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Telecoms: The Fibre & 5G decarbonisation debate

We see fibre and 5G as critical technologies necessary to reducing the
Information and Communications Technology (ICT) sector’s overall carbon
footprint and enabling low-carbon technologies across the broader economy,
which we believe remains underappreciated by investors today, as evidenced
by Diversified and Wireless Telecoms at -15% and -24% underweight in ESG
funds today. We see three factors that could shift this sentiment, such as: 1)

greater recognition of direct energy efficiency improvements of fibre and 5G vs.

existing technologies; 2) fibre and 5G as critical enablers for scaling the digital
economy, supporting additional indirect carbon benefits via smart grids and
other Internet of Things (loT) applications; and 3) greater clarity for Telecom’s
eligibility under the EU Taxonomy, which could see fibre and potentially 5G as
aligned (green), serving as a key catalyst for recognition of the sector’s low
carbon contribution in the years ahead.
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Executive Summary

With mobile data traffic expected to grow 4x between 2021 and 2027, according to
the IEA, and internet traffic expected to double from 2020 to 2023, according to
Ericcson, we believe the Telecom sector will find it difficult to scale while reducing
or even maintaining its overall energy and carbon footprint. Current technologies in
4G and copper/cable networks are not expected to scale the increase in data traffic
efficiently, leading to potential increases in Telecoms’ share of global GHG emissions.
We see fibre and 5G as critical to handling this rapid demand acceleration, and providing
a vital solution to the sector’s net-zero emissions pathway.

We see fibre broadband and potentially 5G as underappreciated technologies for
decarbonisation 1) via improved energy efficiency vs. alternatives and 2) as critical
enablers of loT solutions offering additional carbon benefits — which can both fit
into the existing EU Taxonomy framework for defining green activities. According
to company data and industry reports, Fibre is 80% more energy efficient than copper
networks and 5G is 90% more energy efficient per traffic unit of data processed than
4G (and still up to 37% more efficient vs. 4G when incorporating data growth and
increases in 5G base stations needed). Additionally, IoT and smart digital solutions can
potentially reduce global emissions by 15%, according to European Telecommunications
Network Operators Association (ETNO). Diversified and wireless Telecoms are
currently 15% and 24% underweight in ESG funds, partially highlighting their
underappreciated contribution to low-carbon outcomes, which could change
going forward, in our view.

Companies have highlighted their conservative approach to initial Taxonomy
reporting figures, showing average eligibility of only 6.5%, which we see rising
dramatically as greater clarity comes for the sector’s coverage in the Green
Taxonomy. There remains uncertainty from many corporates/investors on whether and
where Telecoms fit into the existing Taxonomy. Concerns of underrepresentation relative
to the potential decarbonisation impact are being raised by some Telecom companies in
their Taxonomy reporting; therefore, this report aims to explain how we think Telecoms
is relevant to the EU Taxonomy and where the sector fits in.

The EU Taxonomy — a classification system for sustainable economic activities —
will significantly influence capital flows, cost of capital and valuations,
in our view. \We provide an assessment of where core wireless/fixed-line activities
could fit into the EU Taxonomy and highlight Telefonica as a case study on eligibility and
alignment exposure for Telecoms.

Telecoms require $630bn in annual capex to support infrastructure critical for
achieving key SDGs and net-zero goals, as covered in our Green Capex series
(Exhibit 1). According to ETNO, Europe will require €300 billion across fibre and 5G to
fully upgrade existing networks by 2027 Our Green Capex series dives deeper into
critical investments, enablers and beneficiaries to the Net Zero transition accompanied
by water and infrastructure goals.
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Exhibit 1: On average, corporate reported Taxonomy-eligible
revenue is showing low levels of eligiblity
Corporate reported Taxonomy-eligible revenue from 18 GS covered

Telecommunication Services companies currently reporting, FY 2021

Total Eligible

Royal KPN 0.0%
1&1 AG 0.0%
Infrastrutture Wireless 0.0%
Freenet 0.1%
OTE Group 0.6%
Tele2 0.6%
Telenor 1.0%
Telia Co. 1.0%
Bouygues *1.0%
Orange SA 1.4%
Deutsche Telekom AG 1.8%
Cellnex 2.4%
Telecom lItalia SpA 4.0%
Grupa Pracuj 5.8%
Proximus NV 10.0%
Elisa Oyj 14.2%
United Internet AG 16.1%
Telefonica 51.6%
Average 6.5%

*1% of Bouygues's eligible revenue comes from its Telecom & Media (T&M) business. The T&M
total eligible revenue is 35%, primarily coming from its construction business.

Source: Company data, Goldman Sachs Global Investment Research

The authors of this report would like to thank Katie McKenzie for her contribution to this

report.
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Exhibit 2: Fibre and 5G investment is critical to meet the $630bn in annual Green Capex needed from Telecom's contribution to net-zero
and SDG goals
Critical technologies/focus areas and annual investment in the 2020s to achieve Net Zero, Infrastructure and Clean Water needs

Green Capex Mosaic
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The scale of energy usage and emissions for ICT

16 August 2022

Current estimates suggest that the ICT sector is responsible for 8-10% of European
electricity consumption, around 4% of European carbon emissions and consumes
between 2-3% of global energy (Exhibit 3).

Exhibit 3: ICT is responsible for 8-10% of European electricity
consumption, and 4% of carbon emissions, whilst the telecoms
subsector is responsible for 2-3% of global energy consumption
% of ICT European Electricity Consumption/Carbon Emissions & Global
Telecom Services Energy Consumption, 2020
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Data traffic is expected to rise dramatically, adding further energy
consumption/emission challenges for the ICT industry. According to the IEA, global
internet traffic doubled from 2017 to 2020 and is expected to double again by 2023 The
nature of data transmission is also changing rapidly as mobile device data is expected to
grow at triple the rate (+50% yoy) vs. wired and WiFi-only devices (+17% yoy) globally
from 2018 to 2023. According to Ericsson, mobile data traffic is expected to grow
over 4x from 2021 to 2027 (Exhibit 4), highlighting the evolving energy/emissions

challenges for global telecom companies.

Currently, despite the rise in data traffic, ICT networks have been able to curb
energy consumption given efficiency improvements largely coming from
cloud-based data centres, and improvements in storage devices, network switches,
and data centre infrastructure (Exhibit 5).

However, as data traffic is still expected to grow significantly and more traffic
shifts towards mobile devices, new technologies will be needed to help curb
energy consumption and ultimate emissions, particularly as Scope 2 emissions
account for 92% of the Telecom industry's total emissions (Scope 1 & 2) (Exhibit 6).
Current wireless and landline ICT networks will require significant technological
advancements to manage data traffic and energy demand efficiently. We believe fibre
and 5G networks can replace existing networks as critical, energy-efficient
solutions to growing data traffic demand, whilst reducing energy consumption.


https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52021SC0152
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52021SC0152
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52021SC0152
https://www.iea.org/reports/data-centres-and-data-transmission-networks
https://www.iea.org/reports/data-centres-and-data-transmission-networks
https://www.iea.org/reports/data-centres-and-data-transmission-networks
https://www.cisco.com/c/en/us/solutions/collateral/executive-perspectives/annual-internet-report/white-paper-c11-741490.html
https://www.cisco.com/c/en/us/solutions/collateral/executive-perspectives/annual-internet-report/white-paper-c11-741490.html
https://www.cisco.com/c/en/us/solutions/collateral/executive-perspectives/annual-internet-report/white-paper-c11-741490.html
https://publishing.gs.com/content/research/en/reports/2021/11/10/5ff7ae1a-d96d-4e99-a8e2-ca81741eea66.html
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Exhibit 4: Mobile data traffic is expected to grow over 4x from 2021 Exhibit 5: However, data centres and network efficiency
to 2027, whilst FWA is also expected to increase, posing improvements have limited overall energy demand growth, even
challenges for scaling wireless/landline networks... with the rapid surge in internet traffic
World Fixed Wireless Access (FWA) and Mobile Data Traffic (4G/other & Global trends in internet traffic, data centre workloads and data centre
5G) per month from 2021 to 2027 energy use, 2010-2019
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Source: [EA

Solving for energy efficiency will be crucial to the Telecom sector’s
decarbonisation pathway, as 92% of Telecom Services emissions are from Scope
2 with only 8% from Scope 1 (Exhibit 6). Scope 2 emissions are indirect GHG

emissions from electricity, steam, heat, or cooling and occur at the facility where they
are generated. In the case of wireless networks, energy consumption comes from
base station operations to transmit the 4G/5G signals, whilst for fixed networks energy
consumption is generated from copper transceivers / nodes.

Exhibit 6: Scope 2 emissions via energy consumption drive 92% of the Telecom industry’s emissions, behind only Financial Exchanges as
% of total emissions (Scope 1 & 2)

Breakdown of Scope 1-2 mix by sector and total GHG intensity - figures indicate sector median within the MSCI ACWI based on latest GS SUSTAIN
data.
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(1) Scope 2 only includes location-based emissions; (2) the chart illustrates 13 sectors out of 52 sector classifications on our SUSTAIN framework.

Source: Bloomberg, Refinitiv Eikon, Goldman Sachs Global Investment Research
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Fibre and 5G: Critical technologies for Telecoms’ net-zero pathway

With data traffic increasing significantly, Telecoms are reliant on expanding new
technologies to limit their GHG emissions. Telecoms’ contribution to
decarbonisation will come largely in three forms, in our view: 1) direct operational
improvements in 5G and fibre applications, helping to improve energy efficiency
by 90% per traffic unit of data processed for 5G compared to 4G, and by 80% for
fibre vs. copper networks (Exhibit 7); 2) direct expansion/access of renewable
energy, and; 3) indirectly, by serving as a critical enabler towards decarbonising
and scaling the digital economy, which can support additional indirect
environmental benefits via the smart grid and other loT applications.

Existing copper and cable networks are transitioning to fibre, and an evolutionary
progression from 4G to 5G is occurring. These incoming networks have energy
efficiency advantages along with improved capacity and data transmission speeds
compared to alternatives. Globally, both 5G and fibre are seeing increasing penetration,
with caveats by region (Exhibit 8 & Exhibit 9). These technologies are shifting the
weightings of ICT emissions breakdowns over the next decade (Exhibit 10) and will be

critical for managing the industry’s overall energy usage and ultimate carbon footprint. 1)
mobile networks emissions are expected to decrease, due to the rollout of 5G
network; 2) emissions are also reducing through renewable energy efforts across
the sector; 3) whilst fixed networks are increasing from 9% to 25% of industry
total emissions (Exhibit 10). Contributing factors to the increased weighting of fixed
networks' emissions include: a) the limited rollout of fibre, largely in the US hindering
the energy efficient advantages; b) the rapid urbanisation of the developing world,
leading to increased demand for ICT and telecom services; c¢) large growth in data traffic
demand (c.40% CAGR in 2021-27), meaning that although next-generation technologies
improve efficiencies, aggregate power consumption will increase; d) dual-running
fibre/copper networks will lead to increased energy consumption until policy / pricing
incentivise consumers to switch or until uptake is forced.
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Exhibit 7: Energy efficiency of fibre vs cable and 5G vs 4G

Increases energy
efficiency by
- 90% per traffic unit of data
- 37% if considering
infrastructure expansion

Increases energy
efficiency by 80%

Source: EU Commission, Company Data

Exhibit 8: APAC is leading in fibre rollout (expected to be 92.5% by
2026), with significant expected improvements in Europe, whilst the
US lags behind

% of fibre lines as part of total fixed broadband lines
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Source: Prysmian, FFTH

Exhibit 9: 5G penetration in Europe is currently lagging NA & Asia
and is expected to continue to fall behind, although penetration
will likely significantly increase for all regions

5G connections as % proportion of all connections, 2021-2025E

Exhibit 10: Mobile networks & data centres % of emissions are
expected to decrease (by 8% and 7% respectively) over the next
decade, whilst fixed networks’ proportion of ICT emissions is
expected to increase by 16%
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Despite direct and indirect carbon benefits offered by Telecoms, the sector is
underweight within ESG funds, as diversified and wireless telecommunications
services are underweighted by 15% and 24 %, respectively. However, the
infrastructures behind communications services are gaining some recognition (51%
overweight). Therefore, we believe Telecoms has an opportunity to utilise these
decarbonising technologies, like communications equipment stocks have, to gain

representation in the ESG universe.
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Exhibit 11: Telecommunications are underweighted in ESG fund holdings, while communications
equipment providers are 51% overweight

Communication Services and other select GICS 3 sub-sectors average relative over/underweight in >4,500 ESG
funds versus weight in the MSCI ACWI, June 2022
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NTT Group: A case study on Telecoms’ contribution to country and global GHG emissions
NTT is Japan's Telecoms company, operating in the fields of integrated ICT and communication networks.

Nippon Telegraph and Telephone (NTT), Japan's largest Telecoms company, has set some ambitious
GHG emission reduction targets for firm reductions, along with estimating country-specific and
global impact emission reductions, enabled by its technologies.

By 2030, NTT aims to reduce its GHG emissions by 80% and be carbon-neutral by 2040. The adoption
of next-generation technologies, Innovative Optical and Wireless Network (IOWN), which includes
photonics networks and digital twin computing, is estimated to reduce the company’'s GHG emissions by
55% by 2040, with the remaining 45% driven by renewable energy and offsets. NTT's 5G technology has
been operating without GHG emissions from October 2021 due to the ratio of 100% renewable
energy/total energy consumption being greater than the ratio of the number of 5G subscriptions / phone
subscriptions. NTT has said that the rollout of these technologies beyond telecommunications, along with
its own GHG emission reductions, will lead to over a 4% reduction in Japan’s GHG emissions by 2040
and over a 2% emissions reduction globally.
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Fibre: The fastest, greenest and most energy-efficient broadband technology available
Fibre rollout will be critical to the Telecoms green transition — providing high
speed, scalable and reliable broadband with low energy consumption and GHG
emissions. Fibre networks have been recognised as the most efficient networks in

nearly every scenario, reducing the energy footprint vs copper by 85%, according to
Telefonica. Once the switch from copper-broadband services to fibre is complete,
TalkTalk estimates that its full-fiore network will be up to 80% more energy efficient
with less active hardware technology required to boost the signal and significantly
reduced line faults in a fibre world. According to Europacable, at speeds of 50Mbps fibre
networks consume 56kWh vs. 88 kWh for DOCSIS (cable networks), translating into
carbon emission of 1.7 tons of CO, per year per capita for fibre compared to 2.7

tons for cable networks. The higher the speed of connectivity, the greater the energy
and carbon benefit fibre can produce.

However, global Telecoms are facing a rollout issue. Although it is estimated that
fibre will make up 92.5% of APAC's fixed broadband by 2026, it will only make up
a quarter of US fixed broadband (Exhibit 8) — According to industry experts, this is
due to the US facing significant issues with fibre broadband access, as the majority of
Americans will not have access to fibre in their homes by 2026. However, a federal
proposal released this year shows the first steps towards a wide-scale rollout of fibre
which, if implemented, could prevent the growth of the fixed networks proportion of
emissions within the sector.

Fibre is essential to enabling the Future of Work/telecommuting that delivers
additional direct low-carbon benefits. \While more difficult to quantify, the
improvement in network speeds and reliability should deliver real economy carbon
improvements by enabling the Future of Work and hybrid working environments,
reducing the need to travel/emit carbon. Reliable internet networks were critical for
supporting the work-from-home shift during COVID, which saw global CO, emissions

decline nearly 6% due to less commuting and travel; we see fibre networks as critical to
enabling the expected increase in telecommuting/hybrid work environments in the
future, with 84% of people who worked from home in the UK during the pandemic
planning to use a hybrid work structure in the future. Fibre broadband therefore serves
as a necessary technological advancement to enable new technologies and

business models that can drive further carbon benefits.


https://www.ftthcouncil.eu/committees/policy-regulation/contribution-of-fibre-to-sustainability
https://europacable.eu/wp-content/uploads/2021/01/Prysmian-study-on-Energy-Consumption.pdf
https://www.eff.org/deeplinks/2019/12/america-still-desperate-need-fiber-broadband-everyone-plan-year-review-2019
https://www.iea.org/articles/global-energy-review-co2-emissions-in-2020
https://www.iea.org/articles/global-energy-review-co2-emissions-in-2020
https://www.iea.org/articles/global-energy-review-co2-emissions-in-2020
https://www.iea.org/articles/global-energy-review-co2-emissions-in-2020
https://www.iea.org/articles/global-energy-review-co2-emissions-in-2020
https://www.iea.org/articles/global-energy-review-co2-emissions-in-2020
https://www.ons.gov.uk/employmentandlabourmarket/peopleinwork/employmentandemployeetypes/articles/ishybridworkingheretostay/2022-05-23#:~:text=Since%20then%2C%20the%20proportion%20of,14%25%20in%20the%20same%20period.
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Puts and takes to the 5G energy-efficiency and low-carbon debate

There remains a debate over the ultimate increase/decrease in total energy usage
of 5G versus existing 4G and 3G networks. On one hand, absolute energy usage is
expected to increase for 5G networks as data traffic shifts towards mobile devices
and additional base stations are needed (vs. 4G), while the ultimate energy
efficiency per unit of data transmitted vs. existing networks is expected to
increase significantly. We assess the key stats and debates below.

Initially, according to the European Commission, 5G deployment will increase
total energy consumption due to the need for additional supporting infrastructure.
5G will require ¢.1.4 to 2x more 5G base stations/towers vs. existing 4G base stations
due to the high radio frequency and limited network coverage of high band 5G caused
by the higher frequency being used. 5G has 3 key bands: 1) low — which covers a wide

area but has less capacity; 2) mid — a good balance of coverage and capacity, suitable
for both suburban and metro areas; and 3) high — high capacity but shorter transmission
range, i.e., works for stadiums full of thousands of people, but not in suburban areas;
therefore, more base stations are required to scale this band of 5G, hence increasing
overall energy consumption. Growth in data will also add to the absolute energy
demands of 5G networks.

However, the European Commission has stated that 5G will bring significant
improvements for energy consumption per traffic unit, with Telefonica and Nokia
finding that 5G is 90% more energy efficient per traffic unit than 4G, highlighting that
the technology will be critical for handling the expected increase in data traffic.
According to Axon, using a case study in Belgium, despite the initial increase in
energy consumption, a 5G network is estimated to still consume up to 37% less
energy than 4G networks, helping to mitigate excess emissions. The full benefit of
5G vs. 4G will depend heavily on expectations around data growth by 2030 (Exhibit 12
& Exhibit 13). Contributing factors to assess the ultimate energy efficiency of 5G vs.
4G networks include:

® The maturity and ultimate data throughput of the 5G network. According to
Orange, a 5G antenna initially consumes 3x the amount of energy of 4G antennas,
but as 5G can handle significantly higher data throughput, its energy consumption
per unit of data is estimated to only be 10% of 4G by 2025 and 5% by 2030 as
traffic grows.

m Retirement rate of outdated infrastructure, as 5G replaces 2G/3G/4G networks, it
should bring further energy benefits.

® New energy efficiency features such as ‘sleep mode’ allow loT devices to extend
battery life and use less energy by transmitting less.

m Yet, 5G is expected to lead the mass small cell deployment (up to 1000 small cell
per square km in environments like stadiums), pressured by significant expected
data traffic growth (over 4x between 2021 and 2027), increasing power consumption
and CO2 emissions.

B 5G is expected to catalyse the introduction of new technologies raising energy
consumption, but also enabling additional low carbon benefits. Increases in


https://doi.org/10.1016/j.resconrec.2022.106339
https://investors.vodafone.com/reports-information/investor-events/vodafone-technology-investor-briefing?tab=european-region
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initial energy consumption of new |oT, edge servers, and smart devices will be
offset by carbon benefits from smart grid solutions (Exhibit 15).

Exhibit 12: Absent 5G, absolute energy consumption expected to Exhibit 13: 5G deployment could lead to a 70% reduction in power
increase dramatically across various data growth scenarios consumption per bit by 2030 vs. non-5G networks
Energy increase expected in scenarios without 5G compared to 2020 Energy efficiency per bitin access networks with 5G vs. without 5G,
baseline 2020 - 2030E
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Potential rollout roadblocks: The 5G ‘Not In My Back Yard’ and health debate

Although 5G enables the climate transition and is highly energy efficient, there are concerns
surrounding the health impacts of 5G that could limit its rollout. A rise in activism from communities
aiming to ban 5G infrastructure, particularly near homes, is occurring worldwide. Concerns surround the
lack of a full investigation into the potential 5G impact on health prior to the mass rollout of the technology
globally, specifically regarding exposure to radiofrequency radiation.

An appeal to the EU in 2017, backed by >390 scientists and medical doctors, requested a temporary ban of
5G deployment until a scientific evaluation of potential negative consequences to health were investigated,;
the EU has not responded to the request. However, some regions, including Brussels, Italy and India, have
taken independent actions to limit electromagnetic radiation, often slowing the rollout of 5G. The Belgian
government halted its 5G pilot in Brussels in 2019, due to unknown health concerns and 5G’s
inability to meet the city’s radiation rules; only recently has it considered easing the restrictions...

...given that there are currently no known health risks linked to 5G, according to Cancer Research
UK. Regardless of outcomes confirming the safety of 5G, the perception of safety issues could
become a more meaningful roadblock to the rollout of the technology in local communities.

Fibre and 5G will also serve as critical enablers to new low-carbon technologies and
business models

In addition to direct energy efficiency gains, studies suggest that 5G and the
fibre-enabled large-scale uptake of smart digital solutions across the economy can
reduce global CO, emissions by 15%, given other sectors rely on Telecoms to enhance
their operations, i.é., smart gas meters being supported by the Internet of Things (loT)
and 5G. Together, 5G and loT could enable the reduction of UK emissions by 17.4
million tonnes of CO, per year. |oT cannot scale using 4G networks, whilst 5G
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provides quicker and more reliable connectivity that will unlock a vast loT ecosystem. 5G
can enable various energy-efficient, carbon-reducing technologies and solutions,
including smart buildings (i.e., automated heating), smart work (i.e., video conference
and digitalised offices) and smart travel (i.e., route optimisation) (Exhibit 14).

Exhibit 14: Smart grid solutions could reduce global emissions by ¢.8% by 2030 (in a
high-emission-reduction scenario)
Smart solutions global GHG emission reduction potential across medium- and high-reduction scenarios by 2030

. Medium reduction High reduction
AU UL P scenario scenario

Smart grid 1.6% 3.9%
Smart buildings 0.9% 1.4%
Smart transport 0.6% 0.6%
Smart travel 0.9% 0.9%
Smart services 1.6% 1.6%

Total 5.6% 8.4%

Source: Ericsson
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EU Taxonomy & Telecoms: Key debate for assessing eligibility and
alignment

Given the nascency of the EU Taxonomy, there is confusion around the process of
reporting and whether core Telecoms activities are covered as eligible under the
Taxonomy. Of the Telecoms companies which have reported their eligible revenue,
some think that the majority of their core business activities are not yet included under
the Taxonomy...

...however, we believe that the Taxonomy does cover core business activities of
Telecoms companies, including both fixed and mobile networks, under economic
activity 8.2, “Data-driven solutions for GHG emissions reductions’, given the activity
covers NACE sector “J61: Telecommunications” and in the description states “ICT
solutions aimed at collecting, transmitting, storing data...where those activities are
predominantly aimed at the provision of data and analytics enabling GHG emission
reductions”. Additionally, the activity description mentions 5G as an ICT solution that is
potentially aligned.

Current eligibility figures from 18 Telecoms companies are significantly lower than
expected, with only 6.5% of turnover reported as Taxonomy-eligible vs. our
estimate of ¢.75% (including fixed and mobile networks) (Exhibit 15). Many
companies have highlighted the lack of consensus around the coverage of core activities
and thus reported conservative figures (such as United Internet), while highlighting that
Taxonomy figures may change next year upon further guidance. However, as described
above, we believe the current Taxonomy covers core telecom activities and that
eligibility and alignment figures should be materially higher, including mobile (with 5G
potentially eligible and aligned) and broadband networks (with fibre as eligible and
aligned). The European Telecommunication Network Operators’ Association (ETNO) is
currently lobbying for clarification on the topic and inclusion of a new activity that more
clearly covers ICT solutions’ core operations. Given the initial lack of clarity, we
expect correct interpretation and reporting to take at least 2-3 years before
Taxonomy figures are fully comparable.

Some companies have reported ranges of eligibility, which can more accurately
reflect the contribution of ICT solutions to the climate change mitigation
Taxonomy objective. Telefonica currently reports a minimum and maximum range of
eligibility, with the maximum range including transmission revenues covering fixed
networks (fibre and copper) and mobile (2G, 3G, 4G, and 5G) networks. The company
currently reports a minimum of 9% and maximum of 51.6% of revenue and 1.31% to
67.6% of CapEx as eligible. For more detail, see the grey box below. Failure to include
and report on fixed and wireless networks as eligible (and aligned where
appropriate) would significantly hamper the Telecom sector’s inclusion in the EU
Taxonomy and limit ultimate recognition amongst investors to the contribution
the sector can make towards decarbonisation objectives, in our view.
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Exhibit 15: Current reporting on Telecoms’ Taxonomy eligibility
is mixed, offering a wide range in outcomes

Range and average of % Taxonomy-eligible revenue for key Telecom
Taxonomy activities and overall eligibility reported by 18 GS covered
European Telecoms Companies
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Activity 8.1 Activity 8.2 Activity 8.3 Total Eligibility

Activity 8.1: Data processing, hosting and related activities Minimum
Activity 8.2: Data-driven solutions for GHG emissions reductions ® Maximum
Activity 8.3: Programming and broadcasting activities Average

Source: Company data, Goldman Sachs Global Investment Research

We believe fibre and 5G life-cycle carbon benefits could align the Telecoms to the
existing Taxonomy performance criteria for “data driven solutions for GHG emission
reductions” As described above, the activity includes “transmission” and “provision of
data” where “the ICT solution demonstrates substantial life-cycle GHG emissions
savings compared to best performing alternative solutions/technology” On this basis,
fibre and potentially 5G could qualify as aligned based on existing evidence of their
life-cycle benefits versus existing technologies. Additionally, any 5G applications that
allow for connectivity of loT devices that enable low-carbon outcomes can also qualify as
aligned per the activity description (Exhibit 19).

However, assessing potential alignment remains difficult based on a lack of
granular data from Telecom companies. The key challenge for investors is Telecom
companies do not provide a breakdown of their revenue/capex for convergent services,
i.e., % from fibre or 5G, and some do not provide a business services breakdown, i.e.,
mobile and fixed. A lack of available data makes it challenging for investors to accurately
calculate Telecom companies’ aligned revenues/capex, meaning the sector will not get
the appropriate recognition under the Taxonomy.

The primary reason for this lack of disclosure is that figures can be difficult for
corporates to calculate: 1) 5G is most challenging as a 5G-contracted customer’s
phone will connect to 3G/4G networks if the area is not 5G covered, making it difficult to
calculate the exact % of revenue coming from 5G; 2) Fibre networks currently often
combine with copper, making it difficult to differentiate revenue in some cases and 3)
Most Telecom companies only disclose the number of houses covered by fibre and
not those opting into fibre contracts.
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Taxonomy-eligible revenue
is the proportion of
revenue covered under
economic activities of the
EU Taxonomy over total
revenues.

Taxonomy-eligible CapEx is
the proportion of CapEx
associated with assets or
process covered under the
Taxonomy's economic
activities.

Case Study: Telefonica's EU Taxonomy Reporting

Telefonica is a Spanish multinational telecommunications company that provides mobile
services, fixed-line telephone business and digital services. The company has been
committed to digitalisation over the past decade and expanding services in loT, the
cloud, 5G and fibre broadband.

We assess Telefonica's EU Taxonomy reporting in its 2021 Annual Report, which serves
as an illustrative example of both a narrow and expansion view of Taxonomy eligibility for
both turnover and CapEx.

Telefonica’s Taxonomy-Eligible Revenue

Telefonica reports a range of eligible revenues across relevant economic activities.
The company reports a minimum level of turnover eligibility of 9% (includes only digital
services, i.e., cloud services & loT) and maximum eligibility of 51.6% including digital
services & data transmission revenues from fixed (fibre and copper) and mobile
services (2G to 5G) (Exhibit 16), which we believe correctly captures the eligible
activities largely under activity 8.2, “Data-driven solutions for GHG emissions
reductions”

Telefonica’s Taxonomy-Eligible CapEx

For CapEx, Telefonica reports a minimum of 1.31% and maximum of 67.6% as eligible.
Telefonica primarily considered investments into projects surrounding fixed and
mobile networks such as fibre and 5G, when calculating its maximum eligible
CapEx (Exhibit 16). The company also took into account investments related to the
access, infrastructure and transmission of its services.

Telefonica’s eligible revenue and CapEx are highest under activity 8.2. (Exhibit 16)
which, as discussed, includes fixed and wireless services as eligible and 5G and fibre as
potentially aligned, in our view.

Exhibit 16: Telefonica’s Taxonomy-eligible activities, revenue & CapEx

Taxonomy activities Telefonica activities Eligible Eligible
Revenue CapEx

8.1 Data processing, hosting and related

activities

8.2 Data-driven solutions for GHG
emissions reductions

Activities related to cloud services and data centres 2.2% 0.1%

- Digital services related to data collection, transmission and analysis
that enable the reduction of emissions arising from other activities

- Digital solutions that support data transmission, such as 5G

- For CapEx only: Acquisition of spectrum for deployment of mobile
technologies embedded in digital solutions

0.8%~43.4% 0.01% ~ 66.3%

8.3 Programming and broadcasting

activities

13.3 Motion picture, video and television

Services related to the programming and broadcast of television

6% 1.2%
content

programme production, sound recording
and music publishing activities

Total 2021 9.0% ~51.6% 1.31% ~ 67.6%

Source: Company data

16 August 2022

Our estimations of Telefonica’s potentially Taxonomy-Aligned Revenue & CapEx

Telefonica’s Estimated Taxonomy-Aligned Revenue - inconclusive

Within its Taxonomy-eligibility reporting, Telefonica states that minimum revenue
eligibility includes digital services (i.e., cloud and loT) and the maximum value includes

16



Goldman Sachs

GS SUSTAIN

16 August 2022

both digital services and data transmission solutions (fixed and mobile). The
maximum eligible revenue was 51.6% (Exhibit 16), whilst the minimum eligible revenue
was 9%. Therefore, we can assume 42.6% (maximum minus minimum) will give us the
data transmission % of eligible revenue which covers mobile (3G, 4G, 5G) and fixed
networks (copper and fibre).

Spain currently has 85% fibre penetration and 59% 5G penetration. Given Telefonica is
the market leader, it could be assumed the company accounts for the majority of both
fibre and 5G penetration; however, with the company not providing fixed and
mobile network revenue splits, it remains challenging to estimate a credible
turnover alignment figure.

Telefonica’s Estimated Taxonomy-aligned CapEx

Telefonica designated 45% of its total investment in 2021 to new generation networks,
primarily to fibre and 5G developments/rollout. Therefore, we can assume that 45% of

its CapEx associated with 5G and fibre could be Taxonomy-aligned.

Exhibit 17: Proportion of Revenue & CapEx from 5G & Fibre Broadband

Taxonomy-aligned Taxonomy-aligned

Revenue CapEx

5,G More info required 45.0%
Fibre

Total - 45.0%

Source: Company data, Goldman Sachs Global Investment Research


https://www.telefonica.com/en/communication-room/telefonica-five-fold-increase-in-its-net-income-in-2021-8137-million-euros/
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Appendix: Main Activities of the EU Taxonomy relevant to Telecoms

Exhibit 18: Description & Technical Screening Criteria of Taxonomy Activity 8.1 - Data processing, hosting and related activities

2. For the purposes of paragraph 1, an
economic activity for which there is no
technologically and economically feasible low-
carbon alternative shall qualify as contributing
substantially to climate change mitigation where
it supports the transition to a climate-neutral
economy consistent with a pathway to limit the
temperature increase to 1,5 °C above pre-
industrial levels, including by phasing out
greenhouse gas emissions, in particular
emissions from solid fossil fuels, and where that
activity:

(a) has greenhouse gas emission levels that
correspond to the best performance in the sector
or industry;

(b) does not hamper lhe developmenl and

; and

(c) does not \ead toa Iock in ofcarbon intensive
assets, considering the economic lifetime of
those assets.

For the purpose of this paragraph and the
establishment of technical screening criteria
pursuant to Article 19, the Commission shall
assess the potential contribution and feasibility of
all relevant existing technologies.

S~

8.1. Data rocessing, hosting and related acti
Storage, , control, display, switching,
interchange, transmission or processmg of data through data centres,
including edge computing.

The economic activities in this category could be with NACE
code J63.1.1 in with the ification of i
activities by R ion (EC) No 1893/2006.

/An economic activity in this category is a transitional activity as referred to

<« in Article 10(2) of Regulation (EU) 2020/852 where it complies with the

technical screening criteria set out in this Section.

Technical Screening Criteria

Substantial contribution to ate change m
1.a) The actwlty has implemented all relevant practices ||sled as ‘expected
practices’ in the most recent version of the European Code of Conduct on
Data Centre Energy Efficiency, or in CEN-CENELEC document CLC
TR50600-99-1 ‘Data centre facilities and |nfrastruclures Part 99-1:

ices for ener
b) The implementation of those practices is verified by an independent
third-party and audited at least every three years.

2. Where an expected practice is not considered relevant due to physical,
logistical, planning or other constraints, an explanation of why the expected
practice is not applicable or practical is provided. Alternative best practlces

J63.1.1 - Data processing, hosting

and related activities

All acti

from the European Code of Conduct on Data Centre Energy
or other equivalent sources may be identified as direct replacements if they
result in similar energy savings.

3. The global warming potential (GWP) of refrigerants used in the data
centre cooling system does not exceed 675.

Do No Si ant Harm ('DNSH'

(2) Climate change adaptation
a) The activity complies with the criteria set out in
Appendix A to this Annex.

(3) Sustainable use and protection of water and marine resources
a) The activity complies with the criteria set out in
Appendix B to this Annex.

(4) Transition to a circular economy
a) The equipment used meets the requirements set in
accordance with Directive 2009/125/EC for servers and
data storage products.
b) The equipment used does not contain the restricted
substances listed in Annex |l to Directive 2011/65/EU,
except where the concentration values by weight in
homogeneous materials do not exceed those listed in that
Annex.
c) A waste management plan is in place and ensures
maximal recycling at end of life of electrical and electronic
equipment, including through contractual agreements with
recycling partners, reflection in financial projections or
official project documentation.
d) At its end of life, the equipment undergoes preparation
for reuse, recovery or recycling operations, or proper
treatment, including the removal of all fluids and a
selective treatment in accordance with Annex VIl to

Directive 2012/19/EU.
(5) Pollution prevention and control
a) N/A
(6) Protection and ion of biodi ity and

should be applied to any data centre

constructed from 2011 onwards, specifically all Practices marked as

“Entire data centre”,

“New software”, “New IT equipment” and “New

build or retrofit” which are within the applicants’ control.

Category

Entire Data Centre

New Software

New IT Equipment
New build or retrofit

Optional Practices

Expected to be applied to all existing IT,
Mechanical and Electrical equipment within
the data centre

Expected during any new software install or
upgrade

Expected for new or replacement IT
equipment

Expected for any data centre built or
undergoing a significant refit of the M&E
equipment from 2011 onwards

Practices without a background colour are
optional for Participants

Source: European Commission
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Exhibit 19: Description & Technical Screening Criteria of Taxonomy Activity 8.2 - Data-driven solutions for GHG emission reductions

-

8.2. Data-driven solutions for GHG emissions reductions
Development or use of ICT solutions that are aimed at
collecting, transmitting, storing data and at its modelling and
use where those activities are predominantly aimed at the
provision of data and analytics enabling GHG emission
reductions.

An economic activity shall qualify as
contributing substantially to climate
change mitigation where that activity
contributes substantially to the

Such ICT solutions may include, inter alia, the use of
decentralized technologies (i.e. distributed ledger
technologies), Internet of Things (loT), 5G and Atrtificial

stabilisation of greenhouse gas Intelligence. J61 - Telocommunications
ﬁ;ﬁ?ﬁiﬁ%ﬁz&g;?:;;T;:&Zesre 2ta The economic activities in this category could be associated with __| , 462 - Computer programming,
anthropogenic interference with the several NACE codes, in particular J61, J62 and J63.1.1 in consultancy and related
climate system consistent with the accordance with the statistical classification of economic activities activities .
established by Regulation (EC) No 1893/2006. J63.1.1 - Data processing,

long-term temperature goal of the Paris
Agreement through the avoidance or
reduction of greenhouse gas emissions
or the increase of greenhouse gas +—————
removals, including through process
innovations or product innovations,
by:

hosting and related activities
An economic activity in this category is an enabling activity as
|_referred to in Article 10(1), point (i), of Regulation (EU) 2020/852
where it complies with the technical screening criteria set out in this
Section.

Technical Screening Criteria
g?gtﬂizzE'g?’ljtsr;gsg:g&%;t:gzg;gy Substantial contribution to climate change mitigation

in line with Directive (EU) 2018/2001 1. The ICT solutions are predominantly used for the provision of
including through using innovative data and analytics enabling GHG emission reductions.

technology with a potential for
significant future savings or through
necessary reinforcement or extension

2. Where an alternative solution/technology is already available on
the market, the ICT solution demonstrates substantial life-cycle
GHG emission savings compared to the best performing
alternative solution/technology. Life-cycle GHG emissions and
net emissions are calculated using Recommendation 2013/179/EU
or, alternatively, using ETSI ES 203 199, ISO 14067:2018 or ISO
14064-2:2019.

Quantified life-cycle GHG emission reductions are verified by an
independent third party which transparently assesses how the
standard criteria, including those for critical review, have been
followed when the value was derived.

Do No Significant Harm (DNSH')

(2) Climate change adaptation
a) The activity complies with the criteria set

out in Appendix A to this Annex.

(3) Sustainable use and protection of water and marine resources
a) N/A

(4) Transition to a circular economy
a) The equipment used meets the
requirements set in accordance with Directive
2009/125/EC for servers and data storage
products.
b) The equipment used does not contain the
restricted substances listed in Annex Il to
Directive 2011/65/EU, except where the
concentration values by weight in
homogeneous materials do not exceed those
listed in that Annex.
c) A waste management plan is in place and
ensures maximal recycling at end of life of
electrical and electronic equipment, including
through contractual agreements with recycling
partners, reflection in financial projections or
official project documentation.
d) At its end of life, the equipment undergoes
preparation for reuse, recovery or recycling
operations, or proper treatment, including the
removal of all fluids and a selective treatment in
accordance with Annex VIl to Directive
2012/19/EU.

(5) Pollution prevention and control
a) N/A

(6) Protection and restoration of biodiversity and ecosystems
a) N/A

J /

Source: European Commission
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Exhibit 20: Description & Technical Screening Criteria of Taxonomy Activity 8.3 - Programming and broadcasting activities

e

8.3. Programming and broadcasting activities

Prog ing and br ities include g or acquiring the right to distribute
and subseq ly broad ing that such as radio, ision and data progi of
entertainment, news, talk, and the like, including data b il ypi y integ d with radio or TV

broadcasting.

The broadcasting can be performed using different technologies, over-the-air, via satellite, via a cable network
or via Internet. This also includes the production of programs that are typically narrowcast in nature (limited
format, such as news, sports, education, and youth-oriented programming) on a subscription or fee basis, to a
third party, for subsequent broadcasting to the public.

The economic activities in this category could be associated with NACE code J60 in accordance with the J60 - Programming
statistical classification of economic activities established by Regulation (EC) No 1893/2006. — and broadcasting
activities
N - . Where an economic activity in this category complies with the substantial contribution criterion specified in point
1.~ An economic activity shall qualify as 5, the activity is an enabling activity as referred to in Article 11(1), point (b), of Regulation (EU) 2020/852,
contributing substantially to climate change provided that it meets the technical screening criteria set out in this Section.
adaptation where that activity: —

Technical Screening Criteria
(b) provides adaptation solutions that, in g

addition to satisfying the conditions set out
in Article 16, contribute substantially to
preventing or reducing the risk of the
adverse impact of the current climate and
the expected future climate on people,
nature or assets, without increasing the
risk of an adverse impact on other people,
nature or assets.

Substantial contribution to climate change adaptation
1. The economic activity has implemented physical and non-physical solutions (‘adaptation solutions’) that
substantially reduce the most important physical climate risks that are material to that activity.

2. The physical climate risks that are material to the activity have been identified from those listed in Appendix A
to this Annex by performing a robust climate risk and vulnerability assessment with the following steps:

(a) screening of the activity to identify which physical climate risks from the listin Appendix A
to this Annex may affect the performance of the economic activity during its expected lifetime;

(b) where the activity is assessed to be at risk from one or more of the physical climate

risks listed in Appendix A to this Annex, a climate risk and vulnerability assessment to

assess the materiality of the physical climate risks on the economic activity;

(c) an assessment of adaptation solutions that can reduce the identified physical climate risk.

The climate risk and vulnerability assessment is proportionate to the scale of the activity and its expected
lifespan, such that:
(a) for activities with an expected lifespan of less than 10 years, the assessment is
performed, at least by using climate projections at the smallest appropriate scale;
(b) for all other activities, the assessment is performed using the highest available
resolution, state-of-the-art climate projections across the existing range of future scenarios
consistent with the expected lifetime of the activity, including, at least, 10 to 30 year climate projections
scenarios for major investments.

3. The climate projections and assessment of impacts are based on best practice and available guidance and
take into account the state-of-the-art science for vulnerability and risk analysis and related methodologies in line
with the most recent Intergovernmental Panel on Climate Change reports, scientific peer-reviewed publications
and open source or paying models.

4. The adaptation solutions implemented:
(a) do not adversely affect the adaptation efforts or the level of resilience to physical
climate risks of other people, of nature, of cultural heritage, of assets and of other
economic activities;
(b) favour nature-based solutions or rely on blue or green infrastructure to the extent
possible;
(c) are consistent with local, sectoral, regional or national adaptation plans and  strategies;
(d) are monitored and measured against pre-defined indicators and remedial action is
considered where those indicators are not met;
(e) where the solution implemented is physical and consists in an activity for which
technical screening criteria have been specified in this Annex, the solution complies
with the do no significant harm technical screening criteria for that activity.

5. In order for an activity to be considered as an enabling activity as referred to in Article 11(1), point (b), of
Regulation (EU) 2020/852, the economic operator demonstrates, through an assessment of current and future
climate risks, including uncertainty and based on robust data, that the activity provides a technology, product,
service, information, or practice, or promotes their uses with one of the following primary objectives:

(a) increasing the level of resilience to physical climate risks of other people, of nature,

of cultural heritage, of assets and of other economic activities;

(b) contributing to adaptation efforts of other people, of nature, of cultural heritage, of

assets and of other economic activities.

Do No Significant Harm ('DNSH')

Al 5 other environmental objectives are N/A to this activity in DNSH.

Source: European Commission
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Exhibit 21: European Breakdown of Fibre & 5G Coverage
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Quantum
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Disclosures required by United States laws and regulations
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website at https://www.gs.com/research/hedge.html.

16 August 2022 22


https://www.gs.com/research/hedge.html

Goldman Sachs GS SUSTAIN

Additional disclosures required under the laws and regulations of jurisdictions other than the United States

The following disclosures are those required by the jurisdiction indicated, except to the extent already made above pursuant to United States laws and
regulations. Australia: Goldman Sachs Australia Pty Ltd and its affiliates are not authorised deposit-taking institutions (as that term is defined in the
Banking Act 1959 (Cth)) in Australia and do not provide banking services, nor carry on a banking business, in Australia. This research, and any access to
it, is intended only for “wholesale clients” within the meaning of the Australian Corporations Act, unless otherwise agreed by Goldman Sachs. In
producing research reports, members of the Global Investment Research Division of Goldman Sachs Australia may attend site visits and other
meetings hosted by the companies and other entities which are the subject of its research reports. In some instances the costs of such site visits or
meetings may be met in part or in whole by the issuers concerned if Goldman Sachs Australia considers it is appropriate and reasonable in the specific
circumstances relating to the site visit or meeting. To the extent that the contents of this document contains any financial product advice, it is general
advice only and has been prepared by Goldman Sachs without taking into account a client’s objectives, financial situation or needs. A client should,
before acting on any such advice, consider the appropriateness of the advice having regard to the client's own objectives, financial situation and needs.
A copy of certain Goldman Sachs Australia and New Zealand disclosure of interests and a copy of Goldman Sachs' Australian Sell-Side Research
Independence Policy Statement are available at: https://www.goldmansachs.com/disclosures/australia-new-zealand/index.html. Brazil: Disclosure
information in relation to CVM Resolution n. 20 is available at https://www.gs.com/worldwide/brazil/area/gir/index.html. WWhere applicable, the
Brazil-registered analyst primarily responsible for the content of this research report, as defined in Article 20 of CVM Resolution n. 20, is the first author
named at the beginning of this report, unless indicated otherwise at the end of the text. Canada: This information is being provided to you for
information purposes only and is not, and under no circumstances should be construed as, an advertisement, offering or solicitation by Goldman Sachs
& Co. LLC for purchasers of securities in Canada to trade in any Canadian security. Goldman Sachs & Co. LLC is not registered as a dealer in any
jurisdiction in Canada under applicable Canadian securities laws and generally is not permitted to trade in Canadian securities and may be prohibited
from selling certain securities and products in certain jurisdictions in Canada. If you wish to trade in any Canadian securities or other products in
Canada please contact Goldman Sachs Canada Inc., an affiliate of The Goldman Sachs Group Inc., or another registered Canadian dealer. Hong Kong:
Further information on the securities of covered companies referred to in this research may be obtained on request from Goldman Sachs (Asia) L.L.C.
India: Further information on the subject company or companies referred to in this research may be obtained from Goldman Sachs (India) Securities
Private Limited, Research Analyst - SEBI Registration Number INHO00001493, 951-A, Rational House, Appasaheb Marathe Marg, Prabhadevi, Mumbai
400 025, India, Corporate Identity Number U74140MH2006FTC160634, Phone +91 22 6616 9000, Fax +91 22 6616 9001. Goldman Sachs may
beneficially own 1% or more of the securities (as such term is defined in clause 2 (h) the Indian Securities Contracts (Regulation) Act, 1956) of the
subject company or companies referred to in this research report. Japan: See below. Korea: This research, and any access to it, is intended only for
“professional investors” within the meaning of the Financial Services and Capital Markets Act, unless otherwise agreed by Goldman Sachs. Further
information on the subject company or companies referred to in this research may be obtained from Goldman Sachs (Asia) L.L.C., Seoul Branch. New
Zealand: Goldman Sachs New Zealand Limited and its affiliates are neither “registered banks” nor “deposit takers"” (as defined in the Reserve Bank of
New Zealand Act 1989) in New Zealand. This research, and any access to it, is intended for “wholesale clients” (as defined in the Financial Advisers Act
2008) unless otherwise agreed by Goldman Sachs. A copy of certain Goldman Sachs Australia and New Zealand disclosure of interests is available at:
https://www.goldmansachs.com/disclosures/australia-new-zealand/index.html. Russia: Research reports distributed in the Russian Federation are not
advertising as defined in the Russian legislation, but are information and analysis not having product promotion as their main purpose and do not
provide appraisal within the meaning of the Russian legislation on appraisal activity. Research reports do not constitute a personalized investment
recommendation as defined in Russian laws and regulations, are not addressed to a specific client, and are prepared without analyzing the financial
circumstances, investment profiles or risk profiles of clients. Goldman Sachs assumes no responsibility for any investment decisions that may be taken
by a client or any other person based on this research report. Singapore: Goldman Sachs (Singapore) Pte. (Company Number: 198602165W), which is
regulated by the Monetary Authority of Singapore, accepts legal responsibility for this research, and should be contacted with respect to any matters
arising from, or in connection with, this research. Taiwan: This material is for reference only and must not be reprinted without permission. Investors
should carefully consider their own investment risk. Investment results are the responsibility of the individual investor. United Kingdom: Persons who
would be categorized as retail clients in the United Kingdom, as such term is defined in the rules of the Financial Conduct Authority, should read this
research in conjunction with prior Goldman Sachs research on the covered companies referred to herein and should refer to the risk warnings that have
been sent to them by Goldman Sachs International. A copy of these risks warnings, and a glossary of certain financial terms used in this report, are
available from Goldman Sachs International on request.

European Union and United Kingdom: Disclosure information in relation to Article 6 (2) of the European Commission Delegated Regulation (EU)
(2016/958) supplementing Regulation (EU) No 596/2014 of the European Parliament and of the Council (including as that Delegated Regulation is
implemented into United Kingdom domestic law and regulation following the United Kingdom's departure from the European Union and the European
Economic Area) with regard to regulatory technical standards for the technical arrangements for objective presentation of investment
recommendations or other information recommending or suggesting an investment strategy and for disclosure of particular interests or indications of
conflicts of interest is available at https://www.gs.com/disclosures/europeanpolicy.html which states the European Policy for Managing Conflicts of
Interest in Connection with Investment Research.

Japan: Goldman Sachs Japan Co., Ltd. is a Financial Instrument Dealer registered with the Kanto Financial Bureau under registration number Kinsho
69, and a member of Japan Securities Dealers Association, Financial Futures Association of Japan and Type Il Financial Instruments Firms Association.
Sales and purchase of equities are subject to commission pre-determined with clients plus consumption tax. See company-specific disclosures as to
any applicable disclosures required by Japanese stock exchanges, the Japanese Securities Dealers Association or the Japanese Securities Finance
Company.

Ratings, coverage universe and related definitions

Buy (B), Neutral (N), Sell (S) Analysts recommend stocks as Buys or Sells for inclusion on various regional Investment Lists. Being assigned a Buy or
Sell on an Investment List is determined by a stock’s total return potential relative to its coverage universe. Any stock not assigned as a Buy or a Sell on
an Investment List with an active rating (i.e., a stock that is not Rating Suspended, Not Rated, Coverage Suspended or Not Covered), is deemed
Neutral. Each region’s Investment Review Committee manages Regional Conviction lists, which represent investment recommendations focused on
the size of the total return potential and/or the likelihood of the realization of the return across their respective areas of coverage. The addition or
removal of stocks from such Conviction lists do not represent a change in the analysts’ investment rating for such stocks.

Total return potential represents the upside or downside differential between the current share price and the price target, including all paid or
anticipated dividends, expected during the time horizon associated with the price target. Price targets are required for all covered stocks. The total
return potential, price target and associated time horizon are stated in each report adding or reiterating an Investment List membership.

Coverage Universe: A list of all stocks in each coverage universe is available by primary analyst, stock and coverage universe at
https://www.gs.com/research/hedge.html.

Not Rated (NR). The investment rating, target price and earnings estimates (where relevant) have been suspended pursuant to Goldman Sachs policy
when Goldman Sachs is acting in an advisory capacity in a merger or in a strategic transaction involving this company, when there are legal, regulatory
or policy constraints due to Goldman Sachs’ involvement in a transaction, and in certain other circumstances. Rating Suspended (RS). Goldman
Sachs Research has suspended the investment rating and price target for this stock, because there is not a sufficient fundamental basis for
determining an investment rating or target price. The previous investment rating and target price, if any, are no longer in effect for this stock and should
not be relied upon. Coverage Suspended (CS). Goldman Sachs has suspended coverage of this company. Not Covered (NC). Goldman Sachs does

16 August 2022 23


https://www.goldmansachs.com/disclosures/australia-new-zealand/index.html
https://www.gs.com/worldwide/brazil/area/gir/index.html
https://www.goldmansachs.com/disclosures/australia-new-zealand/index.html
https://www.gs.com/disclosures/europeanpolicy.html
https://www.gs.com/research/hedge.html

Goldman Sachs GS SUSTAIN

not cover this company. Not Available or Not Applicable (NA). The information is not available for display or is not applicable. Not Meaningful
(NM). The information is not meaningful and is therefore excluded.

Global product; distributing entities

The Global Investment Research Division of Goldman Sachs produces and distributes research products for clients of Goldman Sachs on a global basis.
Analysts based in Goldman Sachs offices around the world produce research on industries and companies, and research on macroeconomics,
currencies, commodities and portfolio strategy. This research is disseminated in Australia by Goldman Sachs Australia Pty Ltd (ABN 21 006 797 897); in
Brazil by Goldman Sachs do Brasil Corretora de Titulos e Valores Mobilidrios S.A.; Public Communication Channel Goldman Sachs Brazil: 0800 727 5764
and / or contatogoldmanbrasil@gs.com. Available Weekdays (except holidays), from 9am to 6pm. Canal de Comunicagcdo com o Publico Goldman Sachs
Brasil: 0800 727 5764 e/ou contatogoldmanbrasil@gs.com. Horério de funcionamento: segunda-feira a sexta-feira (exceto feriados), das 9h as 18h; in
Canada by Goldman Sachs & Co. LLC; in Hong Kong by Goldman Sachs (Asia) L.L.C.; in India by Goldman Sachs (India) Securities Private Ltd.; in Japan
by Goldman Sachs Japan Co., Ltd.; in the Republic of Korea by Goldman Sachs (Asia) L.L.C., Seoul Branch; in New Zealand by Goldman Sachs New
Zealand Limited; in Russia by OOO Goldman Sachs; in Singapore by Goldman Sachs (Singapore) Pte. (Company Number: 198602165W); and in the
United States of America by Goldman Sachs & Co. LLC. Goldman Sachs International has approved this research in connection with its distribution in
the United Kingdom.

Effective from the date of the United Kingdom's departure from the European Union and the European Economic Area (" Brexit Day”) the following
information with respect to distributing entities will apply:

Goldman Sachs International (“GSI"), authorised by the Prudential Regulation Authority (“PRA") and regulated by the Financial Conduct Authority
("FCA") and the PRA, has approved this research in connection with its distribution in the United Kingdom.

European Economic Area: GSI, authorised by the PRA and regulated by the FCA and the PRA, disseminates research in the following jurisdictions
within the European Economic Area: the Grand Duchy of Luxembourg, Italy, the Kingdom of Belgium, the Kingdom of Denmark, the Kingdom of
Norway, the Republic of Finland, the Republic of Cyprus and the Republic of Ireland; GS -Succursale de Paris (Paris branch) which, from Brexit Day, will
be authorised by the French Autorité de controle prudentiel et de resolution ("ACPR") and regulated by the Autorité de controle prudentiel et de
resolution and the Autorité des marches financiers ("AMF") disseminates research in France; GSI - Sucursal en Espafna (Madrid branch) authorized in
Spain by the Comisién Nacional del Mercado de Valores disseminates research in the Kingdom of Spain; GSI - Sweden Bankfilial (Stockholm branch) is
authorized by the SFSA as a “third country branch” in accordance with Chapter 4, Section 4 of the Swedish Securities and Market Act (Sw. lag
(2007:528) om vérdepappersmarknaden) disseminates research in the Kingdom of Sweden; Goldman Sachs Bank Europe SE (“GSBE") is a credit
institution incorporated in Germany and, within the Single Supervisory Mechanism, subject to direct prudential supervision by the European Central
Bank and in other respects supervised by German Federal Financial Supervisory Authority (Bundesanstalt fir Finanzdienstleistungsaufsicht, BaFin) and
Deutsche Bundesbank and disseminates research in the Federal Republic of Germany and those jurisdictions within the European Economic Area
where GSl is not authorised to disseminate research and additionally, GSBE, Copenhagen Branch filial af GSBE, Tyskland, supervised by the Danish
Financial Authority disseminates research in the Kingdom of Denmark; GSBE - Sucursal en Espana (Madrid branch) subject (to a limited extent) to local
supervision by the Bank of Spain disseminates research in the Kingdom of Spain; GSBE - Succursale Italia (Milan branch) to the relevant applicable
extent, subject to local supervision by the Bank of Italy (Banca d'ltalia) and the Italian Companies and Exchange Commission (Commissione Nazionale
per le Societa e la Borsa “Consob”) disseminates research in Italy; GSBE - Succursale de Paris (Paris branch), supervised by the AMF and by the ACPR
disseminates research in France; and GSBE - Sweden Bankfilial (Stockholm branch), to a limited extent, subject to local supervision by the Swedish
Financial Supervisory Authority (Finansinpektionen) disseminates research in the Kingdom of Sweden.

General disclosures

This research is for our clients only. Other than disclosures relating to Goldman Sachs, this research is based on current public information that we
consider reliable, but we do not represent it is accurate or complete, and it should not be relied on as such. The information, opinions, estimates and
forecasts contained herein are as of the date hereof and are subject to change without prior notification. We seek to update our research as
appropriate, but various regulations may prevent us from doing so. Other than certain industry reports published on a periodic basis, the large majority
of reports are published at irregular intervals as appropriate in the analyst’s judgment.

Goldman Sachs conducts a global full-service, integrated investment banking, investment management, and brokerage business. \We have investment
banking and other business relationships with a substantial percentage of the companies covered by our Global Investment Research Division.
Goldman Sachs & Co. LLC, the United States broker dealer, is a member of SIPC (https://www.sipc.org).

Our salespeople, traders, and other professionals may provide oral or written market commentary or trading strategies to our clients and principal
trading desks that reflect opinions that are contrary to the opinions expressed in this research. Our asset management area, principal trading desks and
investing businesses may make investment decisions that are inconsistent with the recommendations or views expressed in this research.

The analysts named in this report may have from time to time discussed with our clients, including Goldman Sachs salespersons and traders, or may
discuss in this report, trading strategies that reference catalysts or events that may have a nearterm impact on the market price of the equity securities
discussed in this report, which impact may be directionally counter to the analyst’s published price target expectations for such stocks. Any such
trading strategies are distinct from and do not affect the analyst's fundamental equity rating for such stocks, which rating reflects a stock’s return
potential relative to its coverage universe as described herein.

We and our affiliates, officers, directors, and employees, excluding equity and credit analysts, will from time to time have long or short positions in, act
as principal in, and buy or sell, the securities or derivatives, if any, referred to in this research.

The views attributed to third party presenters at Goldman Sachs arranged conferences, including individuals from other parts of Goldman Sachs, do not
necessarily reflect those of Global Investment Research and are not an official view of Goldman Sachs.

Any third party referenced herein, including any salespeople, traders and other professionals or members of their household, may have positions in the
products mentioned that are inconsistent with the views expressed by analysts named in this report.

This research is not an offer to sell or the solicitation of an offer to buy any security in any jurisdiction where such an offer or solicitation would be
illegal. It does not constitute a personal recommendation or take into account the particular investment objectives, financial situations, or needs of
individual clients. Clients should consider whether any advice or recommendation in this research is suitable for their particular circumstances and, if
appropriate, seek professional advice, including tax advice. The price and value of investments referred to in this research and the income from them
may fluctuate. Past performance is not a guide to future performance, future returns are not guaranteed, and a loss of original capital may occur.
Fluctuations in exchange rates could have adverse effects on the value or price of, or income derived from, certain investments.

Certain transactions, including those involving futures, options, and other derivatives, give rise to substantial risk and are not suitable for all investors.
Investors should review current options and futures disclosure documents which are available from Goldman Sachs sales representatives or at
https://www.theocc.com/about/publications/characterrisks.jsp and
https://www.fiadocumentation.org/fia/regulatory-disclosures_1/fia-uniform-futures-and-options-on-futures-risk-disclosures-booklet-pdf-version-2018.
Transaction costs may be significant in option strategies calling for multiple purchase and sales of options such as spreads. Supporting documentation

16 August 2022 24


https://www.sipc.org
https://www.theocc.com/about/publications/character-risks.jsp
https://www.fiadocumentation.org/fia/regulatory-disclosures_1/fia-uniform-futures-and-options-on-futures-risk-disclosures-booklet-pdf-version-2018

Goldman Sachs GS SUSTAIN

will be supplied upon request.
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