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The Evolution of Treatment for Alzheimer's Disease from the Early 2010s to Late 2010s: A
Literature Review

Jungwon Bae
Abstract

Alzheimer's dizsease (AD) iz a progressive neurodegenerative disorder with no known
cure and a rapidly growing impact on global health, This literature review traces the evolution
of AD pharmaceutical treatments during the 20105, focusing on drugs grounded in the
cholinergic, amyloid B (AB}, and tau hypotheses. While cholinesterase inhibitors and
memanting remain the only FDA-approved options throughout the decade, numerous clinical
trials tested new approaches. Most anti-AR and anti-tau drugs failed due to toxicity or
ineffectiveness, but compounds like Edaravone and 5el5 showed emerging promise in the late
2010s. These developments reflect a gradual shift toward diversified and multi-targated
treatment strategies, signalling potential for future breakthroughs.

Background

Potentially being the most devastating cause of death, Alzheimer's disease (AD) mare
than doubled its death rate from 2000 to 2020 ¥, During 2018-2023, AD ranked sixth in
martality amang causes of death in the US 7). The Diagnostic and Statistical Manual of Mental
Disarders, the fifth edition (D5M-5) characterises AD with two main symptoms: “clear
evidence of decline in memory and learning”™ and “steadily progressive, gradual decline in
cognition, without extended plateaus” . Memory loss, one of AD's most prominent
wymptoms, weakens the patient's Immune system, which may lead to life-threatening
complications 24,

The iliness was discovered by Alois Alzheimer, in his case study of a woman with atype
of dementia that exhibited abnormal brain tissue changes 3, Degpite more than a century
passing since its first proposal in 1507, the exact causes and mechanisms of the illness remain
unknown. One of the initial explanations of the disease, by Jobhn A Hardy and Gerald A,

Higgins in 1992, was that accumulation of the amyloid B [AB] protein "is the causative agent
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of Alzheimer's pathology and that the .. dementia follow([s] as a direct result of this
deposition” '8, This theory had been largely disproven, however, due to a poor correlation
between the AP concentration and parameters of AD pathology PUEHZN An alternative
theory is the tau hypothesiz, which argues that excess phosphorus in tau proteins inhibits
their binding to microtubules, thus causing a “disruption in axonal transport, ultimately
leading to demeantia and neuronal death™ 1l Another is the chalinergic theary, which posits
that a lack of production and tramsportation of the neurotransmitter acetylcholine
contributes to AD development %), In this paper, the evolution of pharmaceutical treatment
tor the symptoms of AD concerning the three aforementioned theories during the 2010s will
be examined.
Methodology

The literature was gathered wvia ISTOR and PubMed. For more relevant results,
keywords "Alzheimer,” “drug.” “pharmac®.” “treat®,” and “medic*” were utilised, and a filter
was used to narrow the range to articles published from 2010 to 2025, Only PubMed articles
with free complete access were incorporated, due to the lack of access on the researcher's
part. Selected articles have a specific focus on certain types of medication (e g. cholinesterase
imhibitars), while articles covering a wide range of medications were excluded, considering
the cbjective of this literature review. The articles were checked for reliability based on their
authority, objectivity, accuracy, and relevance. The date of publication was only taken into
consideration as a grouping criterion, since outdated sources can still provide usable
information for & chronological literature review.

Thematic analysis was used to identify trends for each time period. Articles were
grouped by the year of publication into 3 categories: early 20103 (2010-2013), mid-2010s

{2014-2016}, and late 2010s (2017-2013). Then, the main drugs mentioned were identified
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and studied. Aftarwards, the findings of the articles were compared within their categories.
Lastly, the results were organised chronologically to identify the differences in the
researchers’ focus for each period.
Results

By the early 2010s, the effects of acetylcholine esterase inhibitors {cholinesterase
inhibitors) such as donepezil, galantamine, and rivastigmine were reparted to be "modest and
transient,” although a combination with other drugs could improve their performance I B7,
MNonetheless, they remained the only type of AD drugs approved by the FDA to be prescribed
with memantine, an NMDA antagonist, proving the predominance of the cholinergic theory
in the field. Regarding new drugs, however, the AP theory seemed to focus on drugs that
reduce AP polypeptides, potentially due to the lack of evidence of cholinesterase inhibitors
baing a capable cure [V, Examplas include y-sacratase inhibitor, which reduces AP production
from y-secretase ¥, Although it seemed to ameliorate the chemical changes caused by AD,
researchers later discovered that its side effects worsened the patients’ cognitive deficits,
thus halted the clinical trials 18] Cansequently, it is logical ta conclude that the researchers
struggled to develop drugs centred around the AR theory in the early 2000z, Explorations of
other theories — such as the tau hypothesis — had seen an increase, potentially due to this
difficulty. Multiple clinical trials took place but vielded squivalent results to anti-A3 drugs.
Most drugs, such as lithivm and methylens blue, ended up being either overly toxic or
ineffective [ 1l Nonetheless, a small growp of drugs, such as davunetide, showed
improvements in the patients” brains, providing a pathway for future researchers to further
investigate the tau theory 12,

Even by the mid-2010s, there had not been significant progress in the development of

new drugs. Cholinesterase inhibitors and memantine remained the only classes of drugs with
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therapeutic effects for AD, Due to such reasons, some researchers started pioneering other
types of drugs, such as antidepressants and antipsychotics. However, most proved ineffective
except for cholinesterase inhibitors 1'%, While the amyloid theory had been nearly disproven
at this point, it was a common notion that the AR polypeptide takes part in the development
of AD to a certain extent. Therefore, some continued to study anti-Ap drugs like Edaravone
13121] | Edaravrone’s capability of alleviating the cognitive deficits — instead of inadvertently
worsening them — marks a crucial difference compared to previous anti-AR drugs,
demonstrating a notable improvement since the early 2010s. Clinical trials were run to study
anti-tau medications, but many of them, including LMTM and tideglusib, were not found to
be effective 13150,

Major groundbreaking progress in the pharmaceutical treatment of AD was made in
the late 2010s. Edaravone was ultimately approved by the FDA in 2017, and several other
chimical trials for newly developed drugs (e.g., LMTX, Zolpidem, etc.) occurred based on
multiple theories, including the tau hypothesis and the AR hypothesis ", Among them,
selenoprotein 5 [5el5) was found to be effective in reducing phosphorylation of tau, which
signalled hope assuming the tau theory. Lithium was tested again to inhibit glycogen synthase
kinase 3f, “an enzyme that phosphorylates tau® '), Studies from earlier periods suggested
that it is excessively todic as AD treatment, therefore researchers addressed the concern by
adhering to a small dose %, However, due to such measures, the study found the dosage
insufficient for observable effects. This calls for further studies regarding healthy doses of
lithium, as it remains a potential medication for AD treatment. Other tau aggregation

inhibitors, such as LMTM which was re-sxaminad, have been mastly unsuccessful. Regardless,

the few cases of success set the period apart from the mid-2010s 127,
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Conclusion

Although no curative treatment for Alzheimer's disease has been discovened, the past
decade has reflected significant progress in understanding its pathology and developing new
pharmacedtical approaches. The cantinued rellance on ehalinesteraze inhibitors underseares
the limitations of current treatments, but recent advancements — such as Edaravone’s
approval and encouraging results from tau-targeting compounds — suggest growing potential
in alternative strategies. These findings highlight the need for multi-theoretical and
combination-based approaches that address the disease’s complexity, Future research should
prioritise refining dosage safety, enhancing drug delivery systems, and integrating biomarkers
for early diagnosis, with the long-term goal of moving beyond symplom management and

toward disease-modifying therapies.

wiwwLyoungsclentistsjournal. com




References

1. Agarwal, Mugdha, Mohammad Rizwan Alam, Mohd Kabir Haider, bMd. Zubbair
Malik, and Das-Kwang Kim. 2020. "Alzheimer's Dissase: An Overview of Major
Hypotheses and Therapeutic Options in Nanotechnology.” Nanomaterials 11 (1):

59, https://dol.ong/10.3390/nano11010059.

2. Albert, M. 5., L 1. Bain. D. A. Bennett, K. Blennow, and K. Broich. 20132.
Alzheimer's Disease: Modernizing Concept, Binlegical Diognasis and Therapy.

Edited by Herald Hampel and Maria C Carrillo. Basel: New York: Karger, Cop,

3. Alzheimer, A, R A Stelzmann,. H N Schnitzlein, and F R Murtagh. 1935, “An English
Translation of Alzheimer’s 1907 Paper, ‘Uber Eine Eigenartige Erkankung Der
Hirmrinde,"" Clinical Anatomy (Mew York N.Y.) B [B): 4289-31,

hitps://doi.org/10.1002/ca 960080612,

4, Alzheimer's Association, 2025, “Alzheimer’s [Disease Facts and Figures,”
Alzheimer's Association, https:/ fwww.alz.org/getmedia’ef8f48f9-ad36-48=a-
BT9-b74034635c1e/ alzheimers-facts-and-figures.pdf.

5. American Peypchiatric Association, 2013, Diognostic and Statistical Monuo! of

Mental Disordaers. 5th ed, Boston: Pearson,

6. Bertram, Lars, Christina M. Lill, and Rudolph E. Tanzi. 2000, “The Genetics of
Alzheimer Diseasa: Back to the Future.” NMeuron 68 (2): 270=81,
hitps://doi.org/10.1016/). neuron. 2010.10.013.

7. Centers for Disease Control and Prevention. 2025, "Underiying Cause of Death,

2018-2023, 5ingle Race." COC Wonder. 2025,

hitps:/fwonder.cdc gov/controller/datarequest /D153,

wiwwLyoungsclentistsjournal. com




2, Chinthapalli, Erizhna, 2014, “Alzheimer's Disease: Stll a Perplexing Problem.”

BAI- British Medicol Journol 349, https:/ /'wwwjstor.org/stable/26516517.

9. Citron, Martin, 2010, "Alzheimer's Disease: Strategies for Dsease Modification,”

Nature Reviews Drug Discovery 9 {51 387-98_ https://dol.org/10. 1038/ nrd 2896,

10. Cummings, Jeffrey, Garam Lee, Aaron Ritter, and Kate Zhong. 2018, "Alzheimer’s
Disease Drug Developmant Pipeline: 2018." Alzheimer's & Dementia;
Translational Reseorch & Clinical Interventions 4. 195=214.

https://doi.org/10.1016/).trci. 2018.03.009.

11. De Strocper, Bart, Robert Vassar, and Todd Golde. 2010, "The Secretases:
Enzymes with Therapeutic Potental in Alzheimer Disease.” Nature Reviews

Neurology 6 {2}: 99-107. https://doi.org,/10.1038/nrneural. 2009.2 18.

11. Duthie, Ashleigh C, Lidy van Aalten, C F Macdanald, Alison D McNelly, Jennifer
Gallagher, lohn Geddes, Siman Lovestone, and Calum Sutherland. 2019.
“Recruitment, Retainment, and Biomarkers of Response; a Pilot Trial of Lithium in
Humans with Mild Cognitive Impairment.” Frantiers In Moleculor Newrosclence

12 (June). https://doi.org/10.3389/fnmol.2019.00163.

13. Forlenza, Orestes V., Breno 5, Diniz, Marcia Radanavic, Franklin 5. Santos, Leda L
Talib, and Wagner F. Gattaz. 2011, "Diseasa-Modifying Properties of Long-Term
Lithium Treatment for Amnestic Mild Cognitive impairment: Randomised
Controlled Trial,™ British Journal of Peychiotry 198 [5): 351-56.

https://doi.org/10.1192/bjp.bp.110.080044

14. Gauthier, Serge, Howard H Feldman, Lon 5 Schneider, Gordon K Wilcock,
Glovanni B Friseni, Jiri H Hardlund, Hans J Moebius, et al. 2016, "Efficacy and
Safety of Tau-Aggregation Inhibitor Therapy in Patients with Mild or Moderate

#lzheimer’s Disease: A Randomised, Controlled, Doublz-Blind, Parallel-Arm,

wiwwLyoungsclentistsjournal. com




Phase 2 Trial.” The Loncer 388 {10062): 287384, https://dol.org/10.1016/50140-
6736(16)31275-2,

15. Hampel, Harald, Michael Ewers, Katharina Blrger, Peter Annas, Anette Mértherg,
Anna Bogstedt, Luts Frofich, et al, 2009, "Lithium Trial in Alzheimer's Disease: A
Randomized, S5ingle-Blind, Placebo-Controlled, Multicenter 10-Week Study.” J
Clin Peychiatey 70 [6). httpsy fwww. psvehiatrist.com,/wp-
contant/upleads/2021/02/14666_lithium-trial-alzhe imers-disease-randomized-

singhe.pdf

16. Hardy, )., and G. Higgins. 1952, "Alzheimer's Disease: The Amyloid Cascade
Hypothesis.” Sclence 256 |5054): 184-85.
https://doi.org/10.1126/science. 1566067,

17. Huang, Yadong, and Lennart Mucke, 2012, "Alzheimer Mechanizms and
Therapeutic Strategies.” Cell 148 (6): 1204-212,
https://doi.org/10.1016/j.cell.2012.02.040

1E. liao, ShuSheng, Xiuling Yao, YuHui Liu, QingHua Wang, Fan Zeng, lianjun Lu, lia
Liu, &t al, 2015. “Edaravone Alleviates Alzheimer's Diseasetype Pathologies and
Cognitive Deficits." Proceedings of the Matianal Academy of Selences af the

Linited States of America 112 (16): 5225=-30. https://dol.org/10.2307/264623 38,

149, Kales, Helen C, Laura M Gitlin, and Constantine & Lyketsos. 2015, “Assessment
and Management of Behavioral and Psychological 5ymptoms of Dementia.” B

British Medical Journal 350. https://www.[stor.org/stable/26520133

20. Lovestone, Simon, Merce Boada, Bruno Dubois, Michae! Hull, Juha O. Rinne,
Hans-lurgen Huppertz, Migeel Calero, et al. 2015, “A Phaze |l Trial of Tideglusib in
Alzheimer's Disease.” Journal of Alzheimer's Disease: JAD 45 (1) 7588,
https://doi.orgf10.3233/IAD-141959.

wiwwLyoungsclentistsjournal. com




21. Morris, Gary P, lan A Clark, and Bryce Vissel. 2014, “Inconsistencies and
Controversies Surrounding the Amyloid Hypothesis of Alzheimer’s Disease.” Acta
Neuropathologico Communicalions 2 (1), https://doi.org/10.1186/5804 78-014-

0135-5.

22. Neve, Rachasl L., and Nikolaos K. Robakis. 1998, “Alzheimer's Disease: A Re-
Examination of the Amylold Hypothesis.” Trends in Neurosciences 21 (1): 15=19,

https://doi.org/10.1016/50166-2236(57}01168-5.

23. Ricciarelli, Roberta, and Ernesto Fedele. 2017, “The Amyloid Cascade Hypothesis
in Alzheimer's Disease: H's Time to Change Our Mind.” Current
Neuropharmacology 15 (&),
https://dol.org/10.2174/1570155x15666170116143743,

24, Rosenzweig, Andrew, 2022, "Causes of Death in People with Alzheimer’s
Disease.” Verywell Health, August 17, 202
https:/fwwwoverywellhealth.com/what-causes-death-in-people-with-alzheimers-

disease-98215,

25, 5chneider, Lon 5., F. Mangislasche, M. Andreasen, H. Feldman, E. Giacobini, R.
lones, V. Mantua, et al, 2014, “Clinical Trials and Late-5tage Drug Development
for Alzheimer's Disease: An Appraisal from 1984 to 2014." Journgl of Internal

Medicing 275 (3): 251=83. https://doi.org/10.1111/joim.12191.

26. Schor, Nina F. 2011. "What the Halted Phase Il y-Secretase Inhibitor Trial May
lor May Mot} Be Telling Us.” Annals of Neurology 89 (2): 237=38,
https://doi.org/10.1002 fana.22365.

27. Wilcack, Gordon K., Serge Gauthier, Giovanni B. Frisani, Jianping lia, Jiri H.
Hardiund, Hant ). Maehivs, Peter Bentham, et al. 2017. "Potential of Low Doze
Leuco-Methyithioninium Bis {Hydromethanesulphonate) (LMTM] Monotherapy

for Traatment of Mild Alzheimer's Disease; Cohort Analysis as Modiflad Primary

wiwwLyoungsclentistsjournal. com




Outcome in a Phase Il Clinical Trial.” Journal of Algheimer s Disease 61 (1): 435

57. https://doi.org/10.3233/jad-1 70560,

2 wiwwLyoungsclentistsjournal. com




Nanobots in Reconstructive Surgery: Advantages and Ethical Challenges
Eman Fatima Ghani

Abstiract:

This research addresses the questton of whether nasobots will be the funme of reconsimICEve surgery
A combined approach was used: my survey, which was answered by plastic o robofic surgenis with
questions on thewr views of nanobots being used in healtheare, and analyane secondary souwces
acadenic joumals, grey literature and <ife< of relevant orgamisations. The primary data suggested that
with robuest guidelines i plice 1o solve potenhial issues, nanobots could be o great asset; the secomdary
copfinued that panobois have the potential to unprove the cument praciices; however, there ane
vanons factors that nnist be considered. To conchude. nanobots are comtroversial vet ughly effective if
used 10 their full potential. and hence this is important to the question as if we can use them. surgeons
will, and they wall transform the surgical field

Are Manobots The Future of Reconstructive Surgery?

Inir crion:

Reconstruchive sirgery &5 about restonmg body parts dammaged by illness. trmuma. or surgical
opérations, Nanobots are small robotic machines made for specialised tagks like tssue mending and
targeted dig delivery. This shudy exanunes the potential advantages of nanobats i recogstmictve
surgery, as well as any possible health hazards. It also assesses the ethical and practical difficuliies
associnied with the miroduction of naaobois.

Alethodology:

To examine ideas pd moral dilenunas i the developing field of nanobats, this study used an
exploratory and qualitative methodology. 19 plastic and robotic surgeons were surveyed as part of the
pranaey research fo find ot how they sow the potential of panobors, Informnation for tle stady was
also obtnned from grey literature, scholarly jowmals. and the websites of organisations that deal with
reconstructive surgery, nanorobotics, and nanomedicing. A holistic approach was adopted. evalnating
both available data and surgeons’ perspectives on the development of nanobors. For promary data
narrative anabvsis was engploved. and for secondary data. content analysis was used. A reduced sample
size becanse of thue resincnons was one of the linutations, Constdtants with vears of expenence w
relevant fields completed the survey. To evaluate the reliabality of secondary sougces., critern
mchuding authority, currency. objectivity, accuracy, and relevance were nsed.

Resnlis:

My survev results confimned that the surgeons believe that nanobots show pronmse m woud healing
atid perve regeneration, 55 ey would make the process more precise and easier. Nanobots cotld have
vital applicatsons, especially for breast implangs, as they conld help make mplants more
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biccompatible, thus baving fewer issues. such as being rejectad by the body or having uowagiied sids
effects. In additon it was suggested thar dmig delivery would be transformed as the process would be
more efficient and precise. However, there are sigmficant problems that need 1o be addressed, such as
patient prvacy betng compronused, acquurng consenl bemng difficult a« panents may not understand
nanobots, unequal distribation may occur for those outside of the WHS due 1o the cost and nanobots
renaining i the body for longer than expected and thes cansing wnexpecied side effects. Furthermore.
if namobots are seng-awtonomous., 1t could challenge bodily control and self-govemance. potentially
mndenmining a patient's atonomy or leading to uncontrollable nanobots, Another participant
suggested that panobots could be weaponssed and pose broader societal nsks that could prevent they
establishment, However, all mswers offered solutions to these problems, such as the wse of dynamic
consent models and selectmg matenials carefully to prevent side effects, Another participant advised
that we nesded strong dam secunty and an equal dismbanon of napoteclmology thirotigh cooperahon
between companies and nations. The creation of interdisciplinary commnuttess was sugzested as away
1o regilate the use of nanobots, to cany out regdar reviews and updates m order to avoud
undermmumng patent autonomy. Thus, the answers generally concludead that they would be happy 1o
use nanobots if there was clear scientific mudance and reconmendation in thewr speciality. with
adequate climcal governance m place

Discussion:

Nanobots could inmensely iinprove reconstrictive surgery by dismmbaing arowth fclors and stem
cells to damaged tissue '™, allowing for faster and more autononons processes. Because there is less
donor nssue available in cases of severe nerve damage. if can be difficult o fill in gaps of more thm 5
it Thas problem can be aveaded wiath clurosan nanofiber mbes, whach promote nerve regeneranon
withowt denor mutanons, Nanofiber mesh nabes demonstrared conparalile effectivensss o
couventional grafis w a ran sciatic nerve model by Wang et al. (2010) withour donor-site rssues Pl
This makes the case for nanobots i the funwe since they have the smne benefits as nanoparticles nnd
miore; they can locare damaged nevrons and go there without the nesd for teswe dopors. resulting in
more accurare ad potent treatments. Moreover, sanotechnology s cumrently nsed m reconstmictive
surgery for breast pnplants. Kvle et al (2015) created nanostruchured PDMS surfaces nsing a A0
grevscale approach. These swifaces pumic the acellular denmal main, reducing inflamumation and
enbiancing fibroblast development ™. Nanotechnology abready nmkes passive implants safer and
brocompatible, ot nanobats could revolutiomise the future by regenerating nataral breast tissue vsing
stem cells. This non=synthetic implant would be safer and have fewer side effects. making it a step
beyond traditional implants. Furthermore, nanobots conld also enhance drig delivery. Ma et ol (2015)
demonstrated poteniial for precise doig admimistration by doubl mgd.irfmmn over nop-otile particles
wsing a self-propelling Janus nanomotor ™ This proves that nanobots can merease e efficiency.
mminuse systemic pdverse effects (sich as nausen and fatigue), and lower necessary dosages by
localising rreamment ™ Furthermore, Tian et al. (2007) found thar silver nanoparticles can speed up
wound healing m reconstructive surgery more guickly than sibver sulfadiazme (11 vs. 26.5 days).
Nanotechnology can also create stuan dressings that mimic the extracellolar matnx, control moisture,
release growth hormones, reduce scaming and wrmitation. and combat infiection 1%, This demonstrates
how napoparteles and sman dressmes are already effecnve, bt nanobaots could snlance theu
effecriveness by stunnlating tissue regeneration for wound healing and acting as scaffolds or gmding
cell mugration. This would miake reconstructve singery faster and more efficient. Addinonally. real-
fke mondioring of nanobots could help handle complications, nmkme tlhe dressings more effective
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the future. This could make nanobots a more afficient and effective alfemative to traditional
nanopaticles, Hence, nanobots are positioned as a pronusing futere surgical technagque thanks o thas
antonomons, foctsed approach that improves patient safety nnd canre.

Despite therr benefits. sanobots have drawbacks that mighe prevent them from being used in
recopsimctive surgery, Keyv concems abowt nanotechmology, such as privacy, accessibility, consent
and bealth nsks. were wdeniified 1w a survey of 27 sources fromi 2007 to 2020, For exaimple. patients
may not be aware of the nsks associated with nanoteclhmology due ro the uncertmunties around it,
which makes 1t challenging to get their valid consent FI'T This may make using nanobots in the fumre
unethical. as patient autonomy may be neglected in the absence of appropriate consent. Moreover,
panobots puest iy o be bocompanble. otherwise they could cause tssue damage, arraton o
wimmmological reactions VIUTR According fo a study done by Asclmer ef al (20257 ™ ahimnnann
nanoparncles, which are often foumd in nanobots, can lave harmfinl effects that can resulr i healih
issnes like cancer. birth defects, and respiratory problemns M Ax panent safery comes firdt. the nes of
nanobots i sirgery may not be appropniate i the fumre. Furthenmore, nagobots can track daily
reutmes aud plivsiological changes using amibicial wwelligence and waclhune leprming. whach generaces
vast amoimnts of patient data, Privacy can be comproangsed if thas data s misused by offers, which
ragses concems about mfonuational asviunetry and data nustse. Winle ths mfonnanon mav have
miedical applications, patient privacy 15 at nsk due 1o a lack of ngorous. moral. and safe data
management PE Hence. some argue that namobots should be prolubired in the funee 1o protect
patent privacy, Additiomally. ithe logh costs of namomedicine, partculnly m msurance=based syshems,
restrict affordabulity and lead to unequal access, Global dispanties are mereasmg. according to the
UNESCO Science Report (Brownsword, 2008), with inderdeveloped areas having less access to
nanomedicine in operating rooms ', While nanobots may enbance care, they should not be used if
they cannot benefit all patients equally, as this goes agamst the idea of healtheare as a nmiversal nght.
Hence, it s evident from both the primary and secondary data that if nanobots were to be unlised.
there would be a lot of comtennessires needed.

Conclust
Tor conclude, tls vee of nancbots comes with the issues like health concems. informed conssnt,
ponent prvacy, uneqial sccess, auronoay, and weapomsanon bar with nght measires and regulations
m place e.g the use of dynamic consent models and careful selection of matenals carefully o prevent
side effects, strong data security. equal dismmbution of nanotechnology through co-operation between
companies and nations and the creation of inferdisciplinary conumartees o camry out regular reviews
and npdates 1o rvold undermunmg patent autonomy. nanobots can offer benefits hke more accurate
drug delivery, safer implant procedures, enhanced tissue repair, and quicker wound and bum beahng
Therefore, in my opinici. nanobots are the fiumre of reconstmictive surgery
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How Does Excessive Social Media Usage Disturb Teens' Sleep Quality and Academic
Performance in the 2 1st Century? A Hong Kong Case Study

Melinda Lam

Introduction

Excessive social media use among Hong Kong adolescants has baecome a major public
haalth concern, with strong evidence linking it to sleep deprivation and academic
challenges. Adolescence is a critical period of brain development, marked by significant
changes in the brain's reward system and the prefrontal conex (PFC)—areas
responsible for emotional regulation, decision-making, and cognitive control, These
changes make teens more sensitive o external influences like social media, which can
worsen poor sleep and reduce academic performance,

The Chinese University of Hong Kong (CUHK) reports that 34% of local high school
students fail to achieve the recommended 2 hours of sieep, with 25% sleeping fewer
than 7 hours on weekdays [1]. Similarly, The University of Hong Kong (HELU) found that
using digital devices for over 3 hours daily is strongly associated with gaming addiction
and poorer mantal health [2]. These findings are alarming given the Amarican Acadeamy
of Sleep Medicing's recommendation that teenagers need 8-10 hours of sleep lor
optimal health and cognitive perfarmance [3]

Thiz study examings how excesswve social media use digrupts sleep and academic
peformance among Hong Kong high school students. & survey revealed significant
correlations between prolonged screen ime before bed and three negative oulcomes:
delayed sleep onseat, shorter sleep duration, and poorer academic performance. The
hirchings hughlight the mportance of largeted mlervenlions, such as delayed school start
timas, stricter parental screen-time Limits, and promaoting simpler phones to improve
teens” sleep and focus.

Literature Heview

1} Normal Adolescent Brain Development

+ Reward System
The bran's reward system, which reinforces behawvors by generating pleasure,
plays a key role in motivation, leaming, and habit formation. Central to this
system is the dopaming pathway, which includes the veniral tegmeéntal area
(VTA) and the nucleus accumbens [MAc) (Fig.1). The VTA, located in the
midbrain, produces dopaming and sends signals o the MAC, 4 region that
processes these signals to reinforce rewarding behaviors, Dunng adolescence,
this system becomes highly sensitive, making teens more responsive 1o rewards
and prone to seeking pleasurable activities, including risky behaviors, [4]
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+ Prefrontal Cortex Maturation
The prefrontal cortex (PFC), located behind the forehead, is among the last brain
regions 1o mature (Fig.2), with development continuing into the mid-to-late
twenties [5]. It governs executive functions, such as planning, decision-making,
and impulse control, Because the PFC is still developing in adolescence, teens
are more impulsive and vulnerable to external influences, including social

media.

Pretrontal
ol

2) Social Media Effects on Adolescent Brains

» Reward System: How Soclal Media Hijacks Dopamine Pathways
Excessive social media use (over 3 hours daily [6]) riggers dopamine-driven
reinforcement, conditioning the brain to crave notifications and likes [7].
Algorithmically curated content exploits unpredictable rewards, making
disengagemant difficult. Chronic overstimulation alters brain structure, reducing
gray matter volume (GMV) in areas like the amygdala (emotion processing) and
the ventral striatum (reward evaluation) (Fig.3. 4) [8]. These changes contribute
to addiction-like behaviors, anxiety, and depressive symptoms [7,8,9]
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#* Prefrontal Cortex Maturation: The Delayed Guardian of Self-Control

Tha PFC, responsible for impulse control and decision-making, matures into the

mid-20s [7]. However, it is indirectly affected by overstimulation of the reward

syatem:

# Btructural resilience; General social media use does nol significantly
reduce PFC gray matter volume [8]. However, severe internet addiction
correlates with atrophy in the dorsolateral prefrontal cortex (DLPFC) and
ventrolateral prefrontal cortex (VLPFC), which are critical for self-regulation
(Fig.5).

= Functional vulnerability: The immature PFC struggles to override reward-
seeking impulses, leading 1o real-world consequances such as distractibility
and emaotional outbursts [7].

Prefrontal Cortex

Dermsod bl
Weriroates

Catitatial

Fig.5. Anill ionof tt : Lregion of a brai
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Methodology

This mixed-meathod study combines primary survey data and secondary research to
axamina tha effects of exceasive social media use on slaap patterna and acadamic

performance among Hong Kong adolescents.

For primanry data collection, an online survey was conducted with secondary school
students aged 13-18. The survey gathered quantitative responses on social media
habits (frequency, mighttime use), sleep patterns (duration, quality}, and self-reported
academic paformance. Ethical standards were rigorously upheld, ensuring participant
anomymity and obtaining informed conseant.

For secondary research, peer-reviewed studies on social media, adolescent brain
development, and sleep behavior were reviewed to provide insights into the effects of
screen time. This included linking behaviors such as nighttime social media use to
changes in the bramn’s reward systéam and prefrontal eortex devalopment, offenng a
broader neurosciantiiic context for the sursey findings.

The analysis explored relationships betweaan sccial media use, slesp disruption, and
academic outcomas by integrating primary survey data with secondary literature. While
tha primary focus was on nagative affects, allearnative perspactnes ware acknowledgad,
such as the potantial for moderate social media usea Lo fostar social connaclions and
reduce strass, which may indirectly support acadamic perfornmance.

Findings / Results

1} Social Madia Habits
A survey of 53 participants highlights the deep integration of social media into
Hong Kong adolescents’ lives, Instagram (38%), YouTube (75%), and WhatsApp
{B4%:) are the most used platforms (Chart 1). On school days, 96% use social
media during commutes (Chart 2), with 19% spending over 4 hours daily, 38%
using it for 3=4 hours, and another 38% for 2-3 hours (Chart 3). Weekend usage
riges, with 409 spending over 4 hours and 40% spending 3=4 hours daily ({Chart
4),
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Chart 1. Popular platforms that teenagers use for over 30 minutes daily
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The heavy use of social media aligns with secondary research on dopamane-
driven reinforcement, as discussed in the Lterature reviaw [7, 8], Algorithmic
content encourages compulsive behaviors, often disrupting routings and
impacting well-being [7]. However, 72% of students reported never or rarsly
using social media during tutoring (Chart 5), demonstrating their ability to
exercise situational control and prioritize academics in high-stakes settings. This
sugpests that while social media use can be excessive, adolescants may still
regulate their behavior when necessary, highlighting the comples interplay
bebween technology use and sell-discipline,
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Chart 5. Social Media Use During After-Scheol Tutoring or Classes
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While this suggests some adolescents can manage their usage, opposing
viewpaoints highlight that even moderate use can disrupt mental focus,
particularly when multitasking [10]. Studies by Madore and Wagner emphasize
that multiasking with social media dvides attention across tasks, leading to
reduced retention of information and lower overall cognitive efficiency, which
can negatively impact leaming and academic pulcomes.

2) Sleep Patterns
The survey reveals high social media uss durnng sleep-critical periods, with 80%
using it within an hour before bed (Chart €), disrupting melatonin [11]. Of these,
40% spend 15-30 minutes, and 36% spend 30-60 minutes (Chart 7).
Additionally, 59% use it in bad nightly, with 57% spanding 15-30 minutes,
delaying sleap (Charts 8, 9).

Chart 6. Frequancy of Social Media Use Chart 7. Duration of Social Media Use
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Chart 8. Frequency of Social MediaUse Chart 9, Duration of Social Media Use
in the First Hour in Bed in Bed
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Charts 6-9 illustrate how prolonged screen time before bed directly comelates
with delaved sleep onset, as supported by secondary research. This behavior
disrupts melatonin production and circadian rbythms, key to healthy sleep
patternz. Moreover, the compulsive nature of scrolling, driven by social media's
unpredictable rewards, fosters a "fear of missing out”™ (FOMO), Turther delaying
sleep [12].

Despite this, 64% silence notifications overnight (Chart 10), reducing steep
disruptions. However, 40% sleep only 56 hours, and 36% get 6-7 hours on
school nights (Chart 11}, below recommended levels, As a result, 429 feel tired
or sleep-deprived 1-2 days per week (Chart 12).

Motifications On Overnight School Nights
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Chart 12, Frequency of Feeling Tired or Sleep-Deprived During School
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White the findings emphasize negative Impacts, Some regsearchn suggests that
using social media for mindfulness apps or Connecting with peers could
countaract stress, potentially aiding sleep quality in certain cases [13,14]. For
instance, mindfulness and relaxation apps available on social madia platforms
can halp reduce anxiety and promote better slesp patterns [13]. Similarly,
connecting with supportive onlineg communities may alleviate fealings of
izolatkon, which indirectly improves steep quality [14]. Heverthelass, the ovemll
trends show that excessive nighttime use disrupts melatonin production and
circadian rhythms, leading 1o sleap deprivation and 15 associated cognitive and
emotional consequences [13,14,15].

3) Academic Parformance
The survey reveals 57% struggle to focus in morming classes due to tiredness
(Chart 13), linking sleep deprivation to academic issues. Social media disrupts
study habits, with 53% multitasking, 47% checking it frequently, and 43% losing
track of time [(Chart 14).

Chart 13. Difficulty Focusing in Morning Classes Due to Tiredness
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The multitasking habits shown in Chart 14 are consistent with secondary
research indicating that freguent switching between tasks weakens working
memaory and cognitive efficiency [10]. This aligns with the literatura review, which
hightlights how overstimulation of the reward system impairs self-regulation and
focus [7, B].

Academically, 36% feal their grades are far below potential, and 34% slightly
below (Chart 15), suggesting social media habits and sleep issues impact
performance.

Chart 15. Comparison of Recent Grades to Potantial
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Howaver, altemative viewpoints suggest that social media could provide access
to educational resources and pesr collaboration, which might positively
influence academic results [16]. For instance, platforms like YouTube host
tutlorials, study Ups, and educational videos that cater Lo diverse learning styles,
anabling students 10 grasp compléx concapts more elfectnely.

Dezspite these benefits, prolonged screen me overstimulates the bramn, as
evidenced by reduced gray matter in regions critical for self-regulation, such as
the amygdala and ventral striatum, linking excessive use to impulsivity and
impaired academic performance. The findings from this study’s survey remnforces
these biological effects, showing that delayed sleep and diminished fTocus
significantly hinder learning oulcomes

4) Alignment with Literature Review and Secondary Research
Primary data aligns with the literature réeview and secondary research, showing
how social media disrupts sleep and focus [1, 2, B, 7]. Both highlight brain
averstimulation, reinforcing habits that harm well-being and academic
perfarmance [7, 8]. For example, the survey's findings on delayad sleep onset
and multitasking ara directly tied to dopamina-driven reinforcemeant and
reduced prefrontal cortex control, as discussed in the literature review [7, 8, 10].
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However, the study acknowladges that moderate social media use may have
benefils, such as stress relief and access 10 educational content [1.2, 13],
highlighting the importance of balance rather than blanket restrictions. This
critical parspective underscores the nuanced relationship betweean social madia
and adolescent developrment.

Conclusion

Hong Kong teens’ social media habits disrupt sleep and impair scademic performance
due tooverstimulation and PFC dysfunction. Three endenca-based solutions are
proposed:

1) Delayed School Start: A 15-minute delay with shortér hours improves sleep and
is widely acceptad [17].

2} Parental Screan-Time Curfews: Encourage limits and healthy habits to foster
taans' sall-regulation,

31 *Dumb” Phones: Promote basic phones 1o reduce scraen dependancy and
improve focus, mental health, and habits [18.19].

These strategies aim to mitigate screen-related harms, enhance sleep, and support
adolescent well-being.
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Teen Knowledge, Attitudes, and Behaviours Towards Antibiotic Resistance
Raquel Gomez Junco Lobo

Ahstract

I'his smudy investipates teenagers” knowledpe and attitudes toward antimicrobaal resistance
(AMER), & growing public health crigis fueled by antibiobic misuse and misconceptions. Using a mixed
methods approach, responses from adolescents from over 24 countries were collected. Despile
widespresd antibiotic exposure, enly 10% completed full prescriptions, mnd over hall misakenly
believed antibiotics treat virl infections. These Andings reveal sigmificant misconceptions even amang
well-educated individuals. The study highlights the urgent need for education (o close knowledge paps

and reduce behaviors that accelermte AMR

Introduction

Antibiodics ane medicines used 1o freat or prevent bactenial mfections ' Since Alexander Fleming
discovered penicillin (the first antibiotic) in 1925, these drags have saved over 500 million lives fiom
infections like strep throat, urinary tract infections, skin infections, and maore. ™ However, the
effectivencss of these drugs is now ihreatencd by antimicrobial resistance (AMR), a process in which
bwcteria evolve o resist antibiotics. ™! These resistance mechanisms, such as inactivating the drugs,
l\_'mu.".lll..!.: I|||:I|||. 0oF du'.'.l.'hllﬂi_.'. !|:Lcn1. |I..I|||:1_':| l|'||l.!IuF|:I direct L'I!il.lI.FL"l- i their DA, ||:u..'|ud.||LF AL MO OF
horizontal gene trunsfer™ As Rachel Bonnifield, a Senior Fellow at the Center for Global Development,
explains, “drug-resistant vanants will b more lkely Lo survive exposare to an antimicrobial dnig” and
prass these trais a5 |'JII.':| reg oduce,

The World Health Organiration warns that the misuse and overuse of antibioties {such as
incorrect dosing, unneccssary prescriptions, and self-medication) amplifics selective pressure and
accelerales the spread of resistance. ™ In a study led by Dr. Viro) Tengecharoensathien, the Secretary
Cieneral of Intermational Healih Policy Progrom Foundation, over half of the participonts wrongly

believed that antibiotics could climinate vinuses.™ Such misconceptions INCrease UMCCESSAry exposane
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o antibiotics, accelersting bacienal resistance.'” Taking the wrong dose or type of antibiotics can
produce these sime results, leaving surviving bactena to adopt and resist futore doses '™

This widely spread misuse has contributed o the public health threat; m fact, AME currenthy
causes 1.27 million annual deaths "' In 2021, the WHO warned that stroins like “third-generation
cephalosporin-resistant . coli and. . methicillin-resistant Staphwococcus aureas” areé becoming
increasmgly diflicult to treat ™ Withoul stopping the overconsumplion of antibiotics, common infections
may soon become untreatable

Drespite its severity, a recent cross-sectional study by PhID scholar Lalit Mohan highlighted o
concerning gap in the public adult understanding of AME."™ While adult knowledge has been the focus
of muny stuchies, Tar less 15 known aboot adolescents’ awareness, a cracial group, as their generavon will
inhert the consequences of this growing threat. This research paper addresses that gap through a
mixed-methods mvestgation of icenagers’ knowledge, atiiudes, and behaviours summounding antibrobic

hahits and AMR, revealing insight for this vital but often overlooked demographic group

Methodslogy

This study aims o imvesizaie how young people engage with anbbiolic-related decision-muking,
including their experiences, awareness, altitudes, and beliefs, using & mixed-methods approach. The
survey portion 5 designed g0 collect both quantitative and qualitative data from individeals aged 14 w0
19 with miernatonal back grounds
Ihe methodology followed these lour steps

1. Literature Review
<. dorvey Development

Dt Collection

iad

4. Dada Analvsiy
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Tits i |,'|-.-|1 i sirong Ih.|uL|_'||:-u|1LI_ 1 I!.:.u__-ul.:l,l literature review was conducted using academic
datnhases The poal was o explores esosting poblwe knowledpe abowt antibosties and resistance. The
|I.IH.I'-HI1;.' keyvword and Boolesn opEratinns combinatons ware wearched in l_'|._|.1:_-|_|_'- Scholar, PubMed
and JSTOR

& antibiotee*" AND "resistan®"
# “antibiotic®*” OR "antimicrobal® AND “resistan®”
s anbibiote®” AND "public” AND "swane®” OR “perception”™ OR “Enowledge”

Cucstins for the survey wiere adapted from validated public besilth surveys found on sources
with the keywords sbove, then modificd to align with toenage experiences. ™ The survey indcludod
multiple=chmoe, tree'false, open-ended, and ®select all that apply™ fommais o ensure a compoehensive
understandimg of partipants” perspectives

I survey was administened -11'_g|::L||!. using Typeform chirsen Tor I:_‘\:'.lllh[:r [0 CAPTITS L]
srrvctured mnd |r]'l.'|!|-|.'|:||.|\'|.| responses using logic |l|-|1|-.:i!||'|g_ which custoanized uecstion paths hased on
prior answers. This wuas useful when asking questions ke ~Have you mken antibotes? I respondents
pnswered “Yes,” o follow-up open-cnded guestion woukd be asked 1o identily which ones. However, i
answiened o the survey moved on o the nexd question mstesd of the follow-op, The survey ook
approximately 7-10 minutes 1o complete and was acoessible on mobile and deskiop devices

The study was conducted under ethecal guidelines for research imvolving mmoss. Farenital
consenl was exphoily requested at the stan of the survey for pariicipants uncher 18, Participation was
voluntary, anonymous, and confidential, with the option o sKip questons oF ¢xXif at any Lme
[he survey constsled of six secthions m the following order (See full survey mstramend in Appendix A)

I. Comsent and Ethics = Parbicipants conlimmed informed consem
2 Demographics = Age, country, educabonal backeround, parental occupation, and sources of

health mformation
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s

Personal Expenence with Anfibnobics — Paa pse, conditions treated, habots relsted o presenpion
adherence, pmd non-presenphon access
1 Enow |-,'-.‘|;__'|\' aml |'l\."|\.‘|.'|"|||'«|'.'- of AME Vwareness, concerm level and ||1|-.‘h'|--l.|'|5.d:|r|1', |

responsible use

4

Rrowledge Check — A senes of traclalse items assessing Tactual know ledge
6, Fiumal Retlechons = Cpen-ended spiece [or paricopants (o express experiences or opiniens naed
cuvered earlier
Onee data collection concluded, responses were analysed using the integrated Typetanm
summary festure (o create figures and calculate percentages. Open-ended responses were coded and
thematically analvsed i Cooogle Sheets to reveal commeon patiens
[ he -.ll,l.-;E:-, 1% hrrmaned by s bias due o s distrbubion method and the voluntory noture of
the participants I he sample 13 naol repiesentative ol all LeeraRers t'l""l"-"llf' and 12 himted by peeess o the
mtemnet and Enghsh eomprehension, However, the responses collected provede carly insights into youtl

awnrcness that are helptul for future studies at kagger scales

Findings
ﬂw.rrrrgrujrﬂ'n'l.' (Merview
Based on the 80 responses collected, moest respondents attended a private schood (68.8%) and

livied 1n urban areas (55%)
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- Wil Tppi ol sehool da you cuiterdly @lard?

Fipure 1: Duerheaton of respaadients by S af voleod ameadd

Bl wema i

Figwre 3: Percenfope of respondeaty Feig o urbar vy mrm! aeas

Most reportsd hiaving parents with a college dégnee or post-graduite degnee (86, %)
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- WWhaE i e pheeEl ] ol Bducalios e parEnts & gRcitkars hares

compiaieg?

Figure 33 fliphes? dducstion beved atitined by respodidenfi | s

'hese demographics indicate a well-echecated sample, which makes the observed knowledae gaps
CRpECIAllY mportant

Experience with Amilbiofics

Mos [T b T2 2% ) hivve had of been told that they hasve a bactenal infection, amd aboul

4% ol parigipants had laken aEnlibachics belore
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M coi oo wmy il emany ek ey e § B UL 0 T T

-_ Hipep g el e aS Ll "

Fignre d: Mercenfppe of segvigdon fe wim reoariead Suerig o Sachenil fjfecieot o ravieg ke dadchioiis

However, omly 10%% of respondents reporied completng the full cowrse of thewr prescription. This ragses
corcern aboul the misuse of anlibiotics among leenagers

When asked where they receive health mformation. over 30% cited their parents, ard over 40%
relied om social media, s reflecton of imformal and unreliable channels through which health knowledge
s aequired.  Despile widespresd antibiobic use, 60.8% of pariicipants believed antibiotics were eflective
agamns virnl miections, and 23% thowghi anbbeotics wene used to treat autommmune diseases, These

finchimgs SUEEEs] misconeephons regarcing the purpose of nntiaotics
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B wiat ore anbkicion used for?

I‘l- |
o

i

1 '}
Jewi a1 e el Ornendnarn o
| '] Tl =
WAl T e L

Figure 3 O oamnion MEscim cepiony oo IEemigars anbordd (e o ase of ovifitodic)

Knowiedge of Antimicrebiol Rexsistonee (AME)

Chwer hall ol the particrpants had wever beand of AMB, yet, 29.5% desonbed some level of

5y

concen, wnd 28 I% described o high level of coneem

- Harve p vy feand o " snieso niesl eesiance” or "TAMATT

. | -.
3

Fhpure b Xeipamfeaiy  dwaremead regarrliag amfsreroini mos el fame
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s i o mimn ol s niime m  m— 1 L

|'.||_|I|II|:' T: Renpondenin ' omacers separlieg amibsicrmahal e aess
Addimonally, 67 5% thought that teenagers did not know enough about aniibiobics, though most were

wnable to identfy specific gops in knowledge in the follow-up question

B e 1k e g b e s s e b i e ey

Fiure B; Nospowmas i Reprecdpeter fevrd anf o it
Enowledpe eheck questons furtlser highlighied this donfusion armiisd AMR

o 56 2% incormectly staded thal AME occers when the body becomes resisant (o antibiobcs

- AT (RS SR A oy SRCTTE s CRRARET W S ETTEOT. TN

e @ricarh iy so's wan pHErsewd o woi i

Figure ™ Regponres s W Enonsdealpr-o ool shirseramid

e Unly 34 2% correcily identified overprescnphion by dociors ns o diver of AMHER
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-
s 61T undérsiood that improper antibipbic use contrnibuies to antibiofic resistance

[ R i Ll Rl e L e
(R D TR TR S &1 | ST P DTy I T

I [JLATE S 1] '.lla"._:'.'ll'.l DT T P Il TR ol VTP on s, Pare ST [y R

& lust 27 6% of |'|'-\.|'u|r|||-:'.'|h correctly answered that the statement “1 am nod ot e of coniracting
5] :|||I||'-H|I||_'-r-."~:'|'\.':'i||1l Iml&chinn 28 |n||;_: ¥ | '.|!|.|,' iy .|r|r|}'-|r'\-lu;~: |1r-:'||1|_'r|1.' 1% 1 ||h|_'

o [astly, only 27 3% correctly sdentified that fimshing a prescription does nob cause antibiotic
resistance; in fac II'||.'1I|1'||1-=I.'IL' LSE 15 @ IO COAeT bt

Ihese hgures demonstroie that even within 2 group with aceess to edueation nnd digiial

resourees, undersianding of AMR remnins superficinl and fragmenied

[ nasian
Pay |-;|_':. themes CMEerge in |‘||_"~|.|.,"|'|1|I'..'|_' DS WEeTS I1:.. lEenEReTs |1||__=-’| concern bal o
|,-.'-||'-|1'.-_'h.'r|1~|n|' It the reflechions section. MY PAricIipants e pre el InbErest i :In_'.|1_||.r||_5 e aboa]
AME This presents a valuable appartunity: trgeted yvouth-onented edecatson effors 1o address
mitsconceptions and mesuse of anbbiotcs. Eflons o improve AMB awarencss showld
o Provide clesr explanations of the mechanisms and causes of AMR
& Recogmze pathwnys whene teens can acoess reliahle informntion
# Build on existing cunosity and concem 1o pravide more undersanding
el Comtext amd Curricilom Gaps
Worldwsde, T8% of countries don’t imelhede AMER i school comeula' ' However, programs m

[eiland omd MNepal demonsmaie that edueaton improves mnderstamdime " The WHO recommends
| I !
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miegrating AMR mio mtermctive, cross-disciphnary cumicula early o mfluence long-ierm behmvsour
Teens” reliance on miormal sources underscores the need Tor sccurate health mfarmation access m
sehoso] curmieula
Challemges pnd Consiferanions for Jmpleneniaiion

W hll...' HLUE T Py q:ill'np.:n;_.:-l-\ EXEL I_hq._"-. T e WS -:.'I-rl..';'ll'. & Ztl.l.'l 1'-,":I..l|l|-|'|:|h|;-._1 |1|1_|5_::.|I'|‘:~\.
However, education program costs must be considered. As elinical achdemic and lecturer Enrigue
Castro-Sancher emphasizes, robust cconomic evaluntions are cruckal for efficiem =caling in curricalum

reform to prepare vouth to combat AMR

Conclusion

Ihis research conlinms that, like adulis, adolescents often lack a clear undestanding of
antibatics and AME. Integrabing AMEB education into secondany school cumicula may be a key step
toward long-term behaviour change. Policymakers should consider mandatory public health modules
focused on '._-..|'|||.|1-“H|_- antibiotic wae. Hy .||.|L|r|_'\-\.||'|_¢ msin fommation early, the next BCTETHINH will e
prepared 1o make informed health choices and slow the spread of AMR, proteciing the effectiveness ol

antibiodics in the future
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By Alexia Onisiforou

Abstract

Human exposure to endocrine disrupting chemicals (EDCs) i increasing rapidly
worldwide, with evidence suggesting their role in the rising frequency of early puberty
cases. This paper reviews how EDC exposure affects the endocring system, particularly
the hypothalamic pituitary gonadal (HPG) axis. In addition, the paper exploras
consequent risks of psychological disorders {e.g. depression and anxiety) in both males
and famales. By highlighting current research gaps regarding long-tenm and
psychological effects of EDC exposure, including combined exposure, this paper

emphasizes the importance of addressing these gaps in future studies,
Introduction

Puberty is the physical process during which the human body reaches sexual maturity
and gains the ability to reproduca. Marked by an intricate series of hormonal,
physiclogical and physical changes, it serves as a crucial milestone. On average,
females enter puberty between 8 and 1.3 years old, while males do so betwean 9 and 14
years old ', Howeaver, over the past few decades, a global trénd of children entenng
puberty at increasingly younger ages has emerged P, This shiflt has been widely
attributed to incraased exposure to Endocrine Disrupting Chemicals (EDCs), with &
body of evidence suggesting their role in early pubertal development. Despite this, gaps
within scientific literature limit the scopé of our understanding and complicate
intervention. Specifically, the cumulative effects of exposure 1o combinations of EDCs
remain unclear, and data on long-term consequeances of EDC exposure and its link to
early puberty is limited. This paper aims to examina the relationship between exposura
to EDCs and pubertal timing, focusing on combined exposure, its long-term
endocrinological and psychological consequences, and its implications for future

research.
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Emerging EDC trends and combined exposure patterns

EDCs are exogenous substances that can interfere with the hormonal system by
mimicking, blocking, or altéring hormonas, causing the endocring system to function
gbnomally ™. EDC sources range from everyday products, such as plastics and
cosmetics, to industrial chemicals and pesticides . Much of the existing literature on
EDCs focuses on the effects of individual chemicals, Despite that. it is evident that the
findings may not be representative of real-world exposure patterns, as humans are
more likely to ba exposed to a combination of EDCa over time ™. Combination exposure
patterns are affected by ervironment, diel, occupation, and lifestyle: tharelfore, they can
vary widely betweesn individuals, These patterns are also subject to change over time
due 1o migration or lifestyle changes ™. In a recent obsemvational study conducted
amoengst 384 children showing signs of early puberty, aged 6-10 years old, those
exposed to more than one EDC showed significantly Taster pubertal cnset =, Similarly. a
study exposing zebrafish embryos 10 a8 S0-componant chemical mixture, designed to
mirmar the pollutant concentrations in human blood, compared the effects of each EDC
subgroup to those of the mixture. In 2ebrafish exposed to the mixture, the data shows
earlier detection of adverse effects compared 1o those exposed to individual chemical
subgroups ™. Moreover, an article from the Endocrine Society pointed out that although
goma chamicats show no observabla effects on their own, the same dosage can lead to
endocrine disruption when combined with other EDCs 9, Hence, combinations of EDCs
may act synergistically and additivaly, worsaning their eéffects on the human body. This
underscores the need for more studies on the cumulative effects of EDC exposure o

batter understand their mechansms and potential consequances.
Endocrinological effects

Puberty is initiated by the hypothalamic pituitary gonadal (HPG) axis, The activation of
the HPG axis involves the pulsatile secretion of gonadotropin releasing hormaone
(GnRH), resulting in increased levels of Tollicle stirmulating hormone (FSH)and
luteinizing hormone (LH) . Consequeantly, GnRH stimulates gonads to produce gonadal
steroids such as cestrogen and testosterone, controtling the development of secondary
gexual characteristics =, Evidence suggests that EDCs can affect the entire central

nervous system (CHS), including the hypothalamus. These chemicals can alter the
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axpression of GnRH B leading to early HPG axig activation and hence aarky pubeartal
development. Inaddition, effects of EDCs can vary widely based on gender and other
genetic factors. Some EDCs act by mimicking hormonas such as oestrogens and
androgens, causing activation and hyperstimulation of hormonal pathways. Conversely,
others can block hormone function by binding to intraceliular receptors, causing anti-

andropenic and anti-oestrogenic effects &,

The CHAMACOS conducted a longitudinal cohort study 1o assess the relationship
betwaen urinary concentrations of EDCs (e.g. Bisphenol A (BPA) and phthalstes) and
pubertal timing in girls and boys. The resulting data associated higher prenatal exposure
to BPA and phthalate metabolites with later pubertal development in girls, particularly
delaved menarche and thelarche, Conversely, boys exposed to higher levels of the
mentioned EDCs showed earlier pubertal development ™, Therefore, further gender
specific studies are vital to clarify the machanisms and effects of EDCs on the

andocring system.
Psychological effects

Ower the past few decades, increased global production of plastics and other chemical
EDC sources has been accompanied by increased rates of endocrine and neurological
disorders M, Although & parallel increase does not prove a causal relationship, the
expanding body of data from studies on humans, animals and cells could support a
direct link. Early pubenry is acknowledged as a potential risk factor for the developmeant
of metabolic diseases, such as obesity, diabetes, and cardiovascular diseases P n
addition, it has bean suggested that adolescents who experience early puberty may be
more susceptible to mental disorders # Studies in both North Carolina and China
idantitiad Links betwaen aarly puberty in girls, measured by breast developmeant, and
incidences of depression ™1, However, this trend does not $eem to apply to boys due
to limited evidence, making deprassion more strongly ossociated with early puberty in
girls than in boys "3, Additionally, in France, a study on 18-25-year-old girls found that
an earlier incidence of menarche links to a greater risk of mental distress ', Similarly, a
cohort study utilized health insurance data of 1034 central precocious puberty (CPP)
pationts and 5448 controls, found that patients with CPP were at higher risk of

developing psychiatng disorders, including depression, amnaety, and attention dehici
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disorder 'Y, Furthermore, behavioural issues, such as substance abuse and antisocial
behaviowr, have been investigated as consequences of early pubertal developmeant 0%,
The Add Health study, done in the United States, found that children experiencing
menarcha befora the age of 11 showed antisocial behaviour levels 0.05 standard
deviations higher, relative to those experiencing it at 12, the most common age for

meEnarche M,
Future directives

Although the relationship between early puberty and psychological disorders has been
investigated, results remain inconsistent and are unable to establish clear associations.
Thus, there is still nead for moré studies imvestigating the two. Focusing on boys is
imperative, as they remain under-researched and show more ambiguous results than

girls.

Moreover, rates of neuropsychiatric diseases in children are increasing, reaching as high
as 1in6& children diagnosed in the US. Public health agencies, such as the World Health
Crganigation (WHO) and United Mations (UM}, have expressed concerns on behavioural
and physiclogical implications of EDCs ™. It iz evident that establishing links between

EDC exposure, early puberty and psychological disorders Is essential for management.

Additionally, the delay between early exposura to EDCs and tha rasulting health effects
during adulthood ™ underscores the need for more longitudinal studies. Existing studies
on young adults can provide information about mechanisms behind EDCs’ effect on
pubertal development. Despite that, insufficent studies focus on long term heaalth
effects, meaning that current predictions of long-term effects remain uncertain. As a
result, future research focused on combined EDC axposung is crucial to explain how

these chamicals act, allowing for more widespraad and effective intervention.
Conclusion

Owerall, EDCs can have a variety of impacts on the human body, both endocrinotogical
and psychological. Early onset puberty is a growing public health concern. Currently, a
large amount of research explores its associations with EDC exposure and its potential

consequences, However, gaps remain in understanding these assockations, especially
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in boys. Longituding data remains scarce and research on combined exposura is
lirmited. In addition, studies concerning néurodevelopmental and psychosaceal
implications are not a8 common. Given the rising prevalence of both EDC exposure and
early onsel puberty, there iz an urgent need for more research addressing these gaps to
help guide prevantative strategies, mform public health policy, and mitigate the impacts

of EDC exposure,
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Highlighting COVAX’'s global vaccine approach to strengthen

future pandemic preparedness
Ayanna Wawulagala

Abstract

The COVID-19 pandemic exposed stark global vaccine inequalities, particularly within
low-income countries (LICs) and middie-income countries (MICs) facing severe delays
despite COVAX's equitable vaccine approach, Challenges of the funding moded, like
relying excessively on hgh-income countrnes’ donations, and inadeguate cold chain
infrastructure, exacerbated these disparities and health risks. This paper critically
examines COVAX's shortcomings and explores solutions to strangthen future pandemic
preparedneass. These include tailored vaccination strategies, imnvestment in sustainable
technology, and drone distribution. Understanding the expenences of COVAX and its
weaknesses would ultimately inform a more equitable, efficient and resilient vaccine

gysterm, which can batter protect public heatth before and durning times of crisis.

Introduction

For milliens in low and middle-income countries, the delays invaccine access exposed
the stark inequalities in global health and infrastructure. Initiatives suchas COVAX
during the COVID-13 pandemic aimed to close this gap; however, they were ultimately
hinderad by structural, logistical, and political challenges that limited thein early
effectveness, axacérbating the stram on low -incomé countnés and communitigs,
COvVAK, led by the WHO [(World Haaith Organisation), GAVI, the Vaccine Alliance,

UMNICEF, and CEP1 iCoalition for Epidemic Preparedness Innovations), were considered
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one of the world's largest vaccine distribution chains, reaching over 100 economies in
the 42 days of its delivery I', However, there was a striking two-year delay in meeting its
original 2021 warget. Because of an overreliance on donations from high-income
countries [HICs], insufficient manufactunng capabilities in the Global South and
madequals cold chaninfrastructure, delays in vaccine delivery sigmiicantly
contributed 1o a strainon LICs. This paper aims 1o critically analyse COVAX's
shortcomings, evaluating ways to strangthen future pandemic preparadnass via the

Erowing investment in new infrastructure and innovations.

Literature reviaw

COVAX was established in 2020 to ensure equitable vaccine access globally; however,
research indicated that its fiawed funding and distribution modals created nuMmansus
barriers. High-income countries priontised bilateral deals, leaving low-income
countries raliant on donations, which worsenad health oultcomes FHE, By 2022, vaccine
coverage was significantly iower in LICs compared 10 HICs, exacerbating inegualitias

and straining healthcare systems M=,

Structural barners further hindered equitable distribution; for example, the [ack of cold
chaminfrastrocture worsans delays. Countnegs lacking the ultra-cold chain storage and
transpor equipment, required for the Plizer mANA vaccing, will have limited access to
highly effective doses BT, For example, Mali only had a single transportation method
for delivery during the pandemic ™. The lack of access to efficient transport highlights

the global need for improved infrastructure,
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Research has shown the potential of context-specific solutions, such as utilising
microplanning to reach remoie and overlooked populations in Somatia, increasing
vaccine equity M, Additionally, innovative infrastructure that is vital in low-income
countries, such as solar-powered vaccine refrigerators and drone vaccine deliveries

which could improve accessibility M,

Collectively, this literature sugpgests that whilte COVAX aimed 1o achieve aquitabls
access, structural and logistical challenges hnderad its impact, This case provides

crucial lessons, laying the foundation for rasilient vaccing systems in future pandamics.

Critical analysis of COVAX's funding and distribution approaches

Initiated in 2020, COVAX aimed to ensure eguitable vaccine accass for all, Yet the
process was derailed by a combination of factors, daspite s unprecadented scale. The
core of this disparity anses from the delays in vaccine delivery, whare COVAX struggled
to meet their ambitious goals, lacing consistent revisions. These obstructions led to
NUIMErous countries siruggling to cope with the effects of the COVID-132 crisis, as
societies, economies, and healthcare systems faltered, particularly i the Global South,
The delays revealad a significant flaw in-COWVAX"s dual funding and distribution
appraach, which undermined its goal of equitable international vaccine access. The
strategy involved high-income countrigs (HICs) purchasing vaccines for their
populations through independent bilateral deals. Al the same time, lower-income
countries (LICs) could rely on donations to receive vaccines Fl, minimising economic
strain. However, a structural imbalance anses, where HICs were able to secure deals

and large amounts of vaccinas, whilst the plannad donations through COVAX, for LICs
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were slow to deliver. A study by Puyvallée and Storeng noted that the United States,
wihich “claimed global ieadership™ in the vaccing drive, onky " donaned 4-3% of its pledge
by the end of 20217 'Y, In the same year, the United Kingdom delivared only 22% of its
pledge axposing the political disconnect batwean govarnmeants and aperationsl reality,
and placing further préssureg on aconomies and socigtiesin the global South as they
navigated the pandemic ™, A5 a result of the slowed donations, COVRX struggled
significantly to meat its targats, The graph below illustrates their primary targets

compared to the total vaccine deliveries conducted by COVAX,

COVAK TARGETS AND ACTUAL DELIVERY
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Fig.1 [Anjali Pushkaran, Vijay Kumar Chattu, Prakash Marayanan - & critical analysis of

COVAX alliance and corresponding global health govermnmance and policy issues: a

scoping review: BMI Global Health 2023.8:2012168.]
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By April of 2022, COVAX had only delivered roughly 61% of its target, impairing public
trust in the initiative and prolonging COVID exposure in highly vulnemabla LICs,
endangenng public health. Following this, by October of 2022, a joumnal by Frontiers in
Public Health stated that a strikingly low 25% of LICs have acguired a minimum of ong
dose of the vaccineg, in contrast to 72% of HICs, These delays caused rapidly worsening
Symptoms in patients, creating stress on LICs via increased 1CU and EmErgency visits,
GAVI reports that “at l2ast 13.5 million people are 10 miss out on vaccinations™ in 13 of
the world's least developed nations Bl, The intenge strain it places on already struggling
LICs, particularly in terms of healthcare and the economy, in comparnison 1o HICs,

clearly highlights the disparities exacerbated by COVAX's funding approach.

Limitations regarding cold chaln infrastruciure

These supply shortialls were not only the result of imited donations, but compounded
by the megualities n manulactuning and storage capabilitias between the global North
and South. The use of cold-chain infrastruciure 10 maintain the potency of vaccines
was critical, os manufacturing hubs distributed the vaccines acrogs long distances,
Some vaccines, such as Pfizer, require ultra-cold-chain infrastructure (UCC) due to
their mRNA technology: however, due (o their costly nature, LICs access to UCC was
rastrictad, The delays in these vaccings weare particularly devastating, as mBNA
vaccines provided a core breakthrough in prevention efficacy, as well as Nlexibility to be

modified for new variants.

The lack of cold-chain infrastruciure led to significant delays in vaccing drves,

particularly in remote and rural regions, andangenng cihizens by placing thesrr haalth at
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risk for extended periods. Professor Jason Hallett, head of Chemical Engineering at
Imperial College London, claims that *resource-limited araas with LIttls or no
refrigeration facilities will be unable to benefit Tully from the vaccines”™, clearly
llustrating effects of structural inequalities on public health ™. For example, Think
Global Health noted that Mali had only one truck that could transport vaccines at the
comect temperature across the entire country '™, whereas many high-income
communities had widespread access to the vaccine, undermining COVAX's approach of
aquitable vaccing accass, Lilhimataly, COVAX's approach, whilst built on tha foundation
of equity and accessibility, was dangerously slow, hindered by a vanéty of factors from
infrastructure to politics, The disparitias n healthcare prove the global need for
improved pandemic preparadnass, particularly in low-incomea countrigs that often baar

the brunt of the crisis.

~OVAX'S | fGming | iemi "

Following the COVID-19 pandemis, the oparational shorntcomings of COVAX underscorea
the need for more effective pandemic preparedness globally, The focus on creating
gustainable solutions with high longevity has been a priority, with unigue inventions and

infrastructure that aim to minimise the obstacles faced during COVID-15.

A& primary conclusion drawn from SOVAX s the need for countries to devalop
vactination programs talongd to ther spacilic neads, known as microplanning,
COVAX's overreliance on international aid Tor LICs, combined with the lack of
infrastructura, led to slow delivery and vaccing rollouts. The overdue deliveries

prolonged suffering for citizens, specifically women and children, and people in remote
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areas where healthcare access was limited. Somalia utilised microplanning during the
height of the pandemic, a technigue that stemmed from the polio vaccing efforts 7L
Using local microplanning, the country was able to vaccinate rural, marginalised, and
hard-to-reach communities, increazing vaccine equity throughout the nation, For
exampe, the WHO found that, as 85% of veccinators were women, the vaccination rate
for women increased from 19% to a striking 44% between early 2022 and July 2023 P31,
Somalia’s use of microplanning is a core strategy that has enabled the country to
effectively hamess both local volunteers and international gid 1o vaccinate its
population ncluding remote groups. Ths would rarse immunisation rates and improve
public safety, which is vital to ralieve strain on LICs" healthcarg system. However,
Somalia’s aid plan derived from the past polio epidemic, meaning that at scale, some
countries may need large-scale data anatysis and new infrastructure 1o conduct a
gimilar level of suctessiul microptanning. Somalia offers a blueprint Tor a mathod that

could strengthen pandemic preparedness.

Additionally, itisvital for nations, primarity LICs, 1o further invest globally in Cold chain
technology and healthcare workers to maximise efficiency. A significant shortfall in
infrastructure and organizations hindered the effectiveness of COVAX, asvaccing
deliveries were required at an unprecedented pace under immense pressure. Cold
chain exparts Sagar and Yavri discussed the necessity of improving cold chain capacity
at a national level, as the existing cold chain equipmeant was insufficient for a pandemic
as rapid and evolving as COVID-19 ", Furthermore, creating training programs and
encouraging health technicians to understand how to maintain such infrastructure is
critical ", as this increases the durability of the technology. Moreover, the investment in

manufaciunng hubs within LICs would play an equally important role. Strengthening
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cold chain systéems within LICs bayond routing immunisation would simultaneously
reduce the cost for future vaccing rollouts but also lessan the inequity gap between

HICs and LICs.

Mevertheless, cold chain equipment can be expensive 1o invest in. Thus, countries such
as Vietnam have developed unigue alternatives that could aid lower-income countries.
In Vietnam, the innovation of the solar-powered vaccine refrigerator not only conserves
anargy but is also simple to use and operate, allowing for increased accessibility and
longevity ™, These solutions, although climate-specific, could lead to a promising
breakthrough in afordabla technology, enabling governmeants 1o reduce spending on

purchasing and maintaining costly infrastructure during times of crisis.

Whilst cold chain infrastructure is vital, research from McKinsey found that using
certain transportation methods can shorten delivery times to remote areas, improving
vaccine accessibility. For axample, in Ghana, the company Zipline delivered over
430,100 COVID-19vaccines throughout the country by November 2022 ®, an
unprecedented rale that demaonstrated the need lor vaccinations. Through adaptabile
and context-specific technology. Ghana vaccinated both its rural and urban areas
efficiently. However, reliance on complex technology may be problematic, as the
solutions may result in isolated successful cases rather than sustainable and scalable
miodels. Overall, COVAK's operational challenges caused strain on countries, societies,
and mternational organisations. Despite this, through hamessing new technology and
investing in local and regional cold chain equipment, an era of global pandemic

preparedness may anse.
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Conclusion

By examining COVAX's shortcomings, it becomes clear that establishing a robust
pandemic preparation plan is ¢ssential for menimising outbreaks improving safety. Tha
owarretiance on high-income countrnes and the lack of manufaciurmg capacity i the
Global South created significant supply chain constraints. This can be seen with the
Plizar vaccine, which heavily depanded on ultra-cold chain storage and specialised
equipment. Ultimately, by highlighting and empowerning local communities, Tosternng
innovation, and investing in individual manufacturing hubs, we can create a more

regilient and sustainable global vaccine landscape
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Repeated Sevoflurane Exposure as a Disruptor of Neurodevelopmental Trajectories via
BDNF following surgery in Early Childhood

Zara Zamir
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Aim / Drescription
Objective
| Assess effects of repeated early hife sevotlurane on lappocampal RDNF

and epigenetic regulators

2 Link molecular changes to luppocampus-dependent cognitive and
behavioral outcomes.
3 Develop a mechamsne framework connecting sevoflurane. epigenetics,
and newrodevelopment
4 Highlight gaps and suggest directions for fithue research and
nterventions
Abstract

Repeated exposure 1o sevoflurane anesthesia dunng early cluldhood may dismpt
newrodevelopment by altenug epigenetic regulation of bramn derved newrotropluc factor
{BDNF), crucial for lappocampal synaptic plasticity, memory formahon, and cogitive
development. In tlus review, publicly available rodent luppocampal gene expression datasets
were analyzed to wvestigate changes in BDNF expression and related epigenetic markers
fellowing sevollurane exposure. Nonmalization and batch comection were performed, 1 tests
were conducted, and effect sizes were caleulated for the metaanalysis. Across the pubhe
datasets ispected. normalized expression values were generally lower n luppocampi
exposed to sevoflurane compared to controls. Exact effect sizes. p-values. and statishical

methods are detailed in Methods for reproducibility. Increases in transcripts annotated as
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DNA methyltransferases were observed m several datasets, consistent with prio
experunental reporis suggeshng epigenetic activanon following sevoflurane exposure.
Behavioral studies corroborate these molecular findings, demonstrating transient memory
unpamments m exposed rodents. The integrative analysis demonsirated that repeated
sevoflurane anesthesia epigenetically suppresses BDNFwluch may lead to subile or
transient alierations in lippocampal fonction and memory. These findings emphasize the
nesd for cautious consideration of repeated pediatne anesthesia exposure 1 pediatric
anesthesia protocols and highlight the need for finther research mito epigenetic biomarkers

and pProfecuve mierveniions.

Introduction

General anesthesia dunng enfical penods of bram development has raised concerns about
neurotoxicity. Repeated early - life sevoflurane exposure in rodents reduces hippocampal
BDNF and alters epigenetic markers, potentially nupairmg memory. Pubhc dataset analysis
suppotts these molecular trends, lughlighting a peed for cautions pediatie anesthesia
protocols. Recent metaanalyses report that childhood anesthesia is associated with modest
but measurable deficits m cogmtion, executive fimction and behavior, and mcreased nsk of
neuwrodevelopmental disorders (Reighard et al., 2022). Notably. most evidence of nisk comes
from repeated or prolonged exposures; smgle bnief exposures m mals (GAS, PANDA)
typically show no long term unpainnent. In antmals, volatile anesthetics can tnzger
neuronal apoptosis and synaptic alterabons (Ma et al., 2022). Emerging studies unphicate
epizenetic mechanisis, hentable changes m gene expression without DNA sequence
change, m mediatmg anesthesia’s newrodevelopmental effects (Fan et al,, 2020). DNA
methvlaton and hastone modihicatnons dviammcally regilate kev neurodevelopmental genes,
incluching Bdnf, Arc. and synaptic proteins (N1 et al., 2020}, BDNF 1s central 1o
hippocanpal newogenesis and memory; suppression of BDNF (e.g. by promwoter

methvianon or reduced hastone acetviation) 1s hinked to leamimg deficits (hia et al., 2020)

Repeated early life sevoflurane exposure hias been shown m rodents to mmpair leaming and
memnory, neonatal rodents exposed to sevoflurane show spatial, social, and object menory
deficits accompamed by elevated DNMT expression. imncreased global S-methvicvtosine,

reduced TET activity, and hypermethyvlation of synaptic genes (Fan et al., 2020). In young
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nnce, repeated sevotlirane reduces lnppocamipal histone acetvlanon (especially Hi/H4Ac)
and downregulates BDNF TrkB, mlubiting neural stem cell proliferaton and newrogenesis.
Treamment with HDAC mlubitors (e.g.. sodinm ityrate) restores histone acetylation, BDNF

L'Z'h'.'l'l'.l_'l':ﬁ.‘-ilﬂl'l.. NEUTDECTICSE, anxd I Y ]!l.'.'l't-’.'lnl.'.l.l'l.:'l[]l:llf

Together, these findings suggest a biologically plansible pathway: sevoflurane — epigenetic
repression of BONF (and other genes) — nupamred luppocampal plasticity — memory
deficits. However, gaps remain. Pediamc lnunan data on epigenetic changes 1s sparse, and
translational smdies combining epigenetic profiling. fimctional assays, aud unan outcomes
are lacking. The goal of tlus review 15 to buld a cobesrve narative Imking sevollurane
exposture, eprgenchic modibicahons (5SmC. lustone marks, DNAMT/TET dynanucs), and

cogitive outcomes in early development.

Literature Review

PubMed was searched using Boolean operators: (sevoflurane OR anesthesia) AND
Ihimmc.‘mqmu OR BDNF) AND (DNA methyvlanon OR epgenetics), without date
restnctions. Shdies meluded rodent or Inunan pediatne luppocampal samples, reporting
sevollurane exposure and cognitive or molecular outcomes: reviews and non English
articles were excluded. Recent preclinical research mdicates that anesthetics mfluence gene
regulation m the developing brain, In multiple rodent studies, repeated or neonatal
sevoflurane exposure has been associated with mcreased expression of DNA
methvltransferases ( DNMTs) and wath lugher global S-methylcytosine or locus specific
hypennethylation in luppocampal tssue, This hypennethylation particularly affects
promoters of synapiic plasticity genes. For instance, hypermethylanon at Bdnf promoter
regions has been limked with lower Bdnf mBNA and protein levels m several annmnal studhes.
Other synaptic genes. like Synl, Shank2, and PSD93 also tend to get downregulated after
sevoilurane exposire which matches what we see at thewr promoter regions. On top of that,
repeated sevolluane exposure seeins 1o reduce hustone acetylanon, especially H3H4
acetylation and ngger other clwromatin changes, effectively tummg down the ransenption
of genes important for synaphc plashcity. These molecular shifts line up with observable
behavioral effects: anunals exposad to sevoflurane often perform worse on hippocampus

dependent tasks, such as the Moms water maze for spanal memory or novel object
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recogmiion tests. Inferestmgly. some research shows that epigenetic modifving digs, hike
the DNMT mbubator S-azacvtidine or broad spectiinn lustone deacetvlase mlubitors, can
parily bring BONF levels and memory performance back up, sugzesting a preny divect link
between these molecular changes and cogmution. In humans, g stades like MASE.
PANDA, and GAS usually find no major cogmtive issues after a single early anesthesia, b
repeated exposures, and their effects on things ke BDNF, haven't been looked at nuich vet,
Orwerall, the evidence points 1o a trend: repeated sevothwane can subtly supprass
newrotropluc and syuaphic genes winch may then canse nuld synaptic problems and short

ferm 1eiory ]I.i.l.‘-ElIlH i volng sials

Methods

Data Assessment

& Data Sources: NCBI GEO was searched for lnppocampal transcriptonue or
methvlanon datasers reportmg sevollurane (or clearly docmmnented anesthesia)
exposures m neoatal/pediatme rodents or lnonan pediatne samples.

& [Inclusion/Exclusion: Included datasets with pediatnc age or neonatal rodent
sanples, with docwmented anesthesia exposures and excluded those lacking control
(nnexposed) groups

& Preprocessing: Downloaded raw expression/methyvlation data from top relevant
GEOQ senes (wdeally =2). Nonnalize and batch correct data (usmng GEOZR online as
well as mamly R)

® Analysis: Extracted Bdol (and specified epigenenc regulators: Dumt]/3a/3b,
Tetl/2/'3, Hdacl) expression values and calenlated log2 fold changes (ireated vs

control) using R Differential expressions used limma (microarray).
Gene Expression and Epigenetic Data Analysis

Retevamt pubhe datasers i NCBI GEO were wdentified. Three ehmble mansenptomue
datasets (GEO Senes) were analvzed using R: GSE139220, GSE1553770 and GSE141242

These mvolved hippocampal RNA from male Sprague Dawley rats exposed to sevofluwane
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ve control as well as neonatal nuce. Using R Bioconductor, muln amray average (RMA)
normmalization was performed on each dataset. Expression values were for Bednf and select
genes (Arc, Dumtl, etc. ) and used Student's t-tests (unpamred) 10 compate sevo vs, contiol
groups witlun ¢ach dataset. Fold changes (log2) and p-values were caloulaied. Any available
methvlation or ChIP-seq data after anesthesia (none were found i GEO) were also looked
mte. For genome wide analvses FDR (Benjamini - Hochberg) are applied, for prespecified
gene tests (e.g. Bduf) unadpsted p-values and effect sizes are reported and miterpret them

within the study’s exploratory scope

Results

Cene Expression Changes in the Hippocampus (GEO Analvsis)

Neonatal Mouse Hippocampus (GSE1SSTT0)

Using publicly available microarray data, GSEL53770 (neonatal monse) showed differential
expression with a predominance of altered IncRNAs and mRNAs. Differenhal expression
analysis of the luppocanpal lneRNA profiles followmg sevotlurane exposure identified 44
significantly altered IncENAs (adjusted p-value < 0.05). Among these, 34 IncRNAs were
upregulated (log: fold change up 1o 2.71} and 10 were downregulated (log: fold change
down to -1.85) relative to controls, Voleano plot visualization confirmed the predonumnance
of up-regulated transcripts and lughlighted the most strongly dvsregulated IncRNAs. These
results sugzest that sevofhwane exposure mduces a measurable shaft m the hippocampal
IncRNA expression landscape. (See Figure 1) Notably, the altered IncRNA profiles pount
toward epagenetic and post mansenphonal regulmory disrupnions, wloch may underhe the

netrotoxic effects observed m developmg brams exposed to anestheties.

Aged Bat Hippocampus (GSE141242)

GSE141242 (aged rat) shows many DE genes enriched for stress/aging pathways. Analysis
of GSE141242 focused on key neurodevelopinental genes revealed mininal mnpact of
sevoflurane exposure. Bdnf showed a shght down regulation (logFC = -0.087, ad).P.Val =
0.99995), while Dumt3b and Hdacl were shghtly upregulated {logFC = 0.072 and 0.077,
ad).P.Val = 0.99995), and Spen remamed mostly unchanged (logFC = 0.012, ad). P Val =
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0.99995). Although p-values are not significant, effect sizes suggest trends consistent with
epigenetic modulation. None of these changes reached stanstical sigmbicance. mdicating
that a 6 hour sevoflurane exposure a1 P7 did not significantly alter the expression of these
criical genes mvolved m newrogenesis, epigenenc regulation, awl neuronal differentation.

{5ee Figure 3)

Aged Rat Hippocampus (GSE139221)

Differential expression analysis of the GSE139220 dataset { aged rat luppocampi,
sevoflirane vs control) identified substantial 1|','||:|~.4:'ri]l1r-||:|i-: perturbation. GSE139220
shows mminple DE genes. Dntferential expression analyvsis of four genes of mterast (Bdnf,
Dhinmt3b, Hddacl, and Spen) m the GSE139220 rar luppocampus dataset revealed no
statisically sigmuficant changes berween sevollurane treated and conmrol groups (adjusted
p-values > 0,99}, Although the magnitude of expression changes was small (logFC range
L0887 10 0.077), these genes are known to be mvolved m neurodevelopmental processes
and epigenetic regulanon, mcluding neuron differentiation, synapse assembly, DNA
weetliylanon. and trapsenptional regulaton. Tissue annotation confinued their relevance to
bramn and embryome hasnes, supporting thewr potential mechamste hnk 1o

newrodevelopmental outcomes followimng sevoflurane exposure, (See Figure 1)

GeneSy | logk | P-Val | adj.P. GO Terms Tissue
mbol C ue Val
Bdnf -0.08 |0.436 | 0.9999 | neuron differentiation; brain:
71 7 axon guidance; synapse | dorsal root
assembly: learning & ganghon;
memory lung: adult
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Dnmt3ib | 0.072 | 0.590 | 0.9999 [ DNA methylation; embryome

4 7 neuron differentiation; fisste;
methionine cyele lung:

pancreas;
adult
Hdacl 0.077 | 0.493 | 0.9999 | histone deacetvlation; bramn:

3 7 negative regulation of colon;
cell prolhiferation: kidneyv:
Hedgehog signaling adult

Spen 0.011 {0914 | 0.9999 | negative regulation of brain;

3 7 transcriplion: positive embryomc
regulation of tissue;
neurogenesis; Notch adult
signaling

Figure |
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Figure explanations:

Figures 1-3 show the gene expression changes observed m the three GEO datasets analyzed,

* Figure 1 - Differential expression and functional annotation of key
petrodevelopmental genes after Sevoflurane exposure. The table shows log2 fold
changes (logFC). statistical significance (P-Value and adjusied P-Value), associated
gene onfology (GO) terms, and tissue expression. Bdnf 1s shehtly down regulated,
while Diunt3b and Hdacl are moderately upregulated, and Spen shows nunimal
upregulation, refleching gene specific responses.

e Figure 2 - Expression changes were assessed m four key neurodevelopmental genes
(Bdnf, Dnmit3l, Hdacl, and Spen) in the hippocampus of P7 mice exposed to
sevotlurane versus confrols. As shown, all genes exhibated mimumal fold changes
(log2FC range -0.09 1o 0.08), and none reached stanistical sigmficance (adjusied P
0.05), mcheanng no detectable effect of short term sevoflurane exposure on these
transcripts umder experimental conditions

e Flgure 3 - A lollipop plot depicting log2 fold changes of key newrodevelopmental
genes shows that BDNF 1s shightly down regulated following Sevoflurane exposure
Dymat3h and Hdac |l are upregulated 1o a smular magmitude as BDNE's down

regulation, while Spen exlubits only a modest upregulation

These visuahizanons confirm and complement the stanstneal fmdings, rémforcimng the

epigenetic repression hyvpothesis.
Behavieral and Functional Outcomes

Preclmical smdies mdicate that repeated or neonatal sevoflurane exposures may nnpanr
hippocampus dependent behaviors. such as spatal, social. and object memory, The
detectability of these effects depends on developmental timung. conmmlatve dose, exposure
schedule, assay sensitivity and more. Furthennore, Exposures overlapping peak
synaptogenesis or neurogenesis and repeated or prolonged protocols, produce larger and
more consistent behavioral deficits than single, brief exposures. Smularly. sensitive and
domain specific assavs show subtle mnpainnents that are often nnssed by coarser global
measures, while adequate sample size. randomuzahon, and blinding are requured to rehably

capture biologically meaningful effects,
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Linking molecular alterations, such as reduced Bdnf expression or DNMTTET
dysregulation. o functional outcomes benefits from multimodal approaches. Combining
hippocampal molecular endpoints with electophysiology and behavioral assavs strengthens
causal milerence and lughlights specific pathways by wlich epigenctic modifications may
mfluence cogmtive trajectones, and translatonally, prospective lhmman studies should
mtegrate peripheral biomarkers (BDNF levels, methylation) with sensitive nenrocogninive
batteries and longamudinal follow up. Overall, anesthesia related behavioral deficats are most

detectable when exposures tget viulnerable developmental windows

Discussion

The hiological plansibilin: of the livpothesis 1s very strong: BONF 15 a master regulator of
netwogenests and memory. Epigenstic mechamsms provide a framewark hnking anesthetic
exposure io lasting gene expression changes, for example, Ma et al. emphasize that neonatal
anesthesia can alter DNA methylanon and histone marks broadly in the CNS, mfluencmg
senes mmvolved i leaming and memory. The results complement this by pmpomting BIYNF
(and synaptic genes) as spectfic targets. Furthennore, BDNF transcription itself 15 known to
be epigenshcally contralled; m other confexts (stress, dimgs), increased promoter
methvinton or repressive lustone marks at the Bdnt locus sharply reduce its expression.

Sevoflurane appears 10 engage sumlar processes,

Climcally, the translational sigmficance hinges on exposure patterns. Most pediatmc
strgenes wmvolve a single, shon sevotlurane exposure, for which lagh quality tnals find no
long term harm, however, this review suggests caution with repeated or prolonged
anesthesia i vulnerable penods. The subtle but sigmificant cogmitive associahons seen in
metaanalyses could partly reflect epigenetic effects like those descnibed. If emly BDNF
suppression ransiently delays synaptic maturation, it may manitest as short tenn learing or
memory delays postoperatively (whach often go mmeasured) rather than oven, penmanent
deficits, Notably, emiphasis i< placed on sharr term memory, some shidies suggest any
anesthesta induced cognitive effects i cluldren are nuld and transient (e.g. nuld attention o

memory slowimne m the first week ) rather than frank mtellectual disabihiry.

Ovwerall, thus integrative approach links anesthesia pharmacology, molecular nevroscience,

and pediaimic chnical research. It suggests that repeated early sevoflurane anesthesia can
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trigger epigenane repression of BDWE. Thas framework enconrages fumwe translatonal
work: for mstance. measunng BDNF expression or methylanon m accessible nssues (blood.
buccal) of anesthetized infants, or testing epigenetic therapies (like environnental

ennchment or HDAC mbhibitors) to nutigate any cogmtive side-effects.

Limitations

Thus study has several hmutations. (1) The animal datasets differ by species and age
{neonatal monse vs adult'aged mat), Imuting direct translational inference. (2) All GEO
analyses are observational reanalyses of public data and therefore show association not
caunsation. (3) Where available, sample sizes are small (e.g.. =3 per group in some seres)
reducing precision, raw sample sizes and exact p-values are reported m the figure captions.
(4) We lacked primary genome wide methylanon or ChiP data in the same animals:
methylanon effects are mierred from DNMT/TET transenpt changes and poor expenmental
siudies, (5) Climeal human evidence is largely observanonal and heterogeneous. These

limutations femper causal clamis and tughlight areas for futore work

Conclusion

By combuung metaanalvsis, public dataset mung. and hiterature review, a cohesive model
has been balt, lmking repeated pediatnc sevotlurane anesthesia to epigenetic
dovwnregulation of BONF and consequent newrodevelopmental effects, The results show that
sevoilurane exposure 1s reproducibly associated with mereased DNMT activity and Bdrnf
proweter hypennethiviation m rodents, whach correlate with reduced BDNF expression and
luppocampal memory deficits. These mechamstie msights ahgn with cognitive associations
seen i cluldren after mulnple anesthetics and so chimeians should remam vigilant when
multple anesthenc exposures are necessary m voung children. Funire research should
meastre BONF methylation and histone marks after anesthesia and test interventions

{ pharmacological or behavioal) that preserve epigenetic homeostasis in the developing

bram
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E’rr\-l-.'\-r'.'i'-o Dy 1pticn

| Biochar s the Comersions Sodl Aspendment
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5. Cireen Comdors! Habitat Connectiviiy and Soil Bemedintion

. Residential Yards; Distribured Biodiversity Mode

i Systematic Integration and Ecosystem Service:
|_.||:':-|:-u: PIIIILII:III\.".

1. Conpectivity- Reconstruoting Ulrban Ecological networks

2 :‘Il"lllIF.'||||I..||I'||I.'I]I|:.' E]rll'.l_'l”l.:g [.n_'l.'b.:.. AEI Services Acroas Scales

Ao Subsirake Uit s Enginsering Scdl as a Living Infrasomaetare

i. Biotic Integranon- Hammoaizing Navive Species and Microbial Symbicses!

3. Resilicnce-Boilding- Lewg-Term Adapeation t0 Litban Stressors
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Lowg-tenn VIRR R Deph and NI LR considermations;

How this medel can inform real-woudd applications:

Limitarions
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Research Proposal

Introduction

Research Question:
How can cnrbson-negative greéen spaces be designed 1o both caprture earbson add snppon
biodiversiry i urban/sub-urban areas?

Aums and Objectives:

# To proposs o theoretical model for carbon- negative community green spaces thm
itegmates carbon capiire technologes with bisdiversity enhancement practices.

# Review existing liferature on carbon capture teclnologies and hiodiversity enhancement
in nrban seitings

e Jdentily smitable carbon capiure methods and biodiversity enhancement practices fo

COTMITY gTeen SPpaces.

[:I‘E\.'EIHII a thearstical framewark that combines these methods and ]'-rm.'ﬁre-:..

Evalnate the poreniinl emvirommental impact and beoefits of the proposed model.

Suggest ways to implement and scale this model in urban and suburban areas.

& & & @

Provide some foundation for future research and practical nnplementaticon.

Briefl Backeround/Introduction:

The escalating challenges of climate change and biodiversity loss demand integrated, mnovative
rolitions |.1|"||.'|:||:lll..'ll|':-' within urban and suburban environments where land vze 1= dense nnd
ecological oppormnities are often overlooked. While commnity green spaces have traditionally
served as lubs for recreation and environmental education, their potential pole in it gating
climate change and suppoming biodiversity is increasingly being recognized. However, mos
eurrent initinfves tend to address either carbon eapture or biodiversity enhancement in 1sslation.

Thus research propoies the |.|1.".-:.|.':| and theoretrcal J.II:LI.II.I.'I:III: ntaton of a carbon-nerative
SO green space prototype that simultaneously caphures aimosphenc C0: and énhances
local biodiversity. By inteprating direct eoubon eaphure technologies with strategies for creating
biodiverse habirars, this model addresses roo of the most pressine environmental issues of our
timse in & unified manner. The aim is 1o develop a scalable and replicable feamework thint
demonstoates how wiban and suburban areas can actively contribsate to both carbon sequestration
and ecologienl resiliznce. (Adexnndea et al., 2020)
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Through a cetical review of existing literature and identihcamion of key resenrch gaps. this papes
lays the grovmddwork for a concepoeal mods] that bodges techuological and ecolozical
approaches. The study highlights the underexplored potential of combining carbon-negative
strntegies, prmanly Direct Axr Captarei DAC ), Bioenergy with Carban Capitiire and

Storagel BECCS), and Biochar, with hiodiversity-focnsed design in comimunity green spaces,
emphasizing the need for interdisciplinary thioking in sustainable urban development.

Justification:

The copcurrent crises of climate change and baodiversity locs represent two of the most urgent
environmental challenges of the 21t century, Urhan green spaces. once seen primanily s
recrentional assets, are now recognized for their role in carbon sequestration and ecological
enhancement (Ziter, J016; Haase et al., 2014). However cuarent wrban sustainabiliny instiatives
often approach these isswes in silos- focusing on either carbon capture or bicdiversiy
enhancement, but rarely integrating both (Kabisch ¢t al., 2017}

. Theogetical relevance: there 15 a clear gap in the literanwe concenmung the mregration of
direct carbon capture fechnologies with liodiversity promoting stmtegies al the
L'I'\.II:LH:IIIJ:i‘ :u IE"'I."II ".1.'|'|JJE SONE '.|||I||E5 II.\'I.'E' E"-C.-'I:H1|JIE':‘I lih! '|I."I_Fﬂl.'l1rf I'H'ﬂl."II.!IJJ': -I"l. 1||E5I=
approaches [Seddon er al., 2020 Davies et al., 2011, a concepual mode] that bridges
fechnological and ecological interventions i urban gresn spaces 15 lnckang. This study
thits contributes 1o theoretical discourse by proposing & wiified framework grounded in
climmle seyeEnce, nrban r.-;,:nh_':!_.'_ﬂ... ancd snstnahile ri-:'..ipn

1

Exploratory need: oz an anexplored intersection of carbon-negative strivégies and
biodiversity planning, this topic wamrants exploraiory investigation 1o andersinnd the
fensibiliny and ecological symergies imvolved { Frantzeskaki et al.. 2019}, The research
AIINE Iy y:;l&nﬂd éw 1||:=.|__i"|'|rh ity b ALY -l INEFYVENTIONS Cidd IMaXiiise
environmental benefits in urban settings.

3. Proctical significance: given nccelemting urbanization and envirommental depradation,
sealable green infrastuciice models thas ner as both carbon sinks and biodiversinty nbs
are essential for fumre urban resilience (Gomez- Baggethun & Barton, 200 3). This
research supports the development of replicable comammnity centered solutions aligned
with current world climate goals, soch as the TN Sustainoble Development Goals,

By addressing both carbon sequestration and biodivecsity foss within a single scalable protorype,
this research fills a crucial pap and supports the advancement of mnterdisciphinary and actionable
wrban sustainable practices
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Research Gap:

Liipredit andtentives i nrhiii __1:'1 el h’.ﬂl."l‘!'. often focits ad either carhan -.‘:'.1|l|!l||.-|‘: of lrl-:'-;ti.'n!l:'.h[.
enhancement but rarely combine both. The potential to maximize epvironmental benefits through
the wtepration of these twa appronches remnng mwler-resenrched, pamicalaely i comamumity
settings. Existing lternrure Incks comprehensive studies on the theoreticnl effectivencss of
combunig direct carboan cagnure technologies with biodiversiny-promoting sirstegies i

oIty precm ipaces,

Stady Design:
l. Mlethod; Secondary research
."||1_. pesendch 1 ECaiE 1o |:|I.'it'.'||‘:-' |.|-|:'|:w:|:||.| of tiformation and faces from Pre-exising
literamre on carbon-capiure technologies and biodiversity enhancement in wben setiings.
This '.I|.||.|3.' r.-||||1|-.|]. 4 m theareticn] resenrch ||-=‘.i.5u|. |=|i:-.||1..l' o lilemitire review and

copcepiual analyais to develop o model for carbon-negative commmmity green spaces.

| B}

Pumpose: Theoretical resenrch

This study 18 thearetical as it develops a concepiual framework miber than testing a
|||:|[.'.-.i-\.':||. Praloree. It draws on eNIsTIng literntre 10 propose b carbon CHAPANE
Mihll.-q}ln_E'h:'_'. anicd |1u'-|:li'.'err.|1:_.' strategies an be |nl¢gt‘ar¢:l Wl CONITINIITY Breeil spces,

serving &5 8 foundanon for funare empincal research,

3. Depth of Scope: Exploraiory research
The research s :-ti'ulr.hrnlur_'.' hecaise it investipnles a povel and tunder-researched
witersectr-—eombining carboa sequesteation el brodiversity enhancement in urban
selangs. 11 s o nrcover |u::__|-_=E|.'.:-.. |-.E¢||.1il':.-' 3;|:||'-'.'l.:|='df_'r: i, naid _k_'1ll|!|.' furiher '.tl.ll:i!.' I

thiis SIMETZIE Aren,

4. Type of Data: Prmanly Qualitative, Supported by Chanuntitative Datn
This research adopts & primanly qualitative approach, drawing fron imterdizciplinarny
Bremmtire, cnse studies. and thearetical models 1o construct a framewark for i.|:||:|:.|:'|||lmll_:
garbon captire and biodiversity stratégies i commutnity gréen spaces. It also incorporates
guantitative ilats—aucl i enrbon sequestention potential and species diversay
metrics—ito support theoretical assumptions and ephance the model's scientific validity,
Thiz makes the sy a gualitative-taminant mixed-methods esearch effor

5. Timeframe: Cross-sactionml
The stdy s eross-sectional in natre, synthesizing dats and insights available at a angle
point in tune, [t does pot involve ongoing data collection or tracking of outcomes over

wiwwLyoungsclentistsjournal. com




time, which are charnctenstic of longitudinnd studies. Instend, it provides a conceptual

overview bazed on current knowledge and conditions in the fleld.

Inclusion and Exclusion Criteria:

Inchusion Criterka

Exclusion Criteria

Sources of formaton research papers.
academic journals, books, etc) written in
English

Resenrch papers. academc joumiads, books,
ete, not written in Enplish

Research papers from 2010-20257 are
maximim dated back to 15 vears

Research papers older than 15 venrs/
published before 2010

Source: of information meludime:
*  Peer reviewed jourmnal artscles
®  Acadenc papers
#  Instirntional reports

Soorces of intommion exchiding
¢ MNon-peer reviewed blogs
# News articles
#  Opunon texts without amy sceentific

basis

Smidies addressing:
& Carbop sequesteation
#  Biodiversiny
® Circen space design i wbansiburbag

Sl I.IJE =

Studies wnrelated o
o  Eovironmeninl sciemnce
¢ Lirhan planning

#  Buodrversity and ccology

Papers disenssing the integration or

enhapcement sientegies

co-benchilz of q.':|.|."|.'r|.l||-|.'.|.]|E|.uc il Imodiversaty

Smidies focusing solely on one aspect without

[ um.i-: lex i | |1r: other

Cilobal urban and suburban case stadies o

iheoretical models

Shiches lmmated 1o s nl':l.gucl.tlll::n]

l||.|:|||:1.q_':|i:-c-. or natral forests -u|:||:c

D:\!.J. q.'uu.-.l.-.hu:q: ol IJ||:'|.|-|.1:'I|-\.'.'|| mnel mciunl
mode]s, liemture reviews, and empirical doata
used to inform conceptunl design

|7.1|_u:|:i|:|:||:|1!.n|. stijdies wnrelated 1o

community-level green space planning.

Boolean String

{“carbon sequestration techniques” bicchar OR “biochar amendment”)

AND (“Urban green infrastructurs” OR “gresn urban planning” OR “environmental design”)
AMND (“blodiversity enhancement” OR “urban blodiversity” OR “scosystem resboration”)
AMND ("green-roof” OR “gresn-corridor” OR “urban landscaping”™ OR “residential yards")
AMND ("s0il health™ QR “soil quality™ OR “sail remediaton” DR “$ail microbiome™)
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AMD (“uran emronment” OR ety OR “urban arsa”)
MOT { agriculture OR forestry OR rural OR “crop production)

Limitanions:

As a high school student. ny research on sustainable interventions i urban settings 14 lomited to
severnl factors such as advanced scientific equipment, nccess to a lab, funding to sctsally make
0y protetvpe, tiime constenints- [ am conducting this research over a 3-week period- which
resilts in linuting the scope of Beldwodk and data analysis, The project relies heavily on
secondary data, as in-depth seul, nuerobial, ar biodiversity assessments were not feasible, My
knwledge and understanding of envooomental Inw remans theoretical, hepce huuting the depih

of any policy analyss and implications,
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Research Paper- Developing Green Cities- nature’s
role in urban climate action
Abstract

This paper explores the theoretical imegmmtion of carbon capmire technolomes with biodiversity
enhancement in copumueity green spaces. The project nms to mddress the dual challenges of
climnte change mitigation and biodiversity loss by proposing a model that can be applied in
nrban and suburban wlliqgs. Uidban and subsrban nrens are i.n.:|=r|.'.4n5_._!i_1_.' vitlnernhle to the dual
crises of climate change nnd ecologicnl destructon, necessitating: innovative, cross-disciplinnry
thoclels that can :.|:I:|:|l|||!.'u|:||.-|.ll.l'~.|:l. lungate cnrson emussions md suppon c-..'-:'-|11g||.':‘|] resilience

i Seddon, e al., 20200, This study reviews existing hierature, ideniifies research paps, and ontlines
i thearetical framewerk for creating carbon-nepative green spaces that support local ecosysiems,
focusing particidacly on theee carbon capture methods: Biochar, Divect Aar Capiure{DACY, nad

Bioenergy with Carbon Capture and Stompel BECCS).

Literature Review

Overview of carbon capture technologies applicable green spaces:

As global effons 1o address climate change itensify, carbon caprure technologies are
increasingly being exploved as tools 1o reduce armospheric carbon dioside concentrations. These
approaches amm to either remove CO2 divectly from the air or capture it at the point of emission.
ennbling long-temm stornge or repurposing. Anvong studied methods are Derect Adr Coapture
(DAC), Bioepergy with Carbon Capiuge and Storage (BECCS ), and Biochar. Each represems a
distinet strategy in tenns of mechanism, scalability, resource use, and potential integration with
exstmg systems. The following overview outhines how these technologes functon, their current

copabilities, and key considerations associnted with thewr deployment (IPCT, 2022)

l. Direct Air Capture

Direct Aur Capture/DAC) 15 a carbon removal technology that extracts CO2 directly from
arnbent mr, inclependent of when oo where it wies enmited. Tt serves s o syvathene carbon
pink oo can help offset emissions from hard-to-decarbonize sectors such as avianon and
remmode iddustries, DAC s e LHI!'Iﬂ:II'IIJl o Sapiure g g QR0 M OO e vem ||:c 00,
and even up to 3 Gt CODivear, making it a crtical component of clunare strategies
endorsed by the IPCC and [EA. DAC operatés via etther hguid or solid sorbents which
nbzark T2 from the mir. The ©02 15 then released and trnnsported for starage or nse.
.-"..lih-.'.-u:gh expensive and energy intensive, DAL i '|1rr.-|11i'.|:13 duie to e '.:nl.'.’htlﬂ}'.

pon-reliance on arable land, and companibility with renewable epergy. Technological
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advancements. especially 1o sorbents and heat recovery, are expected to reduce costs
DAC currently depends hieavily on carbon markers and govermment suppoit, as peofitable
CO: uze cases like Enhanced Oil Recovery (EOR} are insufficient alone to drive
commencinl L|El1|:|‘:-!.'mﬂ|'|[. K.F,-:. barriers inclnde high ENergy mwnil vt TeCuIreImenis, [r|||::|=
lnnd arenlTOM kin2/Gr CO2), high costs(s LO0- S0 reus ). el the need for low earbon
energy sources 1o enstre pet CO2 removal. DAL also has o water footprint of nround 4.01
mifton CO2, bur uses less land and water than Negative Emiszion Technologiesi NET: )L
like BECCS. (McLaughlin et al., 2023}

(R

Bioenergy with Carbon Capture and Storage

Bioenergy with Carbon Capture and Storage (BECCS) 15 a carbon-pegative technology
that mtegrates biomass-based energy production with capture and long-verm storage of
carbon, making it a viable strategy to reduce atmospheric CO2 concentrations. In this
process amass- stich as plant marer oF organic waste- absorbs OO from ibe
atmosphers dunng growth. This liomass is then converted into energy through varons
methods, ncluding combustion, fermentation and anaerobic digestion (Babin et al.,
2021). While BECCT'S 15 presented s essential for achueving the 1.5 degrees Celziis or 2
degrees Celsms global warmung torgets, it also poses significant ecological and socinl
nsks, especially when deploved at large scales. Instead of relving heavily on BECCS,
rapid demand side decarbonrzation and less land-intensive carbon removal methods
should be priomtized to avoid breaching sustusabality thresholds and barming ecosystems
and commiinities. (Creuztiz e al., 2021)

3. Biochar
Biochar is a carbon-nch, durable substance tha enhances soil health. sequesters carbon,
and supports enviromnental sustanabiliry. Produced theough pyrolysis of organic marter,
its effectiveness depends on the biomass type and pyrolysis remperature. High
remperaire bicchar has greater porosity. surface ares, and hvdrophobicity, making i
more efficient in removing ofganic contaminants, while low temperature biochar is rich in
oxygenated functionnl groups. ideal for elimunanng inorganic pollwtams. Biochas
puproves sodl ferulity by incereasing pH. I:I.LIJ.'I.III:iJ.I._\l_J cation exchange capaciy, and
providing essentinl nutnents like calcium, potassium, mtrogen, and phosphoms. Ii
supports microbial Life, boosts crop vields (5-50 ronsha with fertlisers), improves
reunwnter infiltmtions, and enhances drought resistance.(Shouwdu et al., 20240, A stody
condacted i Helsinks, Finland, used a simplibed life ¢ycle assessment and the UTSDA
Forest Service's 1-Tree tool, and scenano modeling to evaluate the 30-yvear CSS potential
of urban vards enhanced with trees and biochar-amended soile, showing biochar has a

long-tenn impact oo wrban iodiversiny, (Anulvoma et al., 2021)
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Biodiversity Enhancement strategies in Urban planning

l. Green-Roofs
Crreen-roofs have been shown to suppon considerable biodivesity, though theu
effecuveness vares by habita size and species type. Green roofs suppod diverse flom
mikd fauna: oibe European study found 176 plant species on |15 roofs, and additoial
studies documented arthropods, fungi, bactena, and up 1o 44 springiail species. Green
roofs also provide kabitats for vertebrates, mainly birds- with 30 species using them for
breeding or other activities- and even bais, Green-rools meet the 4.4 Ha threshold
needed to support urbap-adapter species, expanding their biodiversity conservation
potentinl for species with large area needs (Mayrand et al., 205}

| b ]

Creen Comidors

LUrban preen cortidors are vital linesr greenways that connect various urban green spaces,
supporting biodiversity, ennbling species movement, and enhancing recreation and
aesthetics, They plav a key 1ole in provading ecosvitem services, promolng sustanable
transpon and fosterng buman-oatire conpections, as they consist of interconnected parks
nnd oatural/semi-naninl spaces. However wrban spraw] and denzsification have cansed
liabarar fi Agie nlaT o, narnve |1|-'\-|1l'.'¢|:.|l:.' checlipe, and likereased |..'u|.|:l'.:.':||.h-:
homogenization. Nature-based solutions help adapt to local conditions, and aim to embed
paturnl processes into ¢ty landscapes (Lin et al.. 20235

i

. Residential Yards
Yards, when mannged thowghafully, can play a crecial role i supporting eodiversity by
provading refuge, breeding prounds, and resotisces for a wide range of plant and animal
species. Munagement practices, especially vegetation chotces like incorpomfing natrve
plants. increasing strsctursl diversity, and reducing mowing or wesding, can enhance
wildlife richness, including birds, pollinators, and insects. Improper yard-practices., such
ns planting invasive species, wsing pesticides, and allowing free ronming pets, can
[||:'Eil|.|"-'\l|.‘l.:'. [RRHHILS pemrby patornl arens amd waldlife. ,-'l,1||h'.i||4|:|]]}' meorporating medscimnl
gardens inurhan yards preserves cultural traditions and contribaies significantiy to plant

|.|i'-':|..=.:|l3.' { Leérinan et ||| . | 2

4. Blue-Green Infrastructure
In recponze to ubnnization challenges like heat, pollution, and disrapted warer cvcles,
ciites we increasingly adopting Blwe-Green Infrostructure (BGI- 0 netwourk of
sem-natiral and engineered systens mich as green-roofs, wetlands, and sTormwaner
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ponds- to restore natarnl processes and delrver multiple ecological, social, and economc
benehits. Orginally designed for stormwater management, BGL s now also being
recognised for s roles i hear mitigation and biodiversity suppor. However, ecological
dimensions are often overlooked by engingers, despite evidence that biodivecsity
enhances svstem performance and resthence through services like water punfication and
pest control (Pemeler et al ., 2024)

5. Landscaping soils
Landscapmg 501l deals directly with soal biodiversity, which plays a coacial role in
:II';."I:IIIIHJTIJJIH -EI.'L'I‘-?.":‘IE!III. ’-'I1I|I.'rll'll'|$| .I|'|I.‘I II.“I:I:IEIJI “'If”. E'E-Illg. :n.'l."| i1'. 'ullﬂl:liEL'IH.'h:l! i.l'l |'|r|.'-:|.r|
eovironiments remans inderexplomed compared aboveground ecosyvitems Techmigues 1o
nnproye o1l odiversaty melivde! préterving and expanding biodiverse green spaces,
imuntamng or ransplanting habiats that suppon soal bfe{mures, spnngtuls, bestles),
:l-c\'l:|1||ru||-r Al manaring Freen infrastrmciire LR g e, P een-walls, SOy
gardens b, and creating biodiverss indoor plant-sail systems. such as ported plants and
grecnwalls (Sum et al, 2023)

Theoretical Models and Existing Case-Studies:

4. Carbon sequesirarion and siorage porenrial of wrban green in residensinl vards, A case
stdy from Helsinks serves as an essential ense study i demonstmting how nrban
residential vards can sipnificantly contribute to carbon seguesteanon while somaltaneously
enhancing biodiversity woith city emvaronments. As cities coatinne to expand and drve
plobal preenbowse gas{ GHG Y emussrons, wrban green mimstrociure- such as forests,
parks. vands, and street trees- has become ncreasingly inportant for providing ecosystem
pervices like carbon stomes, climnte adaptation, and habitat provision. Resdential vards,
althoueh ofren excluded from formml ||]n|1||.|||g frameworks, can conetite over o thurd of
wrban green space and offer nntapped potential for supportng both climate goals and
ecological diversity. This study emphasizes that carbon sequestration and stemge (C55)
benefits are highest in wrban trees with ample space. and healthy, deep soil. Maoreover, it
highlighis the strategic value of biochar ns a soll amendment that not oaly boosts carbon
storage, but also mmproves soil structure and suppons diverse plaat and microlial life.
Conducted in Helzinki, Finland, the research commbines o simphfied life cvele asseszment,
the USDA Forest Service's 1-Tree 100l, sod scennrio modeling 1o evaluate the 30-ven
55 potential of urban vaods enhanced with mees and biochar-amended souls, The
findings ilhistrate how optonizing vegetation and soil condifions can sipnificantly
strengthen urban carbon sanks, even i individual properties. It demonstrates that

trnnsforming residentinl vards into high-functioning green infrastructure is not just
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fentibile bir essential for advaneing wirhan ecolagical resilience and conts lerulg

meamngfully o global eovirommental targets. (Anluoma et al., 2021]

5. Life cvele assezsmenr of urban uses of biochar and case smidy in Uppsala, Sweden
avaliintes the envirommeantal J1erﬁ_1n||.m1:r.- of hischar neross hve trban :||1]:-|.i¢'.1r|n4!|'\.-
including tree planting, green roofs, landscaping soil. charcrete, and biofiln curmiers
using life cvele assessment methodology. Conducted in the context of Uppsala, Sweden,
the analvsis reveals that biochar offers significant climate benefits when used in a
decarbonized energy svstem. largely due to its long -tenm carbon sequesteation potential,
These applications not only reduce preephouse gas emissions, but also substiture
conventional matenals with higher environmental costs, such as peat based souls i ree
planting. or expanded clay in green roofs, The paper emphasizes that biochar-amended
souls can enbance nucrobual scuvity and create mucrolinbaats for fungs, bacteria, and
mvertebrates, contributing to a healthier and more resilient urban sod ecosystem.

Furthermore when used in green roofs, biochar helps retain stormwater and offers n
substrate conducive 10 mosses and native grasses, increasing habitat heterogeneity on

even roofiops- spaces ivpically inhospitable 1o biodiversity. (Azzi et al., 2022)

6. Deveiloping integrated divect air capire and Bioenergy with carbon capnire and storage
systems! progress rowards 2 «C and 1.5 +C climare goals: this is a research that shows
integrating DAC and BECCS in wban settings holds promise. particularly when-waste
derived biomass 15 used as feedstock. In cities, where lrge amounts of organic wasie are
generated, this approach can reduce landfill dependency, leading 1o decrease in methane
emissions. and repurpose waste streams. ultimately mproving air and soil quality-
conditions that faveur urban |'.1||.u."||'~'|:|."..:[:.'. However the paper also Ifl.:ghLi.EiI[; the energy
intensive namire of DAC systems, and the logistical challenges of biomass sourcing.,
stornge and processing. In wrban environments, space hnmutations, infrastmctue,
construnti, and the need for low-carbon energy nputs pose sipndhcant hurdles. T not
caremlly managed, the deplovment of BECCS facilinies in cities conld increase
competition for land. ntroduce norse or aur pollution from bromass combustion., and
disrupt existing green spaces- potentially harmung urban ecosvstenys rather than
supparting thém. The paper’s primary focus is on carbon removal however, which shows
efficiency ranges from 91.19% 10 93.9% for DAC and BECCS systems iteprration. with
promoting biodiversity as a sds bensfit, and oot a primary derver. Itegration of the
svstems will requare extremely careful system design, 1o make sure that ecological

benehits outwergh the potential disruptions. (Okonkvro et al., 2023)
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Justification for selecting Biochar for Urban Carbon Captlure and
Biodiversity Integration

In designing a prototyvpe for uchan sustanabality that integrates carbon capmre with
biodiversity enhancement, biochar presents itsell ws the most contextunlly appropriate
technology compared to Direct Aur Capture{DAC) and Bioenergy with Carbon Capture
and Storage (BECCS). Though a lot of research on soil biodiversity and biochar comes
from research dowe in forests, there are also a sipmificant number of papers researching
the benefits of Wochar in woban apphcatons, Biochr 15 prodoced through pyrolysis of
orpanic biomass and can directly be applied to soils. improving carbon sequestration
whale sumnltaneously enhnncing soil health and biodiversity (Teffrey et al., 2014). In
coptrast 1o DAC- which, while effective wn extracting CO2 directly from atmosphere, 15
EHErEY irtensive and l:.'\i,JIEIJ:"\.-i'n:- sl BECCS- wilieh demands: vast Jaml nrens nnd
centralized infrastructure for biomass cultivanon and storage- biochar is logistcally
suited for decemtralized. small-scale urban svstems, This makes it particalacdy vinbie for
integration into green roofs, whban fanms, and community gardens, where 11 can suppeon
mucrobial diversary, incrense water retestion, and tnpeove soil fertilivy (Jeffeey e al..
2014 Lehminnn et al., 2001 )

The mtegration of biochar aligns directly with the biodversity strategies planned for the
wrban protorvpe, such & native plant restomtion. Biochar improves root-soil internctions
and fosters beneficial nucrobial networks, thereby enbancing plant resilience and
ecological complexity (Letumann et al.. 2011 ). These soil liodiversity enhancements are
ezsential to bulding stable ecological svstems witlun fragmented whan environments. In
contmst, DAC, though promicing for global-seale OO removal. offers no mmmediate
L"LEJII.I_I_E'II.':IJ. benefits, and its infrastrctine, ||.|.-|.l|.|.|:.-|:| scalabile 1w '.-L'll.lll-l-|:h:|.'4.'_-- FERE i L T ':E'.'"
compatible with space-constrained cites. BECTS faces similar limitations, relying on
large-scale monoculture feedstock svstems. nnd long-haul transpon for carbon storge,
baoth of which pose logistical and ecological isswes in nrban settings (Smith et al.. 20 6)
Finally, beochar's compatibility with circular waste stratezies enhances ity urhon
viability, Municipal orennie waste such as food straps and ganden refuse can be used as
bioanass feedstock, allowing citzes to reduce landfill contnbuations while creating a stable
carbon sink (Woolf et al., 2010} The localired production and spplicatton of biochar
suppor a closed-loop carbon cvele, enabling urban commuunities to contribure
meaningfully to climate goals without compromising ecological integrity, Given its
multifunctional benefits, logistuenl feasibility, and alignment with biodiversiry
enhancement effoits, biochar is the optimal carbon captare solition for mtegration in my
Em'r]m*.en:l nwrban r.|.|.'.1n:|:|r|.:|1||.i.l:l.' prototype
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EcoLink- An Integrated Biochar Urban Biodiversity

Network
Prototype Description:

EcoLink is an innovative urban ecological prototype desizied to enhance biodiversity, woil
health, nnd ecosvstem resilience through the synergistuc mitezmiion of biochar-unended soils,
native vepetation, amd mycordnzal fungal inoculants across thiee key urban lancdscape
colnpanents: green roofs, gresn corrdor, npd residantial }':'u'r|l.| l"|E.| I. This mterconnectead
network cstablnles functional habutars that resrore ecological connectivity within astlropogemc

enviroments, sddvessing uban soil degradation, habirar fragmentation, and bisdiverzity loss,
Components of EcoLink™ Ecological Connectivity in Ecolink™

i

x r < plants

>
= 3

i ial Yar e
Residential Yards Community
integration
Fig.4 1) Figere iz generyted ocing Al toods, 1o giee visunl representation of Beol ink

. Biochar as the Comerstone Soil Amendinent:
The central premise of EcoLink rests on the multifusctionality of bischar, a recaleiteant
carbonaceous matenal produced via pyrolysiz. Urban soils are often compacted, nutnient-poor,
and chenucally imbalanced, ponng sipmfican constraants 1o plant and microbinl commimnity
development. Biochar s ghly porous and beterogenos stmcture mereases sl poposity aod
water-holding capacity, thereby alleviating livdnc stress tvpical in nrban soils and creating
muerashabitats for mucrobanl colomzanon. This physical nneliocanon directly facilieates root
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growth by improving serstion aod moisiire refention, essential for sustaining native vegetation
under urban stressors. (Chen et al, 2021; Chen et al . J018)

Integrating biochar info urban-green infrnstmcture offers n promising avenue for carbon
sequestration. A three vear Ivaumeter study demonsteated thot weorporating biochar into wrban
bandscaping soils can sequester approximately 30 tonnes of carbon per hectare, surpassmg the
sequestration achieved with untreated biommaczs. This enhanced carbon storage 1e attributed to
baochar's siabality and ats ability to improve soul cegmmc and orgmme coofent. Addionally
beochar's porots stidcting enhances water retention and supports microbinl activity, further
cantmbiuting 1o its effectvensss as n carbon sink. {Wang et al.. 2023)

nl'.'h.'l“r .'II.'-.!."' l".l'\.'.'!‘l.!l.ll.ll.!l?.' II'I!!I.IEI'I.!_'I."E E-L"i.'l I:hﬂlllj!_'lll 1:'['-;.*':':'11]‘#'4 tl"« .ﬂ.:l'al.'lr]'lllllﬂ' |I|'|1|.'i.-dllt!-\. JIJH‘I I:IEII."-':I.'
mctials, buffenng pH. and reducurg nutment keaching. This nutrient stalsilization enhances
beoavarlability and uptake by plants amd syvinbiotic fungl. Inportantly, biochar sapports the
profiferatnon nad actviey of arbuscular myconthuzal fungil AME), which form entsal mumndsns
|:|1.1r Fli111|1|n1.'|: '|1|J|nr '|1|1|:M11I|-nr||=\. n:n:|1l|r.|!in-|: '_"hpnllu.n.;: |:|.rn11ghl I|:1|¢m|1|:|:-. ||.|||| :|||I|i:IE:I'_-|;.' |11.'|=|':||J
plant fitness an deprided urban smls, The durable nanire of Wochar ensares thar these benefits
persist over loag timescales, establishing it as a kevstone amendment for sustainable nrban soil
restoration { Tesfave et al., 2021)

2. Green Roofs: Vertical Microecosystems Augmented by Biochar:
Green roofs are vital refuges for urban biodiversity but face unique challenges from limited
substrate depth, high solar exposure, and rapid moisture loss. In Ecolink, green-roof substraies
are-umended with beochar to bmprove water retention and substrate structure, nutigating
dessccaton and ouinient depletion. This enhnncement creates further fovourable growang
conditions for native drought-adapted plant species capable of supporting pollinators and othey
faunn. By encownging root colomnzation and maxinuzing wutrient uptake—especially
phosphorus. which s frequenty lonsted in rooftop substrates—mveorthizal inccubants work n
concert with bicchar. In addition to promoting plant growith. this mumalism boosts resisiance to
aliotic stressors mcluding water scorcity’ and iempemiure extremnes that nre cominon in rovftop
mucros limates. When taken az o whole, these enhnscemems mum green roofs e dy nnmic
pucrohabatats that provade ecosvatem services like pollinntion md tempernture regulation while
extending leodiverzity vercally mncide the udbhan fnbrie, Gugre's paper does ot specifically talk
gboui the vse of biochar and AMF in urban green or gresmoof context, its benefits of sail
strictire enhancement, mnnent uptake and drought résistance are haghly applicable to
green-roofs in Ecolink (Chen et al., 2015 Gujre ¢t al., 2020,

3, Green Comidors: Habitat Connectivity and Soil Remediation:
The fragmentation of urban habarats hinders the movement of wildlife and disercbs ecological
finctions, By connecting remoate arens with natrve tree and sheub plantings o sols enhanced
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with biochar, EcolinkTM's green comdors restore functional conpectivity. In vrban woterzheds,
biochars abilivy w umprove asfileaton asd kessen sobl compaction esooimpess SOnmwales
management, which lowers ninoff and lowers the danger of Hooding. Addittonally, by battering
pH and mmmobilizing harmil heavy metals, biochar mediates soul chemizstry and makes the
SNt more I1-.~-.|ur:|.l|Ln for ddelicare locnl SpeCuL The |_1||_1E|_,_.:- vl flLl:h.'Ii.m:ull._l.r af the woil
ecosystem is inproved when mycorrhizal fungi are added, which promeotes plant heakth and
nutrient cyeling. These comdors promsie o more robust and biodiverse wiban ecology by
foculitating the movement uwl genetic exchange of pollinators, seed dispersers, and othe
ammals, By 5ing these methads, EcolinkTM restores the functionadity of urban I:irhl.'-l.'ﬂp!'-. by
combining ecolegical connectiviry and soil remedintion (Tesfaye et al., 2021 Chen ot al ., 2021;
Maymnd et al . 2018)

4 Residential Yards: Distributed Biodiversity Nodes
Despate thewr cumilative spatial sigmficnce, residential vards are frequently overlooked 1 wban
ecological design. EcolinkTM uses vards as dispersed nodes where pative plants and biochar
amendiments work rogether wo maprove sol qualivy and nodiversiry on n fineg scale. Mycorduzal
IIII."'L'IIIJI.Tlﬂl:l ||n-|nme-. |:I||JII.I| rovert Fendtly and AR oL 1|j|L"|]v'.=. '|l.]||:1 B |:-|1'I-L'|'|:|.|'~\. 1:'|||u|||r_'|:l'|'|E||r -|'|:|I
meoistre retention and outnest eyveling reduees normal weban soil degradation
By converting vards from mrf monocultures to biodiverse native assemiblnges, pollinators.
beneficial insects, and small vertebmies can find homes and contribute to neighborhood-scale
ecologienl nerworks, These habiinr enclaves, which are connected by green cormidors and
enhanced by green roofs, unprove the complexity, connectednesz, and resilience of urban habitars
overall, promoting population sustunnbility and species spread theoughout the cirvscape.
(Lerman ef al .. 2023]

5. Systematic Integration and Ecosystem Services
By using mycorchizal fungus nod biochar's ecological engineenng capabilities, EcoLinkTM's
integrmtive design creafes n network of inferconnected soil, plants, and microorganazms thm
improves ecosystem stmcture and fanetion thioughout the city. By maintaining biochar carbon
pools and boosting vegetative biomass, this network promotes long-term carboa
sequestration! Wang et al., 2023). By boosting soil infiltrateon and water retestion, biochar lowers
b runoff, lowering the danger of fooding . By increasing evapotranspirntion and providisg
e, the vegelation this metwork SUPPOIS Unproves the mueroelinemie and reduces the effect of
wrban beat islands (Chen et al,, 2018) Additonally, the ennched sodls sustain a vanery of soil
food webs, which are essentinl for pollinmion, biological pest monagement, and nrtrient
cveling{Lerman et al,, 2023} EcoLmnkTM offers a scalable, scientficelly supponed framework 1o
restare biodmversity and ecolopical resibence i urban settings by reestablishing soil bealth and

Inndscape connection

wiwwLyoungsclentistsjournal. com




Design Principles of the Ecolink Prototype

The EcoLinkTM prototype it envisiomed ag o svstems-bazed, integrative solmion 1o the growimng
E'I.'l'll':”.fll:ltl. ':I:ﬁ'.'- E'au:ll.'rl:l.l.ll. j.ll I.II.'.Illl:l. 'al:'l1||l&".‘|. I1 1Il'|.'i.'|r|.'|nlllrﬂl| :‘I"-'ﬂ {L'IIII.IIII:I:IEJI.‘II] I:"E:.-EEIL
ideas—connectedness, mulifuncaonaliny, subatrate opriamzaton, ot mregeation, and
restlience-bulding—that are deovwn from modern ecological theory and sustanable urbag
plannimg. While mtial imvestments encompass soul remediation, beochar integration. nd
myeorrhizal inosulation, these costs are offset by long-term benehits inclnding urban cooling,
stonmwater management, and nproved public bealth. A stody by Jezzini et al (2024) nuilized
agent-based modeling 1o assess vanons green infrastiucture plans, revealing thar well planned
mmplementations can vield significant economic and social retwrns (Jezzim et al., 20245, If
Ecolink is planned strategically well, it can ¢nsure cost-effectiveness over time. The prototype's
structaral mod functional elements-—green roofs, green cormdors, and resedentinl biodiversiy
nodes—are conceived and implemented logically based on these concepts:

1. Connectivity- Reconstructing Urban Ecological networks:
Urban epvironments are characterized by fragmentation, which léads 1o ecological isolation and
reduced species viability, This 15 directly addressed by EcoLinkTM, which priortizes habirat
connectivity both vertically (via green roofs) and horizontally {across the whan plane via home
vards and geeen comidors ), Lo order to restore the fow of ecological processes, the system ks
made to facilitate the movement of pollinators, seed dispersers. and other wildlife in addition to
mycorrhizal propagules and mitnent flows,

2. Multifunctionality- Delivering Ecosystem Services Across Scales:
EcolLinkTh = JIII]IH.IEE'I-III.I'_'. |l-_'~.-i.g|r¢|.| 10 serve severl En.'ll]ngjcﬂl i soeial PUIPOSes ol oapce,
Each element serves as a multupurpose unit that provides provisiomng. regulation. and support
for ecosvatem services rather than just beiig a piece of habitat. For instance, green comidors
serve as nir filters, eacbon sinks, and faunal highwavs, while green moofs offer pollinator
assistance, cumwater retention. aed thermal psularion. Rﬂ'-.'ci.h.“nj- respdential L ds wath native
form anproves human well-being through sesthene and recreational qualines, reduces localized
mrban heat island inpects, and acts as stepping stones for biodversity (Lenman ¢t al., J023)

By providing long-tenn carbon sequestration, soll mitrent bufferng, and water retention, the
aclditeon of biochar to these Iadscape units enhances their multifuncuonality and makes aach

odie both sologically active and climate-adaptive. i Wang ¢t al., 2025)
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X Substrate Optimization- Engineering Soil as a Living Infrastructure:
Tvpically, whan soils are chemically unbalanced, compacted. and poor m orgae matter In
rezponse, EcoLinkTM uses a three-pronged strategy to re-enmneer soils as ving substrates:
mycorrhizal moculation, biochas ietepration, and native vegetation rooting systems. Becanse of
its porous matns. bochar sucoessiully converts stenle substrates o funcuonally dyannuc soil
svstenns by imiproving soil seration, waler retention, and caticn exchange capacity. By developing
symbaotc interfnces wath plant roots, mycorrhuzal fung: subssquently ke advantage of thus
mnproved mednm, enhancing phosphoms uptake, stress tolerance, and soil carbon stabality, Az a
rezult, soil becomes an nctive ecologicnl infrastructure rather than st a possive support medimm.
{Jabborova etal., 2021)

4. Biotic Integration- Harmonizing Native Species amd Microbial Symbioses:
The foundation of EcolinkTM ix the concept of otk commpatibility, which refers 1w the
wfentional selection of plant, fungal. and microbial taxa that are suited to the substrates
transfonmed by biochar as well as the local chmate. The system maximizes trophic complexity
and resilience by fostening co-evolutionary conmestions and ensuring ecaloaical Hidelity through
the use of pative plant species, Additionally, these species are more likely 10 successfully
associate with nearby mycortuzal fungi. iscreasing the functional richness of the system.
Though Li's paper talks abouwt AMF and biochar synergy in an sgriculnwal sense, these
fundumentals can sull be highly applicable to urban sentings. Furthermore, EcoLinkTM
ockoowledpes that belowground biodiversiy is st as imponant as abovezronmd varieny by
incorporating microbial symbioses mnto its fundamental architecture. Becanse of their
contnbutions to soil ageregation, plant health, and resistance 1o abjotic stresses, arbuscular
mycorrhizal fungi (AMF) are given special atention.(Li et al.. 2021}

5 Resilience-Building- Long-Term Adaptation to Urban Stressors:
Both acite and chromie stressors, such o beat woves, droughis, chemical pollntion, anxd
baologieal ipvasions, can affect urban ecasvetems. EcolinkTM uses self-regenerating, modular,
and pednndant dessgn rechnigues 1o inconporse cesilience mro i3 swvcmre. Myeorthizal
relationships improve adaptive plant responses o climate extremes, wherens biochar acts a5 a
bomg-term buffer against chemical nnpredictabilivy and potritional losses (Wang et al., 2023). The
prototype also hns geographie redundancy by connecting several units across the cmy in the
event 1|.'|..1I! one |h.r|.|.-: I'!-\.Iln.h. N A |l.|lh'.|1- of :.'l'III.EI i:. |.1:l|:|:||:l|.4.1r||.|'.4:a.|- 1l:c l:\-l!|1|:u T -..'-:'-|1li||.|1|:' b f':lw.'!:i-.'l-u
ot the nerwork level, Even in the face of changing environmental regimes, this ecological
inodularity guarantees the preservation of liodiversity and ecosystem services across henporal
and spatial seales. {Lerman et al., 2023)

Thuz, the EcoLinkTM prototvpe 15 a prime example of a svstems-level, sciemifically based
stentegy for weban ecological restoration. A successful crtizen-led urban grectung wutiative like
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Ecalink would invelve suppart from public suthorities or NGOs, whach provide fromesorks,
expertise, and mobilization efforts. Additionally, the use of digitnl platforms such ns welbsites and
socin] media facilitares pamiciparory engapement and knowledge sharing, aiding in the scaling
and sustainability of a project like EcoLink.(Oikonomaki et al., 2024)

In order to create a scalable and fexible model for ciies seeking to restore bhiodiversity, sail
function, and ecosyetem connectivity, ifs design principles combine so1l scrence, plant ecology,
ir b prlnnaing, and climste resilience theory. In ovder w creare reslient wiban ecosyvsiems thu
e withstand patial and buman-cansed problems, EcolinkTM trents soul, vegetahion, and

mucrobes as inrerconnected pars of a iving mirastricire,

Discussion

Theoretical implications:

By operationalizing intricate ecological theones—like metapopulation dyoamucs. ecological
network theory, and sodl-plant-microbe coevolutionary fromeworks—into spanally fragmented
mwrban ¢nvironments, the EcolmkTM prototype offers a transdisciplinany breakthrough m urban
d-:.'v:li-ljgi.-.:lll |.||.-ug|:|. Traditiosaal wilwnn l‘i.L"I.EI.".EJ!.!I!L‘ Il.lﬂllllll.ll_ﬂ' bines |'|e|:t1|eul]:c focused oy polared
patches of green infrastructuce. The prototype suppodts the growing theovetical understanding
that the maintenance of resilient ecological networks depends equally an belowzronnd
baodiversity {such as fungnl and microbinl assemblages) as it does on aboveground species
richness. By supporting ouinest flux contimuty, root syimbioses, and biotic stress tolemnce, the
functonnl integration of arbuscular myveorthizal fungi (AMF) withis a substrate modified with
beochar hughlights the theoretical concept that soul 15 an sctive ecosyvsiem enguneer rnther than o
statee mesdiimn, This offers an empinical model for resting and refining theones abont
soil-vegetaion feedback loops, resilience theesholds 1o conpled socro-ecological systens, and the
modulariry of wban ecosystems. (Lietal, 20215 Lennan et al.. 2025}

EcoLink can also promote equity and socel melwsion by transforming underutilized nrban nreas
imto accessible preen spaces that foster community engagement and well being, Such innatrves
have been shown to enhance social cohesion, provide recrentional opportumties, and unprove
mental healtls, ll:||l:||.'|.l|..'||:|.:. b nnderserved |n.'i.gl|'|.|l.|||.|.]|.|.r|.r|.l=.. H:. imvaly ung local respdents in the
Planmng and mamtenance of these spaces, BEcolink can empower comaminities and enswre that
benefits of urban preening are eguitably distributed.{Oikoonomaki et al., 2024)

Environmental and urban policy relevance:
Developang policy frameworks that aim to inclode namre-hased solunons (NBS) o
chmnte-resilieat urban design are directly aligned with EcolinkTM. Ecolink provides a

concrete, comprehensive approeach 1o policy implememation by aligning with the goals of global
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policy tools, such as the UN Decade on Ecosvatem Restoration (202 1-2030) and urban green
mfrastructure targets under the Convention on Biologeeal Diversity {CBIDY.

The flexibality and scalability of EcoLink can be used by munscipal and regional urban planning
agencies to inform brodmversity offset plans. stormwater management standards, and zoning laws.
I|.'.| Limaciire as Ill‘ll'i."a\:illlf. EI.II'I.I'.I.ILiJ:IF ’.I'L'ID.'I IJ:IIJ.i"-'II]EIHJ }ﬂ.’l I.‘IE- |I|:|.I.| JHJ\'JI.'JI.'E [ 1] JI'II.'I.I:ILI.':L'P-I!' IE‘-'E'I.
corridoss, which allows it w work with both botom-up communiry-cdiaven green infrastmiciie
projects and 1op-down regulatory systems. The observable ecosvstem services produced—such
mi pollinator comservalion, ar puaficaton, thermal repulation, and wrban hydrological
buffering—offer strong pestfication for weorpomting Ecolink-sivle models into green bulding
cenifications and urban susrainability indices (such as LEED and BREEAM).

Biodwversity success in the Ecolink model can be assessed through a combunation of ecological,
spatial, and social metrics, Keyv ecolopical indicators melnde species nchness, almndance of
nnine ﬂ.l"l"ﬂ a'll.'ll.! F!ilﬂl'h'l, IIIEIE F|'.'|il |:III.':|'V."||1I-:'\| !‘Il'u'ﬂ‘ni'.'!f. ".'.'h.i-:ll =l ] IEHE\-I." II11]J|'\."'|'¢'|'I]EHI'| In r.*n:nr.1_."\-.|:|:-rr|
Tuncnons and resilience (Aronson et al., 201 7). Spatial conpectivity metncs such as patch
cohesion and edge densiry- are anstrumental in evalunting  how effectively green corridors link
fragmented habitms, and provide valoable msights into Indscape conpectivity and fragmentation
patterns |1|-1|-Ilnf.|' et al., 2014, Sacinl merncs, ||:||:|l|1.|:|:'|_!2r cilizen engnyetnenl in |.'l:||1|:|:|'l.'|:r:-i1:¢'
mrorptonng and the perception of odiversity benchits amony local resadents, also provide icaghi
o the success and sstanability of nterveptions{Oikonomaki et al., 20241 Together these
indicntors offer a multidimensional approach 1o measuring the long term impact of nrban
biodiversity restoration in a model ke Ecolink

Potential challenges:
Diespate its ecological and policy-onented strengths, the implementation of Ecolink faces several
challenges:

L. Limutations of So1l and Infrastmcture: Urban soils are frequently badly deteriorated.
polluted, or structurally mappropnate for the integration of bochar and nvveorrhizal
moctlation. It could be expensive to make mfrastrmctore changes in order to retrofi
hardscaped vards or rooftops 1o sustain substrates that bove been moedified with biochar

= Myearrhizal Specificity: AMF symbiosis snecess 15 heavily infiluenced by surronndings.
Regionally tadored fungal consortia are pecessary becase mismatches between

untroelipeed flunj.'ul SpeEcs aed mative floca Ay result in decreased uwoculatiog

efficicncy.d Chen et al.. 20215

3, Institutional Fragmentation: Several agencies and parties are nsnally invalved in urban

land-use governance. Cross-sectoral cooperation. which can be administratively
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challenging, 15 pecessary o unplement integrated ecological comidors across the public,

private. and commercial spheres. (Okonomaki et al.. 2024)

4, Public Perception and Aesthetic Expectations: Rewilded vards and native vegetation
frequemly go against the gram of waditional landscaping design. In the absence of strong
public educanon campaigns, homeowners' and developers' adoption may be constwamed
by wornes about upkeep, pests, or percerved disorderdiness. {Otkonomaks et al.. 2024)

Long-term impacts and monitoring considerations:
The estabdishiment of n oo o |=|:-.'|||.1-E':|:rt| MoOnilorng sysiem is sesenfial to EcalankTM's
long-tenn sustamability. Inporant paruneters consist of:

o Metncs of soal health, such as carbon-to-nitrogen ratios, microbial diversity, and pH

balamce

o [Indicators of plant vigor and diversity

& Rates of myeorhizal colomzation

&  Pattemns of occupmncy and movement of wildlife betwesn nodes

& Indicators of clomate realicnce includung themmal moderaton and cvapolransparation rates
The tempornl and spatial resolution of monnonng data can be improved by integratng wban
ecological observatones, citizen science trechnologies, and remote senzng, The prowtyvpe will be
able ro renct 1o dynamue stressors such as wibamzation, urvnsive species pressures, and chimate

change thanks o adaptive managément based on this data, (Wamer et al., 2024)

How this model can inform real-world applications:

A highly adaptable model for wiban ecological regenemtion 1o a vadety of socioeconomic mnd
biogeographical contexts 18 provided by EcoLinkTM. Customization by climate zone, urban
density, and available public-povate interachon plices is made possible by its modular design.

For example:

o Waler secunity can be given priority in arid cities by using high-retention biochar
Formulations and native plants that can withstand drought.

o Cirgen corridors with porous substrates and copstrucied swales can offer hydealogical
rezthience m areas thar are vulnerable to Aooding,

# EcolLink can be used az a low-tech, low-cost substimate for traditional prey infrastructure
iy the Cilobal South’s rapadly growing metropolitan centers, especially i informal
housing sertlement: where engineering solutions are nol finmmcially possible.

Additonally. the concept encourages interdisciplinary cooperation between commmnity

stakeholders. ::.::'-I:n;rgr.'ll.. civil Cngineer., and urban |:1l:|.u|1.|:r-. In order 1o melude Ecollink o
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enviropmental curmcula, civic engagement initiatives, and climate adaptation plans, educational
msnntions and local govemnments can test it out in living labs,

Limitations:

While the Ecolink model offers a promsing approach to enbiancing hiodiverssty and
sustainability in urban spaces, it application i other cities or regions mny face several
Lnnurations: A los of bemefits provided by AMF and biochar iregraton have mosily been reswed
i agriculiural settings, hence more pesearch on thew svnergisbic benehts 1n nrban sethngs are
also required for their successiul application in urban settings. Environmental conditions such ns
soil type, climnte, native Aora and fauna, and arban infrastmictire vary widely across regions,
making it difficult to replicate omtcomes without significant adaptations. Additionally, differences
in local governance, public awareness, community engagement, and availability of resources can
impact impleinentanon sucéess. Some cities mav lack the policy suppon. funding. or rechnical
expertise reguired to adopt components fike iochar use or mycorrhizal inoculation effectvely.
Cultural attitudes towards urban green spaces and competing land-use priorities may al=o pose
barniers. Therefore, wiule the Ecolink serves as a valuable prototype. it broader applicability
requires cateful contexmalization and support from local institutions and commmuniries.
{Onkopommds et al., 20245

Conclusion

.-"u,]1|||.‘a-||__5-:-|l rhe F.-:H'“l]'.ln'k -::11|:|1.'|=|'|T 1.'|I'f|‘:| £ AN I.|'||l|i|.- rll RITE rrlk 1"|.|:| |tu.|1|:4'|'=.'||ag '.'|'|'.l:'|||h:'||'|l|ll‘l.' ."|,_|!|||
biodiversity in metropolitan areas. different environmental circumstances, infrmstrcture,
governance, and public participation may make it difficult 1o replicate in other areas. Adaptation
i+ pecessary due to vanations in soll tvpe, climate, native species, and resource availability,
Implementarion may also be constraned by Binancial resonrces, techmeal ko -how, and poalicy
backing. In order 10 incrense ecological resilience. this stdy concentrated on incorporating
technigues like biochar and plamting with an emphasis on biodiversity into arban gardens. The
screntifically proven benefits of biochar in sonl improvement and carbon sequestration were
highlighted. The resulis demonstrate her versanle, context-sensitive strategies can be used to
aclvance wrbag chimare SEI LN ES PR Funue wies: conld ivalve research on LRILPON L
soil-plant-carbon interactions in wrban settings, educationnl progoams, ad icorporation o

miinscipal plannimg.
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What is the role of Neuroplasticity-based interventions in slowing down cognitive decline
in early-stage Alzheimer's disease?

MNoor Shahen

Alms:
- Explore how MNeuroplasticity-based interventions affect cognifive functions i
eary-stage Alzheimer's disease
= Explore how early-stage Alzheimer's disease affects cogmitive funciion
= [Explare the mechanism of Neuroplasticity and how [ afects the cognitivie function
- Explore how Neuroplasticity counteracts Alzheimer refated dedline

Objectives:

- [Explain the generad concept of Alzheimer's disease

- Explain what neurcplasticity is

- Explore different neureplasticity based reatmants

= Compare how well the different neuroplasticity-based treatments slow down the
cognitive functions

= Explore the limitations and complications of using neuroplasticity technigques on
patients

- Explore the safety of using neurcplasticity techniguas on patients

- To ideniify the gaps in [Werature and fo coniribute 1o an under explored area of
reseanch

Study Design:

(i} Classification of research based on source of information: Secondary Research

This research will be using secondary data, as the ressarcher is unable to collect any data
firsthand due to a lack of resources, research skills, time, and no access to any laboratory

(i} Classification of research based on purpose of research: Technological Applied
This research follows a technological applied methodology as the researcher aims fo use the
data to undarstand the role of neurcplasticity treatments on patients diagnosed swilh

earty-stage Alzheimer's disease, and to see which techniques are the most effective.

(lil) Classification of research based on depth of scope: Explanatory Research
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This research follows an explanatory research approach, as one of the aims of this paper is
to wnderstand how neuroplasticity-based interventions affeci the cognitive decline in
early-stage Alzheimer's, so the researcher is using this paper to see explore cause and
effect relationship between the neuroplasticity-based interventions and the rate of cognitive
decline

iiv) Classification of research based on data collected: Mixed Methods

This research will be using a8 mixed method in which qualitative and quantitative data is
collected. This will give a more comprehensive wunderstanding on the role of
neuroptasticity-based interventions in siowing down cognitive decline.,

(v} Classification based on time frame: Longitudinal Research

The duration of this research will be over a long period of time, as Alzheimer's is a chronic

disease, and long term observation following the neuroplasticity-based interventions is
needed to assess the effectiveness of the treatment

Introduction:

Alzheimer's disease 15 8 progressive brain condition which affects cognitive functions, mainly
in older adults (Rostagno, 2022). This chronic disease is the most common cause of
dementia (60-80% of dementia cases) and is rapidly spreading worlidwide (Scheltens et al.,
2022). Though it has no cure, there are freatments suech as anti-ghitaminergics and
anticholinesterase inhibitors which are used to maintain the symptoms, however have no
effect on the cause of the disease (Passer et al., 2022}, In the early stages, the symptoms
are sublle; however as the disease progresses, the memory problems become more severs
(Breijyeh et al,, 2020}

Meuroplasticity is the potential abdity of the nervous sysiem fo change its activity in response
to intrinsic or extrinsic stimuli by reorganizing its structure, functions, or connections after
injuries, These interventions can be calegorized into physical, cognitive, sensory, and
phamacological approaches. Neuroplasticity based interventions can be used to slow down
the rate of deterioration of the cognitive functions in early stages, which can help improve the
quality of life for the patient and by providing support and reducing the emotional burden for
their family (Puderbaugh et al,, 2023)

Justification:

With patients diagnosed with mild to moderate Alzheimer's disease, Cognitive Stimulation
Therapy has been shown 1o improve the quality of life and provide femporary improvements
in the cognitive function in patients with eary stage Alzheimer's, and that patients with a
greater mental reserve are more susceptible to the postive effects of CST (Behfar et al_,
2020).
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This proves the idea that working with patients with early stage Alzhesmer’'s is more effective
Since CST and neuroplastcity based mterventions both am to mend neural pathways and
form new ones, early intervention promotes cognitive flexibility, therefore the therapies will
be more effective.

Boolean Operation:
Role: role, job, funclion, involvement, impact, effect,
(role OR job OR involvement OR impact OR effect)

Neuroplasticity: neural plasticity, synaptic plasticity, brain plasticity, cerebral plasficity, brain
ramodeling

(neural plasticty OR synaptic plasticity OR brain plasticity OF cerebral plasticity OR brain
remodeling)

inlerventions. therapies, treatments, procedures, brain interventions, TS, Transcranial
Magnefic Stimulation, TDGS, Transcranial direct current stimulation, cognitive rehabilitation,
neurorehabilitation, cognitive training, cognitive feedback. neurofeedback

(interventions OR therapies OR treatments OR procedures OR brain interventions OR TMS,
OR Transcranial Magnetic Stimulation OR TOCS OR Transcranial direct current stimulation
DR cognitive rehabilitation OR neurorehabilitetion OR cognitive training OR  cognitive
feedback OR neurcfeedback)

cognitive decline: cognitive deterioration, cognitive impairment, dementia progression,
memory loss, memory deterioration, mental decline, cognitive dysfunction, cognitive deficit,
neurgcognitive dechne

(cognitive decline OF cognitive deterioration OR cognitive impaiment OF  demenfia
progression OR memory loss OR memory deterioration OR mental decline OR cognitive
dysfunction OR cognitive deficit OR neurocognitive decline)

early-stage. early-onset, early-detection, early-diagnosis
{“early-stage” OR “early-onset” OR “eary-detection”™ OR “early-diagnosis’)
Alzheimer's: Alzheimer's disease, Alzheimear's dementa,

(Alzheimer's OR “Alzheimer's disease™ OR “Alzheimer's dementa”)

frele OR job OR invelvement OR impact OR effect) AND (neural plasticity OR synaptic
plasticity OR brain plasticity OR cerebral plasticity OR brain remodeling) AND (interventions
OR therapies OF treatmenis OR procedures OR brain interventions OR TMS, OR
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Transcranial Magnebc Stimulation OR TDCS OR Transcranial direct current stimulation OR
cognitive rehabilitation OR neurorehablitation OR cognitive training OR cognitive feedback
OR neurofeedback) AND (cognitive decline OR cognilive deterioration OR cognitive
impaiment OF dementia progression OR memory loss OR memory deterioration OR mental
decline OR cognitive dysfunction OR cognitve deficit OR neurocognitive decline) AND
{“early-stage” OR “early-onzel” OR “eary-detection” OR “earhy-diagnosis™) AND (Alzheimer's
DR “Alzheimer's disease™ DR “Alzheimer's dementia”)

TAEBLE OF CONTENTS

= Introduction
- Basic overview of anatomy and physiolegy of hurman brain
What goes wrong in the human brain
What are tau proteins, what are they made of and what do they do to the
human brain
What are plaques, what are they made of and what do they do to the human
brain

-  What is Alzheimer's
«  What is Alzhaimer's
- Pathophysiology: Mechanism of disease formation
- Asticlogy. causes
- Signs and symptoms
Diagnostics
Treatment
Classification of different stages
= What Is neuroplasticity
= Whatitis
How it works
- Why it should be used for Alzhelmer's disease
= Limitations and complications
- Types of Neuroplasticity-based interventions
- Differant types, from studias
How effective the interventions are
- Limitations
School student, no access to lab, lack of resources, lack of time, inability to
codect data.
= Concluslon
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What is the role of Neuroplasticity-based interventions In slowing down cognitive
decline in early-stage Alzheimer's diseasa?

Introduction:

Alzheimer’'s disease is a progressive brain condition which affects cognitive functions, mainly
in older adults {Rostagno, 2022). This chronic diseass s the most common cause of
dementia and is rapidly spreading worldwide {Scheltens et al., 2022). Though it has no cure,
there are treatments such as anti-glutaminergics and anticholinesterase inhibitors which are
used o maintain the symptoms, however have no effect on the cause of the disease
(Passer et al, 2022). In the early stages. the symptoms are sublle; however as the disease
progresses  the memory problems become more severe (Breijyeh st al, 20200 The
hippocampus and cerebral corex serve a crucial role In meantal processes and the
production of new nerve cells. The hippocampus is a crifical region for memory, Genefic
brain imaging shows thal Alzheimer alleles influence shape and size of e hippocampus
and cortex. AD is caused by neurcn damage due 1o a build up of two abnormal proteins in
the brain - B-amyloid and tau. TOP=43, another protein has also been linked o the cause of
this disease as it accumulates in the amygdala then spreads to the hippocampus,
increasing the rate of the brain shrinkage (Rac et al., 2022)

The brain is made up of three maln components - the cerebrum, the cerebellum and the
brain stem. The cerebrum is responsible for motor and sensory information, voluntary and
involuntary processes, emolions, cognition, and memory. It is split mto the left and right
hamisphere; “abstract thinking” and speech is controlled by the left side, whilst the ride side
s responsible for spatial awareness, The mator and sensory nedrons go down (o opposite
sides of the brain siem, meaning that the left side of the body is controlled by the right
hemisphers and the right side of the body is controlled by the left hemisphere, (Maldonado
etal, 2023)

The cerebrum is made up of 4 lobes:

1. Occipital lobe: the visual cortex is situated in the occipital lobe, and is responsible
for analyzing visual data, (Maldonado et al,, 2023)

2. Parietal lobe: in charge of interpreting vision, heanng, motor, sensory, and memary
functions, (Maldonado &t al., 2023)

3 T'Bmpurql lobe: the lemporal lobe handles sensory data fo store memordies,
language, and emobons. The Wearmicke area, located in the left temporal iobe, is
respansible for processing written and oral language. (Maildonado et al., 2023)

4. Frontal lobe: the Broca area, found in the left frontal lobe, is responsible for the
creation and articulation of speech. The frontal lobe manages motar function, meantal
processes such as decision making, focus, moad, personality, self-awarenass and
social and ethical judgement. (Maldonado et al., 2023) The prefrontal cortex, found at
the front of the frontal lobe, mediates a range of brain functions called cognitive
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control, which includes updating working memory, dominant responses, coordinating
multiple tasks. monitoring and planning. (Friedman etal.. 2021)

The cerebeflum govems the coondination of controlied movement and obtains sensory
irformation from the brain and spinal cord to improve the precision and accuracy of motor
activity, It also helps with mental function such as focus, language, pleasure sensations and
traumatic memaory. (Maldonado et al, 2023)

The brain stem connects the spinal cord to the cerebrum and cerebellum. 1t is responsible
for invaluntary bodily functions such as respiration, thermoragulation, breathing, heart rate,
coughing, sneezing, digestion, slesp cycles, vomiting and swallowing The brain stem
includes both white and gray matter; white matter consists of fiber tracts (axon pathways of
nerve cells) that sends newral impulses from the cersbral cortex to the woluntary mobor
function and up from the spinal cord and peripheral nerves, permitting sensory information to
reach the higher regions of the brain (Maldonado et al., 2023).

Meuroplasticity is the poltential ability of the nervous system to change its activity in response
to infrinsic or extrinsic stimuli by reorganizing its structure, functions, or connections afier
imjuries. Meuroplasticity based inlerventions can be used to slow down the rate of
deterioration of the cognitive funclions in early stages, which can help improve the quality of
life for the patient and by prowiding support and reducing the emotional burden for their
family (Puderbaugh et al., 2023)

What is Alzheimer's disease?

Alrheimer's disease is a progressive neurodegenerative disorder which affects cognitive
functions, including memaory, thinking, leaming and organizational skills, mainly affecting
older adults (Rostagno, 2022). It Is the leading cause of dementia and s rapidly evolving as
one of the most deadly, costly and overwhalming dissases of all time (Scheltens et al.,
2022}, A minority of AlZheimer’s cases are assoclated with “dominant geneatic mutations in 3
genes: PSEN1 (presenilin 1), PSENZ (presenilin 2), and APP (amyloid precursor protein)”
(Rostagno, 2022). These are usually seen in patients who experienced symptoms before the
age of 65 years old. Most of the patients, however, express symptoms after the age of 63,
with no direct genetic cause. Scientists have concluded that risk factors such as stress, brain
traumas and improper dietary choices can increase the risk of oblaining Alzheimer's
disease. (Rostagno, 2022). Alzheimer's is chronic and incurable. as its symptoms nclude
progressive and ireversible memory loss, and intellectual deterioration. (lbrahim et al,,
2020)

Pathophysiology of Alzheimer’s;

B-amyloid protein makes up the main parts of the amyloid plagues. it is formed when

protease anzymes cleave the amyloid precursor proteéins abnormally. In a healthy brain, the
APF is cleaved by an enzyme called o-secretase. but in an Alzheimer's brain | the APP is
cleaved by B-secretase and y-secretase which produces amyloid-B fragments. They have
sticky properties, allowing them o clump together outside the neuron - forming amyloid
plagues (Guo =t al., 2020). Amyioid-beta oligomers (small molecular chusters) bind to the
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synaplic receptors, disrupting synaptic communication and inhibiting long term potentiation
(LTP) which is necessary for memory and leaming, as well as beosting long-term depression
(LTD), feading to weakened synaphic connections (Jahan et al, 2024), These plagues
disturb synaplic communication, and activate microgla, which triggers inflammation. In
healthy neurons, tau profeins stabilize microtubules; however in Alzheimer's the tau protein
becomes hyperphosphorylated and detaches from the microtubules, resulting in them
collapsing. The tau proteins gather and clump into neurofibrillary tangles within the neurons.
The amyloid plague outside the neuron, and the tau tangles within the neuron disrupts
normal cell function and blocks signal transpori, causes oxidative stress and eventually
leads o neural synapse break down and necrosing. The brain attempts to defend itself using
rmicrogha and astrocytes however the response becomes chronic and toxic; as the release
of inflammatory cylokines causes additional damage o the healthy newrcns, therefore
increasing necrosis and resulting in shrinkage of the brain. In the cholinergic system, the
cholinergic synapse is damaged due to excessive amylold plague and tao tangle deposition,
causing a disniplion in transmission of signals. (Guo &t al., 2020)

SIGNS SYMPTOMS

Wandering aimlessly Dedusion

Confusion with places, times and familiar | Increased anxiety
people

Forgetting names of family members, loved | Loss of reality
ones and everyday objects

Personality changes - apathy, loss of | Difficulty concentrating
inhibition, poor judgement

Difficulty doing day to day tasks alone | Memory loss
(changing, eating)

Trouble with wards (inability to find the right | Dementla
words, understanding conversation)

Misplacing items Faranoia

Difficuity sleeping Emaotional distress

Trouble understanding visual images and | Frustration
spalial awareness

=ocial withdrawal Anger
Restlessness Aggression
Agitation Deprassion
Sundowning

Mood swings

Repeating senfences, words or quastions
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SIGNG SYMPTOMS

Wandering aimlessly Delusion

Confusion with places, times and familiar | Increased andiety

people

Forgetting names of family members, loved | Loss of reality
ones and everyday objects

Fersonality changes - apathy, loss of | Difficulty concentrating
inhibition, poor judgement

over and over

Continuoushy repeating tasks over and over

Alzheimer's diseass has 4 main stages:

{i} First Stage is preclinical, in which patients experience mild cognifive impairment (MCI)
and preclinical signs of neural damage in the hippocampus and cortex, wilhoul any
disruplion to day to day fundclions,

(i) Second Stage, mild symptoms of cognitive deteroration baging (o apoear, such as mild
impaimen! of attention and memory, as well as difficulty recognizing familiar places, and
confusion with tmangs.

{iii} Third Stage, the disease progresses o the cerebral cortex, resulting in greater memory
impairmend, reduced impulse control, difficulty identifying familiar people and challenges with
reading, writing and communicating

v} Fourth Stage, the most severe symploms are seean; progressive cognitive and functional
dedine, inability o identify familiar people, including family members, dificulty doing day to
day lasks independenily and experiencing difficulties swallowing and urinating, which in
Severe cases, can lead to death. This is caused due to the widespread of the disease to the
entirety of ihe cerebral corex (Breijyeh et al., 2020}

Diagnosis:

{i} Blood and imaging tests rules cut other possibiliies for the diagnosis (such as vitamin
Bi12 deficiency, hypothyroidism, chronic infections or medication side effects) and
guarantees that the diseass iz stemming from a neurciogical esue. Tau and amylold beta
protein levels in the blood can act a5 bio-markers to detect Alzheimer's.

{ill} Physical and neurplogical exams can be used o identify cognitive impaimnent and iis
seventy, o exclude other neurtlogical diseases (such as Parkinson's, multiple scherosis and
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Creutzfeidi-jakob disease) and 1o help guide further tesis such as cognitive testing and brain
imaging. Physical and neuralogical exams include:

Reflexes

Coordination

Balance

Muscle tone and strength

Sense of sight and hearing

Ability to get up from a seatad position and walk across the room

(i) Lab tasts helps rule out any oiher prablem that could cause memory Ioss and confusion
such as blood tests for thyroid-stimulating hormone (TSH) for thyrokd disorder and serum
vitamin b12 levels for low vitamin levels and kidney function tests to check for Kidney
problems. Mewer blood tests can measure beta-amyloid and tau prolein levels however
they're not accessible averywhere and may not be covered by insurance

(iv] Mental status and neurcpsychological testing may be given to you o evaluate
memory and thinking skills. Longer forms of the test can glve more delall about the patient's
menial status and function which can be compared to other patients to simikar age groups
and education levels, and to aid disgnosis and use it as a slarfing point and follow future
sYMptoms.

v} Brain Imaging is used to identify visible changes relaled to conditions ofher than
Alzhaimer's that could cause similar symptoms such as: strokes, tumars of injunes, Spacific
brain changes caused by Alzheimer’'s diseass can be detected by newer imagng tests, such
as neurofibrillary langles and amyloid plagues.

Brain sfructure imaging Includes;

= Magnetic resonance imaging (MRI) uses a powerdul magnetic fleld and radio
waves (o creale detailed images of the brain, They may show shnnkage in certain
regions of the brain, as a result of Alzheimer's. They can also be used to eliminate
other possibilibes of conditions that may be causing these symptoms. MRI's are
usually done before beginning certain medicingl treatments to monitor possible side
effacts. MRI's are usually better than CT scans to evaluate deamentia.
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Healthy Control Alzheimer's Disease

Hippocampus

Figure 1 showing the difference betwesn a brain with and without Alzheimer's (Demeantia Services
Information and Developrment centre, 2022) (Last accessed 11/872025)

= Computerized tomography (CT) produces cross sechonal brain iImages by using a
specialised x-ray machine; and 15 used to rule out tumors, strokes and brain injures.
# Positron emission fomography (PET) scans can capture images of the disease
process, During a PET scan, a low-level radioactive tracer is injected into the blood
stream (o reveal a specific region in the brain. PET imaging includes;
Fluorodeoxyflucose (FDG) PET Imaging shows areas of the brain in which
nutnents arent bemng used properly for energy (metabolsm). In regions with
low metabolism, we can find patterns to help distinguish betwean Alzhaimer’s
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and other dementia types

HEALTHY

MILD

ALZHEMERS DISEASE
g

€

Figure 3 showing an FDG FET sean of 3 haalthy patient, 8 patient with mild cognitive
impairment and a patient with Alzheimars

Amyloid PET imaging can detect amyloid plagues i the brain, This is
usually wsad for ressarch purposes however f a palien s expressing
2any-onsel dementid Symptoms, I may be weed on fhem.

Tau PET imaging measures neurcfibrillary tangles in the brain

if sympboms are developing quickly, and dementia is presant in a patiend of
young age, other tests may b8 used to measure the presence of amyioid and
tau in the cerebrospinal fiuid

iMayoe cinic, 20234, Last accessed SEH025]

Current &lzhalmar's Treatment

Current Alzheimer's ireatmenis are symptom dependent, fo fosier the patients’ need to limit
the advancement of neurccognitive symptoms. Treatmants include

(1) Kecicanal: Thare are four main drugs (donepezl, memanting, galantamane, rivashigmine)
that have been approved. split Mo tvo main categones.  Anticholinesierase inhibitors are
used to increase the oyerall acetyicholine concentrations in the brain, which is a
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neurotransmitier responsible for enabling communication betwean cerfain newrons, and
imvolved in cognitive ability, Anti-glutaminergics are used to stabilize glutamate levels
through a noncompetitive blocking effect in the NMDA (N-methyl-D-aspanate) receptors,
These drugs are used to slow down the progression of AD and to regulate current cognifive
functions. Thesa treatments help patienis diagnosed with AD to improve the quality of ke for
themselves and their loved ones, as well as o preserve their autonomy, however these
treatments are only temporary and only focus on improving the symptoms, rather than the
cause., As a result, higher dosages are imperative. which risk leading to secondary
complications. (Passer et al.. 2022)

(1) Cognitive Interventions: Cognitive mterventions have been known as cognitive
stimuiation, cognitive training, and cognitive rehabditation. Cognitrve stimulation is a wide
variety of tasks aimed to improve the general executive and relational functioning of the
patient {l.e., reminiscence therapy, reality orientation therapy). Cognitive therapy focuses on
a specific mental function, such as attention. execufive functions, language, and memory by
completing a set of standard activities to enhance or maintain its normal functioning for as
long as possible. Cognitive rehabilitation is an approach made specific to the patient which
sefs realistic goals to aid fthe patent and their families in everyday hfe. (Zucchella et al.,
2018)

(i) Deep brain stimulation: Deep brain stmulation influences brain delivery by delivering
eleciric mpulses from an implanied impulse generator connected 1o electrodes implanted in
a different region of the bady. So far, three different locations have been tested as a target
for the improvement of cognitive activities and memory: the nucleus basalisis of Meynert, the
fornix, and the ventral capsule/ ventral striatum region (Majdi et al., 2023)
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Deep Brain Stimulation for Alzheimer's And Parkinson's Discases

It
i
;-'
_'ﬁl

il
T afel dewirii B mi:a-u. a m‘m

Figure 4 showing the process of a deep brain siimulation (MDP1, 2023)(Last accessed, 11/8/2025)

What is neuroplasticity?

Meurgplasticity is the ability of the brain to aller its activity in response 0 intermal or extermnal
stimull by reamanging ks functions, structure or connections. This process enables
adaptation fo varicus expenences and sifuations and s a necessity for memory, leaming and
neurological recovery. Structural neuroplasticity involves physical alterations within the
naural circuits such as axonal sprouting, formation of new dendritic spines, and in some
cases, the formation of new neurons (neurogenesis); a careful and complex process which
can includs the spacialisation, fTormation and Incorporation of new Neuncn calls or initiation
from neural precursor cells. Unlike structural neuroplasticity, functional neuroplasticity
involves the change in the way that the neural circuits are amanged to perform specific
functiens. The proliferation and strengthening of synapses improves the commurecation and
transmission of information amongst the neurcns, leading to functicnal changes within the
neuronal circuits. (Marzola et al., 2023).
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In AD, the accumulation of neurcfibrllary tangles and amyloid-beta plagues damages the
neural circuits and synapses, leading to the loss of neuronal communication; leaving the
brain with fewer intact neuronal circuits o sustain essential cognitive funcltions such as
memory and learning (Jahan et al., 2024). A high correlation has been found linking the loss
of neurcnal circuits and the level of cognifive impairment in Alzheimer's (Roch et al., 2022)
MNeuroplasticity can help slow down cognitive decline by allowing the brain to redrganize the
remaining neurcnal circuils, and undergo neurogenesis, thereby allowing cognitive function
to ba maintained or regained (Jahan et al | 2024) Given that AD is a progressive disease, |t
is imperative to intervena at an sarly stage o maximize the reduction of cognitive decline
The extracellular matrix s a spedalzed network that holds fogether the brain cells and
sends signals o help the brain cells undergo neurogenssis, Changes in the ECM due to
Alzheimer's becomes a limitation as it becomes damaged due to the inflammation, restricting
the body's ability to undergo neurogenesis. recrganize neural circuils and recover cognitive
functions; which is why neuwoplasticity-based Interventions are needed to enhance the
brain’s natural ability to repair itsalf (Jahan et al.. 2024).

MNeuroplasticity-based interventions:

Meuroplasticity-based interventions aim 1o maintain and recover the cognitive function of a
patient experiencing Alzheimer's. Exampiles of interventions include:

(i)Transcranial Direct Current Stimulation [IDCS). an intervenfion which uses a weak
current, usually around 2mA to stimulate the brain, and affect the spontanecus activity of the
cerebral cortex. and maintains the resting membrane position. This causes changes in the
frequency of spontanecus neural aclivity, leading 1o the activation of the NMDA receptor,
The electrode placement influences the effectiveness of tDCS: anodal stimulation causes
depolarization (when the neuron’s electrical charge becomes more positive) which enhances
cortical excitability (how easily neurons can activate and transport information. and cathodes
stimulation causes hyperpolarization (when the neuron’'s electrical charge becomes miore
negative) causing & decrease in cortical excitability. tDCS also induces changes in the
regional blood fiow in the brain to countéract abnormal neural synchronization which 15 seen
in Alzheimer's disorder. tDCS Is a portable, cheap device, and uses low intensity currents, so
can be done as an out-patient procedure without the use of anaesthesia (Saxena et al.,

2021).
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Figure & showing the placement of the elecirodes (Sloane et al., 2024)

(i) Repetitive Transcranial Magnetic Stimulation (rTMS) uses high or low intensity
magnetic fields to stimulate the brain tissue and alter cortical excitability. rTMS administers
recuming TMS pulses to a particular area in the brain. High frequency (=1Hz) increases
cortical excitability and low frequency (<1Hz) decreases cortical exciability, The repetitive
magnetic pulse stimulates the nerve cells, promoting neunopiasticity.

<— Current Generated
Within TMS Coil

Induced Currents

. Affect Neural
[ Activity
i

Figure & showing how TMS induces elecincal curments (Tubbs =t al, 2024)

(iil} Computerized Cognitive Tralning (CTT) is a digital method where people can do
interactive brain exercises from their own devices. It uses structured “drill-and-practice” on
regulated fasks, usually without any explicit training in memory o cognitive abilities. The
game-like nature is often seen as rewarding. making patients motivated to complete their
treatments. The repeated cognitive aclivities promotes the strengthening and the formaton
of neural circuits, alowing the brain to reorganize and adapt, boosting cognitive maintenance
(Li mtal., 2022).

However, recent models have stimulated a modelled synergistic plasticity taking place
across @ dendntic tree and within individual branches in the span of milliseconds, and others
used a limited “pool of receptors” to portray different heterosynaptic behaviours as a result of
the competitions (Chater ef al., 2024,

Limitations:
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This research was conducted under cerain limitations. As | am a high school student. | was
unable fo conduct any primany research and had no access io any l[aboratories. Additionally,
the time | had for research was limited to three weeks. This research paper is purely based
off of secondary resources and existing literature.

Conclusion:

Alzhelmer's disease s a progressive neurodegenerative disorder which leads o cognitive
decline, and as a resull, a loss of independence. Current freatments are symptom
dependent and only targel the effect rather than disrupting the disease progression,
MNeuropiasticity-based interventions on the other hand, focus on helping the brain regain its
ability to reorganize and form new neuronal circuits, which can help slow down the rate of
cognitive decline. Early intervention is imperative as if maximizes the effectivensss of the
interventions before the neurological damage becomes irreversible. Ongoing research into
these interventions is needed 1o creale more reliable and affective interventions 1o guaraniee
positive outcomes, to improve guality of life for the patient and the patient's loved ones.
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Research Title: Is asteroid BENMNU the to key for unlocking our knowledge about
extraterrestrial life?

Renglin Yarall

Research Quesnon;
Can Asterond BENNL s Composition of Orgamie Compounds Provide Citical Evidence fo
Panspennia and Extrateniesirial Beings

Aims and Objectives

Aamn 12 Compare the orgaue compotsds fommd on BENNU with those essential for hite oa

Earth

Aim 2 Explain how BENNU is the right source for evidence for Panspermin and the
existence of extraterrestrinl bemgs with the SETI and WISE data

Aun 3: Explam how extraterresinal bemgs can exast with SETI and WISE data

Aum 4: How life may have started m space with the panspernua theory and low the
foundings of BENNLU may be the evidence

Aim 5 Daw a conclusion, based on secomdary research to decide whether the foundings of
OSIRIS-REx mission are actually a proof or not

Study Design;

. Method: Secondary research
This research is going 1o depend on infonmation and knowledge from existing hteratre,
Becanse 11 15 not possible to access to the equpuments needed or can not conduet & promary
research, this shdy wall be nsing secondary mformation on OSIRIS-REx nmssion

ponspenmn and extroterrestnial bemgs

2. Purpose: Applied scientfic research
The study 15 applied scientific research. ot seeks to unlize existing knowledes to address
real-world questions. Specifically the possibility of life’s ongin via panspernua and the role
of asteroids like BENNU in tramsporting orgamc material

1. Depth of Scope: Exploratory Research
Thas stucdy mvestigates emergmg and speculative topics (g, extraterrestnal hile,
astercid-bome orgame componnds), if wses an exploratory approach to symbesize available
evidence.

}. Tvpe of Data; Mized Research

wiwwLyoungsclentistsjournal. com




This research uses both qualitative and quantitative approaches. With data collected from
BENNL asterond and the literature that has been winitten about extraterrestrial beings and
panspenia.

5. Tumeframe: Cross-Sectional Research
The analyvsis wall focus on data available at a fixed pomt m tune without lonetudenal
tracking

Introduction

On September &, 2016 NASA launched its first spacecraft the Origins, Speciral
Interpretation, Resowrce fdemtificotion. and Securinv-Regolinh Explorer, or as shortened
OSIRIS-REx. 10 collect samples from asterond BENNL -before 1990 RQ36- and be delivered
tor Earth . After a 7 vear joumey covering nearly 4 billion mules, the spacecraft successfully
delivered the samples to Earth on September 24, 2023 (1). Prelinumary research of the
samples las revealed a measure throve of hydrated clay nunerals and crganic compounds,

e luding amuno acids and polyeyelic aromatic hydrocarbons that moulded durning
evaporation of a [ste-stage brise that existed early in the phase of Bennu’s parent body (2)
These discoveries are a key to revolutiomizmg our understandmgs of prebiofic chemstty and
potentially if the biological and chenucal seeds that 15 needed for our existence came from
outside. Following the OSIRIS-REx mussion scientists found exactly “amuno acids — 14 of the
20 that life on Earth vses to make protems -, all five mcleobases that hife on Earth uses to
store and ransmt genetic mwstmictions m more complex temestrnal homolecules. such as
DNA and ENA, meludmg how to amange ammo acids mio protemns.” explumed Glavin's
team. They also found exceptionally lngh amounts of ammoma m the samples. Ammona 1%
an iuportant compound for nologieal life, it can react with formaldehyvde which was also
detected m smuples- and fonues complex moelecules (e.g.. amuno acids) m the nght conditions
(3}

This stdy exammes whether Benm's organic mwventory provides empincal suppaort for
prnspena - the hypothesis that life's precursors ongmated m space and 1f 1t provides a
justifving proof for the “Fenmi Paradox™. The “Panspermia Hypothesis™ It further evaluates
whether these findmigs can meanmgfully advance our understanding of the ongm of hife not
just on Earth, but across planetary svstemns, By examummng the OSIRIS-EEx finchings SETI,
WISE mussions and panspemun- the hypotlesis of whether the life supphes comwe from and if
it ongmated from space- md fdimg extraterresinal bemg missions this reseach wall
determumne what the findues nean.
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Justification
The search for extratermestninl hife stands as one of nusanity’s most profound scientific
pursusts; drrven by e fundaental question: Are we alope m the mmaverse” While
technological lmitanons and the vast distanees of space presenl sigmficanr challenges, the
stuchy of asterowd Bennu's returmed samples offers an vnprecedented opporiimiy to mveshgate
hie's cosmuc ongms, Asterond Bem represents a pamicularyy pronusmz somce of evidence
dhive to ifs mgoe orpanie composition fndimngs.
Beduni i a T-i.-rg.p.: caibonmeeons asterond. los been wdentified |:|.'n.-|1||-:.'f'||J].' arinalag ton T ansd
CM chendrites, whach nre known to contain abundant preluctic organie compoumds (41, Otber
reasons that Bennm s pecked for tins research aoed CO5IRES:
#  Llilike most ol asteroids -which are in the belr berween Mors an Jupiter- Bennu's
orbai s relatrvely close o Earth's and even crossing o
®  Bemmn 1s just the nghd size and speed which makes it posaible o get smnples. It has a
diatiseter of 492 meters -a bit larger than the heeht of the Empare State- and rotates
every 4 3 hours
&  Beaan s really old Old that sense coipounds tound mside ot mevy be older thao o
Solar Svatem ise]f
o It s well preserved wiirch makes it possible to collect rocks and dust (5]

If we aunlvse the daia thiat comnes fromm if comectly we may Ond grént proofs of life
ontside our plagsst

Inclusion & Exclusion Critena

Inclusion Criteria FExclusion Criteria
Somress of micrmahon(resenrch papers acadenc Sonrees of mfommationiréesearch papers, academic
jourals, books, ¢tc) withen m Erglish Joumials. Books, ete ) wintten 1o

English

Research papers froomn 2006- 202 5 maxmmum dased Fesenrch papers older than 9 vearspublished

back 9 vears bedore 200146
Sowrees of mformation melading Somrees of mfonmation meclsding;
1. Peer reviewed joumal articles 1. ponereviewed joimnal aptecles
2 Acadenne papers 2. Websites like WIKIPEDIA
5 lhutrutional reports 3. Non-reviewad blogs
Stidies addressmg Stdees ynrelated 1o
|. BEMNL! asterosd msd its fomndmgs 1. BEMNNL asteroad
2 Panspenma theory 2. Panspenmn tleory
3. Exmaferrestrial ivpothesis
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3. Extrateriestnial bemes and potenim] life
ataacke af anrth

Papers discussing the findings on BENNLU astevoad
e the life comes from space or can if prool any
potential life outside of earth

Papers which do pot welude any of e enterna oy

resaarch muis fo have

Data consisting of BENKNLU asterond’s composilron
l."'t-l:'l[:llﬂll]f l..'l:"llll.h.'lluil]:"i il SPECE 1SS

Studhes ungelated to panspermiia of extratervestnl

hypothesis

Stuchies mcluding that only are free and does ot
need any instinonal logm

Stuchies that demand momey or an institutional logm

Stuches mcluding the full research paper not only

:||u:l| ncl

Stachies that only lisve an alstract

Boolean String

{*Asteroid Benon™ OR “ 1999 RO36™ OR™ OSIRIS-REX" OR “the Onigins, Speciral
Interpretation, Besouree Ideptification, aid Secinny-Regolith Explorer™)
AND (“organic compounds” OR “prebiotic msalecules” OF, “amine ackds”™ OR “nucleatides”

DR “nnclechases”)

AND (Panspeniua OF. Lithopanspernns OR © Dairected Panspernua™ OF © Eadiopansperima”

OR Galactic Panspenmia™)

AND (“extraterresinal life” OR “extrateivesinial bawng™ OF “mstobiclogy™ OR

“hiosignamies™)

Linmtations

. Relinnce on Secondary Data: The research is based entiely on previously
published lveramre and mission dutn. This restricts the ability o verify resalns
independently or conduct new expeninents 1o fesi hvpolbese: aboul organi
sviithesis or biologeal markers on BENNU

1, Theoretical Constrains of Panspermia; Panspemma still remmns as a
speculanve hypothesis. Wiile it oifers a great mechanssm for distnboing life's

buldmg blocks, it does pot addiess how life ongimsted only ow o nuglt be
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i ferred. Therefore, the hnk between Bennn's ehenusiry and actual
extmterrestnal Life 15 mdwect ar best,

3. The Lack of Evidence: The lack of evidence abouwi extrierresinal beugs
existence makes the research seem like a sa-fi topac.

Ethical Considerations

1. Space trash: If zent more spacecrafis for this search. the possibility of them crashing
m space mrenses. Even now with all the satellites we sent our orbat has become a
irashcan

2. Financial Opportunity: Scape or the search of universe has been one of the most
expensive fields and the search for life cutside 15 a far more expensive topec, In todayvs
economy providing the needed financial support may result m some financial
problems m ofler research Delds
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RESEARCH PAPER
Is asteroid BENNU to key for unlocking
our knowledge about extraterrestrial life?

1.1 Background on Asteroid Bennu

Bennn 15 a near-Earth obyect that approaches Earth every 6 vears. Its rocks are believed to be
fonned nearly 4.6 ballion vears ago on o prooneval world that was ulimately destroyed by a
giant collision (1), It 15 a carbonacecus B-type asteroid, exlubiting a nydration feature i the
3 pum region, spectrally sonilar 1o ones agueousiy allered Cl= and Ch=tvpe chondrres (20, i
1= st e nght size and speed, wloch makes 1t possible 1o get samples. It has a dianwerer of
492 meters, a bit lagger than the height of the Empare State, and rotates every 4.3 hours. Due
o 1ts composihon and old age, Benou 15 considerad a tune capsule of the early solar system,
potemtially contamng preserved orgamie matenials, water-bearing minerals. and molecular
precursors o hife (3)

1.2 D5SIRIS-REx Mission and Keyv Discoveries
Launched on September 8, 2016, the Ongins. Spectral Interpretanion. Resource Identification.
and Secunty-Regolith Explorer’s (OSIRIS-FEx) nussion was to collect samples ~dust, rocks,
¢tc- froam asterosd Benom's surfnce ( 101955) <formerly nmed 199RO36- and deliver them to
Eartly After a 7-yenr pourney and approxunaiely 4 ballion ooles, if successfully landed on
Earth on the 24th of September, 2023 (1), The samiples from the OSIRTS-REX nussion
revealed a nch mventory of water-nich munerals, s acuds, orgame molecules, and a
lustory of salvwater that could have served as the “broth™ for thess compounds 1o mternct and
coanbane (3} These mund-blowing discovenes can be a foundation that Beoo has retamed
the chemcal binlding blocks necessary for ife, preserved thronghour the solar svstem's
history. and the life ontside may be real. now with its proofs

1.2 The Question of Life's Cosmic Origins
[he detection of these molecules and organie compounds on the samples of Benny has
brought up the question itself: How did these orgamie molecules get there? Did our life come
from space” Is there anybody out there? With these fmdings., tlus essay explores the evidence,
theoretical frmueworks, and scienhific anplications suroundimg Bewn as a potential vector of
panspera and a model for understandimg potental extratervestnal life
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2 Theoretical Framewaork
1.1 The Panspermia Hypothesis

“The panspermia hypothesis is the philosophical proposition that the precursors of hife are
present n space and able to mitiate life on reaching a smtable enviromnent {especially the
Eantiy,"-Mimton. It proposes thar the building blocks of life, or even mavbe life iself, exist
throughont the universe and were delivered the Earth via celestial bodies (e.g.. asteroids.
mterstellar dust). Tlos idea, wath roots mn ancrent Greek plulosophy, evolved sigmficantly m
the 200k century through the work of scienfists such as Arrhenes, Hovle, and Cnck (6). )
The fowr proposed mechanisms of panspernua are lithopanspermia, accidental panspernua,
directed panspemua, and radicpanspenig

# “Lithopanspenia is the ttuksport of macroorgamsins between planets as lntchhikers
within rocks ejected mto space by unpacts™ - Fajardo-Cavazos. “The interplanetary
transfer process of nucroorgansnts 15 divided mito three separate stages: (1)
mupact-mediated ejection (launch) of rocks from the surface of the “donor planet™ (1)
space transit and (1) atmosphenic entry and deposition on the “reciprent planet”, Each
phnse of mterplaetary transter 1s rife with its particular hazords 1o the sarvival of
hife” -Chukwudiegwu- (7]

o Accidental Panspernn: ¢ The Gold Garbage Theory 13 8 more madem name for the
Cosme Garbage Hypothesis, which was proposed by Themas Gold in 19607,
According to him, extraterrestnal bemngs may have accidentally seeded Earth wath life
by dumping their waste products on the planet. and while dumping these products,
extraterrestral bemes nught have carelessly left scane of thewr natve macrobiota to
escape. This wdea Inter amed, or we can say renamed as accidentnl panspermn (7)

¢ Directed Panspenmia; Sometimes refermed to as “Planetary Seeding”, Directed
paispernua 15 the proposed “deliberate transmssion of microorammsms 10 8 lifeless
planet with the amm of minatng hife™ -Sivula. This process could be done by a robotic
mterstellar life-seedimg nussion (8). A suuple opening mechamsm, such as thenmnnl
expansion. could release the nucrobiotics when the nght condition 1s given without
any need for electrome components. Moreover, genenic modificanons could be mnde
to the organic compotusds that will be sent, with evolving for extreme radiation
tolerance. or “evolutionary processes could be accelerated by a factor of - 1000 to
facilitate tenalomung. eventally that wall resull m Earth-like ecological diversity™-
Subramanian (¥)
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o Radiopansperme: First proposed by Anhenms, radiopanspernua suggests that
“nucrodnal life can form and exist mn space and that the radiation pressure from the
sun can prope] them mto the gravity wells of planets™ -Pasim (10)

Becent findings from Bennu, particulary the detection of complex orgamics, support the
possibility of hithopansperma. If life’s building blocks were transported throngh asteroids 1o
early Earth, there must be other planets aromnd the cosmos that got these arganie compounds.

2.2 Defining Life: Microbial to Complex Svstems

Whale searclung for extratemestinal hife oo its brological resadues, astrolmologists wsually look
for microbial bemgs and organic molecnles. As these fimdings are the easiest to travel throngh
the cosmes and are most hkely to sunvave m the hard cwrenmmstances of mterstellar travel
Before evaluating the evidence from Bemm, we must first defime whai are the major
requirements for life. Life tvpically needs 3 kev elements: liquud water, chencal elements
fep. O H O N P S), and an energy source, as we know from Earth. Yel the space
copdifions -as we know se far- are pol sutable for any life to exist, with being lhughly
mdioactive and high, unstable temperanues, it makes any intelligent hife to exist nearly
impossible, Yet, some macroorgamisins, such as extremnophiles on Earth. can survive i these
extreme conditions (11). So. 1s it really nnpossible for any biologeal bemg o survive even m

thiese cciumstances?

3. Bennu s Orgamie Inventon
3.1 Detection of Frebiotic Molecules

Orgamic miatter i asteroids reveals clues about the early stages of Solar System chiensiry
and the ongin of biomolecules that are essennal for existence. Prelimuinary nalvses of Bennm
samples have revealed an astomshmgly diverse ammay of soluble orgame compounds, many of
which are relevant to prebiotic chenustry. These analvses recorded the occumence of salt
munerals m the samples. Scientists identified 11 nunerals’ traces on the sample that leave
behind traces of salts as crystals, Benn's regolith 15 found 1o be exceptionally rich m
water-soluble organics. including aliphatic anunes. carboxylic acids. and aromatic nitrogen
heterocveles. Moreover, “samples contain an amangement of phases formed by precipitation
from a flusd. The most abundant of these phases mclnde salfides. magnetite. and carbonares
(10, 5, and 3 vol %, respectively, by X-my diffraction of o bulk sample), although
concentrations differ between mdividual millnnetre-sized asteroidal particles™ -MceCoy. These
compornd findmes are highly sigmificant because it 15 a residue of one of the 3 magor needs
of life on Eath. The preservation of these compounds without major signs of thermal
degradation or terresirial contamunation supports the 1dea that Bennn has mamtained much of
its ongmal chenucal makeup smee the formation of the solar system. In addition 1o these
fndings the samples also revealed o nux of ologieal componnds that melude: 14 of 20
anuno acids thar are needed for like, all 5 nuclectides that life on Earth uses to store and

wiwwLyoungsclentistsjournal. com




transimir genetic iNstmichons in more complex remesinal biomolecules (e.g.. DNA and RNA)
and also exceptionally high abundances of ananoma, (12; 4). These detechons from samples
may be proof that hfe has ongmated from outside of Earth, and they conld have contnbuted

to life's molecular precursors.
3.2 Molecular Diversity and Structural Complexity With Chondrites

In their comparative analyses, Glavin and lus team defimed the differences between the
astrommatenals before. Benmu shares strong chemmeal simulanties with CT and CM chondrites.
a stony (non-metallic) meteceite that has not been modified by either melhng o
differentiation of the parem body. But the real findimgs ave i the differences. Benn’s
aggregate samples had a hogher mass-weighted average total of C and N than previous studies
of chondrites. Despite the nuneralogy and elemental compositions being silar to C1
chondrites, sotopic data —especially for hydrogen and nitrogen- align more closely with less
altered tvpe-2 chondntes (e.g.. Tagish Lake and Tarda). Compared to Eyugn and Murchison
samples. Bennu contams a sinularly wide range of soluble orgame matter (SOM). Bennn's
modecinles have a lower mass range and carbon osndanon state than Mureluson's. Byuon's
sulfur-rich chenustry so far aligns with the new samples from Bennu's nitrogen-nch
composition with refleching low-temperature aquecus processmg on Benon's parental body
Anather discussion 15 the abindance of N-heterocyeles, a cvehie compound with a divalent
carbon atom bonded to at least one mitrogen atom- m Benun samples (-5 mmol g '), these are
510 10 nmes more abundsant than reported m Fyugn and Orguenl meteontes, The presence of
water-extracted anunoma abundance that was measured m Bem s 12 tumes lugher than
Murchison and 75 times lugher than m Byugn (Table 1). Additionally. the presence of
amuonimm salts and carboxylic acids. hke ones seen m comet 67F. supports the wdea tha
Bennu retamed ancient, mitrogen-nch orgamcs formed w space (13; 14). Altogether, Bennu
appears 10 be a wmigquely preserved chenucal archive -less altered. more nitrogen-nich, and
lughly relevant to the smdy of life’s molecular ongins.

wiwwLyoungsclentistsjournal. com




Table 1: Concentrations of free ammonia measured in the extracts
of Bennu (sample OREX-803001-0), Rvugu (sample A0106) and
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4. Benmu as a Tector of Life: Survivability of Chveanics in Harsh Space

Conditions

Another mmportant question 15 how the organics were able to survive i the harsh space
conditions 1f we take the panspermna hypothesis as possible. Several experuments and space

nussrons ave been conducted fo analyse and demonstrate the rmnge of nucroorgamsms and
orgamic componnds hat can endure the vacoum, temperamre flucmations, and radiation
exposure of the space enviromment. As mentioned before m this paper, part 2.2 There are 3

wiwwLyoungsclentistsjournal. com




major key elements for life: ligpud water, chenucal elements (eg,, C, H, O, N, F, 5), and an
energy source, as we know from Earth, But i these conditions m the darkness of the cosmos,
it 15 not passible to find any of these condifions easily

Research conducted m the extreme conditions of Imemarnional Space Staton (155) studied the
sturvival capacities and assessed the panspernua vpothesis. One of the samples, after 15
mioniths of exposure, Bacillos punulns SAFR-032, exhibited 10-4095 survivability when the
UV given was masked, However, when i the tune these spores were exposed to UV light
{above 110 nm), there was approximately a 7-log reduction m the viability, apart from a few
spores. Ina snmilar research, dried “Demococens” cell pellets, partcular]ly ones m 500 pm
tluckness, remamed viable even after 3 vears of harsh space exposures due 1o a shadowing
effect. Deinecoccus radiodurans, after 1 year of exposure to outer space during the Tanpopo
nussion, showed signs of molecular modifications (e.g., DNA damage). oxadative stress
response, and mereased expression of metal ransporter proteins. 1ts survival mnder near-space
conditions was recently linked to pre-exposure growth conditions. Smularly, Bacillus peoirifae
SAFR-032 exlubited elevated levels of resistiance-related protems hike superoxide dismutase
when dermved from space-exposed spores, These spores also produced first-generation
offsprmg with significantly enhanced UTVC resistance (~4000 1) compared to ground
controls. In addimion. elevared radiation levels on the 1SS are associnted with ipcreased DNA
damage, L. radiodurais demonstrates exceprional DNA repair via homologons
recombination (HR), supported by 10 HR-related genes — a number comparable 1o those
foumd across other 1SS mucrobial genomes. These organsms also share core genes for
recombination and repair (rec, niv, rad, uvr) and at least one gene related o non-homologous
end-pommg (NHEJT), MNotably, all IS5 strams. mehodime B2 radiodwrans and &, peeifis,
encode the LexA repressor, a key regulator in the SOS DNA repair pathway (15)

In another study complementary to 1S5 expernpents, provides a comprehensive review of
how “environment of space is chamcterized by factors that stress organisims in ways that
cannot be mumucked on Eanth, such as nucrogranaty (weightlessness), imntense jomizmg
madiaton. lngh vacmun, pressure. space magnetic fields and extreme temperatures™-Prasad et
al.. The factons given would not anse on Earth's surface. Expernnents show that the
environment of space had clear, sharp effects on genetics, nutation scale, gene eXpression,
epngenehics, metabolite production. and metabohic pathways. Tt also hiad an etfect on altenng
the shape. struchure, function. phyvsiology, and growth behaviowr of orgamsas { 16)

These stucies both give examples of how sowme bactena and orgamsms coukd survive m harsh
space condimons. The given samples are also very simular fo Bennun samples that were
conhucted. This means Bennm possesses both the environmental conditions and nunemlogical
structure which is needed to preserve complex organic molecules -and potentially life-bearing
material.

3. Challenges
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5. Challenges

While Berum's ergame inventory offers profonnd msights. several caveats must be
acknowledged. Despite all the studies, experiments. and samples in this research, there 15 a
spgmificant challenge: none of the findmgs constimites conerete proof. The présence of orgaic
compounids even if they are the ones essennial for life- does not antomatically unply
biological origin. This truth complicates the findings of Bennn's key to finding
extraterrestnal life. Moteover, space mussions require substantial fumding, and SETI (Search
for Extraterrestnial Intelligence) demands even greater resources. Securmg adequate financial
support for such a speculative search. especially mn the absence of solid evidence. 15 a majon
challenge. Findmg enough financial opportnoaties for a search like this, when there is no sohid
proof, is also a big challenge. Furthermmore, despite bemg theoretically possible, the
panspenma hypothesis shll remams theoretical. Without direct observation of nological
activity or replication, Bennu's data. while promising, stops short of defimitive proof. For
now, all we can do 15 assume. These Imutations mnst be acknowledged when mtiatmg
research on cosmie life.

6, Conclusion

Asterond Benmn stands as one of the most promuising kevs to unlock the mystery of life’s
coste ongins, With OSIRIS-EEx nussions findings we are now as ¢lose as we are closer
than ever to answering questions that have haunted hnsans since ancient times: Where did
we come fromn? Are we alone” Bennn's chenucal findings. when exanuned throughi the
panspenua hypothesis, do not offer certamnty, but they offer something bigger: the possibiliry
It shows that essential life compounds are not just on Earth bat also across the cosmos
Despate challenges that could be faced. the mplications are mumense. If even the potential for
hite's mgrechents to travel across space exists, then so does the potennal for life self and
mavbe even evervwhere.

wiwwLyoungsclentistsjournal. com




8. BIBLIOGRAPHY

[. NASA BENNU. Bennu - NASA Science, 2025

Glavin, D P Eckley, 5. A Aponte, J. C. Berger. E. L, Burton A 5.,

Dworkin, J. B, Elsila, J. E.. Ferguson, F. T., Furukawa, Y., Graham, H. V.,

Koga, T, Liss, M., McLain, H. L., Naraoka, H., Oba, Y., Parker, E, T,

Raghter, K . Schmutt- Kopphin, P, Simkus, D. N.. . Laurenta. D S

Imps:/dovorg/ 101 186/540168-024-01916-5

McCov. T.J.. Russell. 8.5, Zega, TJ. ef al. An evaporite sequence from

ancient brine recorded in Bennu samples, Nature 637, 1072-1077. 2025

hitps://dor.org/ 10, 1038/s4 1 586-024-08495-6

4. Glavin, D.P, Dworkin, J.P, Alexander, C.M.O. er al. Abundant ammonia
and nitrogen-rich soluble orgamic marter in samples from asteroid
(101935} Bennu. Nat Astron 9, 199-210. 2025
hitps.//dot.org/ 10, 1038/s4 1 550-024-02472-9

5. Lauretta, D.S. et al., Asteroid (101935) Bennu in the laboratory:
Properties of the sample collecred byOSIRIS-REx. Meteoritics &
Planetary Science 59, Nr 9, 2453-2486 2024
doi: 10111 maps. 142272433

6. Szyvdlowski. LM.. Bulbul A A Simpson. A.C. etal. Adapration ro space
conditfons of novel bacterial species isolated from the Internarional
Space Station revealed by functional gene annotations and compararive
genome analvsis. Microbiome 12, 190, 2024
https://dol.org/10.1186/540168-024-01916-8

7. Prasad, B.. Richter, P, Vadakedath, N., Haag, F. W. M, Strauch. S. M.,
Mancmell, R.. ... Lebert, M. How the space environment infliences
arganisms. an astrobiolagical perspective and review. Intemational
Journal of Astrobiology, 20(2), 159-177. 202]
do: 10, 1017/S147355042 100005 Tvesrigaring the impact of x-rav
compited fomaography imaging on soluble organic marter in the

by

e

Murchison meteorite: Implications for Bennu sample analyses
Meteonics and Planetary Science. 59(1). 105-133, 2023
hitps://dororg/ 10111 1 /maps. 14111

8. Shekhtman, L. Wiy Bennu? 10 Reasons. Why Bennu? 10 Reasons -
NASA Science, 2018

0. NASA. NASA 5 OSIRIS-REx Mission To Asteroid Bennu. NASA's
OSIRIS-REx Mission to Asteroid Bennu, 2025

wiwwLyoungsclentistsjournal. com




10. Taveau , J. NASA§ Asreroid Bennu Sample Reveals Mix of Life s
Ingredienrs NASA's Asteroid Bennu Sample Reveals Mix of Life’s
Ingrechents - NASA, 2025

L1 Mitton, 8. 4 Short History of Panspermia from Antiquity Throngh the
Mid-1970s, A Short History of Panspermia from Antiquity Through the
Mid-1970s, 2022

12. Chukwudiegwu, E., Nnaemeka, O., Ezenwukwa, D., Nnenna, D).,
Madike, S., Emeka, M., Bonaventure, O., Domume, O., & Abuh, §.
Evolutionary Panspermia: Planets Micro-Life and Bevond, International
Journal Peer Reviewed Jowrnal Refereed Jowrnal Indexed Jowrnal Impact
Factor, 6f11), 453-32, 2020
https:/ 'wwjmrd com/upload evolutionary-panspermia-planets-nucro-life-a
nd-bevond 1606719162 pdf

13.51vula, O. The Cosmic Significance of Directed Panspermia: Should
Humanity Spread Life to Other Solar Svstems? Uilitas, 34(2). 178-194
2022 dor: 10. 101 7/S095382082 100042X

I4 Subramamian. 5., Wilson, A, White, C., & Konus. K. Crater formation
and particle efection induced by supersonic jef impingement in
near-vactium, Acta Astronautica, 232, 439-452. 2025,
https.//dor.org/ 10,1016/ actaastro.2025.03.017

15 Pasmm, L. Panspermia — The Survival of Micro-Organisms During
Hpervelocity Impacr Evenrs. Panspermia-The Survival of
Micro-Orgamsms Duning Hypervelocity Impact Events - ProQuest. 2017

16.Szvdlowskl, LM, Bulbul, A A, Simpson. A.C. et al. Adapraiion ro space
condifions of novel bacterial species isalared from the Infermational
Space Srarion revealed by functional gene annotations and compararive
genome analvsis. Microbiome 12, 190, 2024

https://dot.org 10.1186/540168-024-019]16-8

wiwwLyoungsclentistsjournal. com




BUSINESS &
ECONOMICS

140 wiwwLyoungsclentistsjournal. com




What would it take for a new e-commerce platform in the food delivery industry in the
UAE to be successful while being more ethical to riders?

Saif Hilal

What would it take for a new e-commence plationm in the food delivery industog in tha
UAE to be successful while being more ethical to nders?

Buziness concept: YallahYum

My idea Is 1o form YallanYum, an e-commerce plattorm for food delivery services in the
LIAE. YallahYum will differentiate itsell from its competition by focusing on delivery rider
wellare and sustainability, which is often overiooked by the existing companies in tha
UAE. In today's market, consumers are increasingly inclined to support businesses with
higher ethical standards and sustainable practices, making YallahYum's commitment to
rider wellbeing and sustainability a strong driver lor customer [oyalty and rust.

Qverview:

The online food delivery industry in the LAE has s2en rapid growth during and post
Covid-19, In the UAE, the industry is valuad at $720.7 million, and is expected 1o grow 1o
517981 million by 2033, with a CAGR of 10.2%.

UAE Online Food Delivary Market Size, Share, Trends and Forecast by Platform Type,
Busziness Model, Payment Mathod, and Region, 2025-2033,
hitms: fwrawsamarcgrou pcomiuas-anline-food-delvery-market (accessad 12/08/2025).

In the industry, there are four main companies, Talabat, Careem, Zomato, and
Deliveroo. Out of the four, Talabat is the largest, with a market share of 7T0% as of 2024,
followed by Deliverco at 12% market share,

Why did it rise?

The rise in people’s disposable incomes (shown by a rise in GDP) has resulted in the
increased use of e-commerce platforms for food delivery, dnven by the growing middle
class in the UAE. Thus, making delivery fees (ranging from 5-10AED per delivery)
bacome a price point that many people afford.

GDP growth of UAE from 2000-2024:
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GDP jcurrent SUS) = United Arab Emirates,
hitps:! Mdataworddbankorg/indicator/NY. GDP.METECDMocations=AE (accessed

LR sper y

10/08/2025)

Moreover, the rise in demand Tor online food delivery in the LIAE is also a result of UAE's
growing population. With a plethora of people moving to the UAE, shown by the positive
walue of net migration (besides 2019), thara iz a langer population of paople who
demand food delingny sendces, The fse in demand results ina further rise in the ood

delivery industry's growth in the UAE.

UAE population (2000-2024):

Population, total - United Arab Emirates,

s fdatawoildhank.oredindicaton SE.PORTOTL

[ (accessed 12708/ 2025)

Met migration {2019-2024)
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Met migration = Uinited Arab Emirates,
hittps: fdatasvorldbank orgfindicatonSH. POENETHM Tend=2024& locations=AESstart =21

13 laccessed 12/08/2025)

Why will YallahYum focus on ethics?

After inteniewing riders from other companies, they had expressed their concerns
about rider safety due 1o the extreme heat, and the financial risks azsociated with their
job. One rider said, “| had an accident once and hurt my leg and lost two weeks and
didn't make enough money that month.”, indicating that compensation isn't given to
riders, even when injured, further emphasizing the financial risks that the riders have to
bear.

Furthermore, the issues that riders have was a reoccurring Issue as in May of 2022, a
sirike done by Telabat and Deliverco riders as a result of poor pay and rising fuel prices
indicated that something needed to be done. Riders even claimed to “pay for fuel from
their own pockets”. Aljazeeara, Dubai: Deliveroo nders strike for better pay and work
Conamtions, Dtps:/Nandsed aljazears comunews 202 2 ardduba) - daliverod-ndars - sirike
{or-hetter-pay-and-work-conditions (accessed 08/08/ 2025}

What actions will YallahYum do to fulfill the neads of riders and the ermdronmeant?

YatlahYum will focus on rider welfare and improve ethical standards in this industry, To
ensurs that YallahYum can claim it is an ethical company, YallahYum will offer
compensation to injured nders for however long it is required before they are able to
resume dedivery. YallahYum will take the requisite insurance protection for its riders to
allow for their treatment in case of injury, This solution helps fix the main financial
burden that the riders face when they happen to be in an accident.

Yaltah¥um will also focus on sustainable practices. By ensunng that suppliers of the
bikes that riders usa are electric bikes (which are charged through solar), YallahYom is
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able Lo show their use of sustainability and positive contribution towards the
environment, further differentiating itsel! from the markelt.

How to market YallahYum?
Product:

YallahYum is an e-commerce platform, hence the way it is designed should be relatively
similar to that of its compatition, as the main differentiator is not done through its
application. With this inmind, YallahYum is an application that is downloadable on both

Laptops and phones and includes lists of restaurants {in the UAE) that customers can
owder from.

Gamification through adding a points-based system grounded on the number of orders
customers have placed can help influence consumer behavior and keap them retained,
as if you get 50 Yum points, you can get a free meal of up to 50AED (non-inclusive of
delivery fees),

Prica:

YallahYum can also use meaans of price to market tself, With the main competitors
having a delivery fee ranging from 7.5-10AED, due 10 the additional costs of adequats
insurance that YallahYum aims to pay, YallahYum’s delivery fee will be at the higher end
of the range, at 10AED. Although this could makea YallahYum seem overpricead,
consumers will know that the additional cost results in better rider welfare, This could
have o counter-active effect when compared to traditicnal economic theory, as the
higher price could incentivizes consumers (o order through YallahYum, due toits

positive impact on riders, instead of the simple reason of getting food,

Promotion:

YallahYum's promotion ig the main form of marketing which can help portray
YallahYum's main objactive of changing the athics of the industry.

Cine medium YallahYum will employ 15 their use of TikTok advertisements. With many
people in the UAE spending lots of time on their phone (the resident average is around 8
hours 11 minutes, dadly), using social media platforms as a form of advertising is one of
the best ways to obtain a large number of stakeholders, which are essential to obtain for
YallahYum's growth. Moreower, it tlargets the younger generation of consumers, who are
considered to care more about working conditions when making decislons when
compared to the previous generations,
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Marija Hiadn, Track and Visualize Your TikTok Ads Metrics with Databox,
s A atanox,. COmMYiraCE-ana-visLu gl st r-tiglok-gos-metn WWILN - TR S

{accessed 08/08/2025)

anocther medium that YallahYum will use is a forty-five-second-long advertisament
through YouTube, This will not anly increase viewership of YallahYum however, it will
also conwey the athics of the company itgall, In the advertisament, the videos uaed will
be of YallahYum riders being appreciated and joyful, to further imply that YatlahYum’s
priorties is not just to deliver food, but to enrich the community as well. This advart can
help YallahYum retain customers, as the ethical and passion conveyed through this
medium of promation helps portray the differentiation between YallahYum and the rest

ol the market.

Placement:

YallahYum will use placameant of cloud kitchens 1o create a reputation of gquick
deliveries. By having one cloud kitchan in every major district in the UAE {8.g. Al Barsha,
Business Bay, Al Maryvah Island), YallahYum is able to reduce delivery times, as the
distance coverad by niders will be reduced, As a resull, consumers will wiew Yallah'Yum
as a better alternative, as [hE'},‘ are not EII'||"||' maore ethical, but they are also faster at
delivaring food.

SWOT analysis of opening YallahYum:
=lrengths:

With YallahYum being rider oriented, one key strength would be YallahYum's ability 1o
scale alarge and efficient delivery fleetin a short span of time. Based on interviews
conducted, and recent strikes, it is clear that riders are not satisfied with the benefita
given by existing companies, thus making it easier for riders (o switch to YallahYum,
which promises sufficient benefits.
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Another strengih YallahYum has is their emphasis on ethics. With YallabYum building its
reputation on nder's wellbeing, it causes thers to be distinction between tself and the
market, and causas consumers to think that by using YallahYum, they are also doing
good for the riders, thus causing more people to use YallanYum.

Weaknesses:

Access lo adeguate capital is an area of weakness far YallahYum, as it will be a new
company in a market with established competition. This weakness can be addressed by
the growing number of fTunding avenues focusing on start-ups that operate sustainable
and ethical businesses. Banks such as FAB have allocated funding to sustainable and
ethical businesses,

AB to Provide Over AEDS00 Billion (USD 135 Billion) in Grean Finance by 2030,
Increasing Sustainable Commitment by 80%, Dttps:/fwww, bankfab.com/en-ge/gbout

fab/groupdin-the-mediafab-to-provide-over-aedS00-billion-usd 1 35-billion-in-grean-

fnance-by-2030 (accessed 12M082025)

Opportunities:

With its sustainable and ethical business model, YallahYum can expand market share
within the UAE and expand its operations to other couniries across the middle east,
There is a growing demand for employment in the younger populations and YaliahYum's
businass model will attract part-tmsa workers due 10 1ls incentves,

Thireats:

Cne threat 1o YallahYum's opening would be the competitive nature of the e-Ccommerce
industry for onling food delivery. With the high monopolistic power that Talabat has,
even il ¥allahYum differantiatas itsell from Talabat, consumears may still not be inclined
to switch over. This could be a result of inentia or even brand loyalty, due to Talabat"s
points system, Talabat Rewards". This threat can be mitigated by launching similar
customer lovalty programs called Yum points that can be utilized for discounts.

Conclusion;

In conclusion, YallahYum |5 a business which focuses on ethical and sustainable
business practices. With its central focus baing on rider wellbeing and sustainability,
although YallahYum is entering a compaetitive market, the differentiation that YallahYurm
possesses would help mitigate the competitive advantages that other companies in the
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industry possess. Thus, YallahYum could help revolutionize the food delivery industry in

the UAE, by turning its focus away lrom convenignce, and towards ennching the

COmEmLIniTy.
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The Impact of Political Instability on
Foreign Direct Investment in Kenya

By Yash Karia

Forelgn direct investment (FD) plays a critical role in shaping Kenya's economic trajectory. JAs a key
gareway to Easr Africa, Kenva has artracted substantial international investment. However, political
instzbility, including disputed elections, mass protests and constitutional crises has repeated]y
disrupted investor conhidence. This paper explores the connection between political events and FDI
erencs from 2009 w0 2023, Th rotiggh an annua timcline analysis the paper dermonstrates that ]:I-.r|i[:i|.'u.|

stability is a core prerequisite for sustainable economic growth,

Invroduction

Forelgn Direce Investment { FL) furnishes nations entry into worldwide markerplaces, echnical
proficiences. and funding, Principal domains such as infrastructure, agriculture, energy, 1CT and
finance olserve FD assistance in Benva, Political corditions, hwwewer, excre o ]1..'1'.':.' intlucmee Lpadl the
FDI intiow. Political instability diminishes investor conhdence, postpones project implementation, and
incices .,'.i!'-irJl HiL_r.hT This instabilicy includes election related violence, Tnl-li-.':.' WANCETTRiny, 1-.1|.;|_-'r|1:-r

with social movements tor example Mandamanao

Methodology

¢  Quantitative analysis: FDI fgures were collected trom credible courses such as che world
bank, UNCTAL, CEIC Diara, Central Bank Of Kenya , Kenya Mational Bureau of Statistics
¢ Qualitavive analwsiss Media reports, government |:'-r1u|'i|1!;h. ||:||'|:'||:'r.-||1'||l: ECOTTHE

ASFCRSTIECTITY
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2004

FDI inflows were recorded ar $543 million, a modest recovery following the devastaging 2007 2008
ot clecrion violenee, Investor conbidence was seill lovw, bur the establishment of 8 coalition
government and steps toward reconciliation created the beginnings of 2 more stable business

environment.
2010

"Jiril: |'| l|"|1; FhEsY -...,:|.|-|'|\I!|I:1.1I!'i|.:ll1 p:u.u:d '|.-:i;_| :I'l;ﬁ:l'n:l u.||.||:'|1. 'h:t.'ll:l.'.l W A byw nt if J;':Il.hl_l.ﬂ1 ',!u.'ls,!l."|1l:'i|:r11. ]'IH i.'|'|1'-!'n|1".l.1
climibed ro JFJFILII.imJTE[:-' a0 muilliorn, n.-ﬂm:t':ng retiewad investor optimism in Kenya’s instivutional

reforms, increased rule of law and democratic progress.

2011

FIM rose turther to $737 million . The relative political calm and focus on infrastructure development,
especially Chinese funded projects, made Kenya more antracrive. The country’s rofe as a regional 1CT

and logistics hub also began raking shape.
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012

A year of political tension |.:I|.|:i=|Ju!l abicad of the 2013 clectivns. FI inilows dipped slightly oo 5620
million as investors adopred 2 “wait and s¢e™ approach, anticipating possible instability during the next

election cecle. Uncertainty redieced I N TEr IIVESTITREND WEMCMEnis
13

Kenva held ies firse F-e;m;n;,-r ul elections under the new constitation. |1,-.:|,,1|.|1F|:|_u. \.|1._|,r!1 JUITIp 1 IERESTOr
confidence. FIM u:t!g-rd o $970 million. The preac ehul eranaition -.'-r-|:n.1-.-.-'v|.'| was celelwrated H|u|.:.4.|1:.' ancd

sectors like real essate, telecom and energy received strong inflows
RLIIE

FIAI |_‘|||:'|F||;r| ~.Ii|_ghr|3.= tos SR 21 o .'1|.|."|'|L'-|_|E_l:-| thie o Mty remamed ™ ﬂ:iri:_'.]"::.' wiable, the rollooe ot
desulution ingroduced fiscal and legal complesiey at ehe counery level, Tnvestors remalned active buae

more catithous, particularly in sectors like Reliant and National Coordinasion,
015

Terrorise artacks, especially the Garissa University massacre, introduced major security concerns. FDI
reduced vo 3700 mitllion. Tourism and recail were the hardest hit, while infraseructure and energy

retained b :-n-ign interest dise o b MR TETI ProfecT mameanam,
6

This pre-clection year was relatively calm with renewed momentum in infrastructure, transpore and
energy. FDI inflows climbed to $1.1 billion. Many investors capiralised on the lase window of political

stability betore the upcoming elections,
T

Diespire disputed presidential elections and the Supreme Cournt's nullification of resuls, FI)U
bu!l.lri'n-:il:l_[:l_l.‘ fose o 51,2 |_:.||_|j._|||_ This hu_ual:ﬂ'- thae P I.l;|I:L1.'|- il.ri.'.ld._'.‘ i imoton continued due wo carllcr
approvals, even as new investment decisions were paused. However, delays and disruptions were

evident, -.—|.:|'h.'|.'i.1||:.' in hospitality and serdoes
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MR

The handshake berween President Uhuru Kenyara and opposition beader Raila L]léi.u!_':.l. restoned
political calm. FDT inflows were stable ar $1.08 billion with increased interest in ICT and banking. The

\-:!'IJI131.J|.iL' reconciliation reassured both domestlc and internatonal markees.
2019

FIL3T pesa Lnl af o 51, 34 |!1|||'i-.:-|:|. fl.m][-ni |:1'|.I n!'lt'iu'ui\.n'l. aroind economic F;n':WHL Viaon 200,
infrastructure projects and improved relations with development partmers. However, rising debare
arocnd the H-.nlding l’-ri-.!t.r-:k initiative Iwg:m o introduoe podicy uncertainty, ﬂp:l.'h”y COnCErming

FIVEITIANCE and fiscal F1|.~]:|._ ¥,
2020

This wis a turning i'li'li.rit. With the onset of COVID-19and i."ul.'.:.|.'|1:i:|1._|; & diclcal terston surrown J:in.g
BEI, ]~.',|;11_1.-.1 recorded negative FDL imfows of -%55.4 million, meaning more mpiml lefr che COUNLEY than
entered. Many foreign projects were delayed, downsized or cancelled. The economy shrank, job losses

maounted, and invescor confidence was severely shaken
2021

Racovery efforts were underw ay, but political campaigns for the 2022 elections had begun and
investors remained caurious, FDT inflows recovered slightly o $500 million, '.upp-.}rn.'d by essential

sectors like health and telecoms, but well below pre-pandemic levels
2022

Elections were marked by rising rension, inflation 2nd the Mandamano protests over the cost of living
FDT declined further vo 3394 millon. Investor interest weakened due to perceived political and

coonomic instabilicy. Several large infrastructure and logistics projects were delaved.
2023

Kenya experienced a peaceful post election transition and the new government made strong effors o
improve fiscal policy and restore investor confidence. As a resule, FDI rebounded to $1.5 billion, the
highest in the 15 year timeline. Investors responded positively to retorms, renewed IMF support and a

shift in tone toward business friendly governance.
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Poditical insrabiliy and relared FDI flucruarions had wide reaching effects across Kenys sociery and

ECOMIOITY !
1} Employment and livelihoods

& Secrors such as construction, manutacturing and [T, atten funded by FDI, faced job cuts
during perfods of unrest.
®  In 2020 alone, due to political and pandemic induced instability, over 1.7 million Kenvans

reportedly lost jobs or income sources (KINBS, 2021)
1) Corrency and inflation

i ]I'l-n‘l.]lﬁilﬂ'l.' qlf'-l::_ll CaLrsed 1‘|‘I1' El':II\'.,III. '\;|1|]|1l|1-_r| fo wa_-:nl: =M. |||.1|.;|||-r=| IS INHOTE EXPENsVE

&  Intlaton ‘\.Iq,.l'._l_-"'l_'l.l.. l:'.lux'u![:.' ¢|'.:|||.||_|_: andd afwer cection £V bes, (ep. 2017, B22)
3) Public infrastructure

& Major Chinese Fumcded prrojects alowed or |:l-:w:'|J I years like 2017 and 20122

&  TPolicy uncertainry and legal delavs reduced momentum in large scale development.
) Investor sentiment

&  Delayed approvals, regularory ambiguity and streer progeses discouraged long term planning by
foreign frms.

& Local investors posed hiring or expansion during unrest.
5) Youth and informal sector

o Over 70% of Kenva's youth work in the informal sector - most valnerable to FDI related
dlonwdirerns,
® Tolitical instability ofven disrupted supply chains & convumer demand, affecting daily

carnings,
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Conclusi

FDI is mot just a financtal metric, It is a mirror reflecting Investor perception of a country's political
-.\'..:l'-iln::.'. [!:L*:1:.'J.'~: case Bepwesn 00 and 2027 chows clear evidence that P Witical violence, prerfists ansd
uncertainey harm its investment inflows. Meanwhile, stability, such as in 2003 or post-handshake,
drives capital into the councry, boosting economic development. To secure future investment, Kenva

must prioritize democratic transparcicy, jdicial independence ancd ;'k..m;-._ﬁll cransicions of prorweT

Bibliography

o Central Bank of Kerya, (2023}, Qwarterdy Econamnse Review. Retrieved from

bittpa: Swwenscenimalbank o ki

o CEIC Data. (2023). Kenya Foveign Divect Investment: Net Dnfiows. Retrieved from

']

. |!".-'_'I!'.-_1_.'.1 MWaronal Bureau of Sorsocs, (2022), Fonamsi .‘llrr'!'e:1 2022 Malrobi: Government of

Benva. Rerrieved from hgrps S wowsonbs.or ke

o  World Bank. (2023). Kenya Canmrtry Diara. Retrieved from

rrpacd Sdaraworldbankarp foounerey/kenva

®  Umnited Mations Conference on Trade and ['Ju.-'.'u."'.n'|1r1.n-nr (203), Howld Tnpermens H;'F.-.n.l'l'.
Retrieved from hitpecSuncrad.ong
¢ Llovds Bank. (2024). Fereign fnvestmens in Kempa, Rerrieved from

hetpsz ) Sweenc loydshanktrade.com

& [nternational Monetary Fund. (2023), Warld Eonomic Ontloak Database, Retrieved from

brrps:/ Swarwe imtorgfenyd Publicadons "W EC

wiwwLyoungsclentistsjournal. com




o Business Daily Atrica. (2022). Mandanane Protests Slow Doun Investmont How, Retrieved

from higps:www businesdaileatrica com

o  Reuters. (20200 FIN Plunger in Kenya Amid Pandemic and Unrest, Retrieved from

L MRS
®&  NMairobi Securities Exchange, (2023). Awnwal Reports. Retrieved trom hoips Ssww nse oo

&  TheGlohal [‘.-,1'-Il.ul!|1!.'. {2023, .F..'q'u.p,..'.' .|".'lf'|r."|::'.rr Diret fnperrmene (% of GDP). Retrieved from

||" I AR L 'l'-|'|||5l flﬁ'lil' AU IR L1 H-.I"- |

®  Kenya Private Sector Alliance (KEPSA). (2022). fpact of Polisival Envivonment on Buiinen

favestwment i Kenya. Retrieved from hetps/ Repsa.or ke

# Intermational Finance Corporation, {2021 ). fecestment Climnare in Kewya: Reform Priorities.

Rerrieved from hops/ fwwwifcorg

®  People Daily Digital. (2023). fucabdiey Hir Forerpn Inveitor Confidence ar NSE. Retrieved

from hitps:Owwwt peopbedaibveo ke

& Monivor Publications. (200 8), Handsake Boested Tnoeitar Confidence. Betrieved from

e e moniEor.ao, ke

# The Conversation Africa. (2020, Hour Politrcal Protests Tmipat African Markets, Retrieved

Froum |1I|I!."1 L e O IVErSATIOT SO

o  Constitution of Kenya (2010). National Council for Law Reporting. Rerrieved from

B wwew kenvalawore

»  Daily Mation. (2017 Per-Electron Lneertarmiy and i::‘ru'.r.a." f':"::!‘rhr. Ferrieved from

hreiom: S waew nationattica
:

&  African Development Bank. (2021). Macoeconomic Performance and Cuslook: Exse Africa.

Retrieved from hupe/ Swwwabdborg

&  Opendl (2025), ChartePT- Comawitanion on 5 M e Polivical st veis £ Koevrwa (A1

Larlt,-ua.p: Model). Retrieved from hsps chat openal.com

wiwwLyoungsclentistsjournal. com




\What investment strategies convert companies like BlackRock from small start-upsto
leading financial institutions?

Hashir Rimwan Khan

Introduction:

From humble Baginnings in 1988 and after 37 yvears ol sheer persistence BlackRock has managed Lo
establish itself as one of the largest and most trusted asset-management firms in the entire world,
managing over 11 trillion dollars worth of assets despite ferocious competitors like IPMorgan and
WVanguard, while having a whopping value of 155.7 billion dodlars as of 2005,

But what exacthy are the features possessed by the firm that have allowed it o become ane af the
mast trusted and fast-growing comipanies with expanding horizons, day-by-day? As 3 resuolt, this
research hghlights and carries out an in-depth analysis of investment strategies used by asset-
manageneent companies, especially fike BlackRock, Lo scale thear path towards anprecedented
success while also addressing some key gaps withn those strategies, These include the Tirm’s high
imvolvement in sustainable index funds such as the S&P 500, which help its clients gaim a passive
income; its goal of connecting the public to ‘private markets'; and its disciplined and structuned
approach towards understanding and meeting client goals, coupled with the use of its newly
powered risk management techiology knowt: as “Aladdin. "Major weaknesses have alsa been
highlighted whige one of them has been also warked ot in detail. Lising a hypothetical scenario and
simulation,

The driving force behind success:

From the very start of the long road towards sucoess, BlackRock™s main-aim has remained simgade and
been defined by the idea of an “economic democracy™, a type of democracy in which private
markets linked 1o ownership of assets ke infrastructure are nof just available for the “efite investor”,

but alse for the common people of sockety

BlackRock's stratepgy here i to connect the comman man to both the private and public markets,
helping one to start investing faster while crafting retirement plans for the near future, Larry Fink,
the CED of BlackRock, believes that this way the confidence of the general population in the
economic growth can be uplifted while also making them feel & part of i, (BlackRock Inc, 20240)

Sole strategies and synopsis:

Historically, the cornerstone of BlackRock's strategy has been a disciplined approasch to mvestroents
(BlackRock Investment Stewardship, £325). This literature review analyzes the historical strategies
employed by BlackRock across different time periods.
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1988~2000 (Technology and Trade):

During this penod, BlackRock’s main focus was bond management and MDS [mortgage-backed
securities) while taking on advisory assignments. Alongside this, it was during this period that
BlackRock created the new "Aladdin®s [(Asset, Liabllity, Debt, and Derivative Investment Metwork)
Technsogy” o manage portfolios and carry out risk-managemsent tasks. It was the first Lime
BlackRock started expanding thewr operations worldwide while offering Aladdin to cllents like
Microsoft for use in return for high-profit margins, additionally helping it enlist on the New York
Stock Market during the 1990s {BlackRock, 2025|

S whiat was the differentiating factor in Alddin from other investment technobogies? It was the
atwlity of it to remain ahead of upcoming market changes o transitions by identityimg ditferent
QO INg scenadios; it was the ability of BlackRock (o adapt Aladdin s capalulities sath changimg tirme
perbods Do ensure It delivers up-to-date, accurate data @0 that mvestors can always make vigdant
decisions, helping enhance portfolio growth, (Macqg.O, 2022}

According to the Hedge School of Applied Economics, the use of Aladdin was also a pivatal factor in
the firmi's groawth, allowing it to study market trends, carry out risk management, and diversify
portfolios, although there were some critics who strongly opposed this strategy and questioned
BlackRock s immense control over the market because of this and whether they addressed dimate
change concermns, In response, BlackRock started working maore closely with companies while
adapling their strategies to bring about positivity, (5chool of Hedge, 2025)

2000=2012 (Acquisition and Growth Investment):

In the earty 2000, BlackRock expanded its reach into corporate acquisitions and direct investments
in high-potential businesses 1o mprowve them for profitability (BlackRock, 2025). & maor mike stone
occumed in 2007, when BlackRock bought the Quelios fund-of-funds business for a value of 51.7
billian {Herbst-Bayliss, 5., 2007).

Before the acouesition, BlackRock used Aladdin to anabse Quellos’ present-time portfofios and
asvess their performance under all kinds of market scenarios while determining vabuation and sk,
After the acquisition, BlackRock erdured regulatory compliance, standardized reporting, and
impeoved read-time montoring of client postfolios. This strategu masve enabled better transparency
for institutional clients and allowed for greater customdzation of portfolio strategies. Moreover, this
acquisition helped BlackRock close strategic gaps inits altemnative's platform—particularly in hedge
funcks, private equity, and real estate secvices for high-net-worth clients. {Private Equity Wire, 3007

Az Harris, 5 from WealthBriefing, 2008, stated, BlackRock added 521.9 billion in assets under
management (ALUM} and achieved a $44 mdllion increase in base advisory fees In Cd 2007, 1t was also
a period of growing influence for the firm as it was called upon by governments to helg them sohe
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the existing economic problems, although Ssome argued this gave the firm too much controd, making
it oo big Lo fail” with influence over Ninancial markets controfed by one man, Lamy Fink. (Vanity

Fair, 2010}
2012-2025(Modernized Investment Strategies):

since the past decade or 5o, BlackRock has mainly focwsed on investing more into Index funds and
ETFs while akso giving the vast majorty of 1ts clients access to private markets, This has led the firm
to have crossed ETF investments by 290 billion dollars, accumulating about 50 billion AUM, while
private markets have done 212 billion as of 2024 (BlackRock Inc., 2004). Furthermore, having a large
stake in these kinds of funds also plays 3 major role in assisting BlackRock in growing its financial
influence over big organizations.

To explain this, we can take a case study examgple of Shopify, a giant Canadian e-commerce comgpany
that, in May 2024, proposed a new directory to be set up while presenting the idea of giving away
stock options as incentives for the company’s leading executive. Consequently, BlackRock vated
against the proposal with a belief that companies should explain how these actions of giving rewards
to executives can benefit investors in the long run. Seeing o explanation coming their way,
BlackRock concluded that this action would reduce the ownership value of existing investors and has
no major benefit for them either. Although the proposal passed in the end, 1t was 3 strong signal to
Shopify that if things went on as they were, iInvestor opindons might change on the company, which
could risk a conslderable amount of loss, [BlackRock Investment Stewardship, 2025)

mMoreover, new ideas such as tokenization of assets (assets in the form of tokens or currency| have
been proposed to increase the public's control over them and also serve as a strong testament to
the CED, Larry Fink's mission to create an "economic democracy,” a5 menticned above, in which each
individual can feel that they are a part of the economic growth and ovean hard assets like
infrastructure for better gains and marging (BlackRock Inc,, 2024b)

Gaps and Loopholes:

But still the most important concern here for the firm is that the main loophobes and gaps as a result
or outcome of their investment strategies need to be identified. However this topic hasn't been
covered with detaill throughout the research but it is something that needs to be addressed and lod
the least identified:

1.0ne of the main strategies of the finm which makes is slowly making it lose confidence in front of
capitalist investors is the firm®s growing outreach and control alongsice the other “Big
Two"[Vanguward and State Street)] of the passive funds such as the (Shares M5CHEAFE ETF [ EFA) whers
the fund has a massive amount of control which in turn leads to it having a greater percentage of proxy
voting power that in turn feads 10 3 "concentration of control” scenario whera other individual imeestors
are bound to have less influence on a company of firms proposed strategies, incentives or ideas,

Here's a table which shows the Big Three's control over passive index fund in the market as of 2006
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Talsle 1 The Top 15 LS. Asset Managers | Eguay), June 3016

N ome Total Aud iBEgquay)  Audd im Passive Share of Passive
Index Fands (Equaty)  Index Funds | Equsty)
BlackRpcl 2add R &l 1%
Vamgund 2270 . &1 1%
Stiret Streel {477 [ o 0t
Fadel ey ] i i 71 i 609,
havvnte 177 RS 22,5%
I Howe Prece 137 L1 B9
BNY Melon 247 14 65.5%
Capais| Croap E38 0 s
W ellimgnon M pnid 4Th {1 (P
I Muorgma Choase L2 i 0%
A Miliated .'ll.:.n.ag_fn 116 o s
Frankiin Templeton X i [
Goldman Sachs 254 ] [
Dememeonal b, Ady b i} s
Legy Mason 204 i (s

Here, the claim is proved that the three funds each control mare than 80% of passive funds present in the
miarket.

2. S5acondly, another problem is the flrm’s practice of securities lending where shares are lended out
generally to short sellers so that additional income can be generated. Although the practice has served to
be beneficial in good times, an increase in itfwhich can be seen as the amount of securities tripled from
40bn% to 120bns for BlackRock in just two years from 2012-2014) can risk a rising mdemnification figure
which shows that more and more of these securities are being lended and can cause more potential risks
to awaken. This practice furthermore even risked the firm being labelled &= a bank which needs tighter
mionitorng bhecause of its .'||:|i|i|'l,I to fail thie entire financial system by the FLA .:|Il:hn-.|5|'| this label was
contested and event I,I.d"'!' not put Nig action

Howwever, this can still serve as a waming sign for the firm that although things cam go well in good -times
with loans repaid and investment goals achieved, during times of crisis, this practice can trigger drying up
liquidity and securities being unable to be gained back leading to complete failure and serious

boses (Fichtner, |, Hesmskerk, E M., & Garcia-Bernardo, 1. 3117)

Furthermiora, aven the collateral’s given by the borrower can lose in value during ttmes of financial stress
as BlackRock also invests them in different index furds which although have a historically stable market
performance, can will lose a lot in value in case of a market crash

3.In addition, another potential concern here are BlackRock parting ways with NZAMI (Net Zero
Asset Managers Initiative ), which may point to tensions towards the firmm's position on its ESG
[Emviranmental, Social, and Governance) policy, which may disillusion ESG-oriented clients on its
climate commitments. (lesson, S, & Kerber, 1L, 2025).

Possible Solutions:

Hypothesis: Although BlackRock has well-structured systems In place to work an its lending
practices, this hypothesis can be used by other smaller firms or banks with less capable tech, the
idea is that if they adopted a diversified collateral frameswork (6006 cash, 40%stocks) with a =15%
market-trop fiquidation trigger, while collaborating with the borrower and giving it permission to
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sell and reinvest with belp from Alladin then loan default losses would be significanthy lowes
safeguarding the borrower from full default and even help in making profits

1. Lending securities Hypothetical SCenario
Hypothetical Securities Lending Scenarlo
Initial Lending Conditions:
& Borrowed/Lent Amaount: 5.2, 500,000
¢ Collateral Value at Start: 52,750,000
& Collateral Type: 5652 fshare equivalent IV shares
o  Term: 2 year
# Expected Total Growth (Z years): +12.6%

o Anmualized = 6.3% per year

Year 1 — Pre-Crash Value (Mo Shock Yet):

Value=2,500,000=(1+0.063) =2.657, 500

End of Year 1 — Market Crash of 18%:

Loee=0_18x2 657, 500=4 /8 350

Loss compared to the orlginal borrowed amount:

2, 500,000-2, 179, 150=320 85000=123 831%] &

Year 2 — Weak Recovery [+4% after crash):

2,179,150 . 09= 2,266, 316

Approximately 9% below the original 52.5M — net loss after two years

Contingencies BlackRock can put down to maintain repayment progress while keeping the borrowers
risk at bay e

Proposed Contingency Solution for BlackRock's Securities Lending

Toreduce losses in the event of a market downturn, BlackRock can diversify the collatera it takes
from borrowers across multiple asset classes,
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Collateral Composition:

& B0%: Cash Amount {in currency)
® A0%: Stocks or ETFS (liguid market instruments)

Contingency Clause:
If there is 3 market decline of more than 15% in any green year affecting the collateral’s value:

1. Immediate Lguidation of Cash Portion — BlackFock liquidates 80% of cash amouwnt partion
of collateral to secure value befare further decline,

2. Retain Other 40% as Loan Collateral — Stocks remain pledged against the outstanding loan.
{But can be sold if market falls beyond mentioned trigger as stocks will lose vakie and
borrorseer still has to pay the 40% in full valuea)

3. Borrower Supplement Requirement — The lender must provide borroweer with two options:

Either borrower pledges another 10-15% collateral.
accepts restrictions on credit lines.

Honwever, after the fall the lender will allow the borrower Lo sell and relnvest with existing
securities using help from tech-platforms like Aladdin and BlackRock's fnvestrent Departments.

4, Time perfod-The Lime should be doubled as of the previous agresment consicering market
conditions so that the market is given time to regrow and the borrower can pay back the
other leftover 405 without having to risk collateral

& Fall-limit-These clauses apply only if the market experiences a fall thl 20%, but if the fall
cantinues till 25-30% or more than that then 100% of the collateral can be liguidated,

Advantages of This Approach:

% Liguldity Protection: Cash can be liquidated quickly, locking in value before deeper declines,

# Borrower Relationship: Alkows timee for the borraveer to rebaild collzteral instead of
triggering full loan defaull, maintaining trust and lang-term business.

*  Win-win Scenarla: The borrower can be saved from default in correlation to acceptable
terms i loss is tl 20-25% bad if it goes beyond, the firm can avold bigger kosses by locking
100% of the collateral.

S0, in the aforementioned scenario, this would happen:
Loan left off to pay after collateral liquidated:
2,750,000 (0.6] =1,650,000
2,500,000-1,650,00065=850,000%

Use of Aladdin:

Here Blackrock as we know it needs immediate liguidity swhile borrower wants o stay away from
compiele delault s0 a5 the solution presented above goes, BlackRock"s Aladdin can Comse imto use Lo
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test the collateral befare it being granted whether how will different parts of the collateral swill
perform upder har<h market conditions  BlackRock can access ite performance then giving loan to
the borrower and in case of market fall, the borrower can be allewed to sell Tallen existing

securities relrvest them while taking Aladdin's suggestions on what market stock is set to retound
irste avcount so that smar! and stable investiments can be made helplog pay off the edsting loan and
even making a profit

Final judgement:

To test the relability of my hypothesis a Monte Carlo test was run considering different simulated
paths while remaining loan to pay alter liduscalion was EROD00S after e 1558 rr|l.l*|;{'r iniErl i

and here are the results

Firual Shock Value Déstribution [Bagseline soenerio, 3500
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Firaal Stock Valee Distribotion (Optimestc soemsne, 350000 patha)

Eq =

§ F 25
i Aol vt |1 Thom U]

[The x-axis = Final collateral amount {in malions of LSE),

Success Rates (probability stock = $850k after cash liguidation)

& Bazeline [p=6.3% o=18%| < 91.6% suircess
& Pessimistic (p=0%, o=30%) = 65.4% success
#® Optimistic {p=10%, o=15%) = 97.9% success

Percentiles of Final Stock Value (USD)

* Baseline

o Median = 51.21M

o 1% worst-case = S667k
& Pessimistle

o Median = 51.01M

o 1% worst-case = §375k
& Dptimistic

o Median = 51.31M

o 1% worst-case = SA0k

It is important to note that the success rate can be approcamated in the 90 and cannot be a 1000
for sure as in the hiypothesis given, there are also many gaps such as lack of keeping extemmal factors
Ity miknck winlke also being sumamsd-up by the 1act that the Monte Carlo simusation Ras s owm
systemic errors. Moreover, the hypothesis can be improved by taking legal stnscture and Lavws for
collateral framework in view to design a better framework, a more complex bypathesks wath a real-
Ife case scemaro while &lding 1 or 2 esternal vanable other than market fall can also be designed
whilla alsn gering ot and '#H'IFIE: 1t waith cliflerant fypees of Simalatioms
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Methodologles:

The research is more inclined towards a qualitative research method, although some guantitative
data has been gathered. information has been gathered from reliable sources such as BlackRock’s
history page to find out abouwt their investment strategies over different time periods. The use of
BlackRock's technology, Aladdin, has besn explained by analyzing the artiche fram the Schaool of
Hedge, which nat anly argues about the benefit of Aladdin to BlackRock but also ethical concerns
over its use and BlackRock's adaptability to a climate-sensitive era, The factors that differentiate
Aladdin have been taken from a KPMG report in 2022,

Private Equily Wires, which is a credible source due 1o its specialized focus on the private equity
industry, reports on acquining Quellos, which has been considered Lo point out the strategies used
by the firm to improve Guellos’s portfolios, while WealthBeiefing provides credible, double-checked
guantitative data of the growth. An article from Vamity Fair has also been anabysed (o peek inlo
BlackRock's growing Influgnde over financial markets and sconomies. [n addition, the valie at which
Cuelios was priced is inculcated from Reuters réport on the acquisition, while its weakening stance
an ESG has also been presented as an observation of its exit from KZAMI by Reuters,

To explain the imsestment strategies of the past decade, their contribution in numbers to the firm's
groawth, and potential risks associated with them, a highly reliable and detailed article from the LS
Securities and Exchange Comimission, which has sufficient expertise in this field of economics
historically, has been used. Most importantly, the letter of the CED, Larry Fink, has also been
critically evaluated to find out the driving force behind BlackRook’s growth and connect the
strategies of the past decade to i, while ideas to refurbish the public's economic control have also
been given, but in comparatively less detail, Furthermore, a testament to BlackRock's proxy voting
power has alvo been given in detall by presenting a case study from this year's Anmial BlackRock
fvestment Stewardship (BI5) Report,

I adlehitsan 1o this, a detalled article from The Amencan Review has considerad 1o dentity the
potential gaps and weaknesses in BlackRock's Investment Strategies,

The reason why mast of the methodology s qualitative is because although quantitative data has
been used to back up the research findings and present BlackRock's growth factors as a result of
their strategies is because the gqualitatiée research framework helps address the main aim of the
research which is analyze BlackRock's most crucial strategies which helped them scale-up to becorme
a inancial poweersouse and a5 most of the maor data present on BackBock’s investrment Tactes i
uealitative in iteelf.

Moreover, there were also some limitations to the research as one can see, there s no major
strategy of BlackRock which played a pivotal rode in helping them grow since 2002, instead a few
most important collective strategies and ideas have been listed such a5 passive investing and
“tokenization of assets” which have played a significant role than most other 1o assist BlackRock in
increasing its revenue and ALM. In addition to this, as the company was not lsted on the IPO during
the first period till 1999- 2000, growth of the firm in terms of its ALIM at the time has enly been
considered and compared with the following two periods
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Findings and Discussion

The rmamn h|1r.||r'||5', o thies resesch lave Deen gven e by
(1T is important to note that the company’s growth from: 1988-19949 i not included as back then i1

was not enlisted as an 1IPO and hadn't dischosed the market figures which i why data from 1999 and
orwards has besen colleched)

(x-axiz represents stock price in LIS while the y-mxils represents the Line perod from lofe 19995 dill
torcay )

Blackiock's stock growth in value

1988- 1999: Undocumented due to no presence on IPO
JO00- 2012 +966.11%

JO12- 2005 +480.00%

Although we have mo recards about its growth in value fromm 1988-1999  we can still caloulats
growth in ALUM

1O8R- 1999 +6.011% (2.7 billion dollars- 165 billion doliars)
JOO0- 101 +2.198% (165 billion dollars-3, 792 trillion dollars)

JO12- 0005 +206.5% |3.792 trillson dodlars-11.584 trillion dallars)
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Fromn this we can conclide that the period of the lowest growth in tokal for BlackRock & the one of
the past decades, while the era from 1988 to 2002 has been a winning spree. The first period, Till the
dlawn of the 20005, can e considersd as the peEriod of the highest accelerated growth by value,
although the period where BlackRock really managed to establish itself, expand its influence, and set
itself apart from rivals was indubutakly the one from 2000 ta 20012

This anabysis, I the end, tells us that the most significant investment strategied were the ones
BlackRock implemented from its founding till 2012, These include:

1. BlackRock's Aladdin Tech:

dccording to the School of Hedge and KPWG, AMaddin was something that played a prvotal role in
BiackRock's success because of its reliable nature for imvestars, helping them make the night
decidons and setting itself apart from competiton by ahways remaining ahead of market trends by
alweays predicting them ahead of time.

2. Corporate Investment:

This was one of BlackRock's most tactical moves, which allowed the firm to carry out analysis of not
only high-potential businesses like the Quellos Fund of Funds but also failing companies using thedr
Aaddin Tech while also making sure to find out how these businesses and thelr portfolios would
perform under different market conditions. This was followed by investment to acguire these kinds
of businesses, improve their already existing systems, and increase transparency while triggering
growth in retum for high profitability,

On the other side, three gaps of BlackRock's investment strategies have also been listed. The two
Pajor ones are reganding

1.The firm’s growing outreach and control of the majority of passive funds in the market
2.The firm’'s lending practices.
3.0t°s stance on its ESG policy.

After this a bypathesis was conducted and tested wsing a Mante Caro simulation an the solution to
BlackRock's lending practices Gt is to be considered that variahles were kept simple and no external
factors like taxes of sry other loan-fees was taken seriously into account while 1.05 milllon different
simulated paths were run giving the results menbioned

Conclusion:

To conclude, this research offers a valuable insight for financial analysts and investors to get a braad
and clear idea of what actually have been the major strategies that helped an asset-managensent
firm like BlackAock to transform itsell into a market glant even while having to face fierce
competition while abo getting a good idea of the existing weaknesses m these sirategies. This

wiwwLyoungsclentistsjournal. com




research basically breaks down BlackRock's timeline of existence info three periods while not only
explaining but also carrying out an analysis of the different strategies they used during each period
hart also mertioning some of the major existing gaps which are a part of thear strategies and thedr
outcomes. These mainly include their use of tech systems like Aladdin their investments into
companies wath growth potential along=de other stalile investment strategies into mdex funds axd
ETFs, and the private markets, even Turthermaore carmying out an analysis of their growth during
different fime periods while pointing out the strategies that helped them to scale up the most by
using thal data, The research also presents a hypothetical scenario as a possible sustanahle salution
to the weakness in Blw kRock's lending practices while abso testing it using the Maonte Carko
simulation Future research should focus on presenting alternatives to cover the leftover-weaknesses
mientkoned within these given strategies or work on improving them in detail while comsidenng
government and company polkcies or maybe a comparative analysis of growth between BlackRock
and any other asset-management firm like Vanguard which can belp analysts or investors better
understand the dynamics related to BlackRock™s growth and how it affects competitors
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To what extent does Al shape productivity and drive economic prosperity?
Kian Malanj

Abstract

This study ivestegates low arificial mgethgence (AL wvestment affects lnbour productivaty and econonne
prosperity peross 10 heph-imeome combrees from 2004 o 2023, Using OLS regression models with conmntry
fixed effects, it annlvses the relationship between Al veuture capital mvestment, Inbonr productivity and
GDP per capita using several contpe] varables, Despite Al curvent lack of statestcal sigificance, which
ey reflect the J-curve ]'-llre:ln'-|||.-.-|||||.| s pepoat suggests that mrvestpaend m lnoremn l\.,:.li'ltl.'il. mnd mlrastmcime

could belp unlock Al's long-tenn growily potential

Introduction

Artificial intelligence (AL} refers 10 8 machine's ability to perform comitive fanctions such as perception.
l:ll-lhl.dil.l-hl"l:'l g ||I|j_;|||:‘|r||, tterEc o and CTeatgviny (UNESCO, 2022, Al's |l|.~]'-1||::|||.l':. ~:|:|:_:|;'|| ft'“l."l.".']llF 1he
releave of geperative Al tools like ‘CharGPT", and global Al adoption may “rench 378 mullion vusers by
20257 (Mary, 20255, Addinonally, forecasts predaet that global Al markets wall grow from “5159 bilhon m
2023 to 54.E millicn by 20337 (UNCTAD. 2025)

This 1.|.J1u| LRt Rl At -.|:|::|:5_.:-=1I-\. st Al iy i'l‘“ a fundainsintal ole aciross all sectors: streamlomne lves,
bBoosting productivity and enbancing public services. However, concerns aroumd laboin disnmptions.
msequalsty and data privacy lve sparked debates witlun acadenus and policy,

Thus study exploves Al's evolving role m the global economy by vang economeme aualyss 1o asseis
whether wereased vestment comelates with lngler productivity and economic prosperity
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The relnbionshop between AL productiviiy snd prospenty bas becomne o proaument leme m econonue
hreramure. hlany studies suggest thar Al con enhance labour productiviey, leadang 1o higher GDP growil and
greater prospenty

Forecnsis are opmnsl with 3-.||:F.u|:-.e:.' estpening that penaratsve Al conld “pdd 42 6 tnllon 1o §4 4 mlbos
annueally to the global ecomomry™ (Clan ef al.. 2023). The OECD also anhicipabes productvaty mereases ot
borh firm and noticual levels n G7 econcnaes, especinlly withm the UK and US (OECD, 2025}, The UK
governtuent remforces this by predicting “£146.5 billion GDP fwcrease by 2035° (GOVUK, 2025

However. several sources have alluded to the potential drvwbacks of AL The IMF wams that Al adophon
benefite only large frms able fo afford 1. This may enable them to beome moge productive, profitable and
densant than thes coupsetiteds, ao this contnibates o a nse i nudinsrnl concemtration (Brvyolfison and
Unger, 2023), The Econouust mbds that prodoctiaty gams may disproportionaiety frvour lugheskilled
wotkers, poremially exacerbating inequaliry {Econeaiist, 2025 ), Additionally, PwC estinees thar “326
mullson pobs elobally will be at nsk by 20307 (Pwl, 2007)

L -.'-||.l.':-|.".|:'|:l. tlie IMTF alio lughlighis Al Fh.'\-'lt'l.'lllilj by progiods e hswony throueh low-skall workforee trammg
(Brymeltsson and Unger, 2023 Whale the OECD potes how Al can nuprove accesabality tor disabled
mchividuals, Auther reducme wegqualiny (OECD, 2024)

Another key debate 15 whether AL mimments of anfomares liniman rolés. MIT Sloan argses that wliale Al
boosts efficiency, nmmn oversight remams essennal for productivity gains wath specific roles (Dell' et al,
023}

We should also consider the prvacy and etlieal comeems as the OECT warns about the msks of AT hancdling
sensiteve data, paticularly m medical roles. Moreover, personnl mfomuntion may be nashandled or provicy
breaches may oconr due 1o fomdts wathan the Al traommg datasers. The OECD reconmiends policies tlat
promede transparency and contimons mrnsonng of Al svstens to natigate these nsks {(OECD, 2024}

Orverall, while AT mny boost long-fenn productiviey and prospenify, if also poses sl to mecpuanling, labou
wniloers and etlues so \'ﬁl!]]'ljﬂ"'ﬂ_!l.ll.’d. IIJL‘I!I.‘SI'-'L'JH.'IIL':IL": LITE e IL'I.||.|JI.E|:| to preiEase Al Degefits and

mtigate harm
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Methodology

[z srvaly myvestigates the relabonslup between Al mvestisen), productivary ael economee prospenty. The
bypothesis s that grepter Al mvestirent ephinees productivity thoough sutomnhion, decisson-munkmg
improvements, and sfhiciency gans, which boosts overall prospeniy

Panel data was conpiled from 10 ngh-meonse. immenmton=led countres (Austialia, Cannda, Chuna, France,
Crermany, Jepan, South Korea, Sweden, United Kingdou and Usited States) from 2004 1o 2023, Ths
geographically diverse sample enabled cross-national insights ot how Al influences econouis ouleousss
over e,

e mdependent vanable was Al veoture capatnl mvestment (measured i mallioons of USDY), whach serves as
i proxy for a country s computusnt 1o Al development, and tlas was sourced wsing OECT data (2025
Labour productivity and econsomic prosperty were the two dependent vanables wsed Labour produoctivity
wis measired usmg GDP per hour worked (PPP). sowrced from the OECD {2024) and the ILO {2025).
Ecomonmue prospenty was caphured throngh GDP per capita { PPF, obtimed from IMF datasets (2025],
reflecnng the broader hving standards and economme well-beug of citizens

Tio reduce cartted vnabbe b poed waprove e robastuess of my asndysis, my confrel smomables were: 1mean
vers of schooling (Our Wotld i Data, 2018). gross fixed capetal formation percentage { Worldbank oz,
2005y B&D expenditure percentage (Worldbank org, nd), mtermet nsers percentage (World Bank Opsen
Diata, 2025), govermuent expendinre perceninge (IMF, 2002}, corporate tax rafe percentage (OECD, 2024)
and M1 mopey supply (TSI (Board of Governogs of the Federal Resepve Svsteq (U15), 1959

l|'=.|||'._¢ 1]I1‘1- data, [1.:|.‘:|:|1I||:||."I|-_'|J miln-varalle I:]||||||:|l_1. I=as1 F'.-ltl:uu L] I{'ii..‘u FEEEERAION :|:|u-c|.r_'].~\. vy |.r||||1

Pyvihoa, [ imtially visualised the relanonships between my vanables using scarrer plots created by the

Seaborn library. 1 then ran OLS regressions using the Statsmodels Diboary which also meorporated my
coptrol vannbles, To acoount for unobsenved heterogeneity, such as cultwnl, polifical, geczmplucal
differences, I intmoduced comntry fixed effects, Thromgh creatmg dunmny varables for each country, 1
allowed for countrv-specific urercepts witlhun the models. T then replotted v scatter plods weluding the
pegression hnes vsing Matplothb and model perffonunnce was evaluated usme B-squared values, Al

mvestment coefficients and their stanzteal sigmficance (pevalises)

Fuoalky, 1 fested altemative model specifications, meludme models with fewer control varables and ones
mtrodicing a one-vear lag for Al mvestment. This nmed to capiure the delayved economuc effects from Al
mvestent
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Besults

Full Model wiih 1 agged Al Tnvestnsent Resulis

Tl wosidel vses gged Al myvestansn alongside all seven control vanalles 1o caprure delaver] affects and

isoldite Al's specilic iipact on prodisehivaty' and prospenty

For Model | (Laboor productivety], the regression results reveal an overall stromg it with an adjnsted B-
squarad valve of 09491 This usdeates that the model explams 99 1% of the vanation m prodwctvity neross
countrees and vears, However, the coefficient for lagged AT investinend is posttive [ 26 16e™) but statsncally
|||'\-|I:E_|:||IEI|"J|'|I (=01 1300, 1w [|-.'-:|l:|||_: thad o robust Tk BT T he evident once conmrols are mchaded

Sumalnaly, the resulis fom MModel 2 (GDP per capita ) also indicate a stromg model] £ with an adgusied B-
sipuared valoe of 0,982 Azain, the ccefficient 15 posttive (0L0359) but statistically isizmbicant (p=0.232],
Tz further remforees thar winle Al venmre capital myvestments are posinvely comelated with productavry
and prospenty, its mpact is not statisteally sipmficast when controlling for other econmmic faciors and
fixed effects
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Reduced Model without Lageed Al Investment Results

This snmplified micde weloded fewer control vaninbles 1o better assess the direct relsticnslup between Al's

imnfluence o productivaty and prosperiny

For Model 1 {Labour productivity’), the regresspon results demonstrated a very strong model fit, with an
adpsted B-squaresd value of 0951, showmg that mosdel scoounts for 99, 1% of e vanaton in prodoctiviny

across comntries and vears. Al investment showed o positive. statistically significant coefficient (6.874¢7

p=023) andicating a strong bk between Al investment sd productivity growth

Simsilarly, the resulis in Model 2 (GDP per eapita) revealed a significant positive comelation between Al
mvestment and GDP per capita (adjusted B =0980). There is also o lughly sigmficant positive coellicient
for Al mvestment (0.0635, p=0.03 1), suggesting that Al investment may be n meanmgfil predictor of both

productivity and prospenty when fewer controls sre mchided

Fi

ri &5: Beduced Model Results Talibes
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My OLS regression results demonstrate that Al investisent was positive bat msigmificant witlun the full
morde]l. However, ibe peduced model luglidiolied i AT investnend becanse sipuificant, suggesting a mwee

direct mid robust hnk with sconomue performance when fewer control vamables were meluded. The lack of
sigmficance m the il model may reflact the produchviey J-cuwrve effect (Brymyolisson, Rock and Syverson,
205 Tlas maay bee chise 1o imatenl AL ivestments tking fnse to mtegrate wito worldbows, thus delaving
produchivity’ gams

A key limitation of this study 1= the sunll smngle size due 1o the lomited AT vestment data available
Therefore, incorporating broader measimes of AT adoprion or longer time series data ey betrer caphare the
delnyed prodoctrvity effects commmon withon fechnabogical diffusion

The consstently positive Al mrvestinent coefficient across all models. further remdfonces the J-corve theory
and that we are within the trapsiionary phase, as the mupact will be non-linear or delayed (OECD, 2025}
Thaes albso aligsss with the view that sienfeeant macroeconomuac bewefits from AT vequare thne. reskallingg and
organsational adaptaticn (Chm et ol , 2023), Consequently, policymakers should anticipate e short-lemn
disruptions that lie abead and prioraise farer mvesiment i miastrocture and boman capital 1o progress up
the J-crve
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I comclusion, thes research project las enbanced my understanding of the nuanced relahonshipy berween Al
mvestoiend, productivity, and economie prosperity. The results mdicate that while Al mvestment 1= positvely
-..'|1I:T|.'|.H|l|‘|:|| '.l.'ilh |.1||ul||:| in:l-.'\u‘||1rl11.'|!}' .1|:|-.'| !i]‘ﬂ-“l'-rl: |.:||I-|I!r|._ 1 '\.rrlll'\.ll-.'.ll I|:|'\-|IF'|1II-I|.'.ILI|.'E 1111 ||1|: :I:|1|| |.|.'u1|||:| ilI]FItk
with the productivity J-auve byvpothesis, Thas saggests that the transfonnatinve econcnac effects of Al ane
still energing, aed the benefits of iovestmeni may only matenalze over tnse a5 organksaions adapt and
megrale tese fechnelogies.

The findings highlight the imporance of stategic wvestoent m homan cagital, digital mfrastracnore. wad
reakilling progrmms. Al adoptron alone s wmbkely 10 generate maxemimn productivily gaans, complemeitan
efforts in workforce development and organssational change are essential fo navigate the ransitionnl penod
effectively, Moreover, without these meanires, short-lenn guos may despropomionately fvvour large fians o
lugl-skilled workers, potenhally exacerbating aecualiry

Lookmg oewad. AT rapses mngsortan? cousiderniions abod privacy, etlies. and societal nigacts. As Al
sysheitis wereasngly process seusiiive personal and busimess data, nsks of povacy brepches and nusise of
mfornation intensify. Ensuring transparency. robust data governance, and contimnous monstoring of Al
systemns wWill be critical fo safegnarding public trost, Additionally, A snomation of coniplex tisks may
reclafie 1]|-=' e of 1.1.'|1|'|n'._ ([ 11r:|1i:u.| |l|.'q.'||:|.:-| m|.'|I.|_':1.l1|.'|:|:'|:| Il!'j;.""rl.ll-\. il m[:|||r|'. & 1.L'||| il r||.'-:|:l1:|:|-='||! I
prepare the workiorce for the fumire ecoucnany.

Emerming Al teclnologies—such as atotiomons systens, generative AL and Al-dnven decision suppon
cottld redefine work processes nnd sceelerate innovation across sectors mclading bealtheare, finance,
logistics, and creative idusties, However, these advancements requue proactve management of societal
nngacts, inclndmg worktorce displacement, ethacal dhlemmas, and povecy coneemms Cowaitries and finms
thiat wvest strategieally m lanan capatal, AL hrersey. and regulaiosy toasseworks wall be best positiomed to
liarisess Al's full |r-.ll|.-I|.I|J|. whitle munganng ks, |l|1||||.1|-.-|{. 1||..1p|||-,," 1] ECOnY tlun s pone ]l||l|.|:h_'l:i'. I
equitalle, and resilent m the Bee of rechnological disTupion

To I;.1:Il:\-' milock Al's transformative potentinl as a -::|I!a]_1_.'-.l for sustnmable and meclisnee L.|:|'-:-'|.'|.'II|._ I.1|:1_:ﬂ|!r...‘i
divestinE o |¢'1L|]|||.|5 the workioree asd esligng i wmafkastpuciuge are esseptial, Therefore, llf.. o |=|':.
iz thas teclasological sball. we can hanaess A all capalaldies of strengthemuig econasiimes and
Promoting grenter squaty, g dsaupion mks s opportunety’ for all,
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LITTLE NEST, A STRATEGIC LAUNCH INTO
THE MODERN BABYWEAR MARKET

Anco-bana Cinils

INTRODUCTION

Today, creating o baby and children's dothing brand involves more than simply designing adorable
puifits il also entails sttending 1o the actual demands of contemporary parenis Litthe MNest s
lioumded on the idea that chikdren's clothing shoukd provide more than jus: design, it shioubd also offer
comifort, salety. and thoughtlul options. For infants and toddlers ages 0 1o 4, our brand sells dlothing
|'|nl|,||.||.'4,.-.|. {rom certifed ||r|_..r.u:|i|.'. ||r_l.- ru:-ﬂlh'l'pl.'ll'n.' Ly prodective, and sustainghle fabrice This SRSy
explores the business strotegy behind Litthe Nest, focusing on the 4Ps of marketing: product, price,
plice and promation. I inciudes markel analyss, consumer behaviour analyas anmnd neal-world data,
Along with & SWOT analysis 10 assess how this brand can enfer and grow within the babywear
market.

OUR PRODUCTS AND WHY THEY MATTER

Ohr product line includes essentinls such as onesics, bodysuits, hats, skeepwear, and seasonal
outerwear, all designed to be worn comfortably and washed repeatedly without losing guality. With
[eatures like fobd-over mitiens, Tal seams, and temperature regulating fabric, every item of clothing is
also designed with usefulness in mind, providing parents with simplicity sathout compromrising
combort orF siyvhe

Every pioce in the Little Nest Bne is crafied from carefully selected Fabrcs, mcluding bamboo and
prganic cotton, which are renowned for their natursl soltness, breathakality, and skin friendly
qualities These texhles ane slenl for infanis waith sensitive or allergy prone skim, as they avoid harsh
dves, synthetic Dhres, nnd chemvical (rcatmenits, Dr. Adarsh Vigay Madail, 8 board certified
dermatologist, highlights in his book “The Skfmcare Bibde” (2020 that organic cotton is on excellent
[abric choice for babies because it is grown without synthetic pesisides and harsh chemicals, thereby
rececing the nisk of imitation and allergic renctions" Qur dedication to safety goes beyond just the
materiaks we use, our apparel B UN-protective, which helps protect sensitive skin from damaging sun
exposure, pariicalarky i warmer chimaies

P Mudgl, Adarsh Viay. Thee Skineare Bible Lomdon: Pavillon Boeks. 2020

wiwwLyoungsclentistsjournal. com




Little Mest is more than simply o clothing company, it's an answer to the increasimg deminnd Mrom
consumers for seo-friendliness, transparency, and thoughtful design. According 1o Fiona MeDonald,
o leading analvst m the retail sector, the UK childrenswear market began recovenng in 221, renching
o value of £6.8 billion, kgely due 1o the Tull return 1o schools withouwt pandemic related restrctions,
in such a growing market our brand addresses a rising need: parents who want safe, chein, and stylish
options for ther children. Cur products oller them exactly that: comfor, trost, and guality they can
feel

Wi !.'pcl.'lﬁ::l.ll:.. ciler 1o B modlerm Llrmn-Er:lp'ls.ir." pinrenis .'lgwl 1% 1 M, mramy of whodm are edoeated,
working professionals, and first time parents This group engages in pamniing communities. 15 gquite
active om the imernet, and is thouwgheful about the decisions they make for their Kids Acsthetics,
sustainability, environment and health are important to them, and Little Mest reflects these values in
every aspect of design and service

LITTLE NEST DESIG:N AND FABRIC CONCEPTS

MY POALLE BCENIC , DL GANIC - 2 BUTTONS AALE FEoP ELECYELED LOCONUT TRHELL
aTE R "l h‘f""'r = [RELD PLASTIC L BALY SAFE)
® 1
| L] '

| L ]
.
'y
: B

] - II

1 BARBDO L COTTON ALEME MATELIAL THAT iz
THELMS LECGULNTINE L AT Be{TEL 4

'MeDonald, Fisnn “UK Childvenswear Market Report 20037 Mintel, 2023, Acoessed July 30, 2025,
hitpsefistore mimiel.com/réport uk-childrenswear-market-reperi-2023
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PRICING WITH PURPOSE

With niche companics ke Frugi, Min Rodin, and Linde Green Radicals sciiing the standarnd for
premivm, eco-friendly clothing priced between £12 and £22 per plece, the market for organic and
ethically made babywear is gradually expanding. In order (o refléct the true value of certified organic
textibes, snfe dyes, and ethical lsbour practices, oor brand prices most prodocts berween E10 and £20,
his strategy 15 designed (o ensure affordability for middle class families who prioritise ethical
-,:|1n=ur|:|.r|liur|, while ||1.'.|inl:|:i|'||.1!||:| ik "'|"“J:i!'." andl 5.!:,.!.,: I|'||::,-' €8 puac {ram F'.ln,.-mil,l.m rlnlthu.'h.

Sludses show o comsumer willingness 1 pay & premium price for ethically produced apparel. Fog
example, Ellis, McCracken & Skuza (2012) reported that consumers were prepared to pay up to 2505
mare for organic colton garments.® More recent research conflirms similar trends, with over 28% of
consumers indicating a willingness 1o pay up o 15% more for natwmally caloured cotton appanc
(202474 These Mmdings valkdate our pricing strategy: with an average production cost of
approximately £3.50 per onesie, including organic maienials ethical labor, and eco=friendly packaging,
our £16 retail price suppors a healthy gross profit margin of around 65'%., This margin enables
sustainable marketing, continsous product development, and a high quality customer experience
aligned with our brand values

FINANCIAL PLANNING 3 YEARS TIME

The purpose of the financial planning is to reveal the way in which the business will develop during a
period of 3 years and give the investor an overview of potential further developments (example:
possible increase in the nember of shops, developmem of new produecs e, ).

All the data is collected via market research (example: collection of offers from suppliers, collection
of data via online customer surveys, rent offers from the pilot stores locations, diata collected from
COmpeltons i)

The scenano is based on a conservative approach, by which costs are catimated st a masimum level
and prices at a minimum level.

Based on the kevel of profil achieved, the preliminary decision would be 1o further develop the line of
products which can be tested on a segment of customers who are alreacly familiar with the brand wnd
guality of ihe produc

It s eovisaged thar the keved of costs and revemae achieoved in vear 3 could represent a min'max level
that could be achieved by the business with regands to costs and revenue,

' Ellis Micole, Vicki MeCracken, and Matalia Skuea, “Consumer Preferences for Organie Cotbon Clothing:
Willingness to Pay wnd Perceived Quality,” Journal of Fashion Muorketing ond Management 16 no. 3 {20025,
Apvesaed July Y1, 2025 hnpss Pavew ermerndd. comdimeagehi foomtentddon T DTOE WA 0201246052 ullhiml
* Phshoga, A, M. Bhartt, and A Malik. “Consomers Willing to Pay More for Maturally Cobored Codton
Clodhing.™ Warkl Rn:".u'l-'. al LIIIrLlll‘\tI:rLl.IF:-|I1|,'|L h-t.m.:gum-hl. and Sustaimable Devdopnseal, M04, Apcewssd
August 1. 2025, Df Jhe Influcnee of Fashiop Retailers on
Lmi#ﬁmmwb WMtWWMMHMmm
I N _Em 3311;
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PLACING THE BRAND, THOUGHTFUL RETAIL LOCATIONS

Dhur physical distribunion will start with Nagship concept stores in four indtial markess: the United
Kingdom, Crermany, France, and the United Arab Emirates, These stores will be situated m key cities
such as London, Berlin, Paris, and Dubai, Based on demographic research, these locations were
chosen because they have a large number of prosperous miliennial parents who have a strong
propensity for mindful consumption. Cur brand will be tested in each of these locations, enabling us
o monior demand, improve our designs, and gather real ume customer lfeedback belore expunding.

The brands identity will be reflecied in these pilot stores” thoughtful desagn, whach will use coo-
Iricndly materials and captivating display formats that let parents learn about the backstorics of cach
item of apparel, Research has shown that visual merchandising dements, such as product kavout,
window displays, manneguins, and lighting, not only enhance the shopping experience but also
contribute to mpulse purchases, customer loyalty, and & measurable increase in sales In fact, an
optimized store atmosphere can improve retailer profits by around 3.2%:. As we evaluate the
performance of these pilot locations, we will expand 1o other cities through a combinanion of revl
partnerships and pop-up stores in baby focused expos and premium shopping centers

In paraliel, our g-commerce platform will offer a seambess and wser friendly shoppimg experience.
Designed to reflect the same thoughtlul sesthetic as our physical stores, the website will emphaosize
simplicity, trust, and ransparency. Parenis will be able 1o browse by age, fabric type. or funciion, with
clear information aboul souncing, care instructions, and the beénefits of each garment. The platform’s
imfegration with Instagram and Facchook Shoppmg will faclitaie seamless discovery=to-purchase
experiences. particularly for clients who interact with us on social media.

LITTLE NEST STORE BANNER CONCEPT

! Dhne-Mender. Mana, and Bocio Sinches-Femindez. “The Influence of Fashion Betailers on Customer
Pswvchobogy Lismig Visunl Merchandsing and Store Layvout 1o Improve Shoppimg Deaseen.” Joumal of

T heoreien] nngd J\.rlﬁinl Elecimaie Commerce Reseprch (MDPHL, Y23, Accessed July 1. 2025

hitps: physorgmess M 24-05-consumers-pay-naturally-coion_himl
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PROMOTING THE BRAND

A kev component of our brand's expansion 15 promotion, The behaviour of our target group is
closely mutched with our murketing strategy. Parents spend a lot of time on soctal meadia sites like
Focebook, YouTube, and Instagram, particulnrly mothers between the ages of 25 and 40, Influcncer
marketing will therclfore be o key sirategy, We will collaborate with real, trustworthy influencers who
are parents and can honestly talk about their expericnoes using our products. Parents looking for
advice from approachable voices may find resonance in these partnerships’ product placements,
reviews and behind-the-scenes lootage

We are also mmvesting in emotionally powerful video content, drawing inspiration from campaigns ke
Mike's "Diream Crazigr™. A case study on Nike's emotionally drrven campaigns, including the " Dircam
Crazier” ad featuring Colin Kacpernick, demonstrated strong emotional engagement and measurable
brand impact. Bessarch published by Kantar Millward Brown showed thal Nike experienced a
sigmificant increase m onling sales, up to 31% n the days following the ad release, along with notable
imvprovemenis in brond sentimeni and modin coverage® Many vicwers reporied mone positive
perceptions of Mike's values following the campaign. Inspired by these examples, our own video
series, Lithed “Born Into Love™ will feature real mothers and fathers sharing the jovs and challenges of
parenting, These videos will air during strategic momimg and evenmg TV siots, and will also be
displayed in high traiffic spaces such as salons, pediatrie clinkes, gyms, and [anly cafes, ensuring
strong bramd visibility and resonance with our targel audience,

T further suppart the credibility of our brand, we have incorporated interviews with relevant vobces
imio cur promaotional content, One such imterview 15 with D, Onita Cnstina, medical school graduate
and mother, who shared her experience with conventional babywear and why organic options ane
necessary, “As o madic, [ often see rashes and sensstvibies in newhorms caused by synithetic fabries and
harsh chemicals in clothing,” Dir. Onite subd dunng owr interview. *But as o mother, 1 know how hard
it is to find safe, well made clothes that also look beautifiul, Knowing that my child’s skin is safe and
that the brand is ethical makes me feel like I'm making o responsible chobce.™ Testimonials like these,
grounded in both professional and personal insights, help convey trust and authenticity,

* Kantar Millward Bromm. Emationally Charged Ad Analyss; Mike- Kagpemick Compaign. 2008, Aceessed
July 31, 2025, hitps:\www konitar.com/campasgns'nike-kaepernick -cam paigm-analysis
" Omit, Crsting. Interview by Anca Cnita. Bucharest, August 2, 2025,
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SWOT ANALYSIS

STREMGTHS WEARNESSES
. « Use of certified organic, hypeallergenic, « Use of premium materials and

| i ,
H and UVY-protective fabncs appeals to W ethacal production praclioes raises
L -

. health-conscious and eco-minded manufacturing costs, limiting

parenis, price Mexability,

« Sirong alignment with Millenminl and s Asa new brand, Little MNest lacks
Gen £ values ke transparency. ethical brand recognition and estblished
labor, and environmenial responsibilioy, customer st

« Poditioned between L10-£20, making it « The strong sustainahility angle
alTordable for middle-class families maty not resonate with price-

» Emotionally resonani campaigns budld sensitive oF les environmentally
sErong customer connection and lovally, CONACICINS CONSITMErs

« Presence in both thoughifully designed
physical stores and seamless e-commerce

CXPErEnes
OPPORTUNITIES THREATS
» The organic babywear markel is « Competitors offering cheaper.,
cxpanding, with Increasing Consumer | trend-=tdrven babywear could
densand for wife. ethical prodocts for driw away price-sensitive
children Cusiomers
» Growing influence of social media = Larger competitors may dilute
parenting communites and ethical comsumer trust by adopiing
influencers provides cost-¢ilective misbesding “eon” cloims:
visihiliy, « Ethical sourcing and organi
o Collaborations with boutiques and certilication can make the supply
premiwm baby expos can rapdly expand chain slower and more vulnerable
physical presence. Lo disruplion.

COMNCLUSION

In concluson, Little Mest represents mone than a clothing brand, it embodies a shifl in how modern
parents shop for their childres: with care, conscbousness, and mmtention, By aligning product design
with core values such as sustamoebiliiy, salely, and ethical production, Litthe Mest direcily responds to
the growing expecuetions of Millennial and Gen Z parenis The use of centified organic mutcrials,
combined with child focused features and UV protection, positions the brand as a trusted ally in garly
chikdhood care. Strategically priced 1o reflect quality while remaining accessible 1o middle class
Farilbes, Litihe Mest balances ethical integrity with commercial viabibity. With a mulii channel
distribution model, Magship stores in bey global ciies and a scamless online experience, the hrand is
equipped to meet parents where they are, both physically and digitally. Promotion effors grounded in
efsodional storvielling and auithentie volees further build connection and Brand trust. The aligrment
between market irends, consumer behaviour, and bramd valwes 15 supponed by meal world data and
expert estimony, making Little MNest well positioned to nat onlly enter bat thrive in the competifive
babywear market. Ulimately, Litthe Nest is not just selhing garments, it 15 ollering pesce of mind,
practical comlor, and g brand philosophy that reflects the bearfell prioritics of modern parenting,
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How can early financial literacy education be implemented
effectively in Egypt to make young people more aware and

responsible with money?
Mary Youssef

ir & progrecaing world, finsnclal ltermey = not optional but exsential for peraonal
ndepandenca, aconomic stability, and long-tarm success. It helps both individuals and
economies thrhve. In today's digital financial landecape, those who cannot mansge savings
and liquidity risk fall indo debl, mizs mesiment opporiunities, and are wrprepared for
amergencies. This lssua is even greater in developing economias, where structured financial
education is alten overlooked and underfunded. in Egypt, onfy 27% of the population |5
financially terate (Klapper, Lusardl, and Cudheusden 2015, This ks largaly due to a lack of
standarcared earty msiruction, axcepl for siudents i privale iInlernatlonal schoos or those
studiying sconomics and business at universities. Many young peophe anter adutthood without
ihe skills 1o manage their finances affectively because of & lack of guidance,

Slackzman 15 an educallons imbative that aims o Till a gap in the Egyplan markeai by
collatorating with schools to develop Interactive digital tools and adapting content to local
needs, The goal is o make fingnclal literacy accessible and enjoyable for siudents. This paper
axamines how StackSmart can be implemented in Egypt to halp empower the youth 1o
pecome financialy responsile citizens

Eelore axploring StackSmart’ s sirategy, it s mporiant (o delime Tinancial fiteracy. Financial
iteracy refiers 1o the ability 1o undarstand and affectively use financial skills, including
manaqing perscnal finances, budgeting, and investments, It requires analytical and practical
application using critical 1hinking and discipline. Sepgarting this, a paper published by
Cambridge University Press (Fornero and Lo Prete 2023, 15) emphasises the benefits of
finandial compatencs, highlghting its rode in Detter retiremeant pdanning and reduced financial
vulnerability, particularly for wamen, Furthermare, the authors contend that financizl
aducatkon Posters maore infarmed public decision-making, incleding vating Behaviour and
policy comprehension, Reflecting these needs in the

Egyplan contexl, youth widely Tesl disadvaraged, To betler

understand the loca! situation, | conducted a survey of 30 -
students from Alexandria, Egypl, from Callége Saint Marc

[boys' school) and Saint Jeanra-Antide Institute (girls'

sehool], The resulls showed 75% of students reguesting

assistance with financial litéeracy and essential skifs not -

provided by schools, Additionally, B0% of female students
warg more insistent on learning financial ski¥s to gain
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independence in o country where women ane considanad inferior

StackSmart's mission B encapsulated in "don't spend It, master it."I1s appeoach 5 bullt on
threa key pilars: simplicity, uniformity, and interactivenass. Financial concepts can offan be
daunting, espeacially when they are first introduced. Students often struggle with complex
financial concepts lke inflation and interest rales; therefore, these concepts will be explained
through simple scenarios and relatable analogies to make swure
they are deeply understood. Additionally, standasdising the
curticulum ensures consistency in teaching quality across schoods,
raking it easier for schools 1o implameant without developing rnew
material. Finally, by making learning interactive with games and
quizzes, 4 will be more enjoyable and less dry. Studies often show

that interactive learning halps stimidate the brain more and = lll||
therefore Incraases the percentage stored in a parson's long=tarm M
memaory. For example, Okano, Koczmarzyk, and Gobrieli (2018) STACKSMA.RT

shawad thal embaddad quanrFres and guideﬂ HISCUSSHONS Nt I!:I‘ll},r
make learning more engaging bul also boost mamary retention by
up o 6% comparad to passve mothods,

To further distinguish StackSman from competitors, | would hire recent graduate soffwarne
engineers from Egypt. This ensures the wabsile is wal-mamtained while remaining affordable,
given |Dwer salary expecianons and average incomes, Matable compelinors Include HSBC &
INJAZ Eqypt, Mastercard & ingiz, and FinGrean by QMET & Misr El Kheir Foundation. Despite
many allernatives, StackSmart affers a distinctive, engaging, and accessible way 1o learn
about money through a tailored, interactive program using age-appropriate modules designed
for Egyptian schools, This approach simplifies complex financial concepts, aligns with naticnal
education goals, and pravides students with practical skilis oftan lacking in current curricula,
sefting StackSmart apart. While external, scholarship-based competitors primarily serve
students with access to private education, schoo! collgborations will enable StackSmart to
achieve broader reach and deeper impact,

StackSmart's pricing balances alfordability for Egyptian schools with sustainable revenue,
Prices ane sat balow compatitors’, with flexible paymants and discounts for multiple
subgscriptions (econoimies of scake). INJAL Egypt & Partner programs (ypscally cost between
EGP 00 and 850 per week, Therefore, | propose a pricing structure of EGP 200 per student
per manth for external sign-ups and EGP 100 per student per month for schoals that partner
with StackSmart.

StackSmart will use Soclal media campaigns, manly on TikTok and Facebook, as a first
launch, as renting a billboard would be very expansive and redundant If thede were only one,
given hat Egypt is littered with Billboands. TikTok will be used because the majority of
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studants have access to i however, in Egypl, parents and educators tend io have Facebook
accounts and are addictad to scrollng Facebook. StackSmart will be adveriised as a gamea Lo
attract students, since advertising it as an educational platform will put students off.

StackSmeari is well placed to succead in Egypt's fimnancial literacy sector for several reagons.,
Its curriculum & designed specifically for the local context, addressing cultural and economic
raalities that broad international programs often miss. By providing high-gualily, ready-1o-use
materials for schoaols, Stackimarn also makes life sasier for leachars and helps ensure
consistent learning expenences for students.. The interactive, gamified learning approach
significantly enhances student engagement and retention. Coflaborating directly with
educators will make It more mtegrated and effective and wil ssrnplif!.' adaopbon, Howaver, as
StackSmart (s just a startup, it will not have adequate funding to help all of Egyvpt within a
short pariad, and tharefora, | will have 1o facus on cties like Alexandia and Cairo first, and
then, as | retain mora profit, | will invest it in more school partnerships, mowving to more rural
areas like Saiid and Assyout. Additionally, the lack of brand recognition may lead ta
speculaton durkng the irtial lawnch

Looking ahead, StackSmart halds great promise lor improving financial nclusion in EQypt,
with significant partnership oppartunities with public schodls outsida majod cities to leach
financial lteracy, Securing funding from nonprofits, fintech companies, and corporate giving,
and utiizing a blend of in-person and online tools, However, there are still some challenges.
StackSmart will have to compete with bigger, wad-known organizations like INJAZ and EBL It
may be difficult to sat prices that benefit both the schools and the business, and changes in
school policles could lead to further delays. On the tech side, ensuring the platform s secure
and works reliably will nelp maintain people's trust and effectivaness.,

Baalicgraphy.

+ Klapper Laorac Lusardi. Annamaria: and van Cudheusden. Paier, Financial Lileracy
Araund the World: Insights from the Standard & Poor's Global Financial Liergoy Survey
Washington, DC: World Bank

=  Focnero, Eisa, and Anna Lo Preje, 2023, "Financial Education: From Befter Personal
Finance 1o Improved Citizenship ® Journal of Financial | deracy and Wallbing 1 (1)

o Iy s |

s DEpng, Kopre Johh B Racrmarzy®. and John D £ Gabriell. 2008, "Enkancing
Workplage Digital Learpig by Use of the Science of Leaming.”
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How can we improve the thermal performance of electromagnetic space debris
collectors to make them safer and more efficient?

Fayan Zamir
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Research Proposal

Abstract

As Eanl's orbin becomes more clogged wath sarellines aod space punk, new clean-up strtegies are an
wigent need. Eléctromagnetic space juok collectors provide a glimmer of hope 1o clean np the mess by
collecting metal shreds withowt coming into contact with them. Bur these systems generate a lor of heat
fromm high electrie currénts in the coils - and in the vacunm of space, cooling is difficult. The questiion this
paper answers i bow thermal control systems can be designed ro make such collecrors safer and more
efficient. By reviewing recent studies on space-bazed thermal management and electromapnetic actiator
techoologies, the present study identifies man thermal challenges and suggests soluions such as radiator
integration, matenal optimization, and passive cooling techaiques. Although supplementary in nanure, this
sody fills a clear gap in existing leramurs by linking electromagnenc collaction echnology to thenmal
engineering required o mnke it operate efficienty in orbi

Research Question
How can we improve the thermal performance of electromagnetic space debris collectors 1o

make them safer and more efficient”

Aims and Objeclives

This sdv's aim it 1o discover ways of mmproved thermal performance in elsctromagnetic debris
i.'l\.l] I.ll:'\-l'ri.:'lll. .'.}".h‘lll!-\. L H | .'-r'l.'rlil-u!u'l.l'_n.' E-F'.l\.'u"lﬂ'lll.
Leam abow electromagneic collectors and why they generate hea.
«  Discover mponmtant thermal dangers with these svstems
Determune how spacecraft typacally handle heat i cpace

- Evnhiate which of those methods can be used on electromagnetic debns collectors.

Peonvade vour sugpesnons for more efective and safer operinon

Research Design and Framework

This is a secondiry research snidy, deawing on exisnng soarces of acpdstnie papers, ponrnals, and
open-gource reports to vield data and information. The study uses sources from 2000 to 2025, with a
foct: on recent advancements in thennal conmmol. elecrmromagnetic technodogies, and ADR rechnologies
Framework:

The themen] pedormance problem s split imto thees part:

& Heat Generation - electiciny fiowing throush coils,
# Hent Transfer - transfer of heat within components

#® Heat Kejection - radiofion 1o space
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Enach parn goes hand in hand with appropriaie themal messnes. Pronty is being piven to the recognition
of solutions which are Lglst wewght, reliable, and efficient for space

Classification of research methods: Secondary Research

Becamaze [ will be wsing already existing studees, papers, and mfornation rather than colleching new daka
yourselt

Classification based on purpose: Applied Research
Since the forus i3 on pooctical applicanons of aronomous Al 1o reduce space debeis, oot just theoretical
conceprs.

Classification based on depth of scope: Exploratory Research
Becanse this is a relatively new area and ['m investigating how AT might belp, exploning possibilities
rather than confirmung establiched facts.

Classification based on tvpe of data used: Quantitative Research
Meost mformation will be quantisntive, ¢, statistics regarding trash, Al performance metrics, and satelliie

darn

Classification by time [rame: Uross-Sectional
Sunce my resEarch wall be commastng cumrest o recent simdies and dam rather than observing change over

an extended period

Boolean Search String:

IiI1!||1|l.l'.'q'I AMND {"thermal |r:"|t'-.'n.'1:||.u|1u.-' DR thepmals of “heat pemoval ") AND (sleomoingnsne OR
ornmrgneet) AND (“space debns” OR “orbatal debans ") AND (“space debns collector”™ OR “space deben
reimoval T OR “space detni nutiganon OR “tpace debine remover ) AND (impeovemsar OR afficiency
OR safety O safer)
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Inclusion Criteria

Exclusion Criteria

Sources of information written in

English

Non-English sources

Research papers, acadenue joumnals,

and books published between 2010 and

2025

Publications older than 2010

Peer-reviewed jownal amicles,
academic publications, and mstitutional
reports

Non-peer reviewed sources such as
blogs, opuion pieces, and general news

articles

smdies specifically focnsed on:

¢ Electromagnetic systems used for
space debris collection

* Thermal control technologies in
spacecrafl systems

¢ Materials science relevant 1o heat
management in acrospace applications
* Engineering methods for increasing

safety and efficiency in orbital systems

Smidies unrelated 1o:

* Space debris collection technologies
= Electromagnetism in aerospace

* Thermal performance in space

SNV IronIments

Case smdies, experimental analyses,
hiterature reviews, or theoretical models

related 1o the research question

Papers focusing exclusively on
unrelated spacecraft systems or

atmospheric vehicles

Justification

Electromagnetic space debris collectons affer a low-contact. foturnstic means of cleaning Eanh's orbit. But

there s & wamung segn - they woarm np. Pretty wann, Without making nse of standard cooling

recluologies ke fans or ar Aow, such systems musi rely on the application of skilled thenmual
managcinEnt weethods nomally assuned o dedagn repsorts. It is not often that study papers cover Eeepuig
electromagnets peally cool enough o run safely and effectively, This piece fills the voud by working
throngh avaulable thennal control methods and proposing bow they can be applied to particulbag
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elecrromagnens wash callecunon systems, If these systems do hear and ceach, they themiselves may become
debis - rendening this smdy not only imponant, b pecessny,

My Own Research Limitations

Omne mnjor Bmicarion was thar I couldn’t do prmary reseasch. Since I'm oot pan of a space apency of lab,
I dida’t have access 1o real slectromagnstic collectors or sanellives o 1esn. 1 also conldn’t build a full
provarvpe becanse making one thar works 1o space conditions {like vacumm oF Xrémes Emperamnees ) o
really complicarsd, sxpansive, and pesds specinl sgnipment T don't have. Sa 1 formsd on zecondary
research - rending papers, articles, and engineecing mporte. Even though I didn't do physical t=sting
myself, I zull got 1o Jearn a lof from professional experiments and real spacecraft dezigns. But it means |
had to rely on what's already been published, which might not cover everything I wanted to explore

Background:

Space trash - from decommissioned sateflites to malfunctioning fragmenrs of rockets - ie a lanre threat 1o
working sarellstes. Even a markle-zized piece uaveling mr orbdital speeds has the abilicy to destroy a
satellive upon collision. Singh et al. (2024) note that more than 36 500 tracked pieces of debris with sizes
[arger than 10 em exist, and hundreds of millions smaller than that, Withour cleaning op the garbage, the
clurter looms o initiate the *Kessdler Svndrome,” in which collisions produce more debriz, which create
even more collisions

To address thic_ seientists are researching Active Debris Bemeoval (ATDR ). Pozsibly the nsost exciting
technology wnder development 15 the electromagnetic collector. The machmes use coils or maanetc felds
to grab and divert the debrs withowt coming 1Mo contact - especially comvenient 1o microgravity whens
grappling or docking i dangerous. One example machine is the Omupbmagnet that nses rotating magnetic
Aelds to interact with noo-magnestic conductive debris (Plam et al, 20215 But exciting as this is, this
meilnd has its deowbacks

Hent iz a significant restnction. Large currents wduce resistive heating (Joule heating, which m vactium
can't be removed via air comvection. Oaly conduction ard radiation remain, which must be engineered
with cantion. If thermial izswes aren’t propedy managed, systems fail or become hazardons themselves (Ly
=t al,, 2024}
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Hesearch Fssay:
Keeping Cool: Heat Control in Space Debris
Capture

Literninre Beview: Cuorreni Techosdogies nmd © hallenzes

Engineers have propossd many debrs-removal ideas, such as pets, harpoons, and pobotie armms 1o
phvacally grab larpe unk, Some approachss se the Enrth's artmosphere (ke drag sailsh or the planst’s
mugnetic feld (rethers) 10 passively deorbit sntzllites, Electromagnetic copcepts include mounting
elecromagnets on o “space g™t slows or smract meal fraguoents (Siare & Youngqoise, 2017). NASA
researchers have eovidioned safellites using oscillating magnefs to push or pull other spacecafi without
fuel (NASA, 201T)

Severnl revent studies examine electromagnetic collection. For example, a stodent-lad amicle by Tokmen
(235 propoded cending a rockes wath a powerful slectromagnst o taeep ap ferromagnstic debns and
champ it indo the Moon's gravity well However, this approach only arteacts femomagnetic mateninls Lke
irom o nickel. Most satellites nze alnminim and composites (non-magnet b, 50 cnboard magnets would
only catch a portion of the junk (Scudder, 2016)

In stmmary, magnets in orbit can safely slow or onent debris, but oaly metallie objects respondd.
Man-ferrons debiis miist be handled I:l!r ather menit wnch as nere of adhesmves. Also |||.1|{1n5| n Siroag
electromagnet requires heavy coils and lots of power, which sselfl coentes thermal challenges. Any viable
collector must balance these bswes - it needs 1o be lightweight, carch many tvpes of debris, and shed beat
efficientdy (Zinpecker, 202]: Bipdel ei al , 2025)

Overheating Issues in Electromagnetic Debris Collectors

Powerful electromagnets draw high electrical current to generate magnetic fields. That current canises
Tonle heating (R losses) in the couls. If an electromagnet s drven too hard, its ool insnlation can melh,
leading to short cirenits or even burned-out windings (Ersoy, J023). In space this is éspecially problémmatic
becanse there is no adr for cooding. Heat can only keave the svsiem by mdisting from surfaces or
conducting to a cadiator, which can be slow (Lv et al, 224§

Another izsne 15 uneven heating: if one part of the collector heats up (like & codl or electronics), thermal
expusion can warp sirenwes o break seals. The hear could soften adhesives or contings, canang keaks
o delamunation (Janes, 202250 NASA warns thay power denary is a big problem, scpecially when sscked
electronic s gencrate intense heat but may have po divect path to a cold sudface (NASA, 2004)

If & collector fuls thermally, it could become an addrtional debris bazard. A codl aming cut meghe break
loose bits or wigper thermal mpaway, porntally causisg an explosion in energized capnciiors or batenses
(Electromie Products, 2007 ), Preventing this reguares both passive and actve thennal coptrols, as well ac
heat-talermn matenials.

Thermal Control Solutions in Spacecraft Systems

Spocecralt routinely face extremes of temperamre: full Sun can beat 8 panel 1o husdreds of “C, while
shade can plunge it below —100 °C. Az one asrospree blog expluns, “for spaceciatr, the heat in space 11 a
mich more challsnging problem than dee exireme cold” becange excess heat i3 hard 1o get rid of, Over the

wiwwLyoungsclentistsjournal. com




decades, many thenunl management methods have been developed. Some are passive (00 moving parts or
power) nnd others are active (using pumps or elecironics ).
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This disgram shows the parts of o thennal control svatem nsed on spaceceaft. You can wee how heat is
moved from hot components Like cols throuah pipes and straps, and ten relensed o space through
radistor pasels. It's basically like o mdiator on Earth, except it doean’t have air - evervthung i done by
mclintion nnd conduction. This Eind of system conld be nsed moan electromagpenic debris collector to siop
it from overheating whibe still keeping the desagn hehtweight

Commeon solutions for heat in spacecrafts include

s  Radintors: Flar panels coatad in maenals with high infoared emussiviey. A radiator has a low
salar absorphivieyhigh emazziviey coanng (often white paimt of second-sartace sillvered ape) so i
aibsogtas lettle .1I|.'|l.|._l\.lill lort 'i.'.l!i.l.'ll:'llll.:l.' rodlinses waske hent aw ny! Racliabors doe & "“'"PI'" Wy to |J|.|1|.||:l
heat mto cold space. The dravwback i& that large areas are peeded. and they mst be onented avway
from the Sun for effectiveness (Reid, 2020)

s Aulti-Layer Insubation (MLI): Many spacecraft uze MLI blankets (mmliple lavers of reflective
filin) to prevent imvanted heatng, MLI waps heat innde, keeping hot components from sonking
up solar radiation. It can protec! malnunenls fromm overhe Aalung Ll_'.' reflection. However, ML] does
not remove heat = m fact it inhubas radintion. Thus of 15 often used with mdistors: heat 13
copductad 1o 8 panel, and MLT covers e rést of the sarellice 10 block heatng (NASA, 1012)

¢ Heat Pipes: These are sealed. fuid-filled tubes that conduct beat passively. A heat pipe has a
Liuid (Like aminania or water j that svaporates o the hot end, travels as vapor 1o the coclsr and,
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and condenses. releasing heat 1o a radiaor, Heat pipes can msove heat very effictently from a hot
magnet coil or battery 1o a radistor panel. They lave po moving pans and very low theqmal
resitance. NASA's small-sat guide calls them “'an efficient passive thenmal wransfer technology™
For r\;.‘l.mpl:'. Hedanre "-i|_'.|r|.-.'r fAear a flat “FlexCool™ leat i'-i|:-|- on i Bl CubeSat { TechEdSa- 100 mn
020 to cool ity radio module (NASA, 2012)

# Thermal Conatings and Surface Treatments: Enpinesrs paint of tape spacecraft sirfaces to moe
their optical properties. Mane black painn (high absorpuaviry and hagh emissiviey) s vsed on
sitrfaces meant to radiate heat. Maste white paiot or silvenzed tape (low solar absorparvity, hagh
eppussavary b s used on rdonors. Selecting the pght coating on the magner housing o radiaors
lelps control ow much beat is absosbed from sunkgln and how much is ematted a5 infmeed
{(Romicl, 200200

®  Phase Change Materials {PCM): These materials (like comain wazes or salts | absorb hear by
metliing ot & set tempernnre. A PCW anit siores thennal energy durmg a kot penod (staving at iis
melting poant) and releases it later as it solidifies. This smooths ont temperanire spikes. NASA has
developed PUM panels for CubeSats 1o blunt peak heat loads. The downside is extrn mass {for the
metal container and POM) and limived capacity (Sharp & Lofun, 195K

# Thermal Sieaps amd Heat Spreaders: Flexible conductive straps (often made of copper or
Fmphqr:- filbers | can '.|1r-r.1d hear frean a o Spot 1o A raduar. A strap L& ;1:||.1|:-|i.-|' than & rl.:_:lid lieat
pipe. For very lugh beat, advanced compomtes are nzed. NASA anidies show that
cnrbon-fiber—reinforced metal composites can conduct heat 2-3x better per weight than
aluminum. These composites can act like built-in heat spreaders withour extra pluonhing (Shap &
Loftin, 1990).

& Active Systems: Though racer on small satellites, active loops (cironlating pumped coolamt ) or
even minamee refngeration can be vsed on Isrge spacecmfl, These sysems can transpor beas
aggressively bur add complexity, power draw, and potentinl pounts of failwre (Ersoy, J025)

In pracuce, a mix of methods 13 used. For msmnce, a collector maght mount s elecoomagner col ona
strisctire with embedded heat pipes leading 1o a radiator panel, and cover the rest of the vehicle in white
nstilatkon to repect beat, Any radiator st be sized for the wot-case beat load (from solar beating pls
coil losses ). As one study notes, selection of contings and tapes is Important bBacmuse theip npurﬂ_l
propemies degrade in orbin (e.g. darkening from radiation). Thensal engineers mmst acoount for this aging
so the syitem stll fonetons at end-of-life conditions (James, 20225,

Another example: considér a magnetic cail coolsd by condaction to its moant. Che might paint the motnt
with high-emissiviry tape (like silvered FEP) and expose it o deep space. This deroes heat oan of the coul
continnously. If addinonal cooling 15 needed, a munianice loop heat pipe coudd puanp heat fram the cail 1o
an externnl mdintor, For very tansient peaks | say, activaning the magmet in shon bursts), a small PCM
retervorr could absorb the burst 2oergy withom overheating the electromcs (Sharp & Lofun, 1990

No sipgle solwtion 14 perfect, 5o Table | (balow ) summnrizes the pros and cons of key methods
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Materials and Design Strategies for Thermal Management

Aloag with thermal systems, the choice of materials and strwcninl decipn greatly affects heat handling
Some key strategies include:

&= High Thermal Conduetivity Materials: Using merals ar composites tha conduct beat well
enisures hot parts don't stay hot. For example, copper or alnminum frames can spoead heat from
the coil. Even bester are metal-miairix composites baded with graphite fibers: NASA reports these
CAn rlﬂ'n-r J—ﬁ Eriries Ehe l:'l.'lll.v.‘hll'l.l'l.'ll:.' Per "-".l"I.FI'lI ol pure :|]||.1||.||p1'||:|:| Emrh m‘h':'inrfd n'-n1|1n'.|h-'. act
nz bil-in beat sznls wathowt moving parts, Carboo-based materals ke pyrolytic gmphite sheets
or carbon foam alzo conduct heat very efficiently and are lightweight (Janes, 2022 Sharp &
Lofrin, 19%90)

# Thermal Path Optimization: Designers ensure that from the beat source (coil) to the sink
(radintor) there i & good conductive path. This mught mean mounting coils on metal plate:, wsing
thermal grease, or embedding beat prpes, Mumimizig thermal reaistance (avoiding ar gaps of
poos contacts ) is cracial (Ersoy, 20213)

*  High-Tempemature Compeanents; Some pacts of a magoetic collector will sull ger hot, so
choosing materials that tolerare beat prevents damage. For instance. high-temperanure wire
mzulanen, ceramucs for coil fornmers, nnd sable allove can surive higher opemting rempemhires
Alzo, elecwons compoiems {sensors, conrallers 1 should be rated for the expected thenmal
environment

#  Mlodular and Redundant Design: If one electromagnet overheats, another might imke over
Using miiltple smaller coils mstead of one grant coil can reduce individual heating. Alio, &
miodhlar thermal :Ir.u__-:n. {wath separnte radintors or hent ;:u'pr:- for each magnet) confin=: n
probiem o one ares (Bigdel ey al, 2023)

¢ Orientation and Spacecraft Attitude: The spacecraft’s onentation can be chosen 1o help
cooling, For imstance, the collector conld deploy i1s radiator away from the Sun duripg operation
Some missions even plin on spinning slowly so that po one side gets too hot. Designing fexible
thesmal straps or rotating louvers can adagt o dufferent artimides (MASA, 2024),

*  Superconducting Magnets {in theory}: In concept, superconductors would eliminnte Joule
heating entirely. However, they requure crvogense coohng (2. ligmd helim or cryocoolers ),
winch mdds lnge complexity and weight. Research is ongoing imto bigh-temperatine
superconchictors for space, but currently this 15 bevorsd small sarellire capabalities. If it becomes
feazilile, & superconducting collector would dractically reduce heat issnes {(Abbor, 202])

Il:. -\.'l.'|||.'|:l|.|:iup szt ||1.:\|:r||.r|]: i Lt:'-\_'lll‘l with. s I!.-'.'-e'.'puu:.ni.- ;-m.ll.i.u.p. H:|Fi.|:rr-e:r'. CIEn :I:[.H'ILIJ}' HHIproh e A
collecror’s thermal perfonmance, For example, o design might bury hear pipes in a carbog-fiber composine
boom 1o transport coil beat, while the ounter shell vses mlt-laver insulation and pasat 1o control external
heatng.
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Comparison of Thermal Control Methods

The table below compares several thermal management methods that could apply 1o an electromagnetic

debris collector, isung their main sdvantage: and drawbacks.

Method

Radintors

Muilri-Layver Insulation

(MLID

Heat Pipes

Thermnl

CoatingsTapes

Phase-Change

Materials

Thermal

Straps'Conduction

Active Loops
{fuid/ pomped |

Superconducting
Coaling

Pros

Passive (no power needad)
Dipectly emir beat 1o space
efficiently

Excellent insulatar (low heat loss)
Lightweight amd passmve

Verv efficient passive heat transfer
Mo moving parts - Proven i many
spacecradt (¢ g, Redwine FlexCool)

Sumple weay to mne emussvity and
abzorpriviry - Many pre-gualifisd
marecials {panis, FEP tapes)

Absorbs heat at fixed temperaniee
(buffers spikes) - Passive thermal
storage

Sumple. can confonm to chapes
Good for spreading heat between
modules

Can move heat anywhere onboard
Can bandle very high heat Joads

Virually zero electnical beating if
mantained  Strong magnetic felds
possible

Cons

Fi_ﬂlu“-.-_- !ILIL.JI" cirtace aren - N
face deep space (sunlight peduces
effectmensss

Cammol remoye heal, only trap o
Edges can “shor™ and ledk hear

Muszt be properly crienmed (wick
gravity limitations on non-zero-C3)
Can freeze np if cold (solunions exist)

Properties degrade over tume in
orbir {darkening from aromic
oxygen)  Doesn't remove hear itself

Adds mass for housing and PCM
Limited capacity {saturates)

Cranerally heaviar than hem papes
for same ength  Less effective for
bong distances

Complex (pomgp, pipmgh - Raquires
power - Poteatial leak pomes

Requires heavy ervocoolers or
cryopens - Very complex and
power-hungry

Table 1. Comparison of thermal contral methods for an electromagnetic debris collector

Tialle ecoutens svnihesized from sopreer inelidine Eveae (2025 ) Reid (20200 and NASA recdimioa!

references From J 0002024

Each method can be part of the solution. For example, a eadintor panel coated in silver tape coukd pair

with hear pipes to carry coil hear to it Meanwhile MLI and surface paints regrlace how sunlighe affects

the svstem Table | shows why engineers must weigh trade-offs: a rdiator is reliable ban lage, while a
heat pipe 1 efficient but need: good stamp/warm-up. A practical design will kkely combine several
approaches o cover different seanarios (sunle heanng, sclipie cooaling, power-an bursts, aie)
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Conclusion and Recommendations

Electromngnetic space debns collsctors hold promive for safer, fuel-free removal of orbital jusk. They can
gamtly mig or mesr metalle frnpmenis oo contact. Heowaver, their Achilles” hesal i thammal: the wromsg
magiaets and power ebecironies miside coeate n bot of beat that mnist be carefully manaped. If overlested,

the system conld il or even produce nwope debns

Thies review has shown that mproving themmal performance volves both oo we cool and wha
materials we nse, On the cooling side, wried-and-tme spacecradt solutioas should be appbed: bnrge-area
racliators, high-emassicity coatings, multi-layer insulation, and heat pipes 1o wapspout the coil s wasie
beat. Where mass and volome aflow, active elements lilke puonped Loops o phase-change buffers can halp
during peal loads. The space around Earth (especially in LEQ) is cold darkness, so any heat pipe or
racliator should fece away fromm the Son o mmch o possitle

hlatereal choces are i'|.|1|.'|“:. Inportan '[_".4113 hwh consthactvily metals ar meetald-1matrex CORIpOLHEs W il
spread heat out; carbon-based straps or graphite panels can link the magnet to the mdiator. Cail nsulation
nnd struciural parts should tolerate the highest expected semperatire, 30 that even f coofing is
mementanly ieficisnt. nothang meels or bumis. Designing the collector with modvilar cotls or mubigle

maAgnets can ailgis :'.|'|n-.m:l- th# thermal boacl

Based on current oo ledpe, the folloving recommendntions sesm moot promizng for next- pensralion

sleciiomagnetic colleciors;

&  Imtegreate heat pipes or straps into the magnet support: Anach pipe: dicectly 1o the
electromagnet coul fonn o whisk heat o side panels. As demonsioaied i recent CobeSat thermal
designs, fexible heat pupes (Lke Redwire's FlexUool ) cas effectrvely cool high-power
componsnts (MASA 101 2)

& Llee high-smissivity rndiator coatings: Cover exposed surfaces with secand-aurface silver tapes
or white paunrs These= contings reflact solar light bt emug infrared heat, az MASA s thanmal mude
sugpests (Rewd, 2020)

#  Employ advanced conductive materinls: Wherever possible, make stroctural components from
graphite-snhenced metal composites. These provide sxcellent thermal condisetion (30-TO% mazs
sovings over pare alumimin) o hean can Bow onn quickdy (Sharp & Lofun, [990)

®  Add thermal isolation and storage; Place muli-layer insulation arousd areas that should stay
cool aud consider a sienll |:I:|:|-i.---.'|.1..:.1|.p'r reservorr pear the coil to soak up beief s By of lien
(Shap & Loftin, 1990)

® Plan arbital attitude for coaling: If the muzzion allows, scheduls opemtion: o thar heat
rejection syetenk (radiators) poant avay from the Sun dwing magnet operation (SASA, 2004)

& Redondancy and maniforing: Inclade nmltiple smaller cotls or redundan carciuts 50 a failore
dioes not destroy the entice system. Momitor tE e e with sensors 1o throttle the magmet if 1t

approaches danger (Bigdeli ot al., 2005)
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Limitations

The techoology itself also has o few lmiations, First, electromagnetc collectocs can only pull i meeallse
or conducive debnis. such as old sarzllite pams or hroken tools made from certaim metaly. This means tha
plashc, paunt Aakes, ar campaodiie materials woitld not be affssted, w0 ather metheds, sich as nets o

lasers, would still be needed for o full cleap

Amnmaher issue b5 that these systems can bew ap very gquickly, especially when the magness are mniung a1
high ponwer. IF the heat iz por managed well, it conld damage the oyvstem of even mm it e debis
Additsonally, ndding cooling systems, such as mdiators or heat pupes, tinkes up space and wesght — and in
sarellites, every pram counts

I stiaiaa I, 'Irg.' |.1-|:'|rn:l11.'i|,|p r|1r bt l1:r.'|.'rirr-'. nI'-'..1|h--|||!I:- 1I|r'|'|ll:.'|| ENFINSETING, dr;.ipu.ﬂ". rCan ||;..'|]n-
electromagnetic debris collectors much safer and more efficienr. The phviics of heat transfer in space is
weell nndersiood. The challenge bs imepranng those solwioas e a novel debris-collecior design, Witk
cirefnl materinl clhoices, clever peometry, and esinblished thermal hardwsre, it should be possible jo nse
mngnets in ogint without burning up the spacecrafl. Fotre work conld protesype such asystem on a
test massion. measuring codl temperamres and debeis-capiure perfommnnce. If successful. enhanced
thermal degigns wonld maks these collsctors credible tools in the ﬂgh: AGRUELET Bpace jrink;
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