
By 2035, transformative new technologies 
will allow for <$2.50/TB initial user 
integration storage costs with consistent 
<10-second access times…

Library of Congress
DSA Conference, March 9, 2026

John Monroe, Furthur Market Research, LLC
torstones@gmail.com
Mobile Office: +1 (408) 828-3967 
www.Furthurdata.comEnterprise DATA that should be managed 

as an actively accessible archive expand to >100ZB…

Scarcity Creates Value
— And clarifies the deepening 

need for new enterprise 
storage technologies…

“Hot”:~20%-30%

“Not Hot” (But Always Accessible in <30 Seconds): ~70%-80%

mailto:torstones@gmail.com
http://www.furthurdata.com/


• “The only thing new under the sun is the 

history you don’t yet know about.” — Does the 
GenAI era change this age-old adage, coined in 
ancient texts and massively re-iterated in 
Finnegans Wake?

• The laws of Chaos will shape evolving markets:

 “Infinitely self-similar, never the same…”

 Will Monroe’s Law change?: Just as soon 
as the drive makers can ramp production 
to meet an apparent increase in demand, 
the demand dissipates — a matter of 
mystery and some debate, but it has 
happened with disturbing frequency…

• What will be different in the coming cycles?

PRELIMINARY EXPECTORATION: AN “UNPRECEDENTED” PB CRISIS

Mandelbrot and Julia Sets: myriad uncertainties in the GenAI dataverse, iteration gone wild…



TOTAL ENTERPRISE EB DELIVERED: UP ONLY 2.2% IN 2022 AND 4% IN 2023

To put this in historical perspective…from 2000-2021 — there were no years of  <10% expansion…SDD and HDD EB shipments showed 
variable growth but  never declined…Enterprise shipments expanded by more than 1000% 2000-2010 and by a 29% CAGR 2010-2020….

The effects of overproduction are always ruinous…and scarcity will always create value…



• 2022-2023

 All NAND fab expansions were halted and NAND fab utilization 

rates fell to below 100%.

 All HDD makers were already deeply involved in the process of 

aligning future production with diminishing unit-volume 

demand.

• 2024-2025

 The GenAI-generated sudden surge in demand was 

unprecedented and largely unanticipated.

• 2H25

 Never before have core memory (SRAM, DRAM), NAND flash 

modules, NAND SSDs, and HDDs been in such severe, 

simultaneous and ongoing shortage.

• “There are colossal differences of opinion regarding the ability [!] and 
the willingness [!] of the SSD and HDD makers to invest adequately to 
build to a storage demand of staggering—but uncertain, and possibly 
profitless [!]—dimensions.” 
— Me, in various iterations, 2015 onward…

• “Profitless” has recently been removed from that “equation” of 

concern: SSD margins >50%, HDD margins >45%

• The combined might of the SSD and HDD makers have been and 

will continue to be insufficient to meet evolving demand.

• The ongoing PB crisis is gong to make the 2011 Thai floods look 

like a mini-event and may soon force many users to integrate Tape 

and Emerging enterprise technologies sooner than they’d like.



SCARCITY CREATES VALUE

 E-Grade SSD >1-Year Lead Times?…E-Grade Nearline HDD >2-Year Lead Times?

 E-Grade SSD ASP/TB  >$200 through 2H27?...E-Grade Nearline HDD ASP/TB >$15 through 2H27?

 Stocks in the past year (20 February 2025-20 February 2026):  Nvidea (NVDA) up 41%...

 Micron (MU) up 333%...SanDisk (SNDK) up 1,190%...Seagate (STX) up 308%...Western Digital (WDC) up 450%

 It appears that the current allocation and long lead times may last through 2028…However: As soon as the drive 
makers can actually test the reality of an enormous backlog, the backlog evaporates…the SSD and HDD fiscal and 
sales executives are now (post 2022-2023) much more acutely aware of “double-ordering” relative to actual needs…

 Tape (now) and Emerging (beginning 2H26) can deliver seamless S3 ease of integration and immediate availability 

of immensely cost-effective, power-efficient PBs.

Demands for Tape and Emerging should soon expand greatly…but will they?



WHAT’S NEXT? LOGICAL ASSUMPTIONS BASED ON HARD FACTS CAN LEAD TO MONSTROUS CONCLUSIONS…



Changing the game but not the playing field:
 ROI and long-term profits will remain more-urgent priorities for all storage vendors.

 Meanwhile all CFOs — confronted by a general desire to “store everything” at untenable costs — will work with their IT 

managers to diversely deploy GenAI “archive rules” to restrain data growth and increase ROI.



INCONCLUSIVE CONCLUSIONS (BLINDINGLY BLATANT)

• The vast majority of stored stuff in the staggering GenAI-

enhanced dataverse will not require the nano-to-

millisecond access times that SSDs and HDDs can provide. 

We sorely need new technologies that can be 
deployed at massive scale with minimal power 
consumption and can deliver data recovery times of 
less than 10 seconds at <$1.80 initial user integration 
costs per terabyte.

• Even with transformative new technologies, we cannot 

feasibly maintain the historic >25% annual growth rates 

we saw 2000-2021.

 Sustainability, Immutability and Security (SIS) are central corporate concerns
and will remain crucial to any coherent strategy for long-term, cost-effective digital preservation.



APPENDICES

ENTERPRISE DATA DEFINITIONS

REVISED FORECAST ASSUMPTIONS

GRANULAR SHIPMENT AND REVENUE DETAILS, 2010-2050



We define “enterprise exabytes” as the total capacities delivered on all enterprise-class SSDs, HDDs, tape, and—in the near future—

enterprise emerging storage media. This definition specifically excludes exabyte shipments of consumer-grade SSDs, HDDs, and 

flash modules delivered to PCs, entertainment devices, cell phones, home video surveillance, and other consumer and industrial 

applications (such as aircraft and telecom installations), the vast majority of which are already backed up in, and therefore reflected 

by, the enterprise-grade exabytes serviced by corporate and cloud data centers. 

The following notes are relevant to all forecast tables:

—SSD capacities reflect an approximate 5x compression ratio, but only for <10% of all enterprise SSD EBs shipped, the vast 
majority of which (>90%) are configured in server/direct-attached storage (DAS) systems, with little or no data compression, not 
in fabric-attached solid-state arrays (SSAs), wherein sophisticated data compression software is the norm.

—HDD capacities are raw/uncompressed, since so few enterprise HDDs are integrated with any form of data compression.

—Tape capacities include both LTO and IBM TS1100 shipments and reflect a global average of at least 2.5x data compression.

—Enterprise optical shipments remain minimal at <1,000PB/year—less than half of 1% of the 2025 total—and have not been 
included in our estimates of historical shipments or the current active installed base. That said, there should be huge opportunities 
for what we are now referring to collectively as “enterprise emerging storage” technologies to play major roles in future markets, as 
indicated in our 2026-2050 growth estimates. The “Total ‘Active-Archive’ Storage Opportunity” is the sum of all 
LTO+IBM+enterprise emerging technology shipments. 

—We estimate the active installed base of enterprise data was 94.6 exabytes in 2006 and will likely grow to exceed 300 zettabytes 
in 2050. For the active installed base, we assume a 5-year infrastructure refresh/replacement cycle SSDs, HDDs and tape, retiring, 
for example, all 2010 shipments in 2015 while adding 2015 shipments to the installed base of the prior year, and we repeat this 
cycle through 2050. For emerging technologies, we assume a 15-year refresh/replacement cycle.

ENTERPRISE DATA DEFINITIONS



Assumptions in the wake of the 2025-2026 shortages and the freakish 4Q25-1Q26 pricing:

• SSD vendor ASPs peak in 2026 at >$200/TB  and may never decline to below $15/TB (vs >$9/TB in prior 

forecast). SSD shipments never expand beyond 8ZB/year (vs >9.5ZB/year in prior forecast).

• HDD vendor ASPs peak in 2026 at >$15/TB and may never decline to below $7.50/TB (vs >$6/TB in prior 

forecast). HDD shipments expand more quickly to ~4.7ZB/year in 2031 then decline more quickly to EOL in 2043 

(vs expansion to 4.3ZB/year and slow decline through 2050 in prior forecast).

• Tape user average acquisition Cost/TB declines to <$0.30/TB (~same as in prior forecast). Tape ZB shipments 

about the same as in prior forecast.

• Emerging user average acquisition Cost/TB declines to <$1.50/TB (vs. <$0.80 in prior forecast). Emerging 

shipments are somewhat less than in prior forecast.

• User storage spend expands to $224 billion in 2030 and $316 billion in 2050 (vs $102 billion in 2030 and $147 

billion in 2050 in prior forecast). After careful further analysis, we raised our estimates of user spend to an 85% 

markup over SSD vendor revenue (vs. a 50% markup in prior forecast) and raised our estimates of user spend to a 

50% markup over HDD vendor revenue vs. a 35% markup in prior forecast).

 SSD and HDD vendors sell directly to hyperscalers , major OEMs and global distributors.

 Users purchase cloud services from hyperscalers or smaller Internet Service Providers (ISPs) and integrated 
products from OEMs or distributors.

REVISED FORECAST ASSUMPTIONS
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