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Abstract:

The advent of deepfake technology, which uses artificial intelligence to create hyper-realistic and fabricated
video and audio, has introduced significant challenges for social media platforms and their users. This paper
explores the harms of deepfakes, including the erosion of trust in digital media, the potential for political
manipulation, the facilitation of cyberbullying, and the threat to personal privacy. This study further examines
possible solutions that include limiting access to artificial intelligence, furthermore, the urgency for effective
countermeasures. To mitigate these threats, the paper discusses a comprehensive approach involving technological
solutions, policy interventions, law enforcement, and public education. Specifically, the advancement in detection
algorithms, robust regulatory frameworks, and increased digital literacy among users are put forward as essential
strategies to combat the proliferation of deepfakes on social media.

I. Introduction

The way of communication and human interaction has changed. Social media platforms are free for the
end user, as these platforms are mainly monetized by advertisement revenue. Due to the massive audience on
social media, every business irrespective of its size has a presence on social media. Actors, celebrities, and even
government officials are prone to defamation and the misleading effects of Al-generated deepfakes. Political
figures have an even more significant impact due to fabricated and deepfake content.

Deepfakes have garnered widespread attention for their potential use in creating child sexual abuse

material, celebrity pornographic videos, revenge porn, fake news, hoaxes, bullying, and financial fraud.'

Hence, it is a must to address this growing issue of breached online security and privacy. Deepfakes
produced by artificial intelligence are often so realistic that they are practically impossible to notice by the human
eye. However, it is possible to be a vigilant netizen if certain protocols are followed and public education is
promoted on this matter.

This research focuses on the progress of (A.I) generated, deepfake, and fabricated content, how real they
are, what are the possible harms caused by them, how it can be prevented, and the accuracy of reverse engineering
and machine learning algorithms at detecting fabricated content.

[1. Defining (A.I) generated content, and fabricated deepfakes.

Deepfakes: an image or recording that has been convincingly altered and manipulated to misrepresent

someone as doing or saying something that was not actually done or said.

In simple terms, deepfake or synthetic media is a form of digitally created or manipulated content that is
used to alter reality in a convincing manner.



This technology employs advanced machine learning algorithms and artificial intelligence (A.I) to
produce realistic images, videos, or audio samples that can make it appear as though someone is saying or doing
things that they never actually did or said.

The primary techniques used for deepfakes include:

1. Face Swapping: This includes replacing the person’s face with the face of another person. This
method depends on neural networks to map and blend facial features seamlessly.

2. Voice Cloning: Synthesizing a person’s voice to generate audio that mimics their speech pattern,
voice, tone and intonation.

3. Image Synthesis: Generating entirely new images or videos that look and feel real but are
completely fabricated.

II1. Materials and Methods

Sample Deepfake Clips used for testing:

1. Viral Deepfake Videos Thrive Of Aamir Khan & Ranveer Singh Endorsing Political
Parties — Business today

2. Amit Shah Fake Video: Debunking the Fake Video of Amit Shah On Reservations — The
Indian Express

3. Al Deepfake Video Of Actress Rashmika Mandanna Going Viral — Business Today

4. Anderson Cooper, 4K Original/(Deep) Fake Example - LipSynthesis

5. Eake Obama created using Al video tool - BBC News

6. Thisi ] ke Sineulari

7. President Joe Biden's Magical Pistachio Story (Deepfake Al)

8. Deepfake exampl riginal/Deepfake cl hot Bill Gat


https://www.businesstoday.in/bt-tv/video/viral-deepfake-videos-thrive-of-aamir-khan-ranveer-singh-endorsing-political-parties-426378-2024-04-22
https://www.businesstoday.in/bt-tv/video/viral-deepfake-videos-thrive-of-aamir-khan-ranveer-singh-endorsing-political-parties-426378-2024-04-22
https://youtu.be/DEcBvhcdDsM?si=01oH-ZBRqgQRV5EN
https://youtu.be/DEcBvhcdDsM?si=01oH-ZBRqgQRV5EN
https://youtu.be/2rQ1-2mji54?si=mkhsXtL_Qy7zRt1b
https://youtu.be/3wVpVH0Wa6E?si=QArwMyYNwDyVw8PS
https://youtu.be/AmUC4m6w1wo?si=MBNMc70nXr87meft
https://youtu.be/oxXpB9pSETo?si=SDBGXT6kn7oDLWrh
https://youtu.be/yVEhrIMc-ps?si=_zSEuI6J3BdfJ8g1
https://youtu.be/WzK1MBEpkJ0?si=i5So7ME_GUG3gmgZ

9. 2024 Deepfake Example in 4k - ORIGINAL/DEEPFAKE - Bill Gates

10. Trump 4k Deepfake example - LipSynthesis

Samples:
https://drive.google.com/drive/folders/1ZxVZA6elkp4ebte9ylJDGY sSbmTprDTG?usp=sha
ring

¢ Tools used:

Note: The only tools that are tested in this paper are free-to-use and available to the public. The
reason being, accessibility and accuracy of my research. If a tool is used that is paid, it will make
it harder for the public to test and validate the accuracy of my research. Many reputable deepfake
detectors are not tested as they are not available to the general public, and require to schedule a
product demo with a company email address. Do note that the situation of the tools available for
free in the market will change and the accuracy of those will improve.

¢ Tools used:

1. Deepware Al - https://deepware.ai/

IV. Effectiveness of tools

As deepfakes get more sophisticated with time and more computing power. The line between
real and fake starts to fade. That is not to say that there are no solutions to combat this. In such
scenarios, deepfake tools are to be used.

The effectiveness and accuracy of deepfake detection algorithms may vary. It is always possible
that a fabricated video will be identified as real. Deepfake content gets more advanced and
sophisticated as computing power and computing time increases.

1. Deepware (A.])

Deepware (A.I) is a company that was launched in mid-2018 by their parent company Zemana to
develop advanced deepfake detection available to everybody.

a. Features: Deepware (A.I) comes with only one feature, that is, deepfake content detection. The
U.I is very simple with minimal distractions. No external advertisements are shown. Though in
the navigation bar at the top, there is a button that takes you to an external-paid website called
“PAGI GEN” which works as an (A.I), Machine Learning, and Deepfake generating company
for movie production.


https://youtu.be/Eyy-ki3z4TA?si=QBbtjRJfdVKoVEJK
https://youtu.be/T9Trd2m1NmQ?si=qDJJPeosHtj6w3Mj
https://drive.google.com/drive/folders/1ZxVZA6e1kp4gbte9ylJDGYsSbmTprDTG?usp=sharing
https://drive.google.com/drive/folders/1ZxVZA6e1kp4gbte9ylJDGYsSbmTprDTG?usp=sharing
https://deepware.ai/

b. Tests:

i. The first deepfake that was tested was a deepfake of Donald Trump. Upon testing, it
showed up as real. (NO DEEPFAKE DETECTED), which is not true.

*  Model Results: Avatarify: NO DEEPFAKE DETECTED (40%), Deepware: NO DEEPFAKE
DETECTED (2%), Seferbekov: NO DEEPFAKE DETECTED (1%), Ensemble: NO
DEEPFAKE DETECTED (1%).

i. The second deepfake that was tested was of Rashmika Mandanna. Upon testing, the
media could not be displayed as it was marked to be “Adult Content”. It came up as real
(NO DEEPFAKE DETECTED), which is not true.

*  Model Results: Avatarify: NO DEEPFAKE DETECTED (24%), Deepware: NO
DEEPFAKE DETECTED (16%), Seferbekov: NO DEEPFAKE DETECTED(46%),
Ensemble: NO DEEPFAKE DETECTED((28%).

i The third deepfake that was tested was that of Ranveer Singh. Upon testing, It came
up as real (NO DEEPFAKE DETECTED), which was not true.

*  Model Results: Avatarify: NO DEEPFAKE DETECTED (12%), Deepware: NO DEEPFAKE
DETECTED (1%), Seferbekov: NO DEEPFAKE DETECTED (6%), Ensemble: NO
DEEPFAKE DETECTED (2%).

i. The fourth deepfake that was tested was that of Barack Obama. Upon testing, It came
up as (DEEPFAKE DETECTED). Most likely due to a invisible signature put on it.
*  Model Results: Analyst: DEEPFAKE DETECTED, Avatarify: NO DEEPFAKE DETECTED
(19%), Deepware: NO DEEPFAKE DETECTED (0%), Seferbekov: NO DEEPFAKE
DETECTED (49%), Ensemble: NO DEEPFAKE DETECTED (12%).

v. The fifth deepfake That was tested was that of Anderson Cooper. Upon testing, it came up as
(SUSPICIOUS).



Model Results: Avatarify: SUSPICIOUS(72%), Deepware: NO DEEPFAKE DETECTED(0%),
Seferbekov: NO DEEPFAKE DETECTED(3%), Ensemble: NO DEEPFAKE DETECTED
(0%).

vi. The sixth deepfake That was tested was that of Morgan Freeman. Upon testing, it
came up as (DEEPFAKE DETECTED). Which was most likely due to this being a
popular deepfake video and an invisible signature in the video itself.

Model Results: Analyst: DEEPFAKE DETECTED, Avatarify: NO DEEPFAKE DETECTED
(18%), Deepware: NO DEEPFAKE DETECTED (0%), Seferbekov: NO DEEPFAKE
DETECTED (0%), Ensemble: NO DEEPFAKE DETECTED (0%).

vi. The seventh deepfake That was tested was that of Joe Biden. Upon testing, it came up
as (SUSPICIOUS)

Model Results: Avatarify: NO DEEPFAKE DETECTED (29%), Deepware: NO DEEPFAKE
DETECTED (34%), Seferbekov: SUSPICIOUS (71%), Ensemble:
SUSPICIOUS (58%).

vi. The eight deepfake That was tested was that of Bill Gates. Upon testing, it came up as
(NO DEEPFAKE DETECTED) which is not true.

Model Results: Avatarify: NO DEEPFAKE DETECTED (20%), Deepware: NO DEEPFAKE
DETECTED (0%), Seferbekov: NO DEEPFAKE DETECTED (2%), Ensemble: NO
DEEPFAKE DETECTED (0%).

vi. The ninth deepfake That was tested was that of Amit Shah. Upon testing, it came up as
(SUSPICIOUS).

Model Results: Avatarify: NO DEEPFAKE DETECTED (0%), Deepware: NO DEEPFAKE
DETECTED (20%), Seferbekov: DEEPFAKE DETECTED (97%), Ensemble:
SUSPICIOUS (67%).

vi. The tenth deepfake That was tested was that of Amir Khan. Upon testing, it came up
as (SUSPICIOUS).



*  Model Results: Avatarify: NO DEEPFAKE DETECTED (39%), Deepware: NO DEEPFAKE
DETECTED (25%), Seferbekov: SUSPICIOUS (75%), Ensemble:
SUSPICIOUS (55%).

c. Rating: After testing, 4 out of 10 deepfakes showed up as (no deepfake detected). 4 out of 10
showed up as (suspicious). 2 out of 10 showed up as (deepfake detected). The accuracy of
Deepware (A.I) is not on point. Upon scanning, 4 out of 10 fake videos show up as real. In this
research, only fake videos were scanned and not real ones. As Deepware Scanner is still in beta,
the results may not be very accurate.

V. Conclusion

It is important to note that deepfakes are not perfect. After all, it’s an (A.I), though deepfakes of
celebrities or famous figures may look more real due to more pictures being available of them online,
that can be fed to a (A.I). It is vitally important to note that (A.I) generated or fabricated content have
flaws that can and sometimes cannot be noticed by the human eye.

It is crucial to know that some (A.I) generated and fabricated content can look indifferentiable to real
content to the human eye. Hence, tools such as Deepware scanner may also be used due to it being free
and available to the general public without the requirement for a product demo or a

trial using a company email address. Additionally, people can train themselves to be (A.I) educated
and aware by taking tests that educate and help people recognize the difference between real and fake.

Not to mention (A.I) scams that are currently on the rise. In such harassment or cyberbullying, the
victim receives a text from an unknown anonymous person saying that they have the victim’s explicit
images, and demand some amount of ransom from the victims, in exchange for keeping these images
private. Some other kinds of scams include a friend, family or a close relative calling in desperate
need of help and requests some amount of money in utmost urgency.

The current infrastructure of 2024 is not enough to accurately detect professionally made deepfakes.
Deepfake content detectors are not accessible to the general public and most of the deepfake content
detectors online require a product demo trail with a company email address. With increasing
computer power and computing time, the deepfakes get harder to spot by both humans and machines.

Policymakers should create strong criminal and civil liability for people that distribute
nonconsensual intimate audiovisual content, including Al-generated content, as well as for people
that threaten to do so. Penalties should be particularly severe when the victim is a minor.?

This trend can be prevented through public education. Even in 2024, a lot of computer science (IT)
school books lack basic knowledge about ethics related to fabricated content. If cybercrimes like such
need to be prevented, public education on this matter is a must.



https://www.youtube.com/redirect?event=video_description&redir_token=QUFFLUhqbUFsTWE4WUY5c1JvcmNrMW1lTHlSSXpmNHdUQXxBQ3Jtc0ttZS1mZll5WGVENlJCY2IyUnZYWTMxWGpqLVNBdmJUelItbmhDZ3Zab3JuVjlZU2NxOC03TnRVcVFGVzFUb2VoV2M4ZmJWM1QtamppczFkbGRzaVFJOENIYmh3eHI2N0tNLWtzclpWRWVJYmpzUFpkUQ&q=https%3A%2F%2Fspotdeepfakes.org%2Fen-US%2Fquiz&v=MTEgxaT1O9E

! WikiPedia. “Deepfake”, https://wikipedia.com, Accessed

26.05-2024.
https://en.wikipedia.org/wiki/Deepfak

2 Merriam webster. “deepfake.” Accessed 26.05-2024.

https://www.merriam- webster.com/dictionary/deepfake

3 IBM Newsroom. “Here’s What Policymakers Can Do About Deepfakes, Right Now,”
February 28, 2024. Accessed May 26, 2024. https:/newsroom.ibm.com/Blog-Heres-What-



https://wikipedia.com/
https://en.wikipedia.org/wiki/Deepfake
https://www.merriam-webster.com/dictionary/deepfake
https://newsroom.ibm.com/Blog-Heres-What-Policymakers-Can-Do-About-Deepfakes#:~:text=Policymakers%20should%20create%20strong%20criminal,the%20victim%20is%20a%20minor
https://newsroom.ibm.com/Blog-Heres-What-Policymakers-Can-Do-About-Deepfakes#:~:text=Policymakers%20should%20create%20strong%20criminal,the%20victim%20is%20a%20minor
https://newsroom.ibm.com/Blog-Heres-What-Policymakers-Can-Do-About-Deepfakes#:~:text=Policymakers%20should%20create%20strong%20criminal,the%20victim%20is%20a%20minor
https://newsroom.ibm.com/Blog-Heres-What-Policymakers-Can-Do-About-Deepfakes#:~:text=Policymakers%20should%20create%20strong%20criminal,the%20victim%20is%20a%20minor

History Notes.

I’'m gonna talk about times from the 1990s all the way to the 2010s here. Of course there were
progressive thoughts in society in 1970s and even 1930s when people were massively
implementing polyamory relationships, going from traditional family and marriage to open
relationships etc., but times from 1990s is the times when first queer-community started forming,
first trans people were beginning to realize themselves, speaking openly about it and society
were moving to more acceptance of the idea that no one would tell you who you are.

1990s.

Country is in the ruins, people have lost the spark of the 30s with the idea of building an ideal
state, people are tired of life behind the Iron Curtain and they are eager and terrified of a future
with a new hastily assembled government, the rise of banditry, enormous inflation and access to
the global economy. In those environments where there’s no law prohibiting your non-standard
appearance and society that is sick of conservative culture, people started to talk about taboo
topics like sexual orientations, multiple marriages, ideas about themselves being more important
than others etc. in public in a neutral and not passively hostile way. | have several stories from
people who were trans youths in 1990s and they all described their experience as “people
around have more important things like survival to care about than you being trans, only thing
that matters is that you being ally to them”, this attitude has led to greater acceptance of
transgender people to the point that many have been able to come out to family or friends. Also
necessary to note that there were catastrophic problems with banditry and not passing
appearance or bright clothes might lead you to be robbed, beaten or even killed, but it was the
same even for cis people cause everyone was suffering from it.

2000s.

Transgenders lives in Russia are very politicized, so | can’t describe society in the 2000s and
further without talking about politics of that time. After 90s disastrous crisis politicians in russia
started to propagandize ideas of bright new european state who could be economically stable
and prosperous, people believed it and that’s how party of “united russia” came to control of the
country, most of people who still voting for them is those who remember banditry crisis and lack
of rights protection in 90s, they remember that it was after they thrown up previous government
and they are too scared to repeat it even now, so typical normie of ages older than 30 y.o. would
do everything that implies his safety and stable life. Long story short, 2000s were a time of
prosperity, calm and rise of trans-community in russia cause of law protections for trans people,



right to have gender-affirming operations and hormone replacement therapy and ability to
change gender marker in all the documents people could have, cause of “europezation” trend
trans people were most likely to be met with positive attitude at mass media.

2010s.

The decline in the rights of the LGBT+ community began around 2008, when Dmitry Medvedey,
who was famous for his homophobic statements, was elected. Due to the stagnation in terms of
achieving the “Europeanization” of the country, the state needed a universal enemy for the
people, to whom their discontent could be directed. Since the beginning of 2008, gays became
such people, official media began to focus on if the perpetrator of any crime was gay. In 2013, a
law was passed “prohibiting LGBT propaganda among children”; it was the first law directed
against the LGBT community and with its help it was possible to bring any activist to prison.
Later, by 2014, state-owned and paid media began to form a hateful image of the Western
LGBT community, which strives to change the strong traditional family into “parent one” and
“parent two”, make everyone gay and lesbian, and so on and the public began to perceive the
LGBT community more as a joke than a real phenomenon. Those who were really influenced by
the change of opinion in the media were the radical right, as well as the older generation of
people.

Recent Events and Current State of
LGBTQI+ People in Russia.

My full self-awareness happened in 2016, when a transmasculine friend of mine came out to me
and that’s how tough parts of our lives began, | remember very well how homophobic jokes
were part of our class's vocabulary at the time, and how over the course of a couple of years
they became more aggressive and already expressed disgust. In general, | was already faced
with ridicule at school because of the length of my hair and my feminine style of wearing a male
school uniform with an untucked shirt, so neither | nor my friend could even think about coming
out or wearing more gender-affirmative clothing, ridicule and aggression from our classmates as
well as charges for our parents from school administration could be received for much less
noticeable things.

Left without acceptance from society, we began to wait and learn about ourselves, about how
other people went through the same path as us and began to prepare plans to leave the country
in the future, when we grow up. Then several significant events happened, which also affected
the trans community in Russia as a whole, the first was public unrest due to Alexei Navalny, an
opposition politician who spoke out against the current government and indirectly supported
LGBT+ people, the unrest gathered hundreds of thousands of people across the country on the



streets of cities, but were unsuccessful and only led to even greater repression of dissent in the
country. The next event was the mass blocking of trans-friendly activist organizations' websites
and personal blogs of trans activists, which occurred from about the end of 2020 to the
beginning of 2022 under the law on preventing LGBT propaganda among children, this made
obtaining information about transgenderism almost impossible for many people who needed it
and completely stopped the coverage of the transgender issue in society, from that moment on
there was only one source of information about transgender people - state or purchased media.

Before the war, the safety of trans people was not protected in any way, they could not be who
they were, only in some passing way that would not arouse suspicions about the transgender
person, without this they could easily face ridicule, bullying, threats or even violent actions
against them, it was impossible not to be afraid to be yourself.

After the war, we were considered traitors, people who were influenced by hostile propaganda
from outside the pub and now we have become its last carriers, since the only way to block us,
unlike websites on the Internet, is to kill us, which no one can afford to do. This attitude led to
mass suicides among trans people here. Many could not cope with the lack of support from
society and pressure from the state.

Then came new laws, first at the end of 2022 the law banning LGBT propaganda among
children was expanded to a complete ban on LGBT propaganda. Second followed the
recognition of a non-existent LGBT organization as extremist, the display and storage of any
LGBT+ symbols was equated with support for terrorism or with the fact that a person is a
terrorist if they consider themself involved in the movement. The third was a complete ban on
transgender transition and the provision of any medical care aimed at changing a person's body
to a different gender; doctors faced prison and fines for such things for terms much longer than
those given for murder; this ban hit the hardest.

In such conditions, my transmasculine brother, as | used to call him, and | had to maintain a
balance between pandering to the regime and surviving gender dysphoria. School was a
cakewalk before the war, after the war, they introduced so-called "conversations about important
things," weekly lessons where the state not covertly but openly and directly broadcast patriotic
propaganda of traditional values, refusal of abortions, instilled the idea that one must give one's
life for the motherland at the front because of the Western threat of evil people who want to take
our families away from us. Another “innovations” were the patriotic raising of the flag at the
beginning of the week, marching, and the inclusion of patriotic sections in the OBZH (basics of
life safety) lesson program, such as preparation for survival in conditions of radioactive
contamination, memorizing military regulations, and disassembling and assembling a
Kalashnikov assault rifle (I'm not kidding, everyone who went to school here, at least once
disassembled one).

Besides studying, my brother and | always had to work because of our families' financial
situation and to have enough money when it would be possible to leave the country. As
expected in hard jobs, like a food delivery courier in a place like Siberia, no one will care about



your appearance, because it is hidden most of the time behind a warm jacket or when not
(mostly in summer), people do not have enough time to contact you to tell you something, they
rather prefer a dismissive look to an open claim. On the other hand, my brother, who worked
almost exclusively behind the counter or behind the bar in cafes, restaurants, bars, was always
discriminated against because of his non-passionate appearance, and visitors mostly
sexualized him and tried to pester him against his will.

To this day, in 2025, | and many other trans girls cannot leave this country, for the state we are
men, and men in this country must serve in the army, which in itself is incredible stress and |
know examples before the war when girls could not survive it, but now it means being sent to
frontline territories or even directly to the front, and without this, none of us will be allowed to go
abroad, we will be stopped there and forcibly taken to the recruiting office, which means we are
stuck here and the only thing left for us is to wait for change and hope for the best, trying to
survive and not go crazy in the process due to pressure from the state and disgust from the
people around us.



Magnetocaloric Cooling and Thermomagnetic Energy Recovery
for Data Centers

Tuhin Sarkar

Abstract

This paper presents the development of a novel integrated system that combines magnetocaloric
cooling with thermomagnetic energy recovery, designed specifically for data center applications. The
proposed technology leverages the magnetocaloric effect to provide efficient solid-state cooling
while simultaneously recovering waste heat through thermomagnetic generation. This dual-purpose
approach addresses two critical challenges in modern data centers: reducing cooling energy
consumption and recovering low-grade waste heat. As data centers continue to consume increasing
amounts of energy, particularly with the rise of Al workloads, this solid-state cooling and energy reuse
system offers significant advantages over traditional cooling methods. Implementation of
magnetocaloric technology could reduce cooling energy demands by approximately 50% while
simultaneously recovering 20-30% of waste heat as usable electricity, moving data centers closer to
unity Power Usage Effectiveness (PUE). The paper details the scientific principles, system architecture,

development plan, and expected performance metrics for a prototype demonstration system.

1. Introduction and Background

1.1 The Data Center Energy Challenge

Data centers represent a significant and growing portion of global energy consumption. In the
European Union alone, data centers consumed approximately 76.8 TWh in 2018, with projections
indicating this figure could double by 2030 due to increasing Al workloads. While industry leaders
have focused on renewable energy adoption and improved cooling techniques—exemplified by
Google's carbon-free energy commitment and Microsoft's underwater data center experiments—

fundamentally new approaches are needed to address this escalating energy challenge.

1.2 Principles of Magnetocaloric Cooling

Magnetocaloric cooling utilizes the magnetocaloric effect (MCE), wherein a ferromagnetic solid
experiences temperature changes when subjected to varying magnetic fields. Specifically, under
adiabatic conditions, the material heats when magnetized and cools when demagnetized. This
phenomenon forms the basis of a refrigeration cycle that eliminates conventional refrigerants and

mechanical compression.

In practice, a magnetocaloric material (MCM) such as gadolinium or La—Fe-Si alloys undergoes a cyclic
process of magnetization and demagnetization. During magnetization, the MCM's temperature rises,
allowing heat to be transferred to a hot heat exchanger. When the magnetic field is removed, the

MCM cools and absorbs heat from a cold reservoir, which in our application would be the data center



environment. This approach, known as active magnetic regeneration, effectively replaces the

traditional vapor-compression cycle used in conventional cooling systems.

Unlike liquid cooling loops that circulate water or glycol, a magnetocaloric system requires only a
magnetic field and heat exchangers, significantly reducing mechanical complexity. In our proposed
implementation, server racks would be cooled by circulating air or liquid across a magnet-based heat
exchanger, driven by compact permanent magnets and controlled by power electronics.

1.3 Thermomagnetic Energy Recovery

Complementing the cooling function, thermomagnetic generation (TMG) offers a method to recover
waste heat by exploiting temperature-dependent changes in magnetization. In a TMG, the
magnetization of the MCM decreases dramatically near its Curie temperature; this changing magnetic

flux through a surrounding coil induces electrical current according to Faraday's law of induction.

This mechanism enables direct conversion of low-grade waste heat (typically 30-80°C) into electrical
energy without requiring moving mechanical parts. Theoretical studies have shown that ideal TMG
efficiency can reach approximately 55% of Carnot efficiency, making it particularly promising for
lowgrade heat recovery applications. The integration of magnetocaloric cooling with thermomagnetic
energy recovery creates a system that provides solid-state cooling while simultaneously harvesting

waste heat.

Beyond cooling capabilities, magnetocaloric materials can also recover waste heat. By designing a
regenerative cycle, heat absorbed during demagnetization can be fed into a thermomagnetic
generator to produce electricity. This process functions similarly to an organic Rankine cycle (ORC)

but uses magnetic entropy instead of liquid evaporation.

Laboratory studies suggest thermomagnetic generators could achieve 30-60% of Carnot efficiency—
an order of magnitude higher than typical ORC systems. For comparison, conventional ORC modules

using pentane or isopentane typically yield only 3-7% efficiency from data center waste heat.

2. System Components and Architecture

2.1 Core Components

The proposed prototype system consists of several key components:

e Magnetic Field Source: Permanent magnets (e.g., NdFeB blocks) or electromagnets generate the
strong, alternating magnetic field required to drive the magnetocaloric effect. These are often
arranged in a Halbach array configuration or as a rotating magnet assembly to optimize field
strength and distribution.

e Magnetocaloric Refrigerant: Materials exhibiting strong magnetocaloric effects near room

temperature serve as the working medium. Suitable materials include gadolinium (Gd), Gd-based



alloys, or La—Fe-Si compounds. These solids function as the working "fluid" in the solid-state

cooling cycle.

¢ Heat Exchange System: Cold and hot heat exchangers (typically metal blocks with embedded
microchannels) connected to closed-loop fluid circuits (water/antifreeze) transfer heat between
the
MCM and the respective thermal reservoirs. The cold loop simulates data center heat load while
the

hot loop rejects heat to the ambient environment or a radiator. DC pumps circulate the heat

transfer fluids.

¢ Control System: A microcontroller (e.g., Arduino) sequences the operation cycle, controlling
actuators that move the MCM in and out of the magnetic field and switching valves between hot
and cold loops. Temperature sensors (thermocouples) at critical interfaces provide feedback to the

controller.

¢ Energy Recovery System: Either a coil wound around the magnet/MCM arrangement or
thermoelectric generators (TEGs) mounted on the hot exchanger harvest electricity from the
changing magnetic flux or heat flow, respectively. In the TMG configuration, the coil captures

electromagnetic energy from the changing magnetization of the MCM.

o Instrumentation: Current/voltage sensors, flow meters, and data-logging interfaces measure and

record system performance parameters for analysis and optimization.



2.2 Conceptual System Architecture
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Conceptual prototype of a magnetocaloric cooling cycle with integrated thermomagnetic energy
recovery. A magnetocaloric block (green) is cyclically magnetized by a moving permanent magnet
(grey), alternately heating and cooling it. Hot (red) and cold (blue) fluid loops carry heat away to
ambient or to the data center. A coil (copper) around the cycle converts the changing magnetic flux
into electricity.]

In operation, magnetizing the refrigerant raises its temperature (heat sent to the hot exchanger), then
demagnetizing cools it (absorbing heat from the cold exchanger). The changing magnetization also

induces a voltage in the coil, yielding waste-heat-to-electricity generation.
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3. Development Plan

The prototype development is structured in five sequential phases:

3.1 Magnetocaloric Cycle Bench Test

This initial phase involves procuring a small MCM sample (e.g., a gadolinium block) and strong
permanent magnets. A test jig is constructed to allow manual or actuator-driven insertion and
removal of the MCM into the magnetic field gap. Thermocouples measure the adiabatic temperature
change during magnetization and demagnetization cycles, verifying the basic magnetocaloric effect

of the material and validating the magnetic field strength.

3.2 Heat Exchange Integration

The second phase focuses on building the cold and hot fluid loops with miniature heat exchangers.
The



MCM is mounted in one exchanger with valves and flow channels arranged to alternate fluid flow over
the MCM, mimicking an active regenerator configuration. Two tanks serve as hot and cold reservoirs,
with DC pumps circulating water or glycol through the system. Heat transfer rates and temperature
spans are measured by flowing ambient water (room temperature versus heated) through the loops,
confirming heat pumping capability when the MCM undergoes magnetic field cycling.

3.3 Motion Control and Automation

In this phase, the magnet and/or MCM assembly is mounted on a mechanical actuator (linear slide or
rotating wheel) controlled by the microcontroller. A timing sequence is programmed—for example,
10 seconds of magnetization (hot-heat dump) followed by 10 seconds of demagnetization (cold-heat
absorption). Valve operation is synchronized so that hot fluid flows only during magnetized phases
and cold fluid during demagnetized phases. The microcontroller logs temperatures and ensures
operational safety. The complete refrigeration cycle is tested, and the net cooling effect (temperature

difference between inlet and outlet) is measured.

3.4 Thermomagnetic Energy Harvesting

A coil is wrapped around the magnetic circuit or the moving MCM block and connected to an
electrical load or data logger. During the heating/cooling cycle, the induced voltage and current are
recorded. Alternatively, thermoelectric modules may be mounted on the hot exchanger to convert
waste heat to electricity. Power output is characterized, with expected induced currents in the range
of 10~-5 to 107-4 A (tens to hundreds of pA) for laboratory-scale tests.

3.5 System Testing and Iteration

The final development phase involves continuous operation of the fully integrated system.
Performance parameters are measured against theoretical expectations, and component tuning is
performed through iterative adjustments to cycle timing, fluid flow rates, and magnetic gap

dimensions to maximize cooling power and electrical output.

4. Performance Metrics and Expectations

The prototype system will be evaluated using several key performance metrics:

4.1 Temperature Span (AT)

The steady-state temperature difference between the cold and hot heat exchangers will be measured.
Based on similar prototypes, expected temperature spans range from 5 to 20 K, depending on cycle

speed and material properties.

4.2 Cooling Power and Coefficient of Performance

Cooling power will be estimated by measuring heat removal in the cold loop (flow x specific heat x
AT).



Even modest cooling power of a few watts would demonstrate feasibility for the prototype. The
Coefficient of Performance (COP) is calculated as the ratio of cooling power to electrical work input
for pumps and actuators. Theoretical magnetocaloric cycle COP can approach approximately 50% of
Carnot efficiency (=0.5-T_cold/AT), though the prototype may achieve a lower value (typically COP of
1-3 in demonstration systems).

4.3 Electrical Output

The induced voltage and current from the coil or thermoelectric generator will be measured.
Published tests report peaks of approximately 0.1-0.2 V and 10~-5-10~-4 A for small gadolinium-
based devices. With larger material volume, the prototype might generate up to 0.1-1 mW of power.

Both the average recovered power per cycle and overall energy recovered will be reported.

4.4 Energy Savings

Prototype energy consumption will be compared against a baseline system (e.g., a resistive heater or
small compressor chiller). The U.S. Department of Energy has estimated that magnetocaloric systems
could reduce cooling energy by approximately 20-25% relative to vapor-compression systems.
Research from Virginia Commonwealth University (VCU) has demonstrated that prototype
magnetocaloric chillers have shown approximately 50% lower energy consumption compared to
conventional units. While the bench model will not be optimized for efficiency, projections will be
made for how a full-scale implementation might reduce energy consumption in data center

applications.

4.5 Data Logging

Key parameters to be continuously logged include temperature gradient across the MCM, fluid
inlet/outlet temperatures, flow rates, input power to pumps/actuators, induced voltage/current
waveforms, and cycle frequency. These data will quantify system performance and identify energy

losses.

5. Key Benefits and Impact

5.1 Dramatic Efficiency Gains

Solid-state magnetic cooling can reduce cooling power requirements by approximately 50%
compared to conventional chillers. When coupled with waste-heat recovery, the overall Power Usage

Effectiveness (PUE) could approach unity—the theoretical ideal for data center efficiency.

5.2 Elimination of Harmful Refrigerants

Magnetocaloric systems operate without ozone-depleting or high Global Warming Potential (GWP)
gases. This significantly reduces environmental risk and regulatory compliance burden compared to

traditional air conditioning or direct expansion cooling systems.



5.3 High Energy Reuse

Thermomagnetic conversion can capture a substantial fraction of low-grade heat for electricity
generation. Even a conservative recovery rate of 20-30% of waste heat would proportionally reduce

net energy consumption.

5.4 Reduced Moving Parts

With fewer mechanical components (using magnets and valves instead of compressors), maintenance
requirements and failure modes are substantially reduced. This contributes to longer system lifetimes

and improved reliability, supporting better data center uptime.

5.5 Synergy with Advanced IT Hardware

While our focus is on cooling infrastructure, this approach complements emerging hardware trends.
For instance, neuromorphic and photonic accelerators promise significant computation energy
savings. A magnetocaloric infrastructure would maximize their impact by reducing the energy

overhead of support systems.

6. Comparison to Conventional Methods

6.1 Versus Air Cooling

Traditional air-handler systems consume approximately 20-30% of data center power just for fans and
compressors. Our proposed solid-state cooler would use significantly less auxiliary energy, with VCU

reporting approximately 50% reduction.

6.2 Versus Liquid Cooling

Direct liquid cooling offers some power savings but still relies on chillers. Magnetocaloric technology
eliminates the chiller entirely and can operate with higher thermal lift, enabling it to outperform even

water-cooled setups.

6.3 Versus ORC/Heat Reuse

ORC units operating on exhaust heat typically achieve single-digit efficiencies. Thermomagnetic
conversion (our proposed approach) promises several times greater efficiency, converting more waste

heat into usable power.

6.4 Versus Renewables or Al Scheduling

Powering data centers with renewable energy or implementing smarter task scheduling are important
strategies, but they do not reduce the fundamental cooling load. Magnetocaloric cooling directly
reduces energy consumption and monetizes waste heat, lowering demand before renewable energy

sourcing or load management strategies come into play.



7. Challenges and Future Work

Several technical challenges must be addressed in the prototype development:

e Magnetic Field Requirements: High-performance MCMs typically require strong magnetic fields,
making magnet cost and size significant factors. This challenge will be mitigated through the use
of high-grade NdFeB magnets and optimization of the air gap.

e Heat Transfer Efficiency: Heat transfer to and from the solid refrigerant can be relatively slow.
This limitation can be addressed using microchannel heat exchangers or specialized thermal

interface materials.

o Material Selection: The Curie temperature of the chosen MCM must align with the intended
operating range (approximately 290-330 K). If not ideal, future work may explore alternative alloy

compositions.

e Power Recovery Scale: The power recovered by a single TMG stage will be minimal. Scaling up
would require multiple stacked modules or hybridization with other technologies such as

thermoelectrics.

¢ Cycle Control Complexity: Control of cycle timing and fluid routing can be complex; iterative
tuning and possibly the addition of thermal diodes or check valves could simplify flow direction

management.

Future research and development will explore multi-stage or regenerative designs to increase
temperature span, and higher-frequency cycling to improve power density. New magnetocaloric
materials (e.g., La—Fe-Si variants) or composite regenerators may enhance system efficiency. The
project will document all findings, providing a roadmap for solid-state cooling implementation in data

centers.

A phased implementation approach is feasible: beginning with pilot magnetocaloric chillers in
contained zones and gradually scaling to full data halls as operational confidence increases.
Integration with existing DC power infrastructure (which is natively DC at the rack level) and modern

UPS/busbar systems would be straightforward.

Overcoming these challenges through innovative engineering approaches will advance the feasibility
of replacing conventional compressor chillers with an integrated solid-state, waste-heat-recovering
system.

8. Conclusion

The proposed magnetocaloric cooling and thermomagnetic energy recovery system represents a
promising approach to data center thermal management that addresses both energy efficiency and
waste heat recovery. While the initial prototype will be small-scale and focused on proof-of-concept

demonstration, the principles and findings will be scalable to larger installations.



Adopting magnetocaloric refrigeration and thermomagnetic energy harvesting represents a bold,
innovative approach for next-generation data centers. This technology leverages cutting-edge
materials science and heat-engine concepts to achieve a dramatic improvement in efficiency. The
proposal is practicable with ongoing technology development and could be integrated into future

data center deployments.

The solid-state nature of the technology, combined with its ability to recover waste heat, positions it
as a potential contributor to next-generation data center sustainability efforts. When combined with
emerging low-power hardware technologies such as neuromorphic processors and photonic
networks, this cooling approach would contribute significantly to building truly sustainable data
centers—reducing energy consumption, cutting emissions, and converting waste heat into useful

power.
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