EQUITY RESEARCH | April 28, 2024 | 10:36PM EDT

_

@ GssusTam .

Generational gromfth
Al/data centers' global power surge and the
Sustainability impact

For years, power demand from data centers was flat despite a near tripling in the data workload. Now with
the pace of power efficiencies decelerating and Al demand building, our updated analysis implies data
center power demand is poised to grow 160% by the end of the decade, which should drive a significant
acceleration to a level of electricity growth in the US and Europe not seen in a generation. We believe this
should enhance investment opportunities across the power supply chain benefiting from Green

Capex, volume growth and innovation. We continue to see a myriad of potential benefits from Al towards
advancing Sustainable goals; our expectations for a more than doubling of data center carbon dioxide
emissions in 2030 vs. 2022 will likely focus Sustainable investors on measuring how Al's benefits can
offset the expected increase in data center-related emissions.
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Al/data centers’ impact on power, emissions, Sustainable Investing,
stocks: Six key takeaways

We believe data demand — driven in part by Al and in part from deceleration in
efficiency gains — will catalyze generational growth in global power demand. Our
updated analysis (discussed within) suggests a 160% increase in data center
power demand by decade end, with data centers rising to 3%-4% from 1%-2% of
overall global power demand (to 8% from 3% in the US). We continue to see a
myriad of potential benefits from Al towards advancing Sustainable goals and
believe semiconductors’ contribution to avoided emissions and decarbonization,
infrastructure and clean water goals warrant consideration for thematic
investment. We see favorable tailwinds for the Green Capex-exposed stocks. At the
same time, our analysis suggests a more than doubling in data center carbon
dioxide emissions in 2030 vs. 2022 (the increase representing about 0.6% of
energy emissions), which will likely focus Sustainable investors on measuring
how Al’s benefits can offset the expected increase in data center emissions.

What's inside. In our report we update our outlook for data center power
demand/emissions (initially in our Greenablers: The critical role of Semiconductors
towards a sustainable future report), discuss implications for opportunities and risks
across the supply chain, estimate what value and equivalent innovations would be
needed to offset the expected emissions increase, and update our outlook for data
center avoided emissions.

Six key takeaways from our analysis

(1) Power demand

Data center power demand likely to rise 160% by the end of the decade vs. 2023
from 1%-2% to 3%-4% of overall global power demand by 2030. If all of the
projected data center electricity demand growth was concentrated into a new country, it
would be among the top 10 power consuming countries. Our US Utilities Research team
sees US power demand growth accelerating to a 2.7% 5-year CAGR by 2030 vs. 0%
for the past 10 years, with data centers driving 0.9% CAGR increase and representing
8% of US power demand by 2030 (vs. 3% in 2022). In Europe, our Utilities Research
team sees EU-27 power demand accelerating to a 3.7% 5-year CAGR by 2030 from
0% for the past decade.

(2) Emissions

Data center power demand growth is on track to drive a more than 100% increase
(about 215-220 mn tons) in data center carbon dioxide emissions by 2030 vs. 2022
per our updated analysis, the increase representing about 0.6% of global energy
emissions. Thisassumes data centers fund renewable PP As for around 30% of total
needs in the coming years and that natural gas fills the bulk of power generation on the
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margin.

(3) Data center efficiencies

Data centers ex-Al have continued to become less power intensive, but the pace of
efficiency gains appears to have considerably slowed. Relative to 2015 baseline, we see
avoided carbon dioxide emissions from data centers of 1,000-2,000 million tons in_
2030 in our updated analysis. Notably, much of the avoided emissions were based on
2015-19 efficiency gains. Demand growth is currently more than offsetting power
efficiency, driving higher expected emissions. A re-acceleration of efficiencies to levels
greater than our base case could mitigate the emissions growth we forecast, and we
note corporate optimism that this can be done.

(4) Valuing Al's Sustainable benefits & costs

We continue to see potential Al benefits via speeding up drug/vaccine/therapeutic
discoveries, improving crop yields, and increasing energy efficiency among other
potential innovations, though with uncertainty on the magnitude and timing. The Al
power surge and emissions increase is likely to prompt greater interest among
Sustainable investors to quantify Al value added (similar to avoided emissions
frameworks) vs. the rising emissions from Al power consumption. We estimate a
present value of about $125-$140 bn social cost from the data center carbon
dioxide emissions growth we forecast (Al + non-Al) in 2024-30, which could act as a
benchmark for measuring offsetting benefits.

(5) Sustainable Investing outlook implications

Al power demand growth and rising data center emissions add to broader Sustainable
Investing uncertainties in 2024 (interest rates, elections, actual vs. needed investment
towards sustainable goals) that we believe support investments in companies that
benefit simultaneously from investment and underinvestment towards Decarbonization
and Adaptation. Our Al and data center analysis supports owning stocks levered to
overlapping themes among decarbonization, Adaptation, Circular Economy,
Biodiversity and Affordability/Accessibility.

(6) Stocks

We see potential beneficiaries among Utilities driven by volume growth
(complementing investment towards Adaptation/grid hardening and fleet transformation
towards renewables), renewables providers as we see acceleration in renewable
power purchase agreements (PPAs) by technology companies, energy efficiency
enablers and infrastructure contractors.



Goldman Sachs GS SUSTAIN: Generational Growth

Exhibit 1: As efficiency gains have decelerated, data demand growth is driving a surge in data center power use, with an Al kicker on the
way
Data center electricity consumption, TWh (LHS) and power efficiency gains ex-Al, % (RHS)
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Source: Masanet et al. (2020), IEA, Cisco, Goldman Sachs Global Investment Research

Exhibit 2: Generational Growth: Our Utilities Research teams now expect USA and EU-27 electricity consumption accelerating through the
end of the decade to levels not seen in 20+ years
5-yr CAGR for US and European electricity demand; forecasts from our US and Europe Utilities Research teams
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Quantifying the Al and broader data center power surge

The combination of Al, ex-Al increases in data demand and a material slowdown
in power efficiency gains is making data centers a critical driver of accelerating
global and US electricity demand growth. \We assume data center power demand
excluding cryptocurrency will grow by 160% in 2030 vs. 2023 levels (bear/bull range of
80%-240% growth), representing an increase of about 650 TWh by 2030 in our base
case (330/1,000 TWh in our bear/bull cases). Our US Utilities Research team estimates
data centers alone will contribute a 0.9% CAGR to overall US power demand, bringing
the total expected CAGR to 2.4% through 2030. We see data centers adding a 0.3%
CAGR to overall global power demand. Our base case implies data center power
demand moves from 1%-2% of overall global power demand to 3%-4% by 2030. The
increase in the US is even greater — from 3% to 8%. Our estimates for overall data
center power demand are above |EA forecasts (2026), and our outlook for Al to
represent about 19% of data center power demand in 2028 is above recent corporate
forecast.

Exhibit 5: After being flat for 2015-19, we have seen data center power demand accelerate in 2021-23 and
expect a 160% increase through the rest of the decade
Global data center electricity consumption, TWh; includes Al and excludes cryptocurrency
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Exhibit 6: We see 2030 power use from data centers 1.8x-3.4x 2023
levels in our bear/bull case

Electricity demand from data centers in TWh, base case, bear case and
bull case
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Data demand has been growing, but until recently power demand from data
centers was flattish. Between 2015 and 2019, data center workload demand nearly
tripled while data center power demand was relatively flat. There were two main drivers

of this:

m  Power consumption efficiency gains (i.e., pace of lower power intensity) within
cloud and hyperscale data centers. Annual efficiency gains averaged about 15%.

B Mix shift towards cloud and hyperscale data centers which have materially lower
power consumption intensity than traditional data centers. By 2020 more than 90%
of data center workload demand was at cloud/hyperscale centers.

We estimate in 2020 data center power demand was about 240 TWh, based on data

from the IEA, Cisco and academic sources.
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Exhibit 7: Data center workload demand nearly tripled between 2015-2019 but electricity consumption from
data centers was flat
Data center workload demand (RHS) in million compute instances; data center power demand (LHS) in TWh

(TWh) (mn compute
instances)
Data center power sourced from others (LHS)

450 1,500
400 mmmmm Data center power sourced from renewables (LHS)

1,250
350 Total data center workload demand (RHS)
300 1,000
250

750
200
150 500
100

250

50

2015 2016 2017 2018 2019 2020 2021 2022  2023E

Source: Masanet eet al. (2020), Cisco, IEA, Goldman Sachs Global Investment Research

However, in the past three years, power consumption from data centers has been
on the rise. With much of the mix shift already done, the gains from the shift to
cloud/hyperscale have narrowed. Additionally, we have seen efficiency gains appear to
wane within cloud/hyperscale data centers (reported data to calculate efficiencies is not
consistently available annually and as such for some historical years are estimated or
implied). The IEA estimates 2022 data center power consumption was about 350 TWh,
excluding contribution from cryptocurrency; all else equal this implies cloud/hyperscale
annual efficiency gains decelerated to about 1%-2% in 2020-22.

28 April 2024 8
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Exhibit 8: Data center efficiency gains and the shift to cloud/hyperscale have been critical drivers of the
moderate increase in data center power demand, but decelerating efficiency gains have helped to drive a
pickup in power demand from data centers in recent years

Data center power intensity (LHS) in KWh per compute instance; share of cloud/hyperscale data centers (RHS) as
% of workload
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Three key assumptions will help drive data center power demand forecast.

m  Data consumption outlook — both Al and non-Al
m  Power efficiency gains

B Potential infrastructure constraints

Al to accelerate power demand growth

We assume power demand from Al rises about 200 TWh in 2024-30 (bear/bull case
of 110-330 TWh), with Al representing about 20% of overall data center power
demand by 2030 in our base case. \Ve see a wide range in our bear/bull scenario
driven by uncertainty over demand and power efficiency. As demand for Al training
grows in the medium term and for inference longer term, we see demand growth well
exceeding the efficiency improvements that are leading to meaningful reductions in high
power Al server power intensity. We note that a ChatGPT search consumes around
6x-10x the power as a traditional Google search (see Exhibit 9).
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Exhibit 9: ChatGPT queries are 6x-10x as power intensive as
traditional Google searches
Power consumption per query/search (Wh)

c.10x
0.3 Wh
Google ChatGPT

Source: Google, SemiAnalysis

We have seen new Al innovations increase both computing speed and max power
consumption per server but increase computing speed at a much greater pace,
representing meaningful reduction in power intensity. As demand for GPUs grows,
there is still notable company-projected intensity reductions. As an example of how
innovations have reduced power intensity per server but increased overall power per
server:

m  The NVIDIA DGX A100 system is listed to net 5 petaFLOPS and consuming 6.5 kW
max, or 1.30 kW per pFLOPS.

m  The more recent NVIDIA DGX H100 system is listed at 32 petaFLOPS and
consuming 10.2 kW max, or 0.32 kW per pFLOPS.

B The new generation NVIDIA DGX B200 system using the new Blackwell chips is
listed to net 72 petaFLOPS (training) and consuming 14.3 kW max, or 0.20 kW per
pFLOPS.

Exhibit 10: We have seen new Al innovations increase max power consumption per server but increase computing speed per server by an
even greater level, representing meaningful reduction in power intensity

Recent evolution of NVIDIA server system specifications are indicative of increasing max power per server but with lower power intensity relative
tocomputing speed (for training)
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Source: NVIDIA, Goldman Sachs Global Investment Research
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Our global TMT team expects Al server units shipped to grow at a 76% CAGR in
2024-26, representing a 50% CAGR in server revenues; whether demand, budgets
or neither is the constraint to growth is critical for energy use forecasting. A key
question impacting compute demand is whether that demand is pent-up (ie available
new servers will be bought regardless of budget), not pent-up and constrained by
demand itself, or constrained by customer budgets. In other words, will customers buy
equal amounts of the more powerful servers as they would the less powerful ones? If in
a scenario in which a customer initially desires to buy 10 Al servers, and a new
generation is announced with 10x the compute speed for bx the price, will the
customer:

1. Buy the same number of servers (10), spend more money (5x) and substantially
increase its compute speed as a result of the innovation (10x)? This would represent
no constraints (i.e., unlimited budgets, so demand dictated by available supply).

2. Buy 1/10 the number of servers (1), maintaining the same level of compute power
as prior to the innovation and spending less money (0.5x)? This would represent
demand as the constraint.

3. Buy 1/5 the number of servers (2), thereby maintaining budget allocated for server
purchases but getting a greater compute speed (2x)? This would represent budget
as the constraint.

Exhibit 11: Extent of pent-up demand for Al server supply and voraciousness of technology capex budgets will be critical for pace of Al

power consumption

Indicative scenario analysis of how demand vs. budget constraints could impact Al compute speed and power use

Al power demand forecasting: The constraint question

Assume a customer initially plans to buy 10 Al servers, and a new generationis announced with:

BUDGET CONSTRAINED DEMAND CONSTRAINED NO CONSTRAINT
# of Servers: Decrease by 8 # of Servers: Decrease by 9 # of Servers: Same
Budget: Decreases 50% Budget: Increases 400%
Compute speed: Increases 100% Compute speed: Same Compute speed: Increases 900%
Max power: Increases 20% Max power: Decreases 40% Max power: Increases 500%
Customer buys 1/5 the number of Customer buys 1/10 the number of Customer buys the same number of servers
servers (2), maintaining budget servers (1), maintaining the same level of (10), spends more money (+4x),
allocated for server purchases but compute power as prior to the innovation, substantially increases compute speed
getting more compute speed (100%) spending less money (-50%) and (+9x) and substantiallyincreases energy
and consuming more power (+20%). consuming less max energy (-40%). use (+5x) as a result of the innovation.

Will Al server shipments be constrained by demand, budgets or neither?

10x the compute speed for 6x the max power and 5x the price.

Assumes power generation, transmission and interconnection are not a constraint for indicative purposes

Source: Goldman Sachs Global Investment Research
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Confidence in the above question is key to whether forecasting methodology should
be weighted towards server-based (requiring nuance given varied and dynamic power
consumption intensity and compute intensity) vs. demand based (forecasting compute
power and power intensity per unit of compute power). New generation Al servers
consume more power and provide more compute speed, even as the power intensity
has fallen meaningfully. There could be meaningful upside to our base case if appetite
for purchase and utilization of servers is unconstrained. There could be downside to our
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base case if power efficiency is higher than expected or if power/compute speed
efficiencies lead to fewer servers purchased than expected. We note corporate
optimism that Al innovations can drive significant efficiencies to ultimately mitigate
power demand and emissions growth.

We have applied both a server supply driven forecast and a compute speed
demand driven forecast, with a heavier weight applied towards the supply-driven
methodology.

®  On the server supply-driven side, we apply our global Technology team'’s forecast
for server shipments per year mentioned above, divided among high energy vs. low
energy servers. \We assume server replacement every 5 years. Our TMT team sees
a sharp increase in high power servers (greater electricity consumption per server,
higher ASP) increasing sharply in the next few years to meet demand for Al training,

while the team sees greater weighting of growth from lower power servers (lower
electricity consumption per server, lower ASP) towards the back of the decade as Al
demand weighting shifts more towards inference. We assume 5%-8% annual power
efficiency gains per year to reflect expected future server innovation — relative to
demand-based energy intensities where saw higher annual efficiencies early in life
cycle, we assume slower pace in a supply-based approach to reflect timing of
adoption. The result is falling power intensity per computing speed and sharp
increases in overall power demand due to the growth in new servers with higher
weighting within higher power servers towards the newer generation that as
mentioned have lower power intensity but higher power consumption per server.

® On the demand-driven side, we use our China Media, Internet & Telecom team's Al
compute power forecast to drive global Al compute demand outlook. We assume
power efficiency gains of 8%-15% annually_in our base case through the end of the
decade — this reflects similar efficiency gains as seen ex-Al in 2015-20.

Together, this implies sharp increase in electricity use from Al, even as revenues
from servers shipped are implied flattish in 2027-30. Our global TMT team’s server
shipment and ASP forecasts imply flattish revenues in 2027-30, driven by greater
weighting towards lower power we see a greater mix shift towards lower cost lower
power servers within the mix, in addition to expectations for ASP declines. However,
with the mix shift and ASP reductions offset by increased volumes — and with the
overall number of servers in operation continuing to grow, we see sharp demand growth
from Al for electricity even despite expected efficiencies. Based on the framework and
assumptions described above, we see Al power demand moving up by around 200 TWh
in 2030 vs. 2023.

28 April 2024 12
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Exhibit 12: Al servers in operation expected to grow sharply
through 2030 even as revenues from Al server shipments flattens in
2027-30

Al servers in operation and implied revenues from our global TMT team
forecasts
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Exhibit 13: We see Al power demand growing rapidly even as
power use per Al server falls later in the decade due to mix shift
and expected efficiencies

Al power use, TWh (LHS); max power use per Al server, KW (RHS)
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Source: Goldman Sachs Global Investment Research

Source: Goldman Sachs Global Investment Research

Data center power demand ex-Al

We expect continued strong growth in workload unrelated to Al. \Ve assume
double digit growth in workload compute instances with deceleration from the
20%-25% of compute instances growth seen since 2017 down to 12%-18% annual
growth in 2026-30, owing to combination of maturity and expected overlap with demand
via Al. A key question on ex-Al demand is whether Al modeling and user demand for Al

will partially replace users’ need for searches or other workload. We are broadly

assuming minimal replacement — i.e., Al is largely incremental to the broader trend of

data center workload demand.

Power intensity efficiency gains among cloud/hyperscale data centers have
decelerated; we assume modest re-acceleration in our base case. Ve assume
power efficiency gains — which as mentioned averaged around 15% annually in 2015-19
but decelerated to around low single digits in 2020-22 — will remain relatively low.
However, we assume a slight re-acceleration to an average of 3% in our base case in
2024-30, as industry discussions suggest continued efforts towards innovation
efficiencies, especially around the power intensity given the prospects for significant

power needs ahead.

The implications of the efficiency gains assumption leads to a wide range
between our bear and bull cases for ex-Al data center demand growth. Based on
the above framework and assumptions, we see about 450 TWh of ex-Al power demand
growth in 2030 vs 2023 in our base case vs. 225/650 TWh in our bear/bull cases. As we
have highlighted earlier, we believe the efficiency assumption is critical driver of power
demand outlook ex-Al — our bear/bull cases assume 7%/0% annual intensity reductions

on average in 2024-30.

28 April 2024
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Exhibit 14: We expect power efficiency gains at cloud/hyperscale data centers to continue, but remain at a
lower pace going forward relative to 2015-20
3-year rolling average % change in cloud/hyperscale KWh per compute instance

(% efficiency
gains) ® Cloud/hyperscale power efficiency gains
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Source: Masanet et al. (2020), Cisco, IEA, Goldman Sachs Global Investment Research
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Data center emissions: Potential to double by 2030

Incremental demand for power from data centers in the absence of PPAs would
otherwise lead to a 150% increase in data center carbon dioxide emissions in 2030
vs. 2023 per our analysis. The sharp rise in power demand from both Al and non-Al
demand at data centers is likely to lead to a sharp increase in carbon dioxide emissions.
Before considering power purchase agreements (PPAs) to underwrite new renewables
capacity, we would otherwise expect emissions from data centers to rise 150% by
2030 vs. 2023 levels based on increased electricity demand highlighted earlier which we
assume is predominantly met with thermal power plants on the margin.

Technology companies likely to accelerate signing of renewables PPAs — a
positive for renewable generation developers. Technology companies have
historically been very active in both pursuing technologies that can drive energy
efficiency and in signing power purchase agreements (PPAs) to underwrite development
of renewable power generation. Power purchase agreements are multi-year contractual
agreements to buy electricity which allow generation developers to fund capacity
expansions — the resulting power generated does not necessarily directly supply the
demand for the company signing the PPA. We expect PPAs for renewable energy will
only accelerate given the sharp increase in Al demand. Conversations with technology
companies indicate continued confidence in driving down energy intensity but less
confidence in meeting absolute emissions forecasts on account of rising demand.
Based on discussions with our Clean Technology team, we expect to see an increase in
PPAs signed by technology companies from about 17-18 GW per year in 2020 (already a
significant increase from the run rate in 2018-20 when power demand at data centers
was relatively flattish) to 20-30 GW per year over the next b years. \We estimate this
level of new PPAs per year could broadly lead to technology companies covering 30% of
electricity demand from renewables PPAs in 2028-30 after taking into account capacity
factors that are lower relative to gas-fired plants due to intermittency.
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Exhibit 15: We see data center emissions doubling in 2030 vs. 2023 levels, net of impact of power purchase
agreements (PPAs) from technology companies
Carbon dioxide emissions in millions of tons (LHS); percent of 2022 energy emissions (RHS)
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Source: IEA, Goldman Sachs Global Investment Research

This could result in net emissions doubling by 2030, after being flattish in 2015-20.
Overall we expect data center emissions to double in 2030 vs. 2023 levels, with our
bear/bull case implying emissions +50%/+210%. The prospects for the rise in emissions
despite power intensity improvements are likely to elevate discussions on risks around
meeting Net Zero goals and potentially increase the level of investment in Green Capex
required to mitigate emissions. \We address this further in the forthcoming chapter. We
believe this will also push both technology companies and Sustainable investors to
quantify benefits of Al, and technology companies are likely to increase R&D towards
further innovations that can limit energy footprint.

28 April 2024 15



Goldman Sachs

GS SUSTAIN: Generational Growth

28 April 2024

Exhibit 16: The emissions increase is despite efficiency gains lowering power intensity for both non-Al and
Al drivers of data center power demand
Power intensity from Al and non-Al data center demand
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Source: Masanet et al. (2020), IEA, Cisco, Goldman Sachs Global Investment Research

The nuclear option

Multiple factors are coalescing around greater interest in expanding nuclear
generation capacity. \While there remains budget and timing concerns towards further
development of large-scale nuclear plants in the US, willingness to support nuclear
generation expansions continues to expand. Even before nuclear being considered as a
data center power demand source/solution, sentiment has been shifting more favorably
for nuclear expansion as a low-carbon source of baseload generation. This sentiment
improvement started with energy reliability issues in 2021 in Europe/US/China, was
furthered by energy security concerns driven by Russia-Ukraine/geopolitical events,
and culminated with the COP 28 communiqué calling for a tripling of nuclear capacity
by 2050 (although for some countries this remains an area of contention).

Corporate investment towards emerging nuclear generation technologies
receiving boost from technology companies. As more technology (and energy)
companies look to rein in their carbon footprints (some based on Scope 1/2, others
based on Scope 3), we have seen support for non-binding commitments to take power
from emerging Small Modular Reactor (SMR) technologies increase. Oklo recently
announced agreements with Equinix and Diamondback Energy. Microsoft has publicly
highlighted the need for advanced nuclear technologies and investments to help speed
innovation.

However, clarity is still needed regarding viability of SMR technologies. The
Nuclear Energy Institute in September highlighted that in the US there are 2 advanced
reactor licensees approved, 3 under review and 11 in pre-application phase. Based on
the timing of approvals and lead time for pilots and initial project developments, we
believe SMRs are more likely a potential low-carbon force to meet generation needs in
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the 2030s than over the medium term given time lag for technological development,
government approvals and construction. \We have assumed 5 GW of nuclear PPAs
coming online in 2030 to reflect credit for some early success/development — the next
1-2 years will be key to guide timeline and magnitude. Traditional nuclear plants have a
very high capacity factor (90%+), meaning that nuclear capacity would have >3x the
energy generation per GW as a solar/wind plant. To fully offset expected data center
emissions growth in 2024-30, we would need to see about 50 GW of nuclear capacity
additions globally (assumes 95% capacity factor), in addition to already forecasted
renewables PPAs.

Avoided emissions: Data center efficiency gains have kept electricity use,
emissions from being meaningfully higher

Efficiency plays a key role in avoided emissions, historically to an even greater
degree than renewables generation. Global energy related CO2 emissions increased
<10% in 2010-2022, despite a ~40% expansion in real GDP. Our analysis discussed in
our July 2023 report suggests energy efficiency gains across the economy have
contributed to 60% of the avoided emissions globally between 2010-2022, with
renewables contributing the remaining 40% (Exhibit 2 in that report). Despite their
impact, sectors that enable energy efficiency ranging from Industrials, Materials to
Technology are still broadly underrepresented in Sustainable Investing portfolios in part
because their benefits are less visible and often unmeasured. We believe sectors tied to
energy efficiency can benefit from increasing investor support when assessed through
the lens of avoided emissions.

Exhibit 17: Over the past decade, energy efficiency gains across sectors have played a greater role in driving avoided emissions than
renewables deployment
Attribution analysis of avoided emissions from renewable energy deployment and energy efficiency gains (2010 baseline)
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Source: IEA, World Bank, UN, Goldman Sachs Global Investment Research
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Data center efficiencies have been key Greenabler of avoided emissions. As we
discussed in our November 2021 Greenablers: The critical role of Semiconductors
towards a sustainable future report, the sharp improvement in data center efficiency
gains that led power demand to stay flattish even as data center workload almost tripled
in 2015-19 represents a significant driver of emisssions. Using 2015 as a baseline year
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for data center power intensity (2023 for the Al component) and making no adjustments
to demand, data centers have avoided more than 750 TWh of electricity demand in
2023, which we believe is likely to continue to rise going forward. Notably, however,
much of the projected increase is driven by the 2015-19 efficiency gains, which appear
to have waned in recent years. Nevertheless, more efficient chips/servers are reducing
power intensity within Al (which may decelerate somewhat if Al sees a mix shift from
training to inference over time), and we continue to expect non-Al efficiency gains going
forward.

Exhibit 18: Data center efficiency gains have led to significant avoided electricity consumption and
emissions, much of which was driven by efficiencies before 2022

Data center power use in our base case and assuming 2015 and 2022 (2023 for Al) as baselines for power intensity
(LHS), TWh; avoided carbon dioxide emissions range assuming 2015 baseline (2023 for Al) (RHS), million tons
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We expect commentary from companies to highlight intensity improvements, but
with less visibility regarding absolute emissions targets. As we have discussed,
demand growth is leading emissions to rise despite efficiency gains and emissions
intensity decreases, which is pushing technology companies to increase PPAs and
pursue clean reliable energy emerging technologies to mitigate the impact on absolute
emissions. We believe this could lead to greater discussion among Sustainable
Investors regarding avoided emissions approaches, particularly using the attributional vs.
consequential methods (i.e., whether to make adjustments for demand growth
stemming from product innovation). The World Resources Institute argues the
consequential approach is more comprehensive and potentially more useful for policy
decisions. However, the WRI recommends the “Attributional Approach” as an interim
solution if data availability is limited. Our avoided emissions analysis reflects an
attributional approach. For more details, please see our July 2023 report, How
quantifying Avoided Emissions can broaden the decarbonization investment universe .

What enabling value does Al/data centers need to demonstrate to offset
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the rise in emissions?

Putting 215-220 mn tons of emissions into context — what would represent
equivalent offsetting benefits? A 215-220 mn ton increase in carbon dioxide emissions
from data centers would represent a 0.6% increase in overall energy emissions relative
to 2022 levels. Before considering Al/data center enabled innovations that do not
directly reduce emissions (i.e., health improvement, agricultural efficiency as examples)
we highlight 4 examples of potential innovations or solutions that would individually
equate to reduced carbon dioxide emissions of 215-220 mn tons.

®  More efficient internal combustion engine vehicles or alternative vehicles that lower
gasoline demand globally by 7%.

®m  Solutions that accommodate lower global electricity consumption by about 2%.
B The addition of about 50 GW of nuclear capacity assuming 95% capacity factor.

® |nnovation towards aviation jet fuel efficiency or towards affordable sustainable
aviation fuel that lowers consumption of traditional jet fuel by 18%.

In the absence of direct emissions reductions enabled by data centers/Al, the
expected surge in data center demand and the contribution from Al/data centers
to higher emissions will likely lead to a value assessment. Measuring the tradeoff of
higher power consumption for enabled benefits may not be as easy as an avoided
emissions analysis where avoided emissions are compared to actual emissions. In this
case, the tradeoff may need to be value based — value enabled vs. cost of increased
emissions. In determining the cost of emissions, the $/ton social cost is an area of
debate. Notably, the US EPA after a November 2023 update to its framework applies a
$190 per ton social cost of carbon dioxide emissions!, and a September 2022 article in
Nature? argues for a $185 per ton cost. Using a $190 per ton social cost of carbon
215-220 million tons of expected data center emissions increase in 2030 vs. 2022
would suggest a present value range (7%-10% discount rate) of about $125-$140
bn for the social cost of the incremental emissions from data centers.

"In its report, the EPA characterizes the social cost of carbon as “the value of all future climate change
impacts (both negative and positive), including changes in net agricultural productivity, human health effects,

property damage from increased flood risk, changes in the frequency and severity of natural disasters,
disruption of energy systems, risk of conflict, environmental migration, and the value of ecosystem services.”

2 Rennert, K., Errickson, F., Prest, B.C. et al. Comprehensive evidence implies a higher social cost of CO2.
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Al's Sustainability opportunities: Where to watch and how to measure

As Artificial Intelligence touches an expanding scope of business activities, we see
interest from Sustainable investors in understanding how Al can accelerate
progress across a range of sustainability objectives. Our previous report, Al's
Sustainable Solutions, frames Al-related opportunities across key sectors, including
Human Capital, Healthcare, Education, Agriculture, and Climate (Exhibit 19). We identify
SDGs in which we see the greatest potential for Al-impact and propose metrics that
may help investors assess the value of Al-benefits relative to the negative value caused
by higher emissions and social risks.

Exhibit 19: We see Al accelerating progress across a range of Sustainable Development Goals (SDGs)

Al's Sustainabhility opportunities: Where to watch, SDG crossover, and how to measure

3 e Healthcare: Accelerating discovery and care (SDG 3)
M /\ Metrics: Value for new drug/vaccine/therapeutic products linked to Al acceleration, value for efficiency gains
for swifter drug development timeline to market, value for efficiency

Agriculture: Improving yields and reducing waste (SDG 2).
Metrics: Value of improved crop yield, value of reduced resource usage (water, fertilizer)

_ Climate Solutions: Optimization and efficiency in power generation and physical assets (SDG 7, 9).
& Metrics: Value of linked power generation/utilization efficiency, value/level of reduction in emissions and
emissions intensity

Human Capital: The opportunity and need for reskilling and upskilling (SDG 8).
Metrics: Economic productivity, value of employees re-skilled/re-purposed for different roles, value of
certifications earned

B,

i

Education: A step change in interactivity and personalization (SDG 4).
Metrics: Value of linked improvement to student test scores, value of linked enablement of certifications /
degrees earned

¢

Source: Goldman Sachs Global Investment Research

m Healthcare: Accelerating discovery and care (SDG 3). Massive amounts of
healthcare data are produced every day from a range of diverse sources, providing a
rich opportunity for the application of Al-based technologies to drive innovation
across drug discovery & design, clinical trials, healthcare analytics, tools &
diagnostics, and personalized care.

O Metrics: Value for new drug/vaccine/therapeutic products linked to Al
acceleration, value for efficiency gains for swifter drug development timeline
to market, value for efficiency

m Agriculture: Improving yields and reducing waste (SDG 2). Al-enabled
applications stand to improve agricultural outcomes all the way from enhanced
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insights into what to plant and when to improve logistics that reduce time-to-market
for perishable goods. Precision agriculture — data driven approaches to farming
(crops & livestock), is the broadest category where leveraging Al can help to
improve yields and reduce waste. However, beyond the myriad of Al applications
that fall under the precision ag umbrella, Al also stands to help improve agricultural
supply chain safety, speed and transparency.

OO0 Metrics: Value of improved crop yield, value of reduced resource usage (water,
fertilizer)

Climate Solutions: Optimization and efficiency in power generation and
physical assets (SDG 7, 9). Al holds promise for being a contributor in mitigating
the impact of climate change in a wide range of applications, including renewable
energy optimization (e.g., weather forecasting, operational scheduling, battery
storage optimization); physical asset and power use optimization (e.g., dynamic
heating/cooling, data center efficiency, manufacturing efficiencies); and climate
modeling.

0 Metrics: Value of linked power generation/utilization efficiency , value/level of
reduction in emissions and emissions intensity

Human Capital: The opportunity and need for reskilling and upskilling (SDG 8).
Increasing adoption of advanced technologies such as Al create a growing need for
educational platforms that enable ‘reskilling” and ‘upskilling. We also anticipate
greater demand for human capital management tools that can help identify and
match rapidly shifting worker competencies with organizational needs ('skills
matching’).

O Metrics: Economic productivity, value of employees re-skilled/re-purposed for
different roles, value of certifications earned

Education: A step change in interactivity and personalization (SDG 4). Al is
complementing e-learning effectiveness through leaps forward in personalization
and interactivity. Software-based e-learning platforms can leverage Al to create cost-
effective custom study sequences to fit an individual's needs, track progress, and
enable self-directed learning, while Al-powered chatbots are making the future of
interactivity a reality. Education is especially relevant in periods of technological
acceleration in which workers must upskill, and job seekers must gain new skills.

O Metrics: Value of linked improvement to student test scores, value of linked
enablement of certifications / degrees earned

Key risks include both how Al models work and how they’re likely to be used. The
first order of concerns related to Al center on how the models work, including
informational accuracy, transparency, potential algorithmic bias, and intellectual property
protections. A next order of risk encompasses the ‘weaponization’ of Al models, and
includes privacy, academic integrity, disinformation, fraud and cyber attacks. In each of
these cases, Al enables potential threats to be propagated at new levels of speed, scale
and customization. Potential impact on jobs is perhaps a less immediate, but
overarching concern. Our economists estimate that roughly two-thirds of current jobs
are exposed to some degree of Al automation, and that generative Al could substitute
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up to one-fourth of current work. The highest order of potential impacts includes more
extreme tail risks of societal destabilization and disaster scenarios, such as the
manipulation of elections, political repression, or automated warfare (Exhibit 20).

What can be done to mitigate key risks? Creators of Al models will be pressed for
transparency and accountability. This would include mechanisms to alert users to
Al-generated content and authorship (‘watermarking’), warning labels, and disclosures
of how the systems are trained and how they work. Voluntary commitments from
creators are already being made including the enablement of independent audits and
third-party testing, while corporate users are putting into place frameworks for ethical
use of Al. Regulations will also play a central role in mitigating Al risks. With the EU Al
Act, Europe was the first to pass a comprehensive Al-related legal framework. The Al
Act proposes a risk-based framework that classifies Al systems in four tiers of risk and
lists prohibited technologies, disclosures and obligations of Al systems operators, and
penalties for non-compliance. The US, UK, and China are among other nations that have
proposed their own Al-focused rules and regulations.

Exhibit 20: We frame four principal tiers of risks, ordered by time horizon and potential impact, and
mitigants for each
Al-related risks and mitigants
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Source: Goldman Sachs Global Investment Research
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Al/data center power surge supportive of owning stocks exposed to
overlapping sustainable themes

Emissions growth from Al/data centers risks adding to near- to medium-term
uncertainty regarding investment needed towards sustainable goals, which we
believe supports owning stocks levered to overlapping Sustainable themes among
Decarbonization and Adaptation. \We believe the secular theme of an expanding
investable universe and an Aspiration-to-Action shift towards what's needed to
accomplish Sustainable Development Goals will complement cyclical bottoming of
sentiment towards quality renewables laggards. Al and data center emissions growth
may contribute to uncertainties while at the same time provide near/medium/long-term
boosts to renewables generation supply chain via increasing PPAs. \We remain secularly
bullish on themes like Green Capex, and, in a capital constrained world, efficiency and
risk management-driven investment themes — like Circular Economy, Adaptation,
Biodiversity and Affordability — are likely to increasingly resonate with investors.
Furthermore, a shift in investor focus from investment needs to investments that will
actually be made is likely to: (a) further focus on return on capital, not just capital
employed; and (b) bring the Dawn of Thematic Convergence, with greater recognition of
overlap and interplay among Green Capex sub-themes. This Dawn of Thematic
Convergence suggests a focus on stocks levered to multiple Sustainability themes.

Exhibit 21: We recommend owning companies that are micro beneficiaries of investment across multiple Sustainability themes to mitigate
2024 uncertaitny

Secular Outlook Drivers of Uncertainty
@  Broadening of Sustainable \ Interest rate implications
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Well-owned Renewables / e Green Capex, Adaptation, Circular
stocks near bottom / @‘_’ »| Economy, Biodiversity,
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Stocks with thematic overlap
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«

Direction of Travel and Opportunity in 2024

Source: Goldman Sachs Global Investment Research

What are implications if actual investment falls short of what’s needed? Higher
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interest rates among other factors are driving greater investor concern over both ability
and willingness to fully satisfy needed investments in Green Capex among other
Sustainable themes. We believe this will lead to valuation disparities based on which
products have cost competitiveness and ability to scale vs. those more
challenged/longer term. We also believe the risk of underinvestment will lead to greater
focus on driving consumption efficiency and on preparation/reaction to temperature rise.
We believe this will support four themes in particular — Circular Economy, Adaptation
(reactive and potentially proactive), Affordability and Biodiversity. This Dawn of Thematic
Convergence will likely push investors towards looking for companies/products levered
to multiple themes that could benefit from both investment or consequences of
underinvestment.

Exhibit 22: We see increasing thematic overlap among Infrastructure, Circular Economy, Biodiversity and
social themes in part driven by investments (and/or underinvestment) towards Decarbonization and
Adaptation

Decarbonization Adaptation Needs
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Source: Goldman Sachs Global Investment Research
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returns to investors. Goldman Sachs (India) Securities Private Limited Investor Grievance E-mail: india-client-support@gs.com. Compliance Officer: Anil
Rajput [Tel: + 91 22 6616 9000 | Email: anil.m.rajput@gs.com. 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: 198602165\W), 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 Type Il Financial Instruments Firms Association, The
Investment Trusts Association, Japan, and Japan Investment Advisers 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 manages Regional Conviction lists, which are selected from Buy rated stocks on the respective region’s Investment lists and
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 are managed by the Investment Review Committee or other
designated committee in each respective region and 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.
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Not Rated (NR). The investment rating, target price and earnings estimates (where relevant) are not provided or 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, when the company is an early-stage biotechnology
company, 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 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

Goldman Sachs Global Investment Research 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 Mobiliarios 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.

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 and the Republic of Ireland; GSI - Succursale de Paris (Paris branch) which is authorised by the French Autorité de
contrdle prudentiel et de resolution ("ACPR") and regulated by the Autorité de contrdle prudentiel et de resolution and the Autorité des marches
financiers ("AMF") disseminates research in France; GSI - Sucursal en Espana (Madrid branch) authorized in Spain by the Comisiéon 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 GSI 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 Global Investment Research. 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 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, unless otherwise prohibited by regulation or Goldman Sachs policy.

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.
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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
will be supplied upon request.

Differing Levels of Service provided by Global Investment Research: The level and types of services provided to you by Goldman Sachs Global
Investment Research may vary as compared to that provided to internal and other external clients of GS, depending on various factors including your
individual preferences as to the frequency and manner of receiving communication, your risk profile and investment focus and perspective (e.g.,
marketwide, sector specific, long term, short term), the size and scope of your overall client relationship with GS, and legal and regulatory constraints.
As an example, certain clients may request to receive notifications when research on specific securities is published, and certain clients may request
that specific data underlying analysts’ fundamental analysis available on our internal client websites be delivered to them electronically through data
feeds or otherwise. No change to an analyst's fundamental research views (e.g., ratings, price targets, or material changes to earnings estimates for
equity securities), will be communicated to any client prior to inclusion of such information in a research report broadly disseminated through electronic
publication to our internal client websites or through other means, as necessary, to all clients who are entitled to receive such reports.

All research reports are disseminated and available to all clients simultaneously through electronic publication to our internal client websites. Not all
research content is redistributed to our clients or available to third-party aggregators, nor is Goldman Sachs responsible for the redistribution of our
research by third party aggregators. For research, models or other data related to one or more securities, markets or asset classes (including related
services) that may be available to you, please contact your GS representative or go to https://research.gs.com.

Disclosure information is also available at https://www.gs.com/research/hedge.html or from Research Compliance, 200 West Street, New York, NY
10282.

© 2024 Goldman Sachs.

No part of this material may be (i) copied, photocopied or duplicated in any form by any means or (ii) redistributed without the prior written
consent of The Goldman Sachs Group, Inc.
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