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Abstract: Rules for the near real-time calculation of pollutant emissions allocated to the use of
Information and Communications Technology (ICT) infrastructure (servers, network, etc.) are
specified in this standard. Emissions in this standard are defined as gaseous and particle emissions
caused by the generation of electricity consumed during the ICT infrastructure use phase.
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE documents are made available for use subject to important notices and legal disclaimers. These notices
and disclaimers, or a reference to this page, appear in all standards and may be found under the heading
“Important Notices and Disclaimers Concerning IEEE Standards Documents.” They can also be obtained on
request from IEEE or viewed at http://standards.ieee.org/ipr/disclaimers.html.

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards
Documents

IEEE Standards documents (standards, recommended practices, and guides), both full-use and trial-use,
are developed within IEEE Societies and the Standards Coordinating Committees of the IEEE Standards
Association (“IEEE SA”) Standards Board. IEEE (“the Institute”) develops its standards through a consensus
development process, approved by the American National Standards Institute (“ANSI”), which brings
together volunteers representing varied viewpoints and interests to achieve the final product. IEEE Standards
are documents developed through scientific, academic, and industry-based technical working groups.
Volunteers in IEEE working groups are not necessarily members of the Institute and participate without
compensation from IEEE. While IEEE administers the process and establishes rules to promote fairness in the
consensus development process, IEEE does not independently evaluate, test, or verify the accuracy of any of
the information or the soundness of any judgments contained in its standards.

IEEE Standards do not guarantee or ensure safety, security, health, or environmental protection, or ensure
against interference with or from other devices or networks. Implementers and users of IEEE Standards
documents are responsible for determining and complying with all appropriate safety, security, environmental,
health, and interference protection practices and all applicable laws and regulations.

IEEE does not warrant or represent the accuracy or content of the material contained in its standards, and
expressly disclaims all warranties (express, implied and statutory) not included in this or any other document
relating to the standard, including, but not limited to, the warranties of: merchantability; fitness for a particular
purpose; non-infringement; and quality, accuracy, effectiveness, currency, or completeness of material. In
addition, IEEE disclaims any and all conditions relating to: results; and workmanlike effort. IEEE standards
documents are supplied “AS IS” and “WITH ALL FAULTS.”

Use of an IEEE standard is wholly voluntary. The existence of an IEEE standard does not imply that there
are no other ways to produce, test, measure, purchase, market, or provide other goods and services related to
the scope of the IEEE standard. Furthermore, the viewpoint expressed at the time a standard is approved and
issued is subject to change brought about through developments in the state of the art and comments received
from users of the standard.

In publishing and making its standards available, IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any person or entity nor is IEEE undertaking to perform any duty owed by any
other person or entity to another. Any person utilizing any IEEE Standards document, should rely upon his or
her own independent judgment in the exercise of reasonable care in any given circumstances or, as appropriate,
seek the advice of a competent professional in determining the appropriateness of a given IEEE standard.

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO:
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS;
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE
UPON ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.
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Translations

The IEEE consensus development process involves the review of documents in English only. In the event that
an [EEE standard is translated, only the English version published by IEEE should be considered the approved
IEEE standard.

Official statements

A statement, written or oral, that is not processed in accordance with the IEEE SA Standards Board Operations
Manual shall not be considered or inferred to be the official position of IEEE or any of its committees and shall
not be considered to be, or be relied upon as, a formal position of IEEE. At lectures, symposia, seminars, or
educational courses, an individual presenting information on IEEE standards shall make it clear that his or her
views should be considered the personal views of that individual rather than the formal position of IEEE.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless
of membership affiliation with IEEE. However, IEEE does not provide consulting information or advice
pertaining to IEEE Standards documents. Suggestions for changes in documents should be in the form of a
proposed change of text, together with appropriate supporting comments. Since IEEE standards represent a
consensus of concerned interests, it is important that any responses to comments and questions also receive
the concurrence of a balance of interests. For this reason, IEEE and the members of its societies and Standards
Coordinating Committees are not able to provide an instant response to comments or questions except in
those cases where the matter has previously been addressed. For the same reason, IEEE does not respond to
interpretation requests. Any person who would like to participate in revisions to an IEEE standard is welcome
to join the relevant IEEE working group.

Comments on standards should be submitted to the following address:

Secretary, IEEE SA Standards Board
445 Hoes Lane
Piscataway, NJ 08854 USA

Laws and regulations

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with
the provisions of any IEEE Standards document does not imply compliance to any applicable regulatory
requirements. Implementers of the standard are responsible for observing or referring to the applicable
regulatory requirements. IEEE does not, by the publication of its standards, intend to urge action that is not in
compliance with applicable laws, and these documents may not be construed as doing so.

Copyrights

IEEE draft and approved standards are copyrighted by IEEE under US and international copyright laws. They
are made available by IEEE and are adopted for a wide variety of both public and private uses. These include
both use, by reference, in laws and regulations, and use in private self-regulation, standardization, and the
promotion of engineering practices and methods. By making these documents available for use and adoption
by public authorities and private users, IEEE does not waive any rights in copyright to the documents.
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Photocopies

Subject to payment of the appropriate fee, IEEE will grant users a limited, non-exclusive license to photocopy
portions of any individual standard for company or organizational internal use or individual, non-commercial
use only. To arrange for payment of licensing fees, please contact Copyright Clearance Center, Customer
Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400. Permission to photocopy portions
of any individual standard for educational classroom use can also be obtained through the Copyright Clearance
Center.

Updating of IEEE Standards documents

Users of IEEE Standards documents should be aware that these documents may be superseded at any time
by the issuance of new editions or may be amended from time to time through the issuance of amendments,
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the
document together with any amendments, corrigenda, or errata then in effect.

Every IEEE standard is subjected to review at least every 10 years. When a document is more than 10 years old
and has not undergone a revision process, it is reasonable to conclude that its contents, although still of some
value, do not wholly reflect the present state of the art. Users are cautioned to check to determine that they have
the latest edition of any IEEE standard.

In order to determine whether a given document is the current edition and whether it has been amended
through the issuance of amendments, corrigenda, or errata, visit IEEE Xplore at http://iecexplore.icee.org/ or
contact IEEE at the address listed previously. For more information about the IEEE SA or IEEE’s standards
development process, visit the IEEE SA Website at http://standards.ieee.org.

Errata

Errata, if any, for IEEE standards can be accessed via https://standards.ieee.org/standard/index.html.
Search for standard number and year of approval to access the web page of the published standard. Errata
links are located under the Additional Resources Details section. Errata are also available in IEEE Xplore:
https://ieeexplore.ieee.org/browse/standards/collection/ieee/. Users are encouraged to periodically check for
errata.

Patents

Attention is called to the possibility that implementation of this standard may require use of subject matter
covered by patent rights. By publication of this standard, no position is taken by the IEEE with respect to
the existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant
has filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the
IEEE SA Website at https://standards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance
may indicate whether the Submitter is willing or unwilling to grant licenses under patent rights without
compensation or under reasonable rates, with reasonable terms and conditions that are demonstrably free of
any unfair discrimination to applicants desiring to obtain such licenses.

Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not
responsible for identifying Essential Patent Claims for which a license may be required, for conducting inquiries
into the legal validity or scope of Patents Claims, or determining whether any licensing terms or conditions
provided in connection with submission of a Letter of Assurance, if any, or in any licensing agreements are
reasonable or non-discriminatory. Users of this standard are expressly advised that determination of the
validity of any patent rights, and the risk of infringement of such rights, is entirely their own responsibility.
Further information may be obtained from the IEEE Standards Association.
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Introduction

This introduction is not part of IEEE Std 1922.2-2019, IEEE Standard for a Method to Calculate Near Real-Time
Emissions of Information and Communication Technology Infrastructure.

Alarge part of the life-cycle emissions attributed to the information and communication technologies (ICT) are
associated to the electricity consumption. Because electricity generation may greatly differ between regions,
it is usually recommended to compute emissions of a service with the regional electricity emission factor
corresponding to the region where the electricity is consumed by the service. Such recommendation is present
in the GHG Protocol, ITU, ETSI, and ISO standards and guidelines. Another characteristic of electricity
generation is that, for a given region, the sources of electricity usually varies in time leading to a variation in
the regional emission factor. However, due to the lack of historical and real-time data on electricity generation,
it was not possible to consider the temporal aspect in the calculation of emissions. Over the recent years such
data are becoming available for an increasing number of regions. Thus, it becomes possible to consider the
variation in electricity generation in the calculation of emissions.

Beyond the use of regional data, the objective of this standard is to provide a method using temporal and
regional data to calculate the emissions of ICT. While it is expected the standard will be mainly used to
calculate carbon dioxide or greenhouse gas emissions, it could also be applied to other pollutant emissions
(e.g., nitrogen oxide, sulfur oxide, particulate matter, etc.). That is why it is referred to “emissions” in a global
manner instead of specifying “GHG emissions.”

This standard differs from existing ones (GHG Protocol, ETSI, ITU, etc.) mainly by considering the temporal
dynamicity of electricity consumption and generation in the calculation of the ICT use phase emissions.
Concretely, it is proposed to use more precise emission factors in the calculation of ICT emissions due to
electricity consumption: while existing standards recommend to use emission factors based on annual average
emissions, this standard recommend to use emission factors that better fit with the temporal changes in
electricity consumption by ICT and regional production by power plants.
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IEEE Standard for a Method to
Calculate Near Real-Time Emissions
of Information and Communication
Technology Infrastructure

1. Overview

1.1 Scope

This standard specifies rules for the near real-time calculation of pollutant emissions allocated to the use of
information and communications technology (ICT) infrastructure (servers, network, etc.). Emissions in this
standard are defined as gaseous and particle emissions caused by the generation of electricity consumed during
the ICT infrastructure use phase.

1.2 Purpose

The purpose of this standard is to enable near real-time assessment of ICT infrastructure use phase emissions
by taking into account temporal variations of emissions related to electricity generation.

2. Definitions

For the purposes of this document, the following terms and definitions apply. The IEEE Standards Dictionary
Online should be consulted for terms not defined in this clause.

direct emissions: The emissions related to the consumption of electricity by the ICT system during its use
stage.

electrical losses: Electricity lost during the transmission and distribution of electricity between the power
plants and the ICT system. The amount can be defined as the difference between the electricity produced by
the power plants and the electricity consumed by the ICT system. Electrical losses are often expressed as
percent losses over an electrical network and applied equally to all consumers of the network.

emission factor: Rate of emission per unit of electricity that is consumed (e.g., in kgCO,e/kWh or
kgPM, /kWh).

IEEE Standards Dictionary Online is available at: http://dictionary.icee.org. An IEEE Account is required for access to the dictionary,
and one can be created at no charge on the dictionary sign-in page.
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emissions: Gaseous and particle emissions caused by the generation of electricity consumed by the ICT
system.

grid mix emission factor: Corresponds to the average emissions per average unit of electricity delivered
for an entire electricity system. Another type is the marginal emission factor, but it is not the focus on this
standard. Syn: average emission factor.

ICT system: The system to which the standard is applied.

indirect emissions: In this standard, indirect emissions are related to life cycle stages other than the generation
of the power plants (e.g., building the power plant).

life cycle assessment (LCA): A life cycle assessment is a standardized method to assess the potential
environmental impacts associated with all the stages of a product or service life cycle. The method is described
in the ISO 14040:44 [B39] standards.” General LCA guidance can be found in the ILCD Handbook while ICT
specific LCA guidance are presented in the ETSI ES 203 199 standard, and the ITU-T L.1400 standard series
(see [B33], [B36], [B34], [B35], [B37], and [B38]).

life cycle emissions: Emissions occurring during the whole life cycle of the power plant. It includes emissions
from the extraction of raw materials used to build the plant, from the transportation of these materials, as
well as the emission during the power plant use phase (e.g., emissions from fossil fuel combustion), and the
dismantlement of the power plant at the end of life. It generally also includes the emissions from electricity
distribution and transport losses (which correspond to the sum of scope 1, scope 2 and scope 3 as referred by
the GHG Protocol [B56]). Following the standard terminology, lifecycle emissions accounts for the direct and
indirect emissions. Syn.: LCA emissions.

marginal electricity: Electricity generated by a marginal power plant.
marginal emissions: Emissions related to the generation of marginal electricity.

marginal power plant: A power plant that adapts its power generation capacity to meet a change in the regional
power demand. A marginal power plant may increase or decrease its power generation capacity depending on
the situation. There are different types of marginal emission factors, as described in [B24].

representativeness: Level of how well or how accurately something reflects upon a sample.

temporal resolution: Refers to the granularity of the data used to model the power generation. Depending on
the source of data, the resolution may be annual, monthly, hourly, or near real time (each 5 min or less).

uncertainty: The uncertainty encompasses for all mechanisms leading to a divergence between the calculated
emissions and the real emissions. The uncertainty is caused by the use of measured and modeled data, and
mathematical relations that do not exactly reproduce the reality.

3. Detailed purpose

This standard is needed because the current calculation of emissions related to electricity consumption by
ICT during their use phase is uncertain due to simplifying assumptions of average emissions. The standard
provides a more accurate figure of the environmental footprint of ICT infrastructures in real time.

Power generation source mixes change constantly to adapt power generation capacity to power demand in real
time. As a consequence, the mix of technologies used to meet real-time power demand changes continuously,
as well as the imports and exports to/from adjacent regions. In most of the situations, this leads to continuous

*The numbers in brackets correspond to those of the bibliography in Annex B.
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variations in carbon dioxide, Greenhouse Gases (GHG) and other pollutant emissions. Current standards and
guidelines of carbon footprint and life cycle analysis (GHG Protocol, ITU, ETSI) of ICT goods and services
recommend to use the best emissions factors. However, while it is usually mentioned that these emissions
factors should be representative of the region where the electricity is consumed, the temporal aspect is missing.

The primary intended applications are real-time and retrospective assessment of ICT infrastructure use
phase emissions. Secondary applications are ICT infrastructure use phase emissions assessment in broader
environmental evaluations, such as carbon footprint and life cycle assessment of ICT goods and services.

The target users of this standard are ICT operators or other industry sectors that might be interested in
accounting for the energy mix changing during the day. The used electricity can be locally produced or
purchased from the grid.

This standard is to be used mainly for operational purposes (selecting a location, location of operation/
migration, reduce the carbon footprint of operation, planning, and scheduling), and for corporate reporting
(sustainability report, Carbon Disclosure Project, marketing).

This standard is needed because despite the existing metrics for energy and emissions in ICT infrastructures,
the time component is still missing, as pointed out by [B42]—the existing metrics and methods mainly
consider averages.

4. General structure

This standard provides a methodological framework to calculate ICT emissions (related to power consumption)
in which the user has to choose between different options classified as “scopes.” While these choices are left
open to the user, it is mandatory to report and justify the choices made for each scope. The scopes are presented
in Figure 1 and detailed in 5.2 through 6.5. How to determine the scope and how to report are described in
Annex A. Several use cases also provide practical information on the application of the standard (see Clause 7).

Generally, in the GHG Protocol [B56] and LCA studies, the scope of electricity is grid mix, the geographic
scope is country, the temporal resolution is annual, and the context is retrospective. The accuracy is more
precise if smaller granularities are used, mostly for the temporal scope.

Efforts have been made to help ensure that this standard is compatible with the GHG protocol [B56] and
ISO 14040 [B50], but if a compliance with these standards is desired by the user, it is the user’s responsibility
to check the application of this standard is made in compliance with the GHG protocol and/or ISO 14040.
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emission factor

Scope of Local Local Prod. +
elec':ricity Production Grid Mix Gorid Mix

Geographic |

scope Country | | Region | | Sub-Region | | City

Temporal
resolution -

Temporal
Perspective Retrospective

Figure 1—Standard structure to be followed when reporting

5. Equation and parameters
5.1 Equation

There is a common agreement to compute emissions from electricity by multiplying the power generation
from each energy source by its emission factor. In this standard, the novelty is to compute the emissions with
near real-time data. Also, the emissions from imported and exported electricity will be considered because the
objective is to assess the emissions at the consumer level (as opposed to the producer level).

5.1.1 Calculation of the emissions of the ICT system

The calculation of the ICT emissions is made according to Equation (1):

Em]CT = ZDemICT (f)XEFICT (t) (1)
where

Em., is the emissions of the ICT system

Dem,..(t) is the demand for electricity of the ICT system during the time period ¢

EF,..(1) is the emission factor of the source(s) of electricity powering the ICT system

during the time period ¢
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5.1.2 Calculation of the emission factor of the source(s) of electricity powering the ICT
system

If there is only one source of electricity (e.g., local production with solar panels), then Equation (2) applies:

EF}CT (t) = EFS{)un'e (t) (2)

If there are several sources of electricity (e.g., local production from solar panels and a wind farm), then

Equation (3) applies:
Z [PrOdszrCe([) (t) X EFS{)urce([) (t)
EF,,(t) = 3)
Z i PrOdSnurce(i) (t)
where
Prodg,, .., (1) is the production of electricity by the source i during the period ¢
EF e (1) is the emission factor of the source i during the period ¢ (usually, the assumption is

made that this emission factor does not vary in time. Dynamic emission factor can,
however, be implemented in the equation)

If the electricity comes from the grid, then the contribution from the local power plants (i sum), the imports (/
sum), and exports (k sum) of electricity shall be taken into consideration:

Z iPrOdSaurce(i) (t)XEFSmtrve(i) (t)+z J [mpReg(j) ><E'F‘Reg(j) (t)_z J Epreg(k) ><E‘F‘Grid ([)

Hier® 3 P (010 P (0 B 1) @
where

Prods,,..., (1) is the production of electricity by the source i (connected to the grid) during the

time period ¢

EF e (1) is the emission factor of the source i during the time period ¢

Imp g, ;) (1) is the import of electricity from region j during the time period ¢

EF 0 (D) is the emission factor of the region j during the time period ¢

EXP gy (1) is the export of electricity to region k during the time period ¢

EF, (1) is the emission factor of the grid during the time period ¢
EF. ()= > Prods,,..., ()X EFy,, ... (1) )

Z iPFOdSuurL‘e(i) (t)

Ifthe electricity comes from local sources and the grid, then the grid shall be considered a source in Equation (3)
and its emission factor shall be calculated with Equation (4).

5.2 Scope of emission factor

There are two types of emission factors that can be used in Equation (1): the LCA and the direct emission
factors. These factors represent the emissions per unit of electricity generated, but have different system
boundaries (see Clause 2 for more details).

Concretely, while the direct emission factor will consider no emissions for renewable and nuclear energy, the
LCA emission factor will have a nonzero value due to the emissions from the infrastructure and equipment life
cycle (manufacturing, transport, etc.).
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The user should be aware that using LCA or direct may imply a big difference in the results described in [B14].

For the purpose of the calculation illustration, an example is provided based on data corresponding to the
province of Alberta in Canada. The direct and LCA emission factors are presented in Figure 2a) (fossil and
biogas technologies) and Figure 2b) (renewable and nuclear technologies). Emission factors have been
calculated following the method used in [B15].
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Figure 2—LCA and direct GHG emission factors by fuel

A typical day of power generation in Alberta is represented in Figure 3 (left vertical axis data have been
retrieved from AESO).
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Figure 3—Hourly power mix and GHG emission factor (Alberta)

Using the emission factors of Figure 2 and the hourly grid mix, the hourly GHG emission factors are calculated
and also showed in Figure 3 (right vertical axis). On the average, in this example, the hourly LCA emission
factors are 7.7% higher than the hourly emission factors.
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5.3 Scope of electricity

There are different possible sources of electricity for an ICT operator: from local sources (e.g., solar panels or
wind turbines), from the electricity grid (for which this standard is providing the rules to calculate emissions,
considering production, imports, exports, etc.), and a combination of both.

This standard is applied for all cases and the user shall report the scope of electricity (local production, grid
mix, or local production and grid mix) in the standard structure. The user shall also specify the amounts of
each when performing the calculations.

Regarding the emission factor of local sources of energy, this standard recommends that the user consider the
emission factor reported by the manufacturer of the installation (e.g., the solar panel manufacturer/installer).
If the information is not available, the user may consider the standard emission factor for that source of
electricity in his/her region. If the user has a Renewable Energy Certificate (REC) [B67], a Power Purchase
Agreement [B18], or a similar contractual agreement (see [B25]) attesting the source of electricity, he/she
shall apply the corresponding emission factors for this source of electricity, as long as this source of electricity
is reported separately by the electric utilities. This later condition is essential to prevent the double counting
of renewable energy within a region. If a utility does not subtract the REC from its electricity generation when
divulging its power mix, then that certified renewable energy can be claimed by the REC contractor, as well as
the regular utility consumer. For instance, suppose that 10% of the electricity provided by a utility is renewable
and sold as REC to specific consumers. If the utility reports 10% of renewable electricity in its power mix,
then regular utility consumers can claim being powered by 10% of renewable energy despite that energy has
already been contracted by specific consumers as REC.

5.4 Geographic scope

Many geographical scopes are available from a country scale, region scale, sub-region scale (also known as
zones), to a city scale. For example, the Ontario zone diagram [B29] identifies the zones and the generation
technologies available in each zone.

The decision to select a smaller or larger geographical scope for the determination of the electricity production
mix is important, as significant variation in GHG emissions results can be found. Previous work (see [B56])
found significant variation in results when using different geographic boundaries to estimate CO, emissions.

Highlighting the important consequences of selecting a regional boundary, the selection remains arbitrary.
At this current stage there is no clear consensus on which appropriate geographical scopes should be taken.
Therefore, the geographical scope choice should be clearly reported by the user for the sake of transparency.
Additionally, the user is also invited to conduct a sensitivity analysis using another resolution to assess the
influence on the final. Both assessments are recommended to be reported.

As illustrated in [B29], transmission lines link together different zones and market. Hence, congestion caused
by limited electricity transmission capacity occurs. If the transmission capacity of a branch is limited, the
magnitude of price changes is likely to be higher. Congestion leads to the emergence of distinct pricing
areas (in each node). Therefore, cloud electricity consumption has a different impact on prices and on power
production by other sources, whether there is congestion or not.

Taking into account such physical constraints (i.e., limited electricity transmission capacity), using smaller
geographical scope may sound more adequate rather than the larger, which can unrealistically simplify the
complexity of the grid (in line with recent publications [B42], [B68], [BS], [B44]).
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