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EXECUTIVE SUMMARY

The mobile industry - with its long-established history of acting and reporting on En-
vironmental, Social and Governance (ESG) issues - has come together through NGMN
Alliance to further address and accelerate the adoption of industry wide sustainability
initiatives as part of our Green Future Networks programme. This publication addresses
the challenge of developing Key Performance Indicators (KPIs) for Green Networks. KPIs
are essential to enable operators to measure their progress against their sustainability
goals and to act where needed to ensure they remain on target. However, at present
operators take different approaches to what KPIs they report, and the methodologies
used to calculate the KPI values. As operators face similar sustainability challenges -
and as other stakeholders - investors, end-users - will increasingly wish to understand
and review the sustainability of businesses - it makes sense to review the sustainability
KPIs used in the industry and to seed the development of industry agreed KPIs. This
publication takes up that challenge. A set of KPIs and target values is developed along-
side a framework for consolidating these KPIs into an overall measure. The framework
proposed encompasses two major pillars - Environmental KPIs and Energy & Quality of
Experience KPIs. Energy and Quality of Experience KPIs are presented in a single pillar as
we believe that greater energy efficiency should not negatively impact end-user Quality
of Experience. Although the present set of proposed Energy and Quality of Experience
KPIs treat each Energy and Quality of Experience as separate KPIs, possible future solu-
tions for developing a combined KPI are suggested.

For each pillar - and for each KPI, discussion is presented regarding the rationale for
the KPI, how to ensure consistency across the industry in its application, and how to set
target values. Where possible, target values are proposed.

The following recommendations are made in relation to the adoption and use of Green
Networks KPlIs:

* There is a need for the industry to identify key metrics and develop a unified metho-
dology for them.

 The industry should strive to develop and adopt KPIs that allow a higher level of granu-
larity of reporting. For example, allowing operators to drill-down on the specific issues
such as energy use in each part of the network - mobile, fixed, core - and ideally, at
least for internal assessment, to the level of specific geographies and sites.

* It would be useful to define and adopt structured and evolving reporting standards to
facilitate the evaluation of the KPIs in an automated manner.

Our proposals are intended to build upon and utilize the best practices of other telco
sustainability benchmarking frameworks and related KPI definitions (such as ones pro-
posed by GSMA [1]), and also leading consulting companies [2] [3] [4]. The KPIs and the
review framework are presented as a first step. As the industry gains experience with
the metrics, it is anticipated that the KPIs and the framework will be further developed
to ensure that it is fit for purpose. This will include ensuring that the NGMN KPIs and
framework continue to be aligned with work in other industry bodies - with the ultimate
aim of ensuring a single set of industry wide agreed KPlIs.
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©1 INTRODUCTION

Climate change and its consequences represent the
single largest common issue facing societies across the
globe. Following the Paris agreement and more recently
at COP27 in Egypt, governments - in acknowledgement of
international scientific consensus of the source and effects
of climate change - agreed measures to reduce carbon
emissions through to 2050 with the aim of ensuring global
warming does not exceed 1.5 °C warming B, |n light of
these commitments, governments are effecting policy,
regulatory and legal changes impacting their economies
VIEIEINC, Competitive industries are likewise responding
to these challenges to align with the emerging regulatory
environment and to ensure they can meet end-users’ and
investors’ expectations 012,

In many ways, the mobile industry has led the develop-
ment of environmentally sustainable business models.
For example, major operator groups in Europe, North
America and Asia have produced Environmental Social
& Governance (ESG) reports - some since as far back as
2001 - and today many have published their goals and
strategies for reaching net zero emissions !'3l. However,
to fulfil these goals the industry - operators, manufactu-
rers, advisors, and others - will need to work together to
identify in-efficiencies in industry wide processes; share
best practices; develop new industry wide requirements
and standards; and help to shape and enable all other
industries to use telecoms and IT to meet their own ESG
goals. Itis in this context that NGMN Alliance in 2021
launched its ‘Green Future Networks' strategic project
4, The project has already produced high-level analyses
of the opportunities and challenges relating to energy
efficiency '], metering I'®, eco-design and packaging '}
and Telco Supply Chain Sustainability "8,

In this publication we add to this body of work by outlining
Key Performance Indicators (KPIs) and Methodologies for
Green Networks. We believe that it is not only important
to develop the tools, systems, processes, and technologies
to enable the industry to become more sustainable - but
thatitis fundamentally important to enable the industry
to measure and chart its progress in an open and trans-
parent way.

There exists a number of organizations that assess either
performance and user experience provided by a given net-
work operator (“performance benchmarks”) or the broader
ESG and sustainability criteria without paying attention to

the specifics of the service they provide "IRIRIERA, This
NGMN white paper addresses the gap, and brings both
aspects of network quality and sustainability together.

To encourage increased emphasis

on sustainability while still accounting
for the user experience delivered,
NGMN Alliance has defined a

review framework that combines
performance and quality of expe-
rience (QoE) KPIs with sustaina-
bility criteria specifically tailored
towards the telecommunications
industry.

Having such a framework in place would allow opera-
tors to have a comprehensive view on their networks
accounting for the environmental footprint and related
KPIs as well as the delivered performance. A set of KPIs
that take into the account current market behavior and
trends would help operators to assess themselves both
in the current and the historical context, delivering the
necessary market push towards the green evolution. It
is crucially important that such an initiative is developed
with a wide industry collaboration to ensure that recom-
mended KPIs and their crucial values are supported and
agreed upon by the key industry players. As a practical
example we know that operators are often conservative
in enabling energy saving features, as these might have,
though usually minimal, negative effects on the QoE of a
user. Allowing the operators to demonstrate that energy
saving network optimization actions brings a lot in terms
of improving of their and, thus, users’ environmental foot-
print would improve public acceptance of such actions.

In this publication we present the overall process towards
such framework design, including the selection and map-
ping of the individual KPIs, as well as requirements and
constraints for such a benchmarking methodology.



| ©2Z PURPOSE AND SCOPE

One of the main objectives of this Telco-specific instantiation of the environmental pillar
of the ESG benchmarking frameworks 3 is to be helpful to investors, corporations, and
regulators in making informed decisions on taking action towards a sustainable economy
by measuring and understanding environmental impact. While, for example, Carbon
Disclosure Project (CDP) 4 is focusing on the impact of the efforts any participating
company takes with regards to climate change, NGMN focuses on selecting environ-
mental sustainability KPIs and the resulting review framework for the telecommunication
companies. It specifically evaluates both the current impact of their networks on climate
change, as well as their long-term strategy in this field, while considering the quality of
experience delivered to the users.

Key goals for this work are:

* to establish globally applicable KPlIs,

+ to outline an evaluation methodology or, in other words, the review framework,
+ discuss on motivation and challenges of the chosen KPIs,

« indicate key target values for these KPIs that are in line with the market state and
regulatory initiatives.

In this first step, the benchmark will focus on high level sustainability indicators, followed
by more detailed assessments at subsequent stages.



0 DEVELOPING GREEN
NETWORKS KPis AND THE
REVIEW FRAMEWORK

The key design criterion for our review framework is to
follow existing standards and frameworks and industry
best practices to the extent possible and further develop
these for the telecommunications industry. In particular,
we consider standard ESG metrics, e.g. like the ones used
in Global Reporting Initiative (GRI) and CDP KPIs, as well
as ITU-T L. 1471, SBTI Net Zero standard, UNFCCC Race to
Zero framework, and the up-coming ISO IWA42 deliverable
(2512612711281 12911301, Meeting of environmental sustainability
criteria often plays a key role in the public image of the
companies, and even plays a role in financing and other
monetary aspects.

Environmental KPIs are one of the three core components
of the ESG criteria, and our focus here is to select a range
of KPIs relevant to networks and refining those KPIs spe-
cifically to tailor for mobile network operators’ business.
The other two core components (Governance and Social
matters) are not included in the scope of this document.
We believe that instantiating the environmental criteria
specifically to the end-to-end network view would provide
valuable insights to operators on the improvement potential
of their operations, while giving both realistic expectations
based on world-wide operator data and the sustainability
guidelines stated by the most proactive governments and
consortiums like “The Climate Pledge” 'l

Another key objective in our framework design is to provide
guidance and insights for our industry in improving their
environmental footprints, without unduly jeopardizing
the quality of experience for their end-users. We there-
fore provide a framework and target KPI values for the
operators to strive for in each category, enabling them
to assess their current networks and operations against
currently achievable lowest environmental impact and
greenest operations practices.

The framework we propose defines both the KPIs, which
we consider important for the industry, as well as the
key benchmark values for each KPI or the way to derive
those based on the data available. The values are derived

either based on the regulatory guidance or the “leading by
example” principle, i.e. relying on the best achievement
in the industry, and/or based in the industry landscape
analysis. Those values are indicators for the companies
to strive for and are based on the solid references in the
field, thus they are realistic. This way an operator would
have key KPIs highlighted alongside their values to refe-
rence against and aim at improvement.

To enable operators to compare themselves with these
target KPIs it is important to define the respective KPIs
to be fair across countries and different network deploy-
ment practices. For this, we, for example, suggest using
different normalization strategies when discussing the
energy intensity metrics, or even abstain from qualitative
evaluation if we think that the current reporting practices
for a particular KPI (e.g. Scope 3 CO2 emissions) are not
mature enough.

Further, we focus on describing the relevant methodology,
the KPIs and their thresholds, the respective challenges
faced, and outline possible mitigation. All KPIs and assess-
ments we propose are only dependent on data available
from public reports of the companies themselves, or key
third-party data sets. Confidential, company internal data
was not used for this work. However, we consider the key
recommended KPIs to be applicable with minimal chan-
ges for the internal assessment of the operator network.



3.1 HIGH-LEVEL DESIGN

ENVIRONMENT

To assess both long term

‘/ Goals & current status

Emissions: Direct and indirect
Renewable Energy

Wastes, recycling and reuse
Water

ENERGY

To assess energy footprint
and efficacy

QUALITY OF EXPERIENCE

To keep in mind user network
perception

Figure 1: High level overview on the green KPI pillars along with QoE considerations.

In its current design, our framework is focusing on the
two main KPI categories, or pillars, see Figure 1:

* Environmental KPIs - the CO2 equivalent emissions
footprint B plays a major role in assessing the company
impact on climate change. The circular economy efforts
are another aspect of the environmental contributions
of an operator. Those include waste generation and
recycling activities, as well as use of additional resources
like water. These KPIs are commonly available in the
companies’ sustainability reports. The pillar should also
include KPIs that account for the long-term strategy of
a company to operate with Net Zero emissions. As this
is a long road likely lasting for nearly 20 years interme-
diate goals should be considered as well. Goals should
include both direct and indirect emissions. Finally, a
clear, realistic, and well-founded strategy towards the
Net Zero is an essential item to be included in this KP!I
category’.

"Currently we prefer to use the term Net Zero instead of carbon neutrality, as the
latter, according to SBTi [29], is less strict and can include companies achieving
their emission reduction goals through heavy offsetting instead of doing reforms
aiming as reducing their own emission and emissions of the value chains. The
ISO/CD 14068 standard under development [59] aims to clarify the ambiguity [8]

of terms used currently.

* Energy & Quality of Experience KPIs - account for the
total energy and electricity used by an operator, as well
as the efficiency and intensity of its usage '"11'3], All these
criteria are crucial to understand different aspects of
operators’ network energy consumption (see Section
3.4). Energy KPIs need to keep a close link to quality of
experience to keep transparency on the energy cost
paid to achieve a certain level of network service quality.

This two-pillar approach is designed to be decomposable
to individual constituent metrics, and to be measurable
across different network segments, enabling companies to
obtain actionable insight on how they can keep improving
their KPI values in the future. Additionally, key KPIs are
meant to be useful for internal green assessments (e.g.,
the ones focusing on green energy and energy intensity),
by enabling operators to find domains for improvement
on per region or even per-service or per-site level. These
KPIs have also been selected to benefit from the metrics
and principles presented in other NGMN publications and
activities, for example 11071321,



Several of the KPIs we consider in this work are already
widely used in the industry. Our proposals are intended
to build upon and utilize the best practices of other Telco
sustainability benchmarking frameworks and related KPI
definitions (such as ones proposed by GSMA M), and also
leading consulting companies 1B1¥, Further in text we
refer to the insights learned from some of these initiatives.
Our focus is to highlight the opportunities and challenges
of the chosen KPIs when considering the global context,
and to comment on the key values of these KPIs.

We present here a first version of our framework, with the
intention that it will be regularly reviewed and updated
in the future. Sustainability and green networking are
rapidly evolving topics, and any assessment frameworks
related to them must also be regularly examined and
updated if needed to ensure their continuous usefulness
for our industry.

Finally, we have tried to ensure the results of our framework
are as easy to communicate to all relevant stakeholders as
possible. In particular, we suggest that the final outcome
following the comparison against the target KPI values
yields a familiar “energy class” from A+ to F, see Figure 2.

3.2 FOCUS OF THE FIRST
VERSION OF THE FRAMEWORK
AND RELATED METHODOLOGY

After considering the publicly available data of nearly
40 operators world-wide (collected from their corporate
and sustainability reports, as well as accompanying web
sites and data sheets), we chose to concentrate the fra-
mework on data transparency and availability for majo-
rity of the KPIs (i.e. taking the qualitative approach). This
approach maps loosely, through the choice of the KPlIs,
to the basic assessment done by CDP (the very popular
general assessment initiative among operators) 1. We
further have carefully assessed and selected from the
available KPIs for which the reporting is mature enough
to enable their quantitative assessment. Examples of
such ‘mature’ KPIs include business climate neutrality
goals or percentage of green (renewable or low-carbon)
energy used. These KPIs overlap with those proposed by
GSMA Mwith the particular choice being guided, as said,
by the maturity and availability of individual metrics in
the public reporting. The KPIs values are set by applying
well-justified mapping functions and thresholds. We also
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Figure 2: A typical label attached to home appliances
to denote their energy efficiency classes.

set KPI values based on the observed trends: for example
the present KPI value proposed for energy consumption
is based on historical operator energy consumption, but
later as metrics reporting advances, we would consider
additional KPIs, e.g., the ones that look at water, emissions
or wastes. Generally, assessment of historical trends has
an advantage that operators’ data is compared to itself
thus differences in reporting methodologies between
companies play a smaller role.

In the following we describe the KPIs divided into two cate-
gories: environment and energy along with QoE. The KPIs
and their thresholds are summarized in Table 1 and Table
2. Below we provide the discussion including the challenges
faced for each of the KPIs. These Tables reflect the status
quo of the industry based on the data and the inputs as
of 2021-2022. Sections 3.3 and 3.4 further explain each
KPI, related challenges, and chosen thresholds in detail.



Table 1: Environmental KPIs and their thresholds

KPlI Name

Target value Maximum threshold

Other thresholds

Sustainability reporting with audit

Sustainability report with the auditing compa-
ny mentioned

2 Net Zero goal is set 2040 2045, 2050
3 Sustainability goals set with a clear path to Passed if a clear path to achieving Net Zero
achieving these goals goals is indicated. The operators are advised
to follow the ITU-T industry standards L1470
[25] and L1471 [26]. The best assurance is if
climate targets are verified by Science Based
Targets Initiative (SBTi) or another competent
third party [28].
4 Target to reduce Scope 1 & 2 to near zero 2025 2030, 2035
5 Target amount of scope 3 emission reduction by 45% 30%
2030 (emission reduction compared to 2010 or 22% if Scope 1 & 2 are near zero
later)
6 Investing in carbon compensation KPI met if an operator has started investi-
gating solutions to deal with the residual
emissions
7 Direct emissions, Scope 1, reported KPI met if reported as tCO2 or metric tonnes
in CO2 equivalent
8 Indirect emissions, Scope 2, reported KPI met if reported as tCO2 or metric tonnes
in CO2 equivalent
9 % of electricity used that is generated from rene- 100% Above world (~40%)
wable or low-carbon sources. and/ or country
average
10 Largest downstream and upstream categories KPI met if categories 1 [purchased goods and
from Scope 3 reported services], and 11 [use of sold goods] and/or 13
[downstream leased assets] are reported in
tonnes of CO2 or mtCO2 equivalent
15 Number of Scope 3 categories reported 15 Linear mapping to 0
16 Avoiding emissions through innovative services KPI met if a company offers customers “gree-
(optional) ner” products or services, such as repairable
or upgradable phone, smart |oT solutions, etc.
17  Wastes reported KPI met if quantity of reported wastes is re-
ported either overall or in a subcategory
18 Recycling & reuse reported KPI met if percentages of recycled and reused
goods are provided either overall or in a (pro-
duct) subcategory e.g., mobile phones
19 Water usage reported KPI met if the volume of consumed water is

reported
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Table 2: Energy and Quality of Experience KPIs and their thresholds

KPlI Name

Target value Maximum threshold

Other thresholds

Quality-of-Experience (QoE) assessment

The top possible category or class, e.g., outs-
tanding as in Figure 7. Corresponds to very
high percentage of the points/values achieva-
ble

Other QoE classes

2 Energy and electricity consumption reported Passed if both the energy and the electricity
consumptions are reported

3 Historical trend of network energy and/or electri- Decreasing Stable

city consumption
4 Power Usage Effectiveness (PUE) of data centres KPI met if the company wide value is reported

reported
5 Historical PUE trend of data centres Decreasing (improving) Stable
6 Energy intensityw Difficult to set at the current stage, more May be derived from

investigation is needed, see related KPI discus-
sion

historical perfor-
mance of the opera-
tors, see related KPI
discussion

12



3.3 PILLAR 1: ENVIRONMENT

Sustainability reporting with the audit: This qualitative
KPI [pass/fail] aims to capture that the company shows
that is aware of the sustainability topic and accounts for
it in a consistent and transparent manner, by providing
clear sustainability reporting with audited figures (audi-
ting provided by well-known and trusted organization in
this space). Discussion & Challenges: Figures and fact
provided by an operator come from internal sources, and
those need to be audited independently, which should
be clearly stated.

Net Zero goal is set: This is a qualitative KPI with the step-
wise mapping that assesses the target year of achieving
the Net Zero status 4. The more ambitious the goal the
better. Companies are to be in line with leading climate
neutrality requirements posed by governments and lea-
ding industry initiatives "A0IEIE Furthermore, emissions
reduction is key part of governmental and enterprise
sustainability requirements, so having a roadmap for it
is essential. Figure 3 shows the present distribution of
Net Zero goals in the industry (sample size: 39 operators).

= Before 2040
Before 2045
= Before 2050

Not available

Figure 3: Climate Net Zero Goals as set by the operators. Assessment

is done of the country level. The group level goals are assumed to be
adopted on the country level. Data is for 2021-2022. Based on data from
39 operators.

Figure 3: Climate Net Zero Goals as set by the operators.
Assessment is done of the country level. The group level
goals are assumed to be adopted on the country level.
Data is for 2021-2022. Based on data from 39 operators.

Sustainability goals set with a clear path to achieving
these goals: There exist clear Net Zero targets originating
from the Paris Agreement ™ and stated by many govern-
mental bodies”®l, Many companies declare their Net Zero
targets as well. These goals need to be clearly stated and
the well-founded roadmap for achieving those is to be
developed. For climate targets, operators are advised to

follow the ITU-T industry standards for reduction trajec-
tories and Net Zero target setting, L.1470 12l and L.1471
[26], respectively. The best assurance is if climate targets
are approved by SBTi or another competent third party
[28].This is a qualitative KPI [pass/fail].

Target to reduce Scope 1 & 2 emissions to near zero:
This is the year based qualitative KPI, with stepwise map-
ping. Generally, it is easier for an operator to reduce its
own Scope 1&2 footprint, the direct emissions, and the
electricity-based indirect emission, rather than (indirect)
Scope 3 emissions. Therefore, it makes sense, to set
and track this target separately. The target values are
based, among others, on the state of the industry review
provided by GSMA®I, Also, we consider that it would be
difficult to meet the target of 45% overall carbon footprint
reduction by 2030, pursued by UN "!without eliminating
the direct emission footprint of the company. Discussion
& challenges: The major challenge of the direct footprint
reduction brings is the backup energy provision for cri-
tical electricity infrastructure failures. This is often done
through diesel generators. The alternative technologies,
such as off-grid energy generation coupled with batteries
for intermediate energy storage or hydrogen generators
[36] are not mature yet. Therefore, this part of the Scope
1 emissions can be currently only offset, which is generally
undesirable (for those along with avoided emissions do
not count towards SBTs 7).

Target of reducing Scope 3 emissions by 2030: As men-
tioned above, reducing indirect emissions of Scope 3 is a
significant environmental challenge because the impact
of these indirect emissions is much greater than Scope 1
& 2 emissions. Hence, it is important to set milestones to
achieve the Net Zero target. This is a percentage-based
target quantitative KPI with step-wise mapping, where the
best value is awarded for the target of the 45% overall
emissions reduction by 2030 as compared to 2010 as
stated by UN ¥, From this statement the first threshold
of 45% of Scope 3 follows under the assumption that
Scope 1 & 2 are being reduced proportionally. However,
if one considers that Scope 1 & 2 go to near zero till and
assuming that Scope 3 is about 70% of total emissions
B8 then the threshold is set to 22% (to reflect that less
scope 3 emissions reductions are needed in this case
because scope 1 and 2 emissions are already near zero).
Discussion & challenges: Some of the companies provide
the estimates for emission reductions for other years like
2025 or 2035 or 2040, which complicates the projection
of the company plans for the target year of 2030.
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Investing in carbon compensation: To achieve the Net
Zero carbon target, even if the maximum efforts have been
made to reduce CO2 emissions from Scopes 1, 2 and 3,
there will still be residual emissions. It is important to start
the negotiation from now to reconstruct the ecosystems,
investigate and invest in compensation mechanisms. This
is a quantitative KPI.

Direct emissions, Scope 1, reported: Transparency of
emissions reporting is important for keeping track of the
sustainability evolution of a company.

Indirect emissions, Scope 2, reported: Transparency
of emissions reporting is important for keeping track of
the sustainability evolution of a company. Through most
of the companies already report Scope 2 emissions, the
form of reporting is not fully established yet. For example,
it is not always clear if market- or location-based Scope
2 is reported (please refer to for the clarification of the
difference in B81), Currently, as the first step towards
establishing realistic green KPIs that are available or
easily obtainable in the industry, we consider that it is
more beneficial to quantitatively assess the percentage
of renewable or low carbon (e.g. nuclear) energy that the
company is using that is the major contributor of Scope 2.

Share of renewable or low-carbon electricity used:
Renewable electricity is the major influential factor on the
Scopes 1 and 2 for the Telecom sector B9, i.e., the emissions
that an operator can relatively easy influence and redu-
ce. Also, this is a relatively easy KPIs to track and report.
Thus, we consider the share of the renewable and nuclear
electricity currently one of the dominant quantitative KPI
among green KPIs we discuss here. This is a qualitative KPI
(stepwise or stepwise linear mapping) with a maximum
possible score of 100%. However, we understand that
currently it is almost impossible for some operators due
to, e.g., existence of difficult to replace diesel generators
that are also used to power poorly reachable sites. Thus,
for particular geographies the above goal can slightly
relaxed if justified. Further criteria are derived based on
the comparison with the world average for renewable
electricity consumption (with or without nuclear share
being added on top, currently ~30%/40%, respectively)
[40]. Also, the criteria might include the comparison to
the nationwide portion of the renewable or low-carbon
energy of an operator ¥,

Discussion & challenges: It is disputable if one should
consider the state of the local market when assessing the
renewable electricity share. From one side it is already

14

great if an operator is using more renewable energy than
the local average. From the other all should strive for the
ultimate goal of 100%.

27%
= 95% or more
Above world average (30%)

= Below world average

Not available

|

19%

Figure 4: Distribution of companies reporting on their renewable or nuclear
electricity consumption as percentage of the overall consumption. Data is
for 26 operators for 2021-2022.

Largest downstream and upstream categories from
Scope 3 reported: Scope 3 emissions are dominating the
environmental footprint of an operator, but traditionally
are hard to track in detail. Establishing transparency into
how they are formed is critical for understanding the
overall emissions of the business. The first step in this
direction is to report the categories that are the largest
for the operators. This is a qualitative KPI, passed if cate-
gories 1 [purchased goods and services], and 11 [use of
sold goods] and/or 13 [downstream leased assets] are
reported in tonnes of CO2 or mtCO2 equivalent. NGMN
will continue to assess this area and may add further scope
3 categories to this scope 3 reporting KPI in the future.

Discussion & challenges: There exist different methodolo-
gies for calculating Scope 3, therefore absolute numbers
of Scope 3 reporting can vary significantly between the
operators even with the similar ecological footprint “2
43, It is important that operators become transparent on
the methodology they employ, if possible, converting to
the more precise ones #411, Otherwise, it would be very
difficult to move to the quantitative assessment of this KPI.



37% = Above 8 categories
8 categories or less

m 3 categories or less

No Scope 3 reported

18%

Figure 5: Number of Scope 3 categories reported by the operators at least
on the group level worldwide. Based on data for 27 operators for 2021 or
2022.

Indirect emissions reporting: number of Scope 3 cate-
gories reported: This is a complimentary to the previous
KPI metric. It allows us to bring the focus on how far opera-
tors are in their journey to Scope 3 accountability. The KPI
counts the number of Scope 3 categories reported, with
non-applicable categories being explicitly mentioned with
a short motivation. This is a quantitative KPI with linear
mapping, the outcome being proportional to the number
of Scope 3 categories reported by an operator, including
the non-applicable ones. Maximum is 15 categories.

Avoiding Emissions through Innovative Services:
Mobile and fixed operators are the key enables for emis-
sion reductions for their customers through innovative
“green” services and products. Some name those as part
of Scope 4 or avoided emissions. The example enablers
are extension of life of the products, or enablement of
smart utilities and homes ¥e1%71, |t is important that ope-
rators are credited for their customer directed innovative
efforts toward the greener future. This is a qualitative KP!I
[pass/fail]. Discussion & challenges: Avoided emissions
is a disputed topic currently, for example SBTi does not
count those towards Net Zero goal achievement, but
suggests to report those separately 57 . From the other
side operators widely report on their initiative to enable
emission- saving initiatives for their end-users. There is
also no established methodology to estimate the impact on
the climate of the offered services in terms of the reduced
emissions. Thus, though it makes sense to consider the
innovative services as part of the “green transformation”
journey, one can currently only assess if the company has
offerings that aim to lower the carbon or waste footprint
of their end-users.

Wastes reported: Different types of waste are an im-
portant contributor to the overall environmental impact
of a company. This is a qualitative KPI, passed if quantity
of reported wastes is reported either overall or in some
subcategory like the non-hazardous waste, hazardous
waste or electronic/telecommunications waste.
Discussion & challenges: The industry players do not seem
to converge into a single waste reporting framework.
Thus, we recommend starting the journey by checking if
reporting the wastes produced by the company overall is
stated, with further evolution into subcategories.

Recycling and reuse reported: Recycling and reuse is
a major driver to the circular economy. It is vital that a
company is putting high efforts in this direction and is
transparent on those. This is a qualitative KPI, passed if
percentages of recycled and reused goods are provided
either overall or in some subcategory like mobile phones.
Discussion & challenges: As with the wastes no subcate-
gories that most of the industry is reporting are establis-
hed. The trend seems to be to report on the percentage
of the recycled user devices and the eco-design and
refurbishments efforts. More efforts should be put into
comprehensive reporting of the recycling efforts.

Water used: Water is one of the key world resources. It
is important that operators pays attention to their water
consumption and are transparent on its usage. This is a
qualitative KPI, passed if the volume of consumed water
is reported.

3.4 PILLAR 2: ENERGY & QUALI-
TY-OF-EXPERIENCE

Energy metrics are vital for the Telco industry in the
sustainability context. They influence Scope 2 and, in
case of the non-electricity network sourcing, Scope 1
emissions. We also believe that energy consumption and
efficiency, though not as pronounced in the ESG context,
is important in determining the environmental footprint
of the companies due to the continuous investments in
the energy infrastructure, not to mention the impact of
the current energy crisis.

Our second pillar consists of evaluation of energy con-
sumption, efficiency, and intensity, measured by several
key KPIs. Here we also include Quality-of-Experience (QoE)
KPIs. We cannot consider energy related metrics without
having QoE in the view, as these two types of KPIs impact
each other. One can have very low energy consumption
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by just having, say one 4G layer, but this would imply
very poor user experience in densely populated area
where a single coverage layer simply does not provide
enough capacity for modern data hungry applications.
On the other side, one can deploy excessive number of
5G layers to boost user experience only slightly, as there
a very few applications that would currently benefit from
extremely high data rates. At the same time an operator
would have to continue maintaining many 4G layers for
coverage and capacity reasons and because of existing
user device base. This would lead to significantly increased
energy consumption while providing very limited benefits
to user network performance perception. To reflect this
trade-off, we propose to view network energy intensity
as a function of energy consumption over both service
volume and quality of this service. As a very basic example
energy intensity depends not only on the volume of data
transferred, but also the throughput achieved:

Network energy intensity = Energy consumption /
Service (volume, quality, ...)

More practically, bringing this concept to the high-level
operator assessment, we propose a 2D view on energy
and performance, which captures this trade-off (see Figure
6). Here on the Y-axis we would have user experience in
the rough grades from poor to excellent. On the X-axis
one would capture a general operator energy class, also
in broad categories from A+ to E or similar. The final
conclusion then could come as a look-up table, a grid, of
these two metrics.

Good

Energy class

Figure 6: 2D view outlining one possible combination and mapping of the
energy-related and QoE KPIs. Value of one metric can compensate or re-
gress the other. Also, the split between classes is shown as not being even,
as for example one can set the goal of achieving the top evaluation very
hard and attribute a failure to a wide range of value. Clearly other 2D map-
ping functions are possible as well.
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Further, we discuss the individual energy related metrics
with regards to the Energy & Performance pillar. In Table
2 we summarized the thresholds for these KPIs. We also
discuss briefly on the user quality-of-experience KPlI,
though it is not in the focus for this paper.

Energy reported: Energy consumption is key driver in
the overall environmental footprint of a company, and
enables measurement of several important derived KPIs,
for example, energy intensity. This is a qualitative KPI,
passed if the energy consumption is reported. Discus-
sion & challenges: It is important to operate on accurate
consumption figures rather than estimates.

Electricity reported: Some operators do not report
energy consumption, just the electricity consumption. We
want to enable qualitative KPI calculation in both cases if
operators report energy or electricity. This is a qualitative
KPI, passed if the electricity consumption is reported.

Quality of Experience: It is not a part of this work to
define the methodology for estimating quality-of-expe-
rience. There exist a number of approaches some of
which standardized U'?, for QoE estimations ROI“8I1211 1491
It is up to an operator or an interested party to choose
and procure this KPI.
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600 |
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300

200
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Worldwide score comparison of mobile networks published by umlaut (as of Dec 21th, 2022).

Figure 7: Possible conversion from the score points to the QoE classes for
better understanding of the relative standing and further relation to the
energy-related metrics [50].

Historical network energy or electricity consump-
tion (total): This KPI shows how the energy or electricity
consumption of a company is evolving, in particular,
highlighting if the company is successful in reducing its
energy consumption over time (or achieving expansion
while retaining same level of energy consumed). This KPI
reflects the “energy curve breaking” argument popularized
in BUB2, The advantage of this KPl is that it compares the
operator to itself (and thus there is no ‘apples’ to ‘oranges’
comparison as might be the case if the comparison was
made - without normalizing the data - to other operators).



This is a quantitative KPI with the value being based on
whether the trend line of consumed energy or electricity
over the years descending, stays the same or increasing
(unless there is a convincing reason for the jump, like
significant increase in the coverage area or number of
users). The best outcome is the steady decrease, but a
stable power consumption is also acceptable in line with
the “breaking the energy curve” argument.

Discussion & challenges: There can be a major network
update, e.g., aggressive expansion of the network footprint.
How to incorporate such an event into this KPI? One option
is different normalizations, but then one needs to track
regularly and ensure correctness of the normalization fac-
tors as well. Also, it is important to distinguish between a
stable trend or a big jump versus yearly data fluctuations.

m Decreasing
m [ncreasing

Stable

Figure 8: Overview of two-year historical energy and/or electricity con-
sumption of operators worldwide. Based on data from 23 operators for
2021-2022.

Energy intensity: This measures the energy consumed
in relation to the extent or volume of the service provi-
ded. In general, it is preferable to achieve similar service
volume with less energy consumed, measured by lower
energy intensity. This is a quantitative KPI. The energy
intensity can be normalized over number of KPIs, such
as customers, data volume, area "*1553, A mix of different
energy intensity KPIs can help operators measure the
relative efficiency of their networks in the era of multi-
generational networks, including 2G, 3G, 4G and 5G. (See
Figure 9 for a possible suggestion on the 2D combination
of customer- and data-volume based energy intensities).
Some of the normalization KPIs are discussed below, along
with the threshold discussion.

A

Costomer-based Energy Inensity

Data volume-based Energy Intensity

Figure 9: Possible 2D view on energy intensity normalized based on custo-

mers and data volume. Allows for a combined view of the energy intensity,
potentially extensible to other normalization for a multi-dimensional consi-
deration. (Black dots are actual operator data).
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Figure 10: Energy Intensities based on number of customers estimates
[GWh/million of customers] or the transferred data volumes [MWh/PB] in
2021.

Normalization of Energy KPIs: Below we discuss some
common energy-related normalization approaches. We
believe that further work is needed to determine, which



of these approaches and in which combination are the
most important for an operator to account for its energy
efficiency. Also, more work is needed to bring more re-
porting transparency on these factors:

* Normalization using data volume ( e.g. data traffic per
unit of energy consumption) is the most common and
widely cited KPI. This metric is widely standardized. Based
on the standard of ITU-T and ETSI %, mobile network
data energy efficiency is the ratio between the data
volume and the energy consumption during the same
period, expressed in bits/]. However, not all operators
report it, and data traffic is not always measured in a
similar way. Additionally, to only refer to energy inten-
sity based on data traffic also introduces a risk where
modelling of increased network energy use and related
carbon footprint lead to exaggerated numbers. This has
historically been an issue. See Figure 10 for sample data
volume-based energy intensity.

* Number of connections per unit of energy consumption
is another approach to normalising energy efficiency
that highlights connectivity service provided to users
and concentrates on small volume basic network ser-
vice, with apps like surfing or messaging. Normalization
over the customer base can be considered a practical
proxy to this KPI, if the number of connections is not
reported by an operator. The customer base is easier
to estimate from the public sources (country population
combined with the fixed and wireless market share
of an operator), but it is not that precise. However, if
advanced user performance KPIs are considered this
weakness can be mitigated. See Figure 10 for sample
user-based energy intensity.

Energy intensity based on the coverage provided is an-
other important energy-related KPI. It allows to account
for the cases when the coverage is provided in places
with few or no users like sparsely populated area or
nature recreation zone (e.g. national parks). Operators
are to receive credit if they spend energy providing
coverage in such areas as these are important, among
others, for the security reasons, but not necessarily
bring sufficient revenue. The normalization part of this
KPI can also be established by the third party provided
there is a public information on tower locations as, for
example, in Netherlands 31,

* Number of sites based energy intensity correlated with
OSS network usage KPIs allows operators to directly relate
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to efficiency of energy usage in their RAN deployment.
This KPI is mobile networks related and is particular
useful for internal network assessment but might not
be optimal for the high level operator assessment until
the breakage of energy consumption into mobile net-
work, fixed network, and core network parts becomes
the industry norm.

Finally, revenue based normalization allows for cross-
industry assessment, but has issues on cross-national
assessment as at least differing purchasing power of
people in different countries needs to be accounted for.
The normalization factor of this KPI is easy to obtain,
which is a definite advantage to using this approach.
However, it is difficult to translate this KPI on the level
of individual network elements, like a cell based or
service based. Another approach to consider is a ratio
of IT and energy OPEX expenses over revenue that is
related to EBITDA; it is to be investigated and built upon
in the future 31,

Energy KPIs thresholds definition: It is difficult to define
the highest desirable threshold for this class of KPIs at
the moment. More research is needed to come up with
realistic and achievable numbers. Currently one can con-
sider only utilizing the “leading by example” principle that
can be used for the intermediate thresholds. Here we can
use the historical percentile driven principle. One could
adopt high percentile from the previous year that only
few operators have achieved and employ it as the “good”
threshold for the coming year. Next year the percentile-
based thresholds would automatically slightly increase as
market leaders would further boost their performance.
The thresholds would be attached to the historical (say
two-year-old data) of the energy intensities of the ope-
rators. For example, the 20th best percentile for data
volume driven energy efficiency for 2020 would denote
the “good” threshold for 2022, and the 50th percentile
would only denote the “average” threshold.

Discussion and challenges: The methodology for Energy
KPIs might be challenging to develop especially due to
differences in wireless vs. fixed energy intensities [56]as
well as the wide range of choices that could be used for
normalization. In the ideal case an operator would report
separately the consumption of its fixed and mobile net-
works, so that those can be accounted in a distinct manner.
Alternatively, the network power consumption (without
the contribution of data centers) could be analyzed and a
weighting given to the result based on roughly the share



of fixed and mobile business. Energy intensity per traffic
volume, as well as generally the volumes of data pushed,
differ significantly between mobile and fixed networks F&E7,

Reporting of PUE of data centres: Data centers play an
increasingly important role in the energy consumption and
efficiency of network operators. Power Usage Efficiency
(PUE) is the key KPI for measuring their efficiency. This
is a qualitative KPI, passed if the company wide value is
reported.

Historical PUE trend of data centers: This KPI, similar to
the energy-related historical KPI, shows how the PUE of a
company is evolving over time, highlighting if the company
is successful in increasing its data center efficiency over
time, aiming towards the ultimate goal of 1.0.

Discussion & challenges: At present, operators do not
tend to report numbers for the PUE of their data centres
therefore the challenge is to encourage reporting and
to encourage its use in driving improvements over time
and across the industry. For this reason, we suggest
to approach the evaluation of this metric in two steps.
First, we consider if the value is reported at all. Second,
similar to the historical energy consumption evaluation,
we evaluate the PUE historical trends. One could adopt
the percentile approach described previously for energy
intensity to derive intermediate thresholds for the PUE,
while the ultimate goal of 1.0 PUE is well established.aAl-
ternatively one can consider evaluation of the absolute
PUE values based on the ISO/IEC 30134-2 8, The target
PUE thresholds stated in ®® are 1.2 and 1.5 for the best
and average performances, respectively (categories 3 and
2). We might adopt this approach in the next versions of
the framework once more operators start reporting their
PUE values.

19



04 SCORING METHODOLOGY

In this section we present our overall scoring methodolo-
gy, mapping the individual KPIs in each pillar into a single
familiar “energy class” or in our case “green class”. To keep
the methodology simple and transparent, we propose to
map each individual KPI first into a numerical score, and
only then map these scores into the overall class outco-
me. For this we need to specify the mapping function for
each KPI. For qualitative KPIs this is straightforward. The
mapping function would simply assign zero points if the
underlying criteria are not met, and constant positive
number of points if they are. For quantitative KPIs we need
choose the range of values to be scored, the shape of the
mapping function itself, as well as the number of points
that can be achieved for this KPI at maximum. Currently
most of the quantitative KPIs are using stepwise mapping
with fixed thresholds.

We advocate for providing both a final assessment result,
as well as intermediate results on per pillar basis. Per
pillar results are the sums of the respective KPI results.
The final class outcome can be obtained in two different
ways. In the first approach, we can combine the scores
from different pillars together into a single score, which
is then in turn mapped into the energy class using chosen
threshold values. In the second or alternative approach,
we can make the mapping for each pillar in the “green
class”, and then combine the individual per-pillar energy
classes into a single final energy class through, for exam-
ple, majority voting. The second approach provides a
direct input to the operators if they should concentrate
on the environmental or energy-saving measures and is
therefore preferable.

Nevertheless, having individual outcomes on per pillar or
category basis is seen as being important so as to make
it easier to identify improvement opportunities and to
make it easier to interpret the individual results. It is also
clear that the higher the transparency on the individual
KPIs and their combinations the easier it is to prioritize
on KPlimprovement efforts. However, it is important also
to have a single outcome of the evaluation that is easy
to communicate.
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We note that it is very important to review the methodo-
logy regularly, including updating the scoring ranges of
the individual KPIs and regularly assessing the status of
the KPIs in terms of whether they should be qualitative or
quantitative, and in the latter case their thresholds. Such
reviews should always consider a wide study of information
sources, such as the sustainability reports published by
the operators, and suggestions from other frameworks
and standards or government bodies, as information
availability is critical for meaningful scoring outcome. The
outcome of such a regular review would be an updated
review methodology that is guaranteed to be valid for a
given time period (for example, a calendar year).

In this document we derived the desirable individual KPI
ranges or, for few KPIs, described approaches how those
ranges can be obtained. Reviewing these recommendations
based on either changing regulatory inputs or operator
performance landscape would lead to necessary, but
well justified evolution of the KPI thresholds, keeping the
review framework up-to-date.



0> RECOMMENDATIONS FOR
THE ASSESSMENT

With this methodology we aim to support the continuous
quality improvement of corporate sustainability reports.
We have identified a set of KPIs which will enable operators
to measure and manage their progress on their journeys
towards increasingly sustainable operations.

Although many operators already report some KPlIs, cur-
rently the reporting details can vary significantly between
operators and groups, and the methodology and break-
downs provided can also differ for the same metrics. We
strongly promote converting to a unified methodology
for all key KPIs. Also, currently, certain KPIs are repor-
ted on the country level, while others are reported on
the group level. Generally, the finer the granularity of
reporting better the insights the company can get on
its performance. For example, reporting all KPIs on the
country level would allow local subsidiaries to gain better
understanding of their performance in both the group
and the local market context thus deriving actions for
improving their standings. In cases where the same KPI
can be estimated using different methodologies, it is also
important to specify which is the source used, as there
might be methodological differences behind the numbers
especially whenever estimation is required.

We also encourage the development of structured re-
porting standards to facilitate the evaluation of these
KPIs in automated manner. At the present time much of
the data is only available in textual or graphical format
in the different reporting documents, or in some cases
in machine readable formats but with detailed specifica-
tion and layout being heavily operator dependent. We
advocate to use the initial division between qualitative
and quantitative KPIs to highlight domains where further
granularity and transparency are probably needed. In this
initial version of the methodology many KPIs are chosen
to be qualitative as the currently reported data is simply
not ready for quantitative assessment.

Additionally, it is worth to emphasize that currently lack
of higher level of granularity of reporting might lead to
inaccuracies when an operator would want to understand
its position in the world context. For example, as discussed,
only very few operators report on their mobile and fixed
network energy consumption separately, as the energy
intensities for these networks differ significantly the ope-
rator energy intensity profiles would differ considerably
depending on the mixture of the fixed and mobile busi-
ness. Different assumptions are to be made to put such
operators in the same context, which, of course might
lead to inaccuracies in their positioning.
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©® FURTHER WORK /

NEXT STEPS

The current framework can be enhanced in several di-
rections in the future. Perhaps the most fundamental
extension would be to include differentiation between
individual business segments, such as fixed line operations,
mobile wireless connectivity, and operating data centers
for internal and, possibly, customer use. As each of these
domains have highly different energy consumption and
performance characteristics, introducing such differen-
tiation would further improve fairness, and would, in
particular, support derivation of actionable insights from
the individual KPIs and per-pillar scores. Of course, the
major challenge here is the availability of the related data,
as current corporate reporting is not commonly done on
such fine level of granularity. Further the transparency of
the sustainability reporting is key for such assessment
improvements as well. The energy related KPIs can be
improved further as the reporting matures, both in the
direction of comprehensive multi-dimensional assess-
ment of energy intensity and in terms of defining of the
appropriate thresholds, as well as developing further the
data-center centric metrics.

Another key direction for extension is to go beyond quan-
titative assessment of the energy related KPIs,to start
considering other key sustainability drivers. Examples of
these are CO2 emissions, especially of the Scope 3 as the
most influential one, waste management performance, and
various metrics related to recycling. Currently the reporting
of the related KPlIs is still relatively inconsistent, making
most of them unsuitable for inclusion at the present time.
However, we hope that with improved transparency and
level of detail inclusion of these aspects can be considered
in the future as well. The first step in the direction of the
qualitative assessment would be the introduction of the
historical evaluation, similarly, as done for the energy-re-
lated KPIs. This is the most robust quantifiable evaluation
as it does not consider thresholds derived based on the
market situation and employs only single operator data,
which makes KPI calculation methodology transparent and
most coherent, thus avoiding the situations of comparing
“apples” and “oranges”. The evaluation of the normalized
values, similarly to the energy intensity proposal, would
then come as the next step once the industry converges
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to a well-defined set of clearly articulated estimation
methodologies that are, preferably, standardized as well.

Currently, we do not consider including any company
specific measure employed by an operator as part of the
developed KPIs, like fibre-centric upgrade of fixed networks
or 2G/3G sunsetting. The decision on these measures is
part of a company's strategy. Rather we prefer to evolve
the framework in the direction of quantitative assess-
ment of the energy-, emission-, and circularity-related
KPIs. We refer to the other documents developed by the
community and industry for the guidance on the best
practices [53] [52] [2].

We hope to be able to improve the temporal granularity
and detail of the various goals towards Net Zero as stated
in the KPI list. Currently, most companies give only few
specific commitment dates, often coinciding with reaching
net zero state for the corporation as a whole. Achieving
regular statements and reporting of the progress towards
individual targets would make it easier to gauge progress
towards the Net Zero goal and provide further quantitative
evaluation opportunities also in short to midterm. We also
consider a possible future extension of our framework
towards other ESG KPIs that are strongly influenced by
the networking solutions, especially the “E” component.

We plan to take the Green KPI journey further towards
enabling internal operator assessment. We will evaluate
and bridge identified gaps between the high-level KPI
used for company reporting that are in close connection
to Net Zero goals, the company energy savings and QoE,
and lower-level networking KPIs (like OSS data). These KPIs
will be aimed to further enable drill-down to individual
network elements (such as base stations) and services
to enable assessment that could then be easily mapped
towards high-level, company-wide, reporting. In this future
work we will also integrate state-of-art KPIs discussed in
the community, including the ones proposed by NGMN
or other bodies like the GSMA.
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focus on supporting 5G's full implementation, Mastering
the Route to Disaggregation, Sustainability and Green
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To evaluate and drive technology evolution towards 5G's
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Route to Disaggregation: Leading in the development
of open, disaggregated, virtualised and cloud native so-
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