“smart home” OR “smart systems”) AND ("energy efficiency") AND “Sustainability” AND energy AND (standardisation)
(IoT OR "internet of things") AND interoperability AND ("Intelligent Efficiency" OR "Demand Flexibility")
[bookmark: _Toc76330469]Result Summarization
The results from the studies are summarized and classified in relation to their relevance for the research questions. 
[bookmark: _Ref75503086][bookmark: _Toc76330470]Subtask 1: What is a suitable definition for interoperability?
Several definitions were suggested by the various literature sources, some in text-based descriptions, such as: 
two interoperable systems can understand one another and use the functionality of each other[footnoteRef:60] [60:  Mahda Noura, Mohammed Atiquzzaman, Martin Gaedke: Interoperability in Internet of Things: Taxonomies and Open Challenges, Published online: 21 July 2018 in Mobile Networks and Applications (2019) 24:796 – 809. Available: https://doi.org/10.1007/s11036-018-1089-9 ] 

the capability to communicate, execute programs, or transfer data among various functional units in a manner that requires the user to have little or no knowledge of the unique characteristics of those units[footnoteRef:61] [61:  B ISO/IEC 2382-1:1993 Information Technology – Vocabulary Part 1: Fundamental terms. International Organization for Standardization (ISO). Available: http://www.iso.org/iso/catalogue_detail.htm?csnumber=7229 ] 

the ability of two or more systems or components to exchange information and to use the information that has been exchanged[footnoteRef:62] [62:  Radatz J, Geraci A, Katki F (1990) IEEE standard glossary of software engineering terminology. IEEE Std 610121990(121990):3, Available: https://ieeexplore.ieee.org/document/159342 ] 

the ability of two systems to communicate and share services with each other[footnoteRef:63] [63:  Kiljander J, D ’ Elia A, Morandi F, Hyttinen P, Takalo-Mattila J, Ylisaukko-Oja A, Soininen JP, Cinotti TS (2014) Semantic interoperability architecture for pervasive computing and internet of things. IEEE Access 2:856 – 873] 

Interoperability is a property of a product or system, whose interfaces are completely understood, to work with other products or systems, present or future, without any restricted access or implementation[footnoteRef:64]  [64:  InterFuture – Future of Interoperability, for “ICT of the Future" programme by the Austrian Ministry for Transport, Innovation and Technology and the Austrian Research Promotion Agency (FFG). Authored by Mag. Kaltenbrunner Rainer – IDC, Mag. Neuschmid Julia – IDC, Dr. Bieber Ronald – OCG, DI Baumann Wilfried – OCG, Mag. Meir-Huber Mario. ] 

The ability of two or more devices from the same vendor, or different vendors, to exchange information and use that information for correct cooperation[footnoteRef:65]. [65:  IEC61850-2010 https://joinup.ec.europa.eu/collection/ict-standards-procurement/solution/iec-61850-7-42010-communication-networks-and-systems-power-utility-automation-part-7-4-basic ] 

In other sources interoperability is presented as interoperability frameworks (IFs), which describe interoperability as a layered model, where each layer build upon each other. Some examples of IFs from the identified literature are:
One of the simplest IFs is that used by the EU RESPOND project, which focuses on smart home and building management systems and improving their energy efficiency. Their framework includes just three interoperability layers: technical (basic connectivity and network connectivity), syntactical (data exchange interoperability), and semantic (understanding in the meaning of the data):
[image: ]
Figure 5‑1: The three interoperability layers as defined by the RESPOND project[footnoteRef:66] [66: http://project-respond.eu/what-is-interoperability/ ] 


This model is expanded to a six-layer model in one of the literature sources, where these capability layers are coupled to the functional layers: 
[image: ]
Figure 5‑2: In this expanded IF, the capability layers are connected to and enable operations on functional layers[footnoteRef:67]. [67: Hannu Järvinen, Web Technology based Smart Home Interoperability, doctoral dissertation, Aalto University, School of Science, Department of Computer Science, Web Services Group. ISBN 978-952-60-6510-6 (pdf). ] 

Both of the above models focus on interoperability in the view of Internet of Things in general, whereas the third IF, developed by CEN/CENELEC and IEC[footnoteRef:68] is focused explicitly on smart grid and is also named Smart Grid Architecture Model (SGAM), which highlights the complexity and a smart grid system in terms of both organizational and technological aspects.  [68: CEN-CENELEC-ETSI Smart Grid Coordination Group , Smart Grid Reference Architecture , 2012 and Covrig, C.F., Munoz Diaz, M.A., Georgiopoulos S. and Marinopoulous, A., Smart Grid Interoperability Laboratory: A toolkit for smart energy management, EUR 30211 EN, Publications Office of the European Union, Luxembourg, 2020, ISBN 978-92-76-18820-9, doi:10.2760/822668, JRC120540, EUR 30211 EN.] 
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Figure 5‑3: The Smart Grid Architecture Model (SGAM) also includes the organisational layers (such as the business layer) of a smart grid system.

The technical – syntactic – semantic IF has also been seen in a broader context and expanded to a seven-layer IF in Tolk et al.[footnoteRef:69], where a layer below: no connection (no interoperability between systems) is added, as well as three layers above: pragmatic/dynamic (applicability of the information) and conceptual (shared view of the world). [69: Tolk A (2004) Composable mission spaces and M&S repositories – applicability of open standards. In Spring simulation interoperability workshop, Arlington (VA) ] 

[image: ]
Figure 5‑4: Levels of Conceptual interoperability
A similar six level model is proposed in other sources, such as the one shown below, in which the six layers are equivalent to layer 1 through 6 in in the above: 
[image: Interoperability levels of smart environments. ]
Figure 5‑5: six-layer IF similar to that in figure 4, but with different taxonomy[footnoteRef:70] [70:  Pantsar-Syväniemi S, Purhonen A, Ovaska E, Kuusijärvi J, Evesti A (2012) Situation-based and self-adaptive applications for the smart environment. J. Ambient Intell. Smart Environ. 4(6):491 – 516. https://www.researchgate.net/figure/Interoperability-levels-of-smart-environments_fig1_236131773] 

Even though all of these frameworks seek to explain the same subject, they differ in both taxonomy and delimitation between the layers, because interoperability is seen from different perspectives. And these are not counting models such as the ISO OSI model, which is the first model standardising the communications between a computing system and split it into seven different abstraction layers[footnoteRef:71]. This model describes network architecture and communication in general. [71:  The OSI Model (Open Systems Interconnection Model) is a conceptual framework used to describe the functions of a networking system. It was published in 1984 by the International Organization for Standardization (ISO). Though it does not always map directly to specific systems, the OSI Model is still used today as a means to describe Network Architecture.] 


In order to define interoperability for this task, we will put emphasis on the connection to IE, DF and smart grid, and also on which definitions / IFs are applied in governmental / policy work related to these subjects today. In order to arrive at a useful and broadly applicable definition, we will contact relevant stakeholders and experts working with the subject, for example experts from the JRC Smart Grid Interoperability Laboratory[footnoteRef:72], the NIST Engineering Laboratory Smart Grid Team[footnoteRef:73] working with a smart Grid framework in the US, and similar in Asia/pacific region[footnoteRef:74], possibly to be identified via the other experts and via the relevant EDNA members. [72:  https://ec.europa.eu/jrc/en/research-facility/smart-grid-interoperability-laboratory ]  [73:  https://www.nist.gov/el/smart-grid/about-smart-grid/smart-grid-team ]  [74:  https://www.smart-energy.com/magazine-article/apac-region-smart-grid/ ] 

[bookmark: _Toc76330471]Subtask 2.a: What is the scope of the problem? To what extend does lack of interoperability limit IE and DF (currently and potentially into the future)?
[bookmark: _Ref74910351]Demand flexibility and intelligent efficiency may induce energy savings of varying volume depending on the devices. An example is a smart fan, that can apply its sensors to operate when air temperature is high, and a person is present in the room. However, relatively to a household’s total energy bill, fans consume little energy compared to other appliances such as heaters. The noticeable impact happens, if the fan uses its sensors to efficiently turn on and off the air conditioning or heating and work symbiotic with it[footnoteRef:75]. This is also an example of power management functions (turning on and off the device itself) vs. interoperability “smart” functions, were different devices exchanges information. Another example of the latter is the Chromecast turning off the TV when not streaming. [75:  Xergy Consulting (2021), Harnessing IoT for Energy Benefits] 

[bookmark: _Ref74910374]Furthermore, to truly enable the potential of IE, the algorithms need access to as many sensors as possible[footnoteRef:76]. A key factor for a smart device’s potential for intelligent efficiency, is the energy usage of the connection technologies. In most cases smart lighting for example does not displace or save energy, as the energy consumption for connectivity outweighs the savings from DF and IE74.  [76:  EDNA (2018), Intelligent Efficiency - a case study of barriers & solutions - Smart Homes] 

[bookmark: _Ref74912202][bookmark: _Ref74912314]Generally, a substantial growth in standby energy is expected due to all these connected devices that often run on energy intensive Wi-Fi networks and include always-on voice assistants[footnoteRef:77]. Also, the “on” state energy is expected to increase due to these network connections. For other smart energy devices, such as Home Energy Management Systems (HEMS) the savings are still significant as they monitor all high-energy appliances and quantify the energy reductions. Interoperability is still the main limitation to such saving potentials75. IoT-enabled thermostats has for some time been installed to retrofit existing HVAC systems and the energy benefits are well documented. However, IoT-enabled retrofits for air conditioning and water heaters have not been embraced to the same degree, despite the fact that they show similar energy saving potentials[footnoteRef:78].  [77:  EDNA (2019), Total energy model for connected devices]  [78:  EDNA (2021), Retrofitting Connectivity for Energy Benefits] 

[bookmark: _Ref74912445][bookmark: _Ref74912586][bookmark: _Ref74912669]Quantification of the impact of lack of interoperability is connected with a great uncertainty, due to a lack of studies that actually attempts to measure the potential energy savings. However, our closest estimates combine numbers from three different studies. A study from 201976, estimates that the total energy consumption for connected devices globally was 100 TWh in 2010 and is expected to rise to 550 TWh in 2025. Transforming our devices to connected editions unlocks energy savings, and the average energy saving is expected to be around 7-10% for most connected devices[footnoteRef:79]. But a significant threat to these predicted future benefits is the lack of full interoperability between our devices even though they are connected. McKinsey states that 40% of the potential benefits are achieved through interoperability between the connected systems[footnoteRef:80]. Thus, if 550 TWh is assumed as the connected energy usage in 2025, and the potential energy savings are around 7% there is a global energy saving potential at 38.5 TWh globally, and 15.4 TWh of which are only possible through full interoperability of our systems. With the big extent of IoT-enabled economy, any lack of interoperability on any layer of communication will be very costly[footnoteRef:81] – especially on a global scale. [79:  JRC (2019), Smart home and appliances: State of the art]  [80:  Noura & Atiquzzaman & Gaedke (2018), Interoperability in Internet of Things: Taxonomies and Open Challenges]  [81:  JRC (2020), Smart Grid Interoperability Laboratory A toolkit for smart energy management] 

[bookmark: _Ref74912792]Due to lack of interoperability, users may often need to interact with fragmented systems and interfaces, such as smart meters, lighting control, heating and cooling displays, window displays and switching between various smartphone apps. This poor user experience might lead to users not making the effort to manage and reduce energy consumption75. To increase the implementation of connected devices, the ecosystems must be less complex, which can be achieved through interoperability[footnoteRef:82]. By providing the right feedback on energy consumption to the consumer, they can be aware of a resource flow that was invisible before. This feedback can be either gathered on an In-Home Display or through a connected device such as a smartphone. Users can set energy usage alarms or monthly goals and through interoperability of connected devices, the home can be fully automated and use energy when it is most efficient78. A comparison of many studies indicates that up to 15% of energy savings can be unlocked through the energy feedback systems, either directly or indirectly. Even though there are too many factors and potential biases to calculate an actual average energy savings by implemented fully interoperable smart homes, an indication is given by smart thermostat companies, of which many claim 7-10% energy savings by tapping into the smart connected ecosystem78. [82:  Guidehouse Inc. (2020), Energy Applications within IoT and Digitalisation Strategies] 

[bookmark: _Toc76330472]Subtask 2.b: What are the causes of a lack of interoperability? 
The main constraint for uptake of connected devices and implementation of smart homes are lack of interoperability. Too many standards, network types, types of devices create a complexity that is yet to be solved75.
As described in the interoperability frameworks in section 5.3.1, interoperability operates on multiple layers. Mostly, the barriers to interoperability are found in the layers of: (1) the communication layer includes issues related to standards and protocols, (2) the functional layer includes user interaction and lack hereof, and (3) the business layer that includes the technical design customs in the industry and proprietary ecosystems.
Lack of standardisation
As no standardisation has succeeded in paving the way for a common language for connected devices, many devices and companies have created their own diverse protocols77, with their own network types and use of semantics. While some open industry protocols are widely used, they might be customised by some companies, creating a gap in interoperability with devices using other versions of the same protocol, or requiring a bridge from both brands to communicate with devices of other brands, thus adding a device (the bridge) to the network and increasing the energy consumption. 
[bookmark: _Ref74913003]The failing standardisation efforts so far, has mostly focused on the connection of technology and selection of protocols, but limited focus on semantics has created a new set of issues to be resolved[footnoteRef:83]. Even if devices manage to communicate with each other, they might not understand and interpret the commands they receive due to the different semantics. For example, if a central device manage sends a command to a device to switch off, it might be interpreted as a different request[footnoteRef:84].  [83:  Daniele, Solanki, den Hartog, Roes (2016), Interoperability for Smart Appliances in the IoT World]  [84:  Guidehouse Inc. (2020), Policy Guidance for Smart, Energy-Saving Consumer Devices] 

End-user behaviour
Connected devices come at a higher price compared to non-connected, often due to the post facto design approach (see section 5.3.4), where manufacturers see the connectivity component as an add-on which is attached to a standard non-connected product. Consumers might not be informed about the potential energy savings through interconnected IoT and therefore cannot justify the increased price tags of connected devices unless they come with other convenience benefits74. Also, the most promising energy savings are found in energy intensive products such as HVAC or water heaters. But when these crucial products break down, consumers have few requirements for the new unit other than buying a substitution that functions74, thus connection and interoperability with existing smart home devices, are not in the front of consumers’ minds. 
Data ownership and security is a growing priority for consumers81, and the fear of having your devices hacked in a growing fear which could hinder the adoption of connected devices that could improve IE and DF74. Furthermore, due to the missing standardisation and communication protocols that make interoperability possible, users may need technical assistance to set up the smart home systems and the use of diverse technologies from various manufacturers make technical support a challenge75. In relation to this, users may need to interact with multiple different interfaces such as apps, displays or panels.
Other barriers are more physical. For example, is it common for users to place their washers and dryers in the basement, but often Wi-Fi signal is not strong enough to reach the devices83. In addition, the lifetime of these appliances are generally more than 10 years, which requires the manufacturers to look forward for cutting-edge communication systems and for standardisations to look back and include outdated technologies. 
Design barriers
[bookmark: _Ref74913482]IoT devices are designed by manufacturers in many different industries such as electricity, electronics, home appliances, telecoms, and internet. Each industry has their own standards, culture and technicalities. This all lead to the varying protocols that limit interoperability of the devices[footnoteRef:85]. Additionally, in the design process of IoT enabled devices, designers are working under various limitations such as cost, lead time or technical performance that all contribute the lack of focus to interoperability. Moreover, if the designers plan on making their products interoperable with older devices, they are faced with challenges of using older communication standards to maintain compatibility backwards but fail to apply cutting-edge technologies that allow for interoperability in the future[footnoteRef:86]. [85:  JRC (2021), Smart Grid Interoperability Laboratory Annual Report]  [86:  United States Government Accountability Office Center for Science, Technology, and Engineering (2017), Internet of Things Status and implications of an increasingly connected world] 

[bookmark: _Ref75503656][bookmark: _Toc76330473]Subtask 2.c: To what extent do “closed” proprietary device ecosystems limit interoperability? What are the commercial drivers for proprietary device ecosystems? What would be the commercial impacts if ecosystems were required to be “open”?
Barriers to interoperability
Interoperability can be achieved through two main approaches: post facto and ab initio76. Post facto is the case where a manufacturer makes their existing product interoperable with other systems through a bridge that translates one protocol into another. Ab initio is when an open standard protocol is implemented from the initial design of the product. There are benefits of both approaches, but in general post facto is cheaper but with shorter term effects, compared to ab initio that require more work and investments from the beginning, but create longer lasting solutions for interoperability with lower costs.
The lack of interoperability and standardisations on the field, has led to closed ecosystems for smart devices communication. As a result, consumers are facing the “vendor lock-in” effect, where they cannot freely select new hardware, but are required to purchase from the same manufacturer to enable interoperability within the product ecosystem. Adding products from another vendor would include significant costs as the whole ecosystem would have to be changed[footnoteRef:87]. [87:  Kaltenbrunner, Neuschmid, Dr. Bieber, Baumann & Meir-Huber (2016), Future of Interoperability] 

The diversity of communication protocols and the use of closed proprietary ecosystems requires additional hardware to enable potential interoperability, and the increased hardware and energy use might make up for the potential energy savings in demand flexibility83. But such hardware would limit the complexity and confusion that is associated with the many individual ecosystems. An example is smart home hubs from Apple or Google, where multiple different protocols and ecosystems are connected to the hubs. The big corporations dictate which protocols are open and the smaller device manufacturers would be pressured to comply to sell products to customer segments that own that type of hub[footnoteRef:88]. [88:  Hannu Järvinen (2015), Web Technology based Smart Home Interoperability] 

Closed ecosystem benefits
Closed proprietary ecosystems are often developed by manufacturers, as it allows for more freedom, increased functionality and consistency between their existing devices, to establish a market advantage over their competitors85. For small manufacturers, supporting different protocols and interfaces for all platforms can be very costly79. Other reasons why manufacturers chose to keep a protocol closed includes security and encryption concerns, and the intellectual property related to the benefits of their closed protocol[footnoteRef:89]. [89:  Department of Energy and Climate Change (2016), Barriers and Benefits of Home Energy Controller Integration] 

Open ecosystem benefits
But opening up to other protocols might create business opportunities for a company’s products to act as bridges for interoperability85 – such as the Apple TV or the Alexa speaker that allow for connection of different brands’ protocols in one interface. Also, providing open-source communication protocols enable other developers to improve or provide additional services – such as additional software that analyse a household’s energy consumption and identify intervention possibilities for energy reductions75. In a survey among 158 CIOs and IT managers that manage 200-500 personnel, indicate that 92% pay attention for hardware interoperability when purchasing new equipment. 60% say they currently experience issues that would have been avoided, if suppliers were more aware of interoperability between their components and other systemsError! Bookmark not defined.. 
[bookmark: _Toc76330474]Subtask 3: What standardisation efforts are underway and where are the gaps?
In 2016, ETSI TC Smart M2M mapped IoT standards and analysed gaps in the IoT standards landscape[footnoteRef:90]. This task will build on the comprehensive work done by ETSI and investigate to what extend the gab     jps identified by ETSI has been closed since 2016. The report divided the IoT standardisation landscape into eight domains:  [90:  ETSI TS 103 375 https://www.etsi.org/deliver/etsi_tr/103300_103399/103375/01.01.01_60/tr_103375v010101p.pdf and ETSI TS 103 376 https://www.etsi.org/deliver/etsi_tr/103300_103399/103376/01.01.01_60/tr_103376v010101p.pdf ] 

Smart cities
Smart living
Smart farming and food security
Smart wearables
Smart Mobility (smart transport/smart vehicles/connected cars)
Smart Environment (smart water management)
Smart Manufacturing
All og these domains are relevant to EDNA’s work, and will therefore also be considered for this task. Even though smart grid is not specifically mentioned as a category, smart grid related standards are included in the overview, such as IEEE PLC[footnoteRef:91], and through other standards encompassing the functions necessary for a smart grid, such as Zigbee[footnoteRef:92].  [91:  IEEE 1901.2 and amendment IEEE 1901.2a (2015) (Low-Frequency Narrowband Power Line Communications for Smart Grid Applications), which has been assigned to the categories “Smart Cities”, “Smart living” and “Smart environment” in the report. ]  [92:  Note from Report: ZigBee Smart Energy version 1.1. The latest version for product development, adds several important features, including dynamic pricing enhancements, tunnelling of other protocols, prepayment features, over-the-air updates.] 

The second of the ETSI reports (TS 103 376), contains the gap analysis, which addresses three categories of gaps: 
Technology gaps. Some examples in this category are communications paradigms, data models or ontologies, software availability. 
Societal gaps. Some examples in this category are privacy, energy consumption, ease of use. 
Business gaps. Some examples in this category are siloed applications, value chain, and investment. 
The report continues with a description of the gaps in terms of: 
The characterization of gaps, in particular by understanding the type of gaps (see above), the scope of the gap, the difficulties it generates, and other appropriate descriptions. 
The mapping of the gaps on an architectural framework that allows for the mapping of the gaps on a reference that can be understood by the IoT community and, in particular, that can be related to other frameworks e.g. those developed in other organizations, for instance in Standards Setting Organizations. 
In a report from 2016[footnoteRef:93], the authors state that: “standardization in IoT has largely focused at the technical communication level, leading to a large number of different solutions based on various standards and protocols, with limited attention to the common semantics contained in the message data structures exchanged at the technical level. The Smart Appliance REFerence ontology (SAREF) is a shared model of consensus developed in close interaction with the industry and with the support of the European Commission.” [93:  Laura Daniele, Monika Solanki, Frank den Hartog, Jasper Roes, ”Interoperability for Smart Appliances in the IoT World”, 2016 ] 

Hence, SAREF is a new development not trying to replace any existing technology, but trying to bridge a gap in interoperability through collaboration and development of new solution, as described in the ETSI reports:
3) Encourage the large SDOs/SSOs to strengthen collaboration and cooperation, and to accelerate the provisioning of necessary IoT standards and specifications that will strengthen the adoption of IoT as a major ICT platform, thus supporting the EC's objective to make the IoT available and secure. Collaboration should aim to develop new solutions rather than recreate silos or duplicate solutions. 
Another such collaboration initiative is the EEBUS, which is an industrial initiative, which originated in Germany, but now has members globally. EEBUS seeks to develop an open, standardised networking specification for energy in IoT to allow manufacturer-independent communication between actors in the smart grid. EEBUS has global partnerships with various associations in Europe, Asia and the USA. EEBUS is active in several standardisation bodies, such as the VDE standardisation organisation DKE in Germany, and relevant organisations at European (CENELEC and ETSI) and international level (IEC).
[bookmark: _Toc76330475]Subtask 4: What are the implications for (government) policy makers?
This subtask will build on the work in the previous subtasks for interoperability, but some information related to governmental/policy makers implications related to IoT has been found in literature. For example, a summary of a workshop held in 2019, by JRC in Europe[footnoteRef:94], where participants from academia, industry, consultancy firms and public sector attended and examined the Internet of Things and its implications for governance. At the workshop, four major challenges for governance risen from the implementation of the IoT were identified:  [94:  Marisa Ponti, Marina Micheli, Henk Scholten and Massimo Craglia, “JRC conference and workshop reports, Internet of Things: Implications for Governance”, March 2019, https://ec.europa.eu/jrc/communities/sites/jrccties/files/iot-_implications_for_governance_final_report.pdf ] 

1) Governance interventions are necessary to address and regulate the ethical challenges that the IoT/enabled AI applications potentially bring with them, issues including autonomy, safety, equity, accountability and lack of fairness. 
2) Regulation was deemed necessary, but participants discussed whether regulation was more a hindrance than a support for them. However, it was also noted that regulation should not just play the role of fixing market failures but also that of orienting technological development and generating public value. 
3) The existing European model of public procurement was seen as unsuitable for the processes leading to innovations. For example, too many criteria are established in advance, which hinder innovation. Many public tenders define the “how” functions should be designed, instead of focusing on the “what” the application should achieve. 
4) The participants noted that small scale/local context is "where everything happens" nowadays, and though the European level is extremely important too, the local context support innovation better. 
Based on the preliminary findings of this scoping report, it can be said that there is a potential for energy savings to be exploited and regulation is a possible way forward for doing so. However, it requires that governments remain active and act relatively fast in their decision making, as these areas constantly develops. 
[bookmark: _Toc76053297][bookmark: _Toc76330476]Scope Clarifications
As defined in the proposal, the six questions will be answered as parts of four subtasks, where questions 2 through 4 are collected under subtask 2: 
Subtask 1: Definition of interoperability 
Subtask 2: Causes and impacts of lack of interoperability and opportunities 
Subtask 3: Standardisation efforts and gaps
Subtask 4: Implications for policy makers and recommendations
1. What is a suitable definition for interoperability?
Interoperability is a term used in many contexts related to digital communication. However, for the purpose of this study the definition will focus on interoperability in relation of intelligent efficiency and demand flexibility, or more generally to smart grid. 
This means that interoperability related to the general structure of internet communication, such as the ISO OSI model and the TCP/IP model, will not be considered, even though there are some overlaps. Also, cross-domain interoperability, which describes the ability of some solutions to span different social, organizational, political, or legal entities working together, such as defined by NIFO (National Interoperability Framework Observatory)[footnoteRef:95] , will not be considered.  [95:  https://joinup.ec.europa.eu/collection/nifo-national-interoperability-framework-observatory/european-interoperability-framework-detail ] 

2. What is the scope of the problem? To what extend does lack of interoperability limit IE and DF (currently and potentially into the future)?
The expected global energy consumption for connected devices is expected at 550 TWh in 2025. An initial rough estimate indicates that a 3% reduction can be achieved if interoperability allows for IE and DF. There is generally a lack of quantification of the impact of lack of interoperability in the investigated studies, and the final report will aim to further quantify the scale IE and DF through interoperability. 
There are many convenience advantages of connected devices, and significant energy savings are found in energy intensive appliances such as water heaters and HVAC, when they adopt IE and DF technology. Thus, focus on more energy intensive appliances will be prioritised in the final report.
Standby energy is a key factor in some IoT devices’ increased energy use, due to functionalities such as WiFi connection and voice assistants, and the final report will assess an acceptable standby energy and “on” energy increase to enable interoperability. 
3.  What are the causes of a lack of interoperability? 
The initial literature search has shown multiple barriers to interoperability and causes for the lack hereof. The main causes to focus on going forward include the lack of standardized protocols, lack of common semantics, long lifetime of some appliances complicates compatibility for older products and future technologies.
The identified causes will be further investigated and mapped according to a layer model of interoperability to distinguish the different causes and their relation to different interoperability layers. 
4. To what extent do “closed” proprietary device ecosystems limit interoperability? What are the commercial drivers for proprietary device ecosystems? What would be the commercial impacts if ecosystems were required to be “open”?
The literature search has indicated that there are considerable challenges with closed proprietary ecosystems. However, there are some significant benefits, such as increased developer freedom, functionality, and security. Therefore, future work and policy recommendations should not necessarily ban closed ecosystems, but seek to combine them and make them share information through the use of smart home bridges.
5. What standardisation efforts are underway and where are the gaps?
This task will contain specifically standards related to interoperability in different end-use areas, based on the ETSI mapping from 2016[footnoteRef:96]: [96:  ETSI TS 103 375 https://www.etsi.org/deliver/etsi_tr/103300_103399/103375/01.01.01_60/tr_103375v010101p.pdf and ETSI TS 103 376 https://www.etsi.org/deliver/etsi_tr/103300_103399/103376/01.01.01_60/tr_103376v010101p.pdf ] 

Smart cities
Smart living
Smart farming and food security
Smart wearables
Smart Mobility (smart transport/smart vehicles/connected cars)
Smart Environment (smart water management)
Smart Manufacturing
These categories are thought to cover all relevant devices that are connected today via IoT, and standards covering these areas will be included. Smart grid standards are thought to be an implicit part of these areas of end-use. 
6. What are the implications for (government) policy makers?
This section will build on the previous sections and give concrete advice on how to act related to the subjects included in these tasks: 
Legal definition, or what to be aware of in such
Energy saving potentials, where they arise and how to realise them
Efforts needed from policy makers regarding standardisation, development of protocols, integration and harmonisation cross-cutting system and product groups and cross-cutting energy demand and supply side
This section will not include generic advise that “labelling of products”, unless it is specified exactly for which products and why this is specifically important. We will seek to make the policy recommendations as concrete as possible, based on the information gathered throughout the task.
[bookmark: _Toc76330477]Approach and methodology 
Subtask 1: Definition of interoperability 
With layman’s words, interoperability is the ability for systems and devices to connect and communicate with each other. For the purpose of this study, interoperability is related to intelligent efficiency and demand flexibility, and these concepts will therefore be outlined as a first step. 
This can for example be based on the descriptions in the EDNA report “Harnessing IoT for Energy Benefits”, where intelligent efficiency is described as the ability of connected products to “use information collected by the device itself and relayed over the network to alter their operation” and to “save energy by using information to determine which services must be provided and strategically use low power states for components or functions that are not needed at any given time.”
Intelligent efficiency is closely linked to Demand Flexibility, which is described in the same report as connected products ability to “utilize one or more load-shaping strategies to better match demand to electricity supply […] since ”their connectivity can allow them to receive signals or information to alter their energy use, specifically by: 
Shedding load: reducing electricity use during a peak or emergency event, or 
Shifting load: shifting energy consumption from peaks or other periods of day when electricity is expensive or scarce to those when electricity is inexpensive and plentiful, such as during solar or wind generation peaks (U.S. DOE 2019, EDNA 2020).” 
Interoperability will, as a starting point, be defined in technical terms, e.g. considering the various layers of interoperability and elements that need to be present to achieve interoperability. If deemed useful by EDNA, a legal-type definition can also be provided, i.e. a definition that can be used in regulatory work, for example in the following form, including sub-definitions: 
‘interoperability’ means the ability of products to interconnect and communicate with each other […]
 Where 
‘communicate* means […] 
(this is an example, not a final suggestion). 
Both the technical and legal definitions will be discussed with various experts, including during the review steps within EDNA and with a broader range of stakeholders in this project. 
[bookmark: _Toc68903563]Subtask 2: Causes and impacts of lack of interoperability and opportunities 
The aim of the subtask is to dive into a problem definition regarding causes and impacts of lack of interoperability with the focus on intelligent efficiency and demand flexibility and how the situation is today and could be in the future. 
We will assess the scope of the problem including via examples of lack of interoperability and qualitatively the resulting impact on intelligent efficiency and demand flexibility.
Including in this assessment the cause may be categorised e.g. as follows:
· Lack of sufficiently developed standards and protocols
· Lack of suitable application of the standards and protocols
· Lack of regulative requirements or incentives for broad realisation of intelligent efficiency and demand flexibility
When assessing the causes of the lack of interoperability, special attention will be given to the issue of closed proprietary protocols and ecosystems (i.e., ensuring interoperability for devices within a specific brand but not for other brands) and to what extent it limits interoperability. Also, the commercial drivers behind having such closed protocols will be laid out, and the commercial impacts if closed proprietary protocols were not allowed. 
[bookmark: _Toc68903566]Subtask 3: Standardisation efforts and gaps
The aim of the subtask is to provide an overview of ongoing standardisation efforts and gaps related to interoperability. In order not to re-do the comprehensive work that has already been done in this area, we will build on previous studies, mainly the 2016, ETSI TC Smart M2M IoT standards mapping and gap analysis[footnoteRef:97].  [97:  ETSI TS 103 375 https://www.etsi.org/deliver/etsi_tr/103300_103399/103375/01.01.01_60/tr_103375v010101p.pdf and ETSI TS 103 376 https://www.etsi.org/deliver/etsi_tr/103300_103399/103376/01.01.01_60/tr_103376v010101p.pdf ] 

This overview will be updated with ongoing standardisation efforts within the eight end-use areas mentioned earlier. 
In scope are main organisations preparing standardisation including industry standardisations. We will collect information from the organisations’ websites and via direct contact to the organisations.
The standards collected here will feed directly into the task on “connection to standardisation” described in chapter 6 of this scoping report. 
The assessment of gaps will be carried out by comparing the standardisation efforts with the lack of interoperability identified, as well as investigate to what extend the gaps identified by ETSI TC Smart M2M in 2016, has been closed.
[bookmark: _Toc68903569]Subtask 4: Implications for policy makers and recommendations
The aim of the subtask is to describe the implications of lack of interoperability and provide policy recommendations and will build on the work in the previous subtasks for interoperability. The major area of interest in this context is the implication for policy makers regarding the perception of untapped energy efficiency potentials due to lack of interoperability. Subjects such as privacy, personal data, security etc. are not the main focus of EDNAs work, and therefore will not be the focus of this task. 
If possible, based on the wok in especially subtask 2 and to some extend 3, we will look at both the sizes of untapped potentials and the legislative feasibilities, which areas could be first priority, if actions should be taking within this area. E.g. should intelligent efficiency be prioritised over demand flexibility and if yes, which type of devices should be focused on?
[bookmark: _Toc76330478]Table of contents for report
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Possibly, the implications for policy makers will be made part of the conclusion section. 
[bookmark: _Toc76330479]Connection with Standardisation
[bookmark: _Ref75513706][bookmark: _Toc76330480]Task
The objective of this task defined by the RfP is to "lie of the land" (state of play) for standards and standardisation efforts (e.g. committees, working groups and their constitution/makeup) that relate to EDNA’s work and that will allow EDNA to decide which of these it should engage with.
EDNA’s work in connected devices intersects considerably with standards. This occurs in many areas, mentioned in the RfP as the following:
· Test methods for measuring the energy consumption of edge devices in the network standby state, and associated metrics.
· Test methods for measuring the energy consumption of LAN devices, and associated metrics.
· Measuring/estimating the energy consumption of WANs and data centres, and associated metrics. (Overlap with task on data centre metrics)
· Device communications protocols at the network layer[footnoteRef:98], which affect network standby power. [98: The term Network Layer is the third layer of the OSI model, and the function of this layer is to break up data segments into network packets and reassemble the packets on the receiving end. The network layer also routes packets by discovering the best path across a physical network.] 

· Communications protocols at the application layer[footnoteRef:99], which relate to the interoperability of devices. (Overlap with task on interoperability) [99:  The application layer is the seventh layer of the OSI model. It is the layer in which humans interact with the device and is thus used by end-user software such as web browsers and email clients.] 

· Communication protocols at the application layer, which relate to intelligent efficiency and demand flexibility. (Overlap with task on interoperability)
[bookmark: _Toc76330481]Literature search
For this task, the literature search will not follow the search protocol approach developed and used for the other four tasks. Instead, the search will be structed as follows: 
· Search for standard developing organisations and standard setting organisations (SDO’s) working on standardisation in the areas relevant to EDNA 
· Search for standards related to EDNAs work, developed by the identified SDO’s
Standards considering general topics such as energy efficiency, and energy measurement metrics will be sought for, but also specific topics such as data centres, interoperability standards, standby etc. 
The starting point for the literature search will be the EDNA report from 2011, “List of Technical Standards for Equipment Connected to Energy-Using Networks”. While this list may be outdated in some areas it can provide a good basis and framework for completing this task. 
The accompanying Excel file contains the sources identified. 
[bookmark: _Toc76053304][bookmark: _Ref75252178][bookmark: _Toc76330482]Result Summarisation
[bookmark: _Toc76330483]Subtask 1: Collection of information
A long list of SDOs developing and setting standards, including national and international standards and industry bodies that are active within the areas relevant to EDNA. A preliminary list of SDOs identified in the literature search are listed in Table 3. The nature of the organisations listed in Table 3 are very diverse, some setting standards for technical specifications for communication protocols, others analyse and compare various standards. The long list will contain any SDO working within the fields relevant to EDNAs work, and will be short-listed in subtask 2, based on the categorisation. 

[bookmark: _Ref74735648]Table 3: Preliminary list of SDOs in alphabetical order[footnoteRef:100] [100:  https://www.itu.int/en/ITU-T/extcoop/Pages/sdo.aspx and: Anson Wu, Paul Ryan and Terence Smith, “Intelligent Efficiency for Data Centres & Wide Area Networks”, May 2019, EDNA report. ] 

	# - C
	D - I
	J – O
	P - Z

	3G Association
3GPP
ABNT
AFNOR
AIOTI[footnoteRef:101] [101:  The Alliance for Internet of Things Innovation ] 

ANSI
ARIB
ASN.1 Consortium
ASTM
ATIS
ATM Forum
ATSC
AVS
Bluetooth
Broadband Forum
BSI
Cablelabs
CalConnect
CCSA
CEA
CEF
CEN
CENELEC
CEPCA
CSA

	DIN
DMTF
DS
DSL Forum
DoE
ECMA International
Emerge Alliance
ETIS
ETSI
FIDO
GHG PI
GSM Association
HL7
Home Gateway Initiative
IEC
IEEE
IHE
IMTC
INATBA
INCITS
IP/MPLS Forum
IPDR Organization
IPsphere Forum
IPv6 Forum
ITU
ISO
ISOC/IETF
	JCP
JCTEA
JDCC
JEDEC
JEITA
JISC
JLabs
Kantara Initiative
MACCSA
MEF
MMTA
MSF
NFC
NIST
NRO
OASIS
OGC
OIDF
OIF
OIPF
OMA
OMG

	PRIME Alliance
SAC
SAE
SCTE
SDL Forum Society
SMPTE
SNIA
The Green Grid
TIA
TM Forum
TSDSI
TTA
TTC
ULE
UNICODE
UPA
USB-IF
W3C
Z-wave
Zerde
ZigBee Alliance



Specific standards are not listed here, but will be listed in the task report. 
[bookmark: _Toc76330484]Subtask 2: Summary and categorisation
The summary and categorisation will be based on the procedure used in the 2011 overview of technical standards[footnoteRef:102], as detailed in section 6.5.2.  [102:  Mr. Shailendra Mugdal, Mr. Kurt Muehmel, Mr. Thibault Faninger, BIO Intelligence Service “List of Technical Standards for Equipment Connected to Energy-Using Networks”, 2011, EDNA] 

[bookmark: _Toc76330485]Scope clarifications
We will cover standards within the areas of interest for EDNA, specifically related to the subjects listed in section 6.1, which will be divided into technical, environmental performance and power measurement specification standards, for connected products and systems, as seen in Figure 6‑1: Suggestion for categorizing standards. Standards with interest for EDNA is defined as standards that plays a role for their aim to “provide technical analysis and policy guidance to members and other governments aimed at improving the energy efficiency of connected devices and the systems in which they operate”[footnoteRef:103]. [103:  https://www.iea-4e.org/edna/ ] 



[bookmark: _Ref75513667]Figure 6‑1: Suggestion for categorizing standards

[bookmark: _Toc76330486]Approach and methodology
This task of creating an overview of standards has a large overlap with some of the other tasks. The task related to finding metrics for data centre efficiency also covers an overview of standards for energy efficiency in data centres. Likewise, the task on Interoperability also covers standardisation efforts and gaps in subtask 3. For the purpose of creating an overview in this task, we will therefore build on the information collected in these tasks. 
[bookmark: _Toc76330487]Subtask 2.1: Collection of information
As mentioned above, the collection of information will use the 2011 overview of standards as a starting point. Since this overview is 10 years old, it is clear that there will be a large number of updates in the well-established areas and new standards to add to the list, especially within technical areas that have matured since 2011, such as IoT, smart grid and similar. 
As a supplement to the standards overview, an overview of standard developing organisations will therefore be added, to give some notions of which organisation are concentrated on what topics. 
The search for standard developing organisations (SDOs) working on standardisation in the areas relevant to EDNA, will start with the sources provided through the World Standards Cooperation[footnoteRef:104] and its collaborating partners ISO, IEC and ITU, and result in a long-list such as provided in Table 3.  [104:  https://www.worldstandardscooperation.org/international-standards/ and https://www.itu.int/en/ITU-T/extcoop/Pages/wsc.aspx ] 

The search for specific standards relevant to EDNA’s work, will be conducted by updating the list from the 2011 overview with relevant standards from any of the identified SDOs. We will collect information from the organisations’ websites and via direct contact to the organisations.
[bookmark: _Toc76330488]Subtask 2.2: Summary and categorisation 
The aim of the subtask is to provide a summary and categorisation of the relevant standards and standardisation efforts, which will lead to a recommendation of a prioritisation of where EDNA should engage. Both the SDOs and the standards will be categories and short-listed to sort out any that are not relevant for EDNA’s work. 
The SDOs will be categorised based on:
· Coverage (International, Regional, National, Industry) 
· Standardisation area: general or specific, and in which area they are specialising. 
The coverage will be depicted in a figure/table, in line with Table 4. 
[bookmark: _Ref74740836]Table 4: Outline of a table/figure to illustrate coverage of SDOs’ work
	
	World Standards Cooperation

	International
	ISO
	ITU
	….

	Regional
	CEN
	ETSI
	…

	National
	DIN, AFNOR, BSI, DS, JISC, SAC…..

	Industrial
	ZigBee, Z-wave, USB, Bluethooth …








For the categorisation of standards, the methodology will follow that of the 2011 standards overview. This starts with shortlisting standards that are:
· open (i.e. non-proprietary), 
· extensible (i.e. designed to accommodate future developments), and 
· foundational (i.e. provide the basis for further development of specific implementations)[footnoteRef:105] [105:  Mr. Shailendra Mugdal, Mr. Kurt Muehmel, Mr. Thibault Faninger, BIO Intelligence Service “List of Technical Standards for Equipment Connected to Energy-Using Networks”, 2011, EDNA] 

Then the standards will be categorised following the same system as the 2011 overview: 
· Region
· G = Global
· R = Regional (including specification of region)
· N = National (including specification of country)
· Type
· Communication
· Communication protocols at network layer
· Communication protocols at application layer
· Communication protocols related to IE and DF
· Energy consumption
· Energy measurement standards
· Standby energy measurement standards
· Environmental performance standards
· Data centre and WAN metrics
For each shortlisted standard, or series of a standards, a technical summary factsheet will be made, in accordance with the factsheets from the 2011 overview, and shown in Table 5 below. 


[bookmark: _Ref74741257]Table 5: template for the summary factsheet
	[Name of standard]

	Type of standard
	Technical scope
	Geographic scope

	[technical, environmental performance or power measurement]
	E.g. A product group, an interoperability layer, or a function
	Global / APP / EU

	General description

	[Description of what the standard targets and what its aim is etc.]

	Purpose

	[why there is a need for this standard]

	Power management

	[If and how the standard requires power management features or relates to energy efficiency]

	Scale of implementation

	[qualitative description of how widely implemented the standard is, and why/why not it has gained wide implementation]

	Future development

	[Recommendations for how the standard could be strengthened or improved]

	Responsible organisation

	[SDO or industrial organisation]

	Reference

	[Link]



We will provide an overall summary, and if possible, with an infographic providing an overview in a sort of matrix illustration containing the EDNA devices and initiatives and the test methods and communication protocols. 
Recommendations in terms of possible needed actions from the policymakers’ side, will be provided. 
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Figure 4 Simplified data centre stack

User IT Service/business process

Applications
Platform Operating System, Virtualisation
ICT .
Equipment Server Storage Networking
Physical
space to ’
Inf P Cool
nfrastructure install ICT ower ooling
equipment

Data Centre





image5.png
Table 1 Data centre operating and ownership models
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less dense than their counterparts, which may prohibit
mobile applications
Closerto

commercialization
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