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Infroduction

Artificial Intelligence (Al):

Types of Al

= Artificial intelligence refers to the development of computer systems or machines that can perform tasks that typically Reactive Al Limited Memory
require human intelligence.[1] Al aims to simulate human-like intelligence and reasoning to solve complex problems,
make decisions, recognize patterns, and interact with the environment. Al can be split into 4 groups: Theory of Mind Self-aware
Reactive Al
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MACHINE LEARNING

ARTIFICIAL INTELLIGENCE

More computationally complex algorithms may require
higher energy use and result in increased CO2 emissions

CO. CONSUMPTION ——

Machine Learning (ML):

= Machine learning is a subset of artificial intelligence that focuses on creating algorithms and models that allow computers to learn
and make predictions or decisions without being explicitly programmed.[2] Instead of following rigid instructions, machine learning
algorithms are trained on large datasets and learn from patterns and examples. Machine learning algorithms can be categorized into
three types:

1. Supervised Learning: It is defined by its use of labeled datasets to train algorithms that to classify data or predict outcomes
accurately.

2. Unsupervised Learning: It uses machine learning algorithms to analyze and cluster unlabeled datasets.

3. Reinforcement Learning: A reinforcement learning agent is able to perceive and interpret its environment, take actions and learn

through trial and error.

Neural Networks:

= (Artificial) neural networks, usually simply called neural networks or neural nets, are computing systems inspired by the biological
neural networks that constitute animal brains.[3]

Deep Learning:

= Deep learning is a specialized subfield of machine learning that focuses on training deep neural networks, which are artificial neural
networks with multiple layers. Deep learning algorithms attempt to mimic the structure and function of the human brain by using
interconnected layers of artificial neurons called artificial neural networks.[4]

Natural Language Processing:

= Natural language processing is an interdisciplinary subfield of linguistics, computer science, and artificial intelligence concerned with
the interactions between computers and human language, in particular how to program computers to process and analyze large
amounts of natural language data.[5]
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Recent Developments Timeline

November 30
OpenAl ChatGPT
3.5 launched

@ @

December 12

First Large Language
Model that supports
over 100 languages
released by Cohere

()

December 26
LLMs trained for
specific use
cases seen in
Med-PaLM by
Google

February 02
“Chain-of-thought
prompting”
incorporated in
Amazon’s
multimodal - CoT

Model efficiency
improves in Meta’s

()

February 27
Kosmos-1 by
Microsoft can
respond to both
image and audio
prompts

February 24

LLaMA

o

March 13
OpenAl
releases

ChatGPT 4

March 07

First use of generative Al for customer
relationship management announced
by Salesforce through Einstein GPT

March 14
Constitutional Al introduced by
Anthropic in their Al assistant Claude

March 30
Announcement of
financially trained LLM
by Bloomberg

()

March 21
Bard released by Google

March 16
Integration of ChatGPT 4 into
the Office 365 suite
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April 13

Bedrock by Amazon
introduced that makes
models available via API
from multiple providers
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What causes CO, emissions in Artificial Intelligence?

Training Process: Training Al models often involves extensive computational power and large-

scale data processing. This process typically requires energy-intensive computations that can Training one Running 62 cars
result in significant CO2 emissions. The training phase of Al models can be resource-intensive ChatGPT 3 for one year
and require substantial amounts of electricity, particularly when using high-performance . PP
hardware and large datasets.[6,7] gggggggg
Inference and Deployment: After training, Al models are deployed and used for inference tasks, = edadadladadiadndag
which involve making predictions or generating responses based on input data. This inference ARAPAPAAR
process also requires computational resources, which consume energy and can produce CO2 radiadhadiadadiadin
emissions. Depending on the scale and frequency of Al model inference, the energy
consumption and associated CO2 emissions can vary.[8] 283,949 4,600 62
kg CO:e kg COze

Share of global CO: emission generated
by sector/category
4o @55E cilEes e Ao Ee UG e Data Centres: Al models, including ChatGPT, rely on data centers for their operation. Data

’ from 2.5% to 3.7% of all global greenhouse gas centers consume significant amounts of energy, often sourced from fossil fuel-based power

/ emissions grids. The electricity demand of data centers, including the hardware infrastructure, cooling

3% systems, and networking equipment, can contribute to CO2 emissions.[9]

o Data processing and storage: Al applications often involve the processing and storage of large

- 25% amounts of data. Data processing and storage infrastructure, including servers, networking
equipment, and data storage systems, require energy for operation. Depending on the energy
I sources powering these systems, the associated CO2 emissions can vary.

Algorithm Efficiency: The efficiency of Al algorithms can impact their carbon footprint. More
computationally complex algorithms may require higher energy consumption and, therefore,
result in increased CO2 emissions. Developing and utilizing algorithms that optimize resource
usage and minimize computational requirements can help reduce Al's carbon footprint.

0%
Data Centres  Awiation Shipping Rice  Tobacco & Food

Cultivation  Processing

Source: Climatiq /\m’:\yms, The Shift Project, OurWorldData

*EPRI does not own the ChatGPT mark, which remains unregistered at time of publication.
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Carbon Offsetting

Carbon offsetting is a practice that aims to compensate for the greenhouse gas emissions generated by individuals, organizations, or activities
by supporting projects that reduce or remove an equivalent amount of carbon dioxide (CO2) or other greenhouse gases from the atmosphere.
It is based on the principle that emissions produced in one place can be balanced out by reducing emissions or removing CO2 elsewhere.[10]

The process of carbon offsetting typically involves the following steps:

= Measuring emissions ¢
= Choosing offset projects

= Verifying and certifying projects

= Purchasing offsets

= Retirement and cancellation

In the case of ChatGPT-3, to offset the Carbon Emissions related to its training, you would need to offset 283,949kg of CO2 which is equivalent to planting 13,476 trees.

It is important to note that carbon offsetting should not be considered a substitute for reducing emissions at their source. It is more effective to prioritize emission reduction efforts by
implementing energy efficiency measures, transitioning to renewable energy sources, and adopting sustainable practices. Carbon offsetting should be used as a complementary tool to
achieve carbon neutrality or to compensate for emissions that are challenging to eliminate entirely.

A multitude of companies have pledged to carbon neutrality and are adopting Carbon Offsetting. Both Google and Amazon are involved in carbon offsetting and therefore if using Al on
these platforms, can claim to be carbon neutral through carbon offsetting.

There are ongoing discussions and debates surrounding carbon offsetting, including concerns about the additionality and permanence of offset projects, the potential for greenwashing, and the need for
robust and transparent standards. Nonetheless, when implemented properly, carbon offsetting can play a role in addressing climate change by supporting emissions reduction initiatives and contributing to
a more sustainable future.

Are there other solutions to powering datacenters?

Rather than Carbon Offsetting, and dealing with the “problem” after, these large and influential companies should look to other ways to reduce their Carbon Emissions.
*  Directly adopting renewable energy sources

* Improving the Data Centre Infrastructure Efficiency (DCIE)

* Leveraging the Data Centre Infrastructure Management (DCIM)
* Integrate Intelligent Systems

*  Reducing and recycling waste
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24/7 Renewable Energy Matching

24/7 renewable energy matching refers to the concept of ensuring a continuous supply of electricity from renewable
energy sources throughout the day, every day of the year. Unlike conventional power sources such as fossil fuels, which
can be dispatched as needed, renewable energy generation is often subject to natural variability, such as changes in

weather conditions or sunlight availability.[12]

The following various strategies and technologies are employed in order to achieve this:

B B8 X «

1. Energy Storage 2. Diverse Renewable Energy 3. Interconnected Power 4. Demand Response 5. Forecasting and Advanced
Batteries, Pumped Hydro Sources Grids Encouraging a shift electricity Grid Management
Storage, Hydrogen Storage Solar energy, Wind Energy, Third party operated demand to times when Estimating future loads using
etc. Hydropower etc. interconnected mini-grids electricity is more plentiful/ historical and present data

demand is lower

24/7 renewable energy matching is a significant challenge that requires careful planning, investment in infrastructure,
and the integration of various technologies. As renewable energy technologies continue to advance and costs
decrease, achieving a sustainable and uninterrupted supply of clean energy becomes increasingly feasible.
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- ___________________________________________________________________________________________________________________________________________________
Can Artificial Intelligence be used to reduce Carbon Emissions in Power Systems?
Carbon emissions are the primary cause of climate change. With the combustion of fossil fuels to produce electricity

being the primary source of power globally, it is important that we are conscious of other ways this industry are
contributing to carbon emissions.

Looking further into this, can Al be the tool needed to reduce CO2 emissions in this sector?

Ways that have already been identified in which Al can be used to reduce carbon emissions in the power

sector[11,13]:
]
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Monitoring and Environmental Air quality Organic and Climate Monitoring Applications for
Predicting monitoring and assessment and inorganic material technologies for ~ carbon emissions climate change
Patterns in pollutant air monitoring monitoring sustainable on roads and seas decision making
Carbon Emissions concentration environment

EPRI is closely monitoring the implementation of Al in the power sector and have recently published an overview
specific to the hype around ChatGPT and the power sector. You can read about it here:

ChatGPT and the Power Sector: What's Hype? What's Possible? (epri.com)
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Reducing the CO2 emissions associated with Machine Learning

1. Model

00

Choosing efficient machine learning[14]
model architectures, such as sparse
models, has the potential to improve the
guality of machine learning while
simultaneously reducing computational
requirements by a factor of 3 to 10.

2. Machine

Utilizing processors and systems
specifically optimized for machine
learning training[14], as opposed to
general-purpose processors, can
significantly enhance performance and
energy efficiency, resultingina2to 5
times improvement.

3. Mechanization

S

Shifting computational tasks to the Cloud
instead of relying on on-premise
infrastructure leads to a reduction in
energy consumption and subsequent
emissions by a factor of 1.4 to 2. Cloud-
based data centers are purpose-built
facilities designed to accommodate up to
50,000 servers while prioritizing energy
efficiency, resulting in excellent power
usage effectiveness (PUE). In contrast, on-
premise data centers, often smaller and
older, face challenges in justifying the
investment for modern, energy-efficient
cooling and power distribution systems.

© 2023 Electric Power Research Institute, Inc. All rights reserved.

4. Map Optimization

A

Cloud services provide customers with
the flexibility to choose data center
locations powered by clean energy
sources[14], resulting in a significant
reduction of the overall carbon footprint
by a factor of 5 to 10. Although concerns
may arise regarding the potential
saturation of the greenest locations due
to map optimization, the increasing
demand for efficient data centers
incentivizes continuous advancements
in the design and deployment of
environmentally friendly data centers.
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Conclusion

The future holds an unstoppable surge in Artificial Intelligence, that will lead to a
transformative journey that will revolutionize countless facets of our lives and
reshape industries worldwide. As technology progresses and Al systems become
increasingly capable, we can anticipate astounding advancements and innovations
across diverse fields.

By 2030, the projected value of the Al Market is estimated to reach nearly $1.6
trillion.[15] To harness the potential of this technology and in turn enhance the
power sector, it is crucial that we adapt and embrace its utilization.

However, amidst this rapid growth, it is crucial that we make informed decisions
carefully and consider the impacts of Al and remain mindful of how it is consumed.
Being conscious of the ethical, social, and economic implications associated with
this technology is of utmost importance.

EPRI supports numerous uses of Al as part of our digital transformation efforts.
Some of the areas that R&D Projects with Al include:

* Data driven decision making

* Monitoring and Advanced Data Analytics

* Advanced Buildings and Communities

* Grid-Edge Customer Technologies

* Transmission Asset Management Analytics

* Ecosystem Risk and Resilience

* Distribution Systems

R&D Projects With Al (epri.com)

© 2023 Electric Power Research Institute, Inc. All rights reserved.

Artificial Intelligence Market Size
USD Billion

$1,500

2021 2025 2030
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» ChatGPT's Carbon Footprint - Sigma Earth
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» Reducing carbon emissions: EU targets and policies | News | European Parliament (europa.eu)
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= Al’s carbon footprint and a DNA nanomotor — the week in infographics (nature.com)

= Al can help us fight climate change. But it has an energy problem, too | Research and Innovation (europa.eu)

» The Carbon Footprint of Al and Deep Learning - Analytics Vidhya

=  https://www.technologyreview.com/2022/12/16/1065005/generative-ai-revolution-

art/?truid=&utm source=the download&utm medium=email&utm campaign=the download.unpaid.engagement&utm term=&utm content=05-09-
2023&mc cid=628e3ce5e2&mc eid=e055d24e82
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coming/?truid=&utm source=the download&utm medium=email&utm campaign=the download.unpaid.engagement&utm term=&utm content=05
-09-2023&mc cid=1fb19f5898&mc eid=e055d24e82

= Nvidia: The Powerhouse Behind the Future of Artificial Intelligence | by Business Disruptors | Apr, 2023 | Medium

= How Bigis the CO2 Footprint of Al Models? ChatGPT's Emissions (carboncredits.com)

© 2023 Electric Power Research Institute, Inc. All rights reserved. E[:E|


https://earth.org/environmental-impact-chatgpt/#:%7E:text=According%20to%20estimates%2C%20ChatGPT%20emits,is%204%20tons%20per%20year.
https://towardsdatascience.com/the-carbon-footprint-of-chatgpt-66932314627d
https://sigmaearth.com/chatgpts-carbon-footprint/
https://www.nature.com/articles/d41586-023-00843-2
https://www.europarl.europa.eu/news/en/headlines/society/20180305STO99003/reducing-carbon-emissions-eu-targets-and-policies?&at_campaign=20234-Green&at_medium=Google_Ads&at_platform=Search&at_creation=RSA&at_goal=TR_G&at_audience=co2%20emissions&at_topic=Carbon_Emission&at_location=IE&gclid=EAIaIQobChMI_K7G45no_gIVI-_tCh2Z8A3nEAMYASAAEgLwQfD_BwE
https://towardsdatascience.com/chatgpts-electricity-consumption-7873483feac4#:%7E:text=Training%20ChatGPT%27s%20underlying%20language%20model,the%20same%20amount%20of%20energy.
https://www.nature.com/articles/d41586-022-02064-5
https://ec.europa.eu/research-and-innovation/en/horizon-magazine/ai-can-help-us-fight-climate-change-it-has-energy-problem-too
https://www.analyticsvidhya.com/blog/2022/03/the-carbon-footprint-of-ai-and-deep-learning/
https://www.technologyreview.com/2022/12/16/1065005/generative-ai-revolution-art/?truid=&utm_source=the_download&utm_medium=email&utm_campaign=the_download.unpaid.engagement&utm_term=&utm_content=05-09-2023&mc_cid=628e3ce5e2&mc_eid=e055d24e82
https://www.technologyreview.com/2022/12/16/1065005/generative-ai-revolution-art/?truid=&utm_source=the_download&utm_medium=email&utm_campaign=the_download.unpaid.engagement&utm_term=&utm_content=05-09-2023&mc_cid=628e3ce5e2&mc_eid=e055d24e82
https://www.technologyreview.com/2022/12/16/1065005/generative-ai-revolution-art/?truid=&utm_source=the_download&utm_medium=email&utm_campaign=the_download.unpaid.engagement&utm_term=&utm_content=05-09-2023&mc_cid=628e3ce5e2&mc_eid=e055d24e82
https://www.technologyreview.com/2023/04/25/1072177/a-cambridge-analytica-style-scandal-for-ai-is-coming/?truid=&utm_source=the_download&utm_medium=email&utm_campaign=the_download.unpaid.engagement&utm_term=&utm_content=05-09-2023&mc_cid=1fb19f5898&mc_eid=e055d24e82
https://www.technologyreview.com/2023/04/25/1072177/a-cambridge-analytica-style-scandal-for-ai-is-coming/?truid=&utm_source=the_download&utm_medium=email&utm_campaign=the_download.unpaid.engagement&utm_term=&utm_content=05-09-2023&mc_cid=1fb19f5898&mc_eid=e055d24e82
https://www.technologyreview.com/2023/04/25/1072177/a-cambridge-analytica-style-scandal-for-ai-is-coming/?truid=&utm_source=the_download&utm_medium=email&utm_campaign=the_download.unpaid.engagement&utm_term=&utm_content=05-09-2023&mc_cid=1fb19f5898&mc_eid=e055d24e82
https://medium.com/@businessdisruptors/nvidia-the-powerhouse-behind-the-future-of-artificial-intelligence-376eace5c30a
https://carboncredits.com/how-big-is-the-co2-footprint-of-ai-models-chatgpts-emissions/#:%7E:text=As%20reported%20by%20the%20MIT,the%20more%20energy%20it%20needs.

Together...Shaping the Future of Energy®




3002027861

© 2023 Electric Power Research Institute (EPRI), Inc. All rights reserved.

Electric Power Research Institute, EPRI, and TOGETHER...SHAPING THE FUTURE OF ENERGY are registered marks of the
Electric Power Research Institute, Inc. in the U.S. and worldwide.

About EPRI

Founded in 1972, EPRI is the world's preeminent independent, non-profit energy research
and development organization, with offices around the world. EPRI's trusted experts
collaborate with more than 450 companies in 45 countries, driving innovation to ensure the
public has clean, safe, reliable, affordable, and equitable access to electricity across the globe.
Together, we are shaping the future of energy.

EPRI
3420 Hillview Avenue, Palo Alto, California 94304-1338 = USA
800.313.3774 = 650.855.2121 = askepri@epri.com = www.epri.com



	Program on Technology Innovation: How Does AI Contribute to CO2? 
	Introduction
	Recent Developments Timeline
	What causes CO2 emissions in Artificial Intelligence?�
	Carbon Offsetting 
	24/7 Renewable Energy Matching
	Can Artificial Intelligence be used to reduce Carbon Emissions in Power Systems?
	Reducing the CO2 emissions associated with Machine Learning
	Conclusion
	References
	Extra Reading
	Slide Number 12
	About EPRI

