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Abstract = Diamond cutting and polishing have historically been conducted in Surat, India, which
processes the majority of raw diamonds mined around the globe. Nevertheless, conventional diamond
mining is rife with environmental and ethical concerns. Lab-grown diamonds present a sustainable
alternative to deep-seated diamond mining by simulating natural conditions to produce the precious
stones above ground in a span of six weeks. The emergence of lab-grown diamonds in Surat and its
potential repercussions are examined in this article. The paper describes the technological process by
which lab-grown diamonds are produced by simulating the underground natural diamond formation
process through the application of high pressure and heat to diamond embryos in plasma reactors. This
allows for up to a 30% reduction in the cost of diamond production compared to conventional mining
methods. Nevertheless, energy demands give rise to concerns regarding sustainability. Currently, Surat is
the leader in lab-grown diaomond production in India, satisfying the growing demand for ethical and
affordable jewelry among consumers. Consumer viewpoints demonstrate a favorable regard for the
optical similarity between lab-grown and mined diamonds subsequent to refining, notwithstanding initial
reservations regarding the genuineness of the diamonds. Indicating impending disruption, producers
anticipate that the global demand for lab-grown diamonds will double to $44 billion by 2028, thereby
creating an enormous market expansion opportunity. Ethics and the global valuation of diamonds may
undergo significant transformations in the future if production scales up, as the diamond industry has a
history of exploitative practices. Nevertheless, further lifecycle analysis is necessary in order to validate
sustainability assertions in light of energy requirements. In addition, although Surat has been at the
forefront of lab-diamond manufacturing, other regions are shortly to enter the market, thereby dispersing
the infrastructure and expertise that have historically provided Surat with its competitive edge. As aresult,
laboratory-grown diamonds offer consumers a potentially transformative ethical alternative that may
alter the dynamics of the supply chain. However, their long-term effects in Surat, the diamond capital of
the world, are dubious in the absence of energy innovations and the global diffusion of lab-diamond
production. This underscores potential areas for additional investigation concerning regional disparities
in the diamond industry's concentration of resources and competition regarding sustainability
credentials.
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1.INTRODUCTION

1.1 Context and Background on Surat as India’s Diamond Capital
For over 500 years, the Indian city of Surat has been renowned as a global hub for the diamond trade.
Located in the state of Gujarat, Surat has earned recognition as the unofficial capital of the international
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diamond industry, particularly in the areas of diamond cutting and polishing. Surat’s history as a diamond
center traces back to India’s role as one of the first sources of diamond mining, with significant deposits
discovered as early as the 4th century BCE in the Golconda region. India rapidly became a dominant player
in global diamond exports by the 9th century CE as other civilizations prized these precious gems.

When India’s prominence as a diamond exporter later declined around the 18th century, Indian diamond
expertise lived on and eventually concentrated in Surat. Merchants from Surat established themselves as
skilled brokers trading diamonds originating from Indian mines to international ports. Over time, Surati
businessmen shifted from diamond trading to specializing in diamond processing for international dealers.
In 1966, the Indian government established the Diomond Bourse in Surat to develop the city as a centralized
hub for diamond brokers from around the world to trade their rough, unpolished diamonds. Competitive
advantages like low-cost skilled labor and declining diamond sources globally led Surat to cement itself
as the world's premier diamond finishing center by the 1970's.

Today, Surat accounts for over 80% of the global market share for polished diamonds. With over 300,000
skilled artisans in 4,000 manufacturing units, Surat’s cutting and polishing industry produces 11 out of every
12 diamonds set in jewelry worldwide. Export earnings from Surat’'s diamonds reached $23 billion in 2014,
comprising 72% share of India’s total diamond exports. Surat also accounts for 40% of India’s total
merchandise export value. The city cuts and polishes rough diamonds imported from mining centers in
Russia, South Africa, Canada and elsewhere before export for jewelry production. Dubbed ‘Diamond City,’
Surat has forged an international reputation as the nucleus of diamond manufacturing.

However, Surat today faces emerging challenges to its diamond industry despite centuries as the sector's
anchor. Low-cost polished diamond suppliers are arising beyond India in Ching, Thailand and Vietnam that
threaten Surat’s competitive positioning. Surat must also contend with evolving consumer attitudes, as
millennials and Gen Z show less interest in diamonds considered unethical or unsustainable. But Surat
retains unique advantages that continue to facilitate its role as the diamond world’s capital, including
unparalleled artisanal expertise, strengths in flexible production, and deep infrastructure specializing in
diamonds from centuries of sectoral interdependence and knowledge spillovers. Most promisingly, Surat
has begun pioneering sustainable innovations in diamond processing that may redefine its global
stronghold for a new generation of conscious consumers.

1.2 Overview of Traditional Diamond Mining Practices and Associated Issues (Cost,

Environmental Impact, Etc.)

The global supply of diamonds has historically depended on mining rough diamonds from the earth
through complex and costly extraction processes with substantial environmental impacts. Diamond
mining first began in India over 2,500 years ago, with the Golconda region’s mines renowned for yielding
some of the world’s most famous gems. By the 18th century, major diamond mines were discovered in
Brazil, sparking a diamond rush that established commercial mining at scale to meet rising global demand.
In 1866, enormous diamond deposits were uncovered in South Africa that then transformed the country
into the epicenter of diamond mining for over a century. Today, major mining operations now span Russia,
Botswana, the Democratic Republic of Congo, Australia, and Canada.

Industrial diamond mining involves scanning often harsh geographical landscapes for rare Kimberlite pipe
formations that act as volcanic superhighways containing diamond deposits formed up to 3.3 billion years
ago. Once geologists successfully identify potential sites after testing hundreds of thousands of mineral
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samples, extensive further analysis is conducted to determine if mining would be sufficiently viable and
profitable given high infrastructure, technology and labor costs. If advanced, exploratory tunnels and shafts
are built to extract diamond ore. Then, complex on-site mineral processing separates diamonds from
waste rock using crushing, screening, and dense media separation techniques requiring advanced tools,
machinery, robotics and monitoring systems.

However, conventional diamond mining comes with immense financial costs and environmental burdens.
Economically, building and operating a diamond mine can exceed $1 billion in investments, with
preparation alone costing over $300 million before mining even commences. Recouping these massive,
fixed costs depends on successfully locating high-quality diamonds, which bear the highest prices but are
exceedingly rare. Even among diamonds extracted, 97% are unsuitable for jewelry, which further
concentrates profitability uncertainty on finding large gem-grade diamonds. Compounding risk, diamond
mines have limited lifespans, ultimately ceasing productivity.

Environmentally, diamond mining moves tremendous volumes of rock, landscapes, and ecosystems. The
Mir and Udachnaya mines in Siberia together displace around 28 million tons of ore annually. Diamond
mines also require clear-cutting forests, constructing roads and settlements, and using chemicals and
explosives for extraction that destroy habitats and soil structures. These mines consume enormous
amounts of water and energy, while tailings dams that store mining waste threaten contamination. Further,
mines have only finite diamond reserves, so once depleted these operations withdraw their infrastructure
and revenue streams that supported local communities. Just in Canada, 19 mines are expected to close by
2030, leaving long-term socioeconomic challenges.

Therefore, an emerging innovation in the diamond industry centers on creating diamonds in highly
controlled lab environments rather than continually disrupting landscapes to mine adequate gem-quality
diamond supplies. Known as lab-grown or lab-created diamonds, these human-made diamonds possess
equivalent optical, chemical and physical properties to their mined counterparts, threatening to disrupt not
only traditional diamond mining but the entire global diamond industrial complex centered for over a
century around scarcity and extraction.

1.3 Introduction to Lab-grown Diamonds as an Innovation in the Industry

Lab-grown or lab-created diamonds represent one of the most promising and disruptive innovations to
emerge in the global diamond industry. Rather than extracting precious diamonds through tremendously
costly and environmentally damaging mining processes, lab-grown diamonds are manufactured by
simulating the natural conditions under which diamonds form within the earth. Powerful technology can
essentially grow diamonds above ground in highly controlled lab environments in just weeks or months,
producing stones visually identical to mined diamonds.

The science behind creating diamonds in labs has been studied for over a century. In 1954, GE successfully
produced microscopic synthetic diamond grit for industrial uses. By the 1970s, techniques were developed
to grow singular diamond crystals through depositing carbon atoms on diamond seed crystals in
specialized chambers reaching intense heats and pressure. However, producing jewelry-grade diamonds
over entire carats proved extraordinarily complex and prohibitively expensive.

The past decade has enabled astonishing advances, as pioneering diamond growers like ADAMA
Diamonds, Pure Grown Diamonds and WD Lab Grown Diamonds perfected proprietary technologies to
cultivate sparkling lab diamonds efficiently at scale. They concentrate extreme heat, pressure and energy
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to replicate below-earth conditions. Inside compact plasma reactor chambers, a carbon source like
methane gas is introduced along with hydrogen and subjected to temperatures approaching 1,832°F,
nearing diamond’s melting point. Depositing carbon atoms atop diamond seeds crystals in these high-
tech reactors enables adding carats to the crystals’ size week-over-week.

Modern methods now grow polished, jewelry-ready diamonds up to 10 carats and beyond in hues spanning
traditional colorless to vivid pinks and blues. Singapore’s IlIA Technologies set global records in 2022 for the
largest lab-grown diamond at over 15 carats. Limits to weight and quality grades continue rising swiftly.
Currently, lab-grown diamonds represent an estimated 3% market share of global diamond sales by value,
though experts predict rapid expansion to 7.5% by 2030.

The Gemological Institute of America (GIA) and other independent organizations have extensively verified
lab-grown diamonds possess the same optical, chemical and physical properties and brilliance as their
mined equivalents, certifying they meet the technical definition of a diamond with identical 4Cs grading
metrics. Aside from detectable residual nitrogen impurities, lab-diamonds are compositionally perfect. And
unlike inherently scarce and geographically concentrated mined diamonds, labs can continually produce
diamonds on-demand to match market needs.

For consumer markets, lab-grown diamonds offer ethical and sustainable alternatives without trading off
quality at discounts ranging 15-40%. Their manufacturing innovations enable delivering joyous diamonds
to broader demographics. For industrial uses, producing diamonds in labs eliminates reliance on unstable
mining operations. All considered, lab-grown diamonds signal a new era for the industry by leapfrogging
technological barriers that once made diamond synthesis commercially non-viable. The processes
underpinning their production promise to further the boundaries of materials engineering possibilities more
broadly.

2. THE PROCESS OF CREATING LAB-GROWN DIAMONDS

2.1 Description of the Technological Process of Mimic Natural Conditions

The production of lab-created diamonds synethizes the extreme pressures and temperatures which
enable diamond formation in nature, albeit on an accelerated timescale measured in weeks rather than
billions of years. Powerful technology thus essentially replicates the arduous journey a diamond undergoes
as it is created within the earth’s crust to produce identical gems above ground under highly controlled
conditions. The lab-created diamond manufacturing process strives to simulate two key phases of the
natural diamond origination process: the genesis environment deep below the earth’s surface where
diamonds nucleate and grow, and the subsequent ascent of diamond-bearing rock formations called
kimberlites from over 90 miles underground towards the surface at rapid speeds.

First, gases containing vital carbon are subject to intensely high pressures reproducing the depths where
diamonds naturally crystallize, while further adding high voltages of focused energy similar to kimberlite
eruptions. This laboratory genesis process fosters an environment with temperatures of 1,800°F and
pressures of up to 1.5 Giga Pascals, approaching half the pressure estimated at the inner Earth's core.
Scientists discovered diamonds grow underground adhering to a crystalline seed structure through
accumulating carbon atoms over eons. Similarly, lab-made diamond synthesis utilizes a ‘diamond seed'—
a thin sliver of pure crystalline diamond that forms the base onto which carbon atoms accumulate in layers
to enlarge the diamond'’s carat weight and dimensions under precisely regulated conditions.
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Energy is directed at the chamber’s carbon targets and diamond seed, while temperature and stable
pressure are maintained for consistency. Inside the reactor, gas molecules break apart into positively
charged carbon ions, streaming towards negatively charged diamond seeds to bond with the structure.
Meticulous control of the reactor’s internal environment enables carbon atoms to settle into the rigid
crystalline arrangement that makes diamond the hardest known natural material on Earth. Through this
proprietary technological process simulating genesis fundamentals, lab-grown diamonds accumulate
layers of carbon which grow the diamond seed at remarkably accelerated rates unattainable in nature.
While natural diamonds endure billion-year journeys ascending from their underground origins at just
fractions of inches per year along rare volcanic rock formations, lab-grown diamond processes can
expand diamond seed carats up to 100,000 times faster than below ground. These precisely engineered
environments ultimately foster glittering diamonds in spans of 6 to 10 weeks.

Maximum consistency in applying temperature, pressure and plasma ensures diamond quality and
conformity to the same exceptional physical, chemical and optical attributes as rare natural stones.
Rigorous technological controls additionally enable tailoring the manufacturing process to grow diomonds
in a rainbow of colors absent detectable differences to their mined counterparts aside from minute
nitrogen readings. Additionally, technological innovation continues improving manufacturing yields, costs
and diamond sizes every year as methods become more advanced. In harnessing the genesis
fundamentals which enable diamonds’ crystallization in nature, patented lab growing technology has
overcome enormous barriers previously limiting diamond synthesis. Further process efficiencies and cost
reductions appear imminent as production scales globally, portending even broader access to dazzling
lab gems. Though the technological details underlying these diamond growing reactors remain proprietary
secrets, their foundations strategically mirror the origins where diamonds are birthed below ground after
eons-long formation periods. This molecular mimicry births identical sparkling diamonds above ground in
just days.

2.2 Comparisons to Factors and Timeframe in Natural Diamond Creation

The technological innovation powering lab-grown diamond manufacturing markedly compresses the
enormous lengths of time, extreme pressures, and very specific conditions through which diamonds form
naturally underground. Natural diamonds endure multi-billion year journeys, beginning in the earth’s lower
mantle almost 100 miles deep where temperatures can reach over 2,192° F. Here, carbon crystallizes atop
diamond ‘seed’ crystals under pressures of over 725000 atmospheres created by crushing forces
equivalent to over 640 Eiffel Towers stacked atop one another.

In comparatively miniscule fractions of these timespans, lab-grown diamonds mimic genesis foundations.
Powerful reactor chambers concentrate tremendous heat and pressure to foster diamond creation above
ground through the same carbon crystallization process over seeds, but on scales of weeks rather than
billions of years. Most critically, lab production achieves pressure levels mimicking the lower mantle.
Advanced cylindrical presses sized under 3 feet tall exert a staggering one million pounds of force on a
small growing areq, concentrating over 1,500 kilobars of pressure. These remarkable lab-adaptations of
enormities of subterranean forces enable replicating the pressures which transform amorphous carbon
into densely packed diamonds underground.

Heating elements likewise replicate the scorching temperatures initiating crystallization deep below the
earth’s crust. Internal reactors vault temperatures to over 3,632°F, surpassing the melting point of other
carbon allotropes. Maintaining extreme stability in applied temperature, pressure and plasma enclosure
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chemistry preserves an environment with nearly identical genesis fundamentals to those 450 miles
underground. Besides time factors, natural diamonds also rely on highly sporadic geologic events for
transportation towards mineable depths. Diamonds formed in the lower mantle are locked in 150-200 km
deep with no Independent mobility. Only rarely do volcanic eruptions facilitate diamond movement
upwards at less than half an inch annually through kimberlite pipes from mantle pockets. Over billions of
years, geological shifts convey under 1% of diamonds towards accessible levels before pipes grow inactive,
leaving most diamonds perpetually inaccessible underground. In contrast, lab-grown diamonds are
freestanding once synthesized under comparable temperatures and pressures in reactors. These
manufactured diamonds are simply lifted out by gloved hands without reliance upon distant geological
deliverances. The autonomous engineered process demonstrates enormous advantages over natural
diamond transportation’s utter improbability.

Lastly, producing lab diamonds spares the immense waste and uncertainty plaguing natural diamond
mining. Upwards of 250 tons of ore must be mined and processed to unveil a one-carat gem diamond.
Diamond miners may extract over 1.25 billion carats of diamonds before yielding a stone of sufficient quality
for jewelry. Meanwhile, lab processes consistently grow high-quality diamonds purposefully tailored for
gem production. The maneuverability and predictable outcomes from lab creation conveys enormous
advantage. In closely tracking the origins of natural diamonds in every respect besides timescales, lab-
grown diamonds stand as the clearest manifestation of human ingenuity intersection with the wonder of
geological phenomena. Though requiring fractions of natures’ durations, advancing these complex
technological foundations remains remarkable. The fact lab-grown diamonds are compositionally
identical to their ancient counterparts, formed using the same carbon crystallization basics occuring in the
depths of Earth, is a marvel signalling incredible advances ahead.

2.3 Discussion of Sustainability Benefits and Criticisms

As an innovation, lab-grown diamonds offer enormous potential sustainability advantages over mining
diamonds through traditional extraction methods which greatly disrupt the environment. However,
assessing the net sustainability impacts of manufacturing lab diamonds requires nuanced analysis given
the process’ high energy inputs. On the benéefits side, producing diamonds in highly controlled lab settings
instead of reliance on mining represents a major advantage. Extracting rough diamonds via mining
involves blasting deep open pit mines and underground tunnels with heavy machinery, transporting
tremendous volumes of earth, debris, concrete and waste rock. Mine infrastructure development also
requisitions deforestation and disrupting ecosystems for access roads, facilities and power.

Several major diamond mining companies including DeBeers and ALROSA operate large-scale diamond
mines across over 450,000 combined acres in Africa, Northern Ontario and Siberia. These extract
substantial non-renewable resources, with global diamond mining estimated requiring over 160 million
hours of excavator operation alone as of 2020. Further, fewer than 30 viable new mines are likely to be
commissioned this decade as prospective new deposits dwindle, portending supply challenges. In
comparison, producing diamonds in an indoor facility recycles air and gases for growing diamonds as
heavy mining equipment and explosive excavations become replaced by meticulous reactors. Lab-grown
diamonds companies also commit to renewable energy purchases and offsets. For example, Lightbox
diamonds parent company De Beers now derives over 90% of its electricity from renewables. Leading lab
diamond manufacturer MiaDonna likewise operates a zero-emissions facility. As an indicator, switching a
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one-carat mined diamond’s carbon footprint to a lab-grown diamond reduces the emissions equivalent
to driving 560 miles in a standard car.

However, sustainability criticisms of lab diamonds center on the considerable energy inputs their
production process demands. Though varying by manufacturer specifics, average cumulative per carat
energy usage ranges from 700-750 kWh for created diamonds compared to just 160 kWh for mining
diamonds. This arises from powering tremendous and sustained heat and pressure in reactors and
generates more carbon emissions by weight. Yet an emphasis on renewable energy procurement
neutralizes selectivity of these emissions, positioning sustainability advantages achievable for lab
diamonds. Ultimately, sustainability is complicated to narrowly conflate with carbon, requiring a more
holistic frame. Lab diamonds replace non-renewable mining with an easily renewable manufacturing
process not bound by geology. The closure of a depleted mine destroys its local economic base, whereas
labs stimulate local high-tech job creation indefinitely. Further, diamond mining risks long-term land and
waterway contamination even decades post-closure. Though perhaps energy-intensive today, the
technology trajectory suggests lab diamonds becoming an increasingly green offering that in stark
contrast to finite mined diamonds, can scale elegantly and responsibly alongside anticipated surging
global diamond demand.

3. ADOPTION OF LAB-GROWN DIAMONDS IN SURAT

3.1 Perspectives From Producers Like Green Labs on Market Potential

As a pioneering lab-grown diamond manufacturer in Surat, Green Labs envisions tremendous market
potential ahead. Surat as the global capital for diamond cutting and polishing is strategically positioned to
drive adoption of lab-grown diamonds given the city’s existing diamond expertise and infrastructure.
Producers estimate lab-grown diamonds could capture 15-20% market share over the coming decade,
transforming Surat’s diamond sector.

Surat’s historic dominance in diamond manufacturing stems from the city’s skilled artisans and efficient
systems concentrating on diamond processing. Surat polishes 11 out of 12 diamonds globally, built on
cutting and polishing capabilities going back centuries. Competitive advantages like readily available low-
cost labor, extensive diamond handling experience and supporting industries offer strategic positioning
difficult to replicate elsewhere. Leveraging these strengths for lab-grown diamonds can further cement
Surat’s centrality in global diamond manufacturing for the 21st century. Producing lab-grown diamonds
retains alignment with Surat’s artisanal heritage in diamond craftsmanship rather than extraction. Further,
the advanced technology underpinning lab diamond production complements the innovative mindset of
Surat’s younger designers.

For manufacturers, Surat also offers locational advantages to foster lab diamond advancement. Surat
facilitates access to India’s booming middle class consumer markets increasingly seeking affordable
luxury lab-diamond jewelry. Rising discretionary spending power in India will support demand. Export
logistics connectivity to key jewelry hubs abroad also positions Surat's lab diamonds access global
markets. Proximity and partnerships with Mumbai as India’s financial center additionally enable securing
investment capital to fund expansion. From pricing standpoints, producers can leverage India’s value
advantages to drive down lab-diamond costs. Economies of scale through concentrating production and
localized clustering of supporting industries allows optimizing overheads. Electricity costs in Gujurat have
declined over 50% since 2010 to $0.075 per kWh, supporting electro-intensive production. Between
affordable gem-quality rough, low-cost skilled labor and operational efficiencies, Surat-manufactured lab
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diamonds can achieve consumer price points below rivals. Surat also offers a rich talent base to pioneer
lab diamond manufacturing and gradings. Surat facilitates access to nearly 200,000 employees across
over 4,500 cutting and polishing units plus young tech talent from regional universities to foster innovation.
Highly-specialized staff in emerging areas like lab diamond growing reactor engineering and advanced
gemology for grading lab diamonds’ quality will further entrench Surat as the epicenter.

Producers therefore expect to ride exponential market growth. Demand for diamonds globally is forecast
to accelerate at 5.7% annually through to 2030, fueled by expanding middle classes and evolving luxury
attitudes across Asian and Indian consumer markets. This couples with estimates that the market share of
lab-created diamonds at the retail level could eclipse 10% over the next several years. Surat’s lab-grown
focus positions benefiting from the confluence of forces through cost advantages and expertise
concentration in manufacturing these new diamonds. Though requiring patience surfacing given buyer
education challenges today, lab diamond adoption rates are poised to rapidly ascend, conveying Surat
tremendous opportunities ahead.

3.2 Analysis of Consumer Attitudes and Willingness to Purchase

As lab-grown diamonds gain increasing visibility in Surat’s jewelry markets, consumer perspectives remain
varied regarding their perceptions of lab diamonds and willingness to purchase them over mined
diamonds. However, generational shifts and evolving priorities around sustainability suggest strengthening
long-term adoption trends for Surat’s middle class markets.

Market research highlights that the majority of Surat consumers today still display limited awareness of
lab-grown diamonds as a new category. For most Indian consumers, ‘real’ diamonds exclusively mean
those mined from the earth. This conduces lower willingness to pay for lab diamonds; average discount
expectations reach 25-30%.

However, examining consumer attitudes by age provides more optimistic outlooks on future demand.
Younger demographics like millennials and Gen Z display greater receptiveness to lab diamonds as
preferences evolve. A 2021 survey found over 55% of Indian consumers aged 18 to 24 are inclined to
purchase lab diamonds, appreciating their ethical credentials and affordable luxury. This contrasts with
over 40% of shoppers aged 40-55 remaining unwilling to accept lab diamonds as authentic.

As younger generations increasingly represent Surat’s diamond jewelry shoppers, their greater embrace
for lab diamonds foretell sizeable markets emerging. This generation displays higher awareness and self-
identification with sustainability values, which lab diamonds credibly trumpet. Surat’s below-30 shopper
base already conveys willingness to pay under 5% average discounts for equivalent lab diamonds. Younger
consumers also eagerly welcome distinctive branded lab diamond collections from manufacturers like
Ada Diamonds communicating unique value propositions like high-tech origin stories.

However, most diamond retailers in Surat have yet to actively market lab-grown diamonds, contributing to
lagging consumer awareness. Demonstrating the stones visually and educating buyers on lab diamond’s
comparable quality, optics and gradings remains imperative to advancing market maturity. Letting first-
time buyers directly compare sparkle dispersion against mined diamonds also proves decisive. Once
experiencing lab diamonds in person, over 80% of initially uncertain shoppers gain comfort with their
indistinguishable beauty. Still, the onus remains on Surat’'s diamond merchants to further illuminate lab
diamonds’ place in the market.
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Local consumer research also highlights preferences for brick-and-mortar purchasing experiences where
direct education can occur, rather than risks buying online unseen. This spotlights opportunities around
transforming purchasing environments to propel market development. Surat artisans praise initiatives by
Green Labs and other manufacturers opening dedicated retail concept stores for consumers to
understand lab diamonds’ origins while directly shopping dazzling finished jewelry.

Ultimately consumer adoption at scale will depend on messaging which balances conveying lab
diamonds’ technological advancement and sustainable positioning while preserving the symbolic
emotional connection diamonds signify. But Surat’s increasing pool of ethically-conscious shoppers
display burgeoning market viability that manufacturers must nourish with consumer experience-driven
strategies and effective branding to converts more diamond purists. With younger representation
strengthening among Surat’s aspiring middle classes, lab-grown diamonds look poised to disrupt
domestically alongside globally within the decade.

3.3 Discussion of Future Outlook and Forecasts for the Industry

Surat’s rise as an international hub for lab-grown diamond manufacturing has prompted extensive
analysis forecasting tremendous growth potential ahead as consumer adoption accelerates globally. With
future market size projections varying in scale, expert consensus agrees Surat retaining competitive
advantages places the city to command sizeable value capture by 2030 as the world’'s lab-diamond
leader. By 2030, lab-grown diamonds are forecast to achieve up to 20% market share topping $44 billion in
global sales. More conservative estimates still predict over 10% market penetration. Surat looks positioned
to anchor between 65-80% of production within this rapidly scaling arena.

Evolution in manufacturing capabilities and costs due to industrial maturation supports highly propitious
outlooks. The past half-decade exhibited 40% cost improvements as producers innovated growing
processes and automated quality assurance. Continuing declines in synthesis expenses by 8-12% annually
appear achievable as methods progress. Surat’s high concentration of cutting and polishing expertise can
also optimize production configurations for the lab-grown'’s future trajectories towards larger carat sizes.

Surat also benefits from extensive relevant downstream and ancillary industry presence to foster
coordinated acceleration. Surat’s tight geographical clustering of 4,000 manufacturing units synthesizes
deep pools of artisanal talents with longstanding diamond merchandising networks abroad and robust
supporting industries in allied machining. Additionally, Surat looks well-poised to lead global best practices
as the lab-diamond epicenter regarding sustainability and operational transparency. With manufacturers
increasingly purchasing renewable energy, the state government also plans over $18 billion investment into
solar generation through 2030 to nurture Gujarat as India’s green hub. Surat can thereby pioneer world-
class ethical and eco-conscious benchmarking for lab diamonds. Younger luxury buyers worldwide
increasingly demand demonstrated sustainability; Surat can lead branded messaging around ‘green gold’
credentials which next-generation consumers desire.

However, risks remain around preserving Surat's first-mover advantage as lab diamond production
diffuses globally. Surat benefited from hugely advantages heads-starts in establishing manufacturing
ecosystems. But rival regions like Ching, Thailand and more recently the United States now recognize similar
opportunities, drawing investors and competing to dominate what promises becoming a multi-billion
dollar industry. Though Surat currently leads on costs and artisanal excellence, rivals advance quickly in
proprietary technological processes. Maintaining poles ahead in innovation and designing global
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marketing strengths will prove imperative amidst influxes of well-capitalized competitors. Counter-
positioning against risks, Surat looks better placed long-term to massively scale output to address
anticipated supply shortfalls for increasingly diamond-craving markets in India and abroad. With global
lab-created diamond demand expected to swell at 35%+ yearly, under-capacity limits may throttle other
regions while Surat's ecosystems can elevate manufacturing pipelines. Ultimately realizing the full
flourishing of lab diamonds hinges on mass-market adoption. Surat’'s sophistication and strengths at the
nucleus of the broader diamond world prime the city to ultimately shape the future landscape for these
lustrous high-tech gems worldwide.

4. BROADER IMPACTS AND IMPLICATIONS

4.1 Economic Considerations and Market Disruptions

The rapid acceleration of lab-grown diamond production centered in Surat carries profound economic
implications across global diamond industry sub-sectors. As lab diamonds move towards cost-parity with
mined diamonds, significant market disruptions appear imminent. The impacts look set to transform wider
ecosystem economics built historically around diamond rarity and high values.

Broader shifts in diamond pricing loom largest among pending disruptions. If mined diamond price
premiums defending their ‘preciousness’ against cheapening lab rivals erode, far-reaching ripples would
impact miners, dealers and jewelry retailers. More bearish scenarios envision price collisions where
equivalently graded polished one-carat lab and mined diamonds near equivalence between $2,500 to
$3,800 within five years as manufacturing productivity improves. Such convergence would deeply disrupt
market structures and employment across legacy diamond centers like Antwerp and Tel Aviv. However,
countervailing pricing dynamics may cushion severe near-term shocks. Analysts predict midstream
polishing and retailing intermediaries will initially absorb price adjustments rather than passing savings to
end consumers. This temporal asymmetry will allow smoothing transitions for associated gatekeeping
interests to diversify as longer-term lab diamond adoption matures.

Nonetheless, fundamentals suggest lab pricing dragging down mined diamond pricing floors as affordable
competitor supplies keep expanding. Market forces appear impossible to override indefinitely amidst
projected 20-30% annual increases in lab diamond output through this decade. The nature of disruption
also signals shifts towards decentralized access accompanying democratization. Technologies enabling
affordable lab diamond market debuts now transfer beyond initial exclusive manufacturers to diffuse
across India, China and even America, as new entrants target their own production niches from colors to
carats to clarity. Lower barriers fostering wider market participation diversify and localize lab diamond
creation globally at More democratic prices. Surat may thus face pricing pressures from undercutting
oversedas entrants, even if preserving reputational leads. Diffusing capabilities risk squeezing profitability
margins over time absent continual innovation.

The scope for adjacent economic opportunities related to lab diamonds furnishes surging sites of
entrepreneurial possibilities less visible under concentrated mining and antiquated retailing models
historically dominating the natural diamond industry. New companies focused on lab diamond production
equipment, enhanced chemical growing compounds, blockchain verification systems, data analytics,
novel customization options and more surround lab diamonds across desk.

Jobs and Livelihoods Impacts:
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The large-scale adoption of lab-grown diamonds could significantly impact jobs across the traditional
diamond industry. In Surat alone, over 700,000 people are employed in the diamond cutting and polishing
industry. As lab diamond production shifts work away from diamond cutting/polishing to more high-tech
reactor engineering roles, reskilling programs will be vital to prevent severe unemployment issues.
Countries like Botswana and Russia also face economic vulnerability given diamonds account for 20% and
30% of their respective GDPs based predominantly on mining.

Financial and Technology Innovation Spillovers:

However, lab-grown diamonds can catalyze positive economic impacts through spurring adjacent
innovation. Venture capital and fintech investment are already focusing on lab diamond producer
financing and authentication technologies using blockchain. The advanced patented processes for lab
diamond production also convey knowledge spillovers and cross-industry fertilization into other
engineered materials and sustainable technology domains that may seed new high-value industries.

Consumer Savings vs. Macro Stability Considerations:

Additionally, the net savings consumers realize from switching to more affordable lab diamonds may
ultimately redirect those monies into productive economic areas. However, global diamond hubs built over
centuries like Antwerp and Surat still overwhelmingly depend on natural diamond trading, processing and
ancillary services. Avoiding dangerous economic instability as their foundations transform requires
thoughtful policy foresight and change management support.

4.2 Ethical Considerations Regarding the Diamond Industry

The diamond industry has long faced ethical criticisms ranging from environmental impacts, labor abuses
and perpetuating conflict. Mined diamond supply chains have demonstrated particular challenges tracing
provenance reliably to stem risks that diamonds financed wars and human rights violations in producing
countries. However, the emergence of lab-grown diamonds manufactured transparently under regulated
conditions fosters optimism for transforming ethical credentials.

Historically, opaque sourcing surrounding mined diamonds inhibited tracing origins responsibly. Once
diamonds reach trading hubs like Antwerp and Surat, untraceable mixing of global diamond stocks across
miners and dealers enables easing stolen or conflict diamonds into legitimate supply chains,
compromising integrity. Amnesty International estimates one in five diamonds remains potentially conflict-
linked today while the UN reports over $800 million in diamonds financing civil conflicts over 20 years in
African producing countries. Lab-grown diamonds offer untainted alternative production through
advanced technology completely by producing environmental and social harms associated with unethical
mining operators. Leading lab diamond firms emphasize renewable energy powering manufacturing and
welcome audits of worker safety and labor rights protections in facilities. The ability to trace a lab diamond's
origins to specific creating factories also provides assurance against financing militarism.

Additionally, adopting blockchain-based digital certification schemes allows buyers validating their
diamond'’s ethical sourcing. Lab diamond manufacturers like ALTR supply chain data including emissions
levels and staff safety metrics onto blockchain registers with unique certification numbers etched onto lab
diamonds. This radical transparency enables consumers verifying diamonds as conflict-free and eco-
conscious from growth capsule to jewelry store while preserving supply chain confidentialities. Further,
enhancing consumer access to high-quality diamonds reliably through lab innovation fosters
democratizing aspirations over jewelry historically confined to elite buyer segments. Mined diamond
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pricing constraints and fashion industry critiques of exploitative branding kept diamond jewelry out of
reach for many budget-conscious shoppers. Affordable pricing unlocking glittering lab-grown diamonds
for middle income demographics and younger generations therefore bears societal progress dimensions.

However, most industry watchdogs believe the maijority of mined diamond operators now satisfy baseline
legal and sustainability expectations like the UN Guiding Principles on Business and Human Rights even if
provenance assurance concerns persist. Continued formalization of the artisanal mining sector and
improved national governance should alleviate the most extreme unethical diamond mining activities. In
India specifically, accelerating adoption of automation technologies and policies strengthening laborers’
rights pose encouraging signs of directionally improving social ethics. Therefore, in ethical terms, lab-
grown diamonds expand choices rather than implying most mined diamonds somehow remain forbidden
fruits. Their sustainable and transparent alternatives impel the broader diamond world elevating when held
accountable to higher standards by lab diamonds’ examples to align an exceptionally alluring industry
with conscious luxury values entering the 2020s.

4.3 Environmental Analysis of Sustainability Claims

Substantiating the sustainability proposition surrounding lab-grown diamonds requires scrutinizing
environmental impacts beyond surface-level claims. While lab production sidesteps diamond mining’s
land disturbances, life cycle analyses reveal more complex pictures regarding net benefits once energy
inputs are considered. But positioning lab diamonds as environmentally “guilt-free” appears credibly
directionally valid, if not unequivocal absolutes. First assessing mining contrasts, lab diamonds confer
enormous advantage avoiding direct ecological disruptions from extraction. Diamond mines require
clearing vegetation, constructing access roads and facilities, excavating massive open pits and uprooting
kimberlite pipes to extract ore-bearing earth measuring in volumes of tons. One mine processes over 90
million tonnes of Kimberlite rock over lifespan to yield under 500,000 carats of diamonds. Remediation
attempts after operations cease still struggle reversing extensive disturbances.

However, lab diamond reactors rely on tremendous energy consumption over 6-10 weeks growing cycles.
Market-average electricity utilization approaches 750 kWh cumulative per finished carat. At commercial
scales, electricity feeds rank among top operating costs for producers like PGD Diamonds approaching
40%. Though factories increasingly procure renewables like hydropower, detractors highlight that few grids
source fully zero-emissions power. And while lab diamonds utilize reused growing chambers, their
production technology cannot be deemed zero waste either. Yet framing sustainability conversations
strictly through emissions metrics proves reductive. Unlike finite mined diamonds, labs can scale
responsively avoiding absolute resource caps. Manufacturers also continue targeting 15-20% recurring
efficiency improvements that promise perpetually declining emissions and costs. Additionally, product
lifecycles show recycled lab diamonds exhibiting superior longevity versus mined counterparts.
Furthermore, responsible localization strengthens the argument for Surat's diamonds aligning with
sustainability. Positioning production in India links to forecasted domestic demand spikes, curtailing
transport miles to key innovation labs, renewable energy infrastructure and waste systems relative to
alternatives like US-based manufacturing. Gujarat also runs a high renewable power surplus helping
decarbonize production.

Therefore, while unqualified claims of lab diamond carbon neutrality require refining, facts substantiate
their standing as environmentally conscious substitutes for consumer luxury purchases. When conscious
shoppers evaluate ecological impacts between a mined diamond from sub-Saharan Africa against locally

© 2024, PUIRP | PU Publications | DOI:10.5281/zenod0.10928216 Page |12



Partners Universal Innovative Research Publication (PUIRP)

Volume: 02 Issue: 02 | March-April 2024 | www.puirp.com

made lab diamonds in Surat, credibly evidenced relative advantages emerge. Considered holistically, any
sustainability-focused analysis of diamonds should examine total impacts tied to options shoppers face
today - on that basis, Surat’s lab diamonds make strong environmental cases relative to alternatives. Their
sustainability lead will likely widen further as.

5. CONCLUSIONS AND OUTLOOK

5.1 Summary of Key Findings

This analysis traced the genesis of lab-grown diamonds as a technological innovation disrupting
traditional diamond mining while conveying enormous opportunities for Surat retaining its central global
status as a diamond hub into coming decades. However, lab diamonds’ full impacts across stakeholders
from suppliers to retailers remain unfolding.

Key findings reveal lab-grown diamonds as near-perfect simulants to mined diamonds on all metrics of
optical qualities and chemical compositions, validating their durable value for jewelry against natural
counterparts retailing at far higher prices. Production advances at facilities like Surat's Green Lab
Alexandrite promise driving created diamond costs consistently lower through the 2020s. Market adoption
by major retailers like Pandora signal midstream acceptance, while younger early-adopter consumer
segments display surging appetite.

Surat shows formidable strengths to command value capture from this exponential growth industry tipped
to soon account for up to 20% of the global diamond jewelry market. Surat’s legacy as the world’'s diamond
cutting and polishing nucleus offers integrated ecosystems between manufacturers, artisans and
supporting services that newcomers struggle replicating. Strategic state support through establishing
regulatory policies and zone infrastructures in Gujarat also spotlights institutional prioritization to retain and
elevate Surat’'s diamond manufacturing leadership for the 21st century.

However, risks around preserving market share run high as rival regions like Ching, Thailand and the United
States rapidly tool capabilities for mass manufacturing created diamonds. Surat must continually uplift
production capacities, technological R&D and skills training to stay atop of quality, efficiency and grading
innovations as the industry matures from its emergent phase. While presently controlling over 65% of early
lab diamond global supply, successors risk ceding ground to overseas competitors through complacency
or insufficient innovation investment.

Broader considerations also highlight the potential for significant job displacements between legacy
diamond sector occupations against reskilling needs to staff hi-tech lab diamond factories. Transition
support programs demand designing to counteract community uncertainties in historically diamond-
dependent regions. Macroeconomic impacts similarly remain complex to project, though consumer
savings from lab diamond adoption may redirect spending towards value-adding economic activities.

In conclusion, Surat holds commanding first-mover strengths to exploit booming created diamond
disruption, leveraging its legacy gem expertise into spearheading a new diamond manufacturing
paradigm eschewing environmental stresses. But realizing projections around sustaining market
leadership over coming pivotal years necessitates confronting risks, aggressively fostering production
scale economies and continually upgrading sustainable technological capabilities. By meeting present
challenges assertively, Surat can fulfil its destiny as the world’'s preeminent diamond city.
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5.2 Remaining Questions and Areas for Further Research

While this analysis traced the promising dawn of lab-grown diaomonds as potential successors
revolutionizing Surat’s diamond sector, uncertainties persist around impacts given the industry’s nascency.
Many questions stay contingent on tech trajectories, sourcing patterns and global diamonds hubs’ policy
responses amidst fast-moving disruptions. Targeted research across areas from gemological assurance
to re-skilling can illuminate open unknowns. Regarding consumer adoption, additional research should
probe how purchasing behaviors may evolve across cultures and demographics. Qualitative insights from
in-depth buyer interviews and ethnographic market research could enrich understanding on emotional
perceptions, lingering hesitations, information needs and retail environments best fostering lab diamond
consideration. Follow-up surveys also warrant tracking sentiment periodically, while analyzing impacts
once recession risks materialize.

Another fruitful research avenue surrounds examining job transitions, mapping workforce dynamics
between traditional diamond cutting artisans against emerging high-tech reactors roles under mass
manufacturing scales. This human capital lens should inform policy questions around vocational training
investments and employment stabilizers as the diamond landscape economically transforms. Findings
would help Surat incubate local talents for maximizing gains from the created diamond wave. Additionally,
techno-economic research modeling long-term cost trajectories for lab diamond production remains vital
as synthesis processes rapidly advance. Updated lifecycle analyses consistently evaluating sustainability
credentials against benchmarks also appears a research priority. And given electricity compositions
driving environmental footprints, mapping ideal renewable energy infrastructure buildout to enable
optimizing Surat’s lab diamond ecosystems merits dedicated study for Indian state planners.

Furthermore, research could explore risks and opportunities expanding beyond jewelry into lab diamond
applications revolutionizing sectors from quantum computing to defense to healthcare. Surat might
strategize tech transfer programs systematically identifying cross-industry use cases through
collaborating with corporates and universities, seeding further diamond tech innovation anchored locally.
Finally, competitiveness research should closely track overseas lab diamond manufacturing buildouts and
benchmark India’s studio strengths and weaknesses to guide policy, trade and FDI decisions defending
Surat’s leadership against aggressive global entry by Chinese, Thai, Viethamese and US competitors. In
conclusion, Surat’'s lab diamond ascendancy assures an exciting era ahead as consumer adoption of these
lustrous sustainable gems accelerates globally. But research insights must continually inform strategy to
address open questions and anchor Surat as the world’s foremost innovation hub as lab-created
diamonds permeate the broader economy.

5.3 Predictions for the Future of Surat’s Diamond Industry

Surat is primed to flourish further as the global nucleus of diamond manufacturing, processing, innovation
and skills excellence as lab-grown diamonds spur sectoral transformations. By 2030, Surat looks projected
strengthening its competitiveness to command over 70% of the world’s lab-created diamond productive
capacities while pioneering sustainable technological advancements to uphold market leadership.

Domestically, Surat by 2030 can uphold competitive advantages against other regions newly entering lab
diamond production like China through economies of scale, infrastructure ecosystems and strategic
support under initiatives like the Gujarat Gems & Jewelry Park. Surat incubating 500+ manufacturing units
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can consolidate sufficient critical mass efficiency gains that emerging lab diamond rivals struggle
replicating. Enhanced production automation and Al-integrated grading technologies will also cement
Surat’s reputation for unmatched quality controls and process consistencies.

Surat will moreover spearhead lab diamond sustainability globally on dimensions from renewable power
adoption to breakthroughs around end-of-life recycling. WITH state investments over $15 billion funding
renewable energy expansion, Surat’'s manufacturers will source majority green inputs. Leading firms also
appear poised to pioneer diamond upcycling by reconstituting recycled growth remnants into next-
generation diamonds as the industry’s sustainability forerunners.

Technological capacities will scale comfortably accommodating ballooning global lab diamond demand
as Surat’s synthetization efficiencies improve. By 2030, advanced microwave assisted-processes and
proprietary tech innovations can envision growing polished diamonds over 3 carats consistently at
commercial viability. This promises democratizing access to extravagant lab diamond jewelry historically
confined to elites. Surat may also disrupt colorless wholesale pricing 40-60% under 2022 levels as
production mastery expands.

Meanwhile strengthening innovation networks position Surat incubating adjacent advances from
blockchain authentications to novel composite diamond-infused tech materials development through
private-public R&D across its manufacturers and educational institutes. Surat can enhance knowledge
spillovers across other Gujarati industrial clusters spanning ceramics, electronics and automotive
companies to foster broader diamond tech applications.

However, sustaining market leadership still necessitates confronting competitive, environmental and
workforce risks over the pivotal decade ahead. Surat must continually uplift global marketing capacities to
protect traction as low-cost manufacturing hubs emerge overseas. Ongoing skills development and
vocational training must also smoothen imminent workforce transitions spurred by increasing
manufacturing automation.

Overall, though, Surat in 2030 stands poised to galvanize upon its legacy as textile and diamond hub over
centuries to command the future of lab-grown diamonds worldwide. With strategic vision crafting
supportive policies and close public-private collaboration, Surat can uphold its destiny as the diamond
capital of the 2Ist century.
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