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Global Temperature
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Source: NASA Climate Change, https://climate.nasa.gov/vital-signs//global-temperature/
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Global Temperature

LATEST ANNUAL AVERAGE ANOMALY: 2024 i

1.28 °C

Change in temperature (°F/decade) NOAA Climat:
-1 0 1

Source: NASA Climate Change, https://climate.nasa.gov/vital-signs//global-temperature/
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IPCC Sixth Assessment Repoh

Al Itis unequivocal that human influence has warmed the atmosphere, ocean
and land. Widespread and rapid changes in the atmosphere, ocean, cryosphere

and biosphere have occurred.
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Source: IPCC 6th SAR (left), Pixabay - niekverlaan https://pixabay.com/users/niekverlaan-80788/ (right)
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Nations Unies
Conférence sur les Changements Climatiques 2015
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Global greenhouse gas emissions and warming scenarios SUSUME

- Each pathway comes with uncertainty, marked by the shading from low to high emissions under each scenario. in Data
- Warming refers to the expected global temperature rise by 2100, relative to pre-industrial temperatures.

Annual global greenhouse gas emissions
in gigatonnes of carbon dioxide-equivalents

150 Gt
No climate policies
41-48°C
- expected emissions in a baseline scenario
if countries had not implemented climate
reduction policies.

100 Gt

50 Gt Current policies

25-2.9°C

- emissions with current climate policies in
place result in warming of 2.5 to 2.9°C by 2100.

Greenhouse gas emissions
up to the present

JPIedges & targets (2.1 °C)

- emissions if all countries delivered on reduction
pledges result in warming of 2.1°C by 2100.

2°C pathways
1.5°C pathways

1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

Data source: Climate Action Tracker (based on national policies and pledges as of November 2021). Last updated: April 2022.
OurWorldinData.org - Research and data to make progress against the world’s largest problems. Licensed under CC-BY by the authors Hannah Ritchie & Max Roser.

Source: Our World in Data (CC BY, Hannah Ritchie & Max Roser)
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CO, emissions per capita

Carbon dioxide (CO,) emissions from burning fossil fuels and industrial processes®. This includes emissions
from transport, electricity generation, and heating, but not land-use change?.
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Data source: Global Carbon Budget (2024); Population based on various sources (2024)
OurWorldinData.org/co2-and-greenhouse-gas-emissions | CC BY

Source: Our World in Data (CC BY); https://ourworldindata.org/co2-emissions
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Source: AlexNet and ImageNet: The Birth of Deep Learning, https://www.pinecone.io/learn/series/image-search/imagenet/
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Evolutlon of AI

Physical Al
(L|X|E Al)

/
Agentic Al
(UIo|HE! Al)

pd

Generative Al
(MME Al

Perception Al

2012 / (ZXE Al
ALEXNET

Adapted from Jensen Huang’s presentation (NVIDIA GTC)
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Generative Al
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Generative Al

ALEXNET Perception Al Generative Al  Agentic Al Physical Al

Source: Created by user using ChatGPT (DALL-E)
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NOTE: This is an example of Agent Mode, not a fully realized Agentic Al.
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Evolutlon of AI

Physical Al
(T|X|Z Al)
> Training data: Trillions of tokens
~ Compute: Thousands of GPUs Q
> Parameters: Hundreds of billions J/
Agentic Al

(OllOIF1E] Al)

yd

Generative Al
(MAME Al

> Training data: ~1.2M labeled images
» 2 GPUs
> Parameters: ~60M

Perception Al

2012 / (2= Al
ALEXNET

Adapted from Jensen Huang’s presentation (NVIDIA GTC)
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Global greenhouse gas emissions by sector

This is shown for the year 2016 - global greenhouse gas emissions were 49.4 billion tonnes CO,eq.
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OurWorldinData.org - Research and data to make progress against the world’s largest problems.
Source: Climate Watch, the World Resources Institute (2020).

(2020

Licensed under CC-BY by the author Hannah Ritchie (2020).

Modern renewable electricity generation by source, World

Measured in terawatt-hours®.

5,000 TWh
Hydropower
4,000 TWh
3,000 TWh
Wind
Solar
2,000 TWh
1,000 TWh
Bioenergy and other renewables
OTWh e + + ¥ f ]
1965 1980 1990 2000 2010 2024

Data source: Ember (2025); Energy Institute - Statistical Review of World Energy (2025)
Note: "Other renewables" include geothermal, wave, and tidal energy.

OurWorldinData.org/renewable-energy | CC BY

1. Watt-hour A watt-hour is the energy delivered by one watt of power for one hour. Since one watt is equivalent to one joule per second, a
watt-hour is equivalent to 3600 joules of energy.

Metric prefixes are used for multiples of the unit, usually:

e kilowatt-hours (kWh), or a thousand watt-hours.

e Megawatt-hours (MWh), or a million watt-hours.

o Gigawatt-hours (GWh), or a billion watt-hours.

e Terawatt-hours (TWh), or a trillion watt-hours.

Source: Our World in Data (Hannah Ritchie, 2020) (left); Our World in Data, Ember(2025), Energy Institute (right) - CC-BY
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Solar Energy Generation Forecasting

Google Project Sunroof

112 Stanley St, Redwood City, CA 94062, USA

T WA T N SO T ‘\“.

Analysis complete. Your roof has:

1,881 hours of usable sunlight per year

Based on day-to-day analysis of weather patterns

- 1,036 sq feet available for solar panels

Based on 3D modeling of your roof and nearby trees

$§7,000 savings

Estimated net savings for your roof over 20 years

Wrong building? Click another roof to view details. ‘ [R5
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Screenshot from Google Project Sunroof (Google, 2025)
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Data Center Power Optimization
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Detecting Greenhouse Gas Leaks
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Z AXIS DATA IS SIMULATED FOR ILLUSTRATIVE PURPOSES

https://www.cs.ox.ac.uk/news/2218-full.html
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The last 10 years was really abou te scienée of 7
Al, the next 10 years, we're going to have plenty
of science of Al, but the next 10 years is going to§
be
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Energy footpring of Al

Joule

The growing energy
footprint of artificial intelligence

Alex de Vries!2:3*

chain of Al servers is likely to remain a
bottleneck for several more years.
NVIDIA's chip supplier, TSMC, is also
struggling to expand its chip-on-
wafer-on-substrate (CoWoS) packaging
technology, which is essential for the
delivery of chips that NVIDIA requires.
TSMC is investing in a new CoWoS
packaging plant, but this plant is not ex-
pected to begin volume production un-
til 2027."" By this year, NVIDIA could be
shipping 1.5 million of its Al server
units, even as its market share is pro-
jected to decline.’® Given a similar elec-
tricity consumption profile, these
machines could have a combined po-
wer demand of 9.75-15.3 GW. Annu-
ally, this quantity of servers could
consume 85.4-134.0 TWh of electricity.
At this stage, these servers could
represent a significant contribution to
worldwide data center electricity con-
sumption. With NVIDIA strongly out-
performing analyst expectations during
the first half of 2023, the Al server sup-
ply chain is on track to deliver the pro-

jected growth. An important caveat to
be considered in this scenario is that
the utilization rates will likely be less
than 100%, which will mitigate part of
their potential electricity consumption.
Another factor that should be con-
sidered is overhead electricity con-
sumption (e.g., server cooling), which
increases the total electricity consump-
tion related to the Al server units.

In addition to hardware efficiency im-
provements, innovations in model ar-
chitectures and algorithms could help
to mitigate or even reduce Al-related
electricity consumption in the long
term. Google’s Generalist Language
Model (GLaM) was trained on 7 times
the number of parameters included in
GPT-3, but it required 2.8 times less en-
ergy for this process only 18 months af-
ter GPT-3 was trained.” However, this
perspective overlooks Jevons' Paradox,
which was formulated in 1865 and oc-
curs when increasing efficiency results
in increased demand, leading to a net

increase in resource use. This effect
has long been observed in the history
of technological change and automa-
tion,'? with recent examples in Al appli-
cations.'? In fact, the sudden surge in
interest in generative Al during 2022
and 2023, during which demand began
to outstrip supply, could be part of such
a rebound effect. Moreover, the im-
provements in model efficiency now
allow single consumer-level GPUs to
train Al models. This implies that the
growth in Al-related electricity con-
sumption will originate not only from
new high-performance GPUs such as
NVIDIA's A100 and H100 GPUs but
also from more generic GPUs. It is
already the case that former cryptocur-
rency miners using such GPUs have
started to repurpose their computing
power for Al-related tasks. Many of
these GPUs were left redundant in
September of 2022, when Ethereum,
the second-largest cryptocurrency, re-
placed its energy-intensive mining
algorithm with a more sustainable

10

Wh per request
(4]

0 [

Google search ChatGPT

BLOOM

Al-powered Google search Al-powered Google search
(New State Research) (SemiAnalysis)

Figure 1. Estimated energy consumption per request for various Al-powered systems compared to a standard Google search

Alex de Vries (Joule, 2023)
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IT equipment housed in racks

Servers
. . : Storage systems
UPS (uninterruptible power supply) 2 Netwgrki\rqg equipment

Electricity consumption

IEA. CCBY 4.0.

M MA SO HIE{e] & 7| A
(Br11: 20233 ot= M= AH|Z2 592TWh) 2005 2010 2015 2020 2024
orovider M Servers W Other IT

Cooling Other infrastructure

IEA. CCBY 4.0.

IEA 2023; Energy and Al, https://www.iea.org/reports/energy-and-ai, License: CC BY 4.0
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Data centre electricity consumption in household electricity Open v
consumption equivalents, 2024

million households
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Meta Is Building The World’s
Largest Al Data Center,
Covering 70 Football Fields

By Douglas Mcintyre « March 31, 2025

Data centers could use 9% of US
electricity by 2030, research institute

says

By Reuters
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May 30, 2024 12:32 AM GMT+9 - Updated May 30, 2024
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summarise this article https://www.nytimes.com/2023/03/11/technology/chatgpt-prompts-
to-avoid-content-filters.html

The article discusses how ChatGPT, an Al language model, is being used to circumvent
content filters that are designed to detect and block certain types of content. By generating
prompts that are less likely to trigger these filters, ChatGPT can be used to create content
that might otherwise be censored. While this technology could be useful for those seeking
to express themselves freely, it also raises concerns about the potential misuse of Al-
generated content, as well as the difficulty of regulating such content in the future. The
article concludes by noting that there is still much to learn about the impact of Al language

models like ChatGPT on the way we communicate online.

Source: Wikimedia Commons, CCO 1.0
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» Future of Life Institute — 270 A|St (2023, “Pause Giant Al Experiments”:
GPT-4 O|= =7 22 /W= & SToiA= 2.

» CAIS (Center for Al Safety) — Al & & (2023): ™ M|A| =X-CEO-A+XI=
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Ethical Issues
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Al on the Path to Net Zero
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