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Annual shipments that should be

managed as an active archive 

expand from

1,183EB in 2024

to 39,188EB in 2050…
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2001-2050

Hot ~30%

Not Hot ~70%
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OUR EXPANDING DATAVERSE

• One thing is certain: The billions of people and systems and sensors connected in the global dataverse have 
generated and will continue to generate immense quantities of data…~70% of which will be relegated to active-
archive status within 60 days of their creation…

In the GenAI era, all stored data will become “indispensable.”

~70% of all stored data will need to be managed as an active archive.



PRELIMINARY EXPECTORATION

• Analyzing storage dynamics is 
like walking through a maze 
whose walls rearrange 
themselves with each step that 
you take…

Enduring Question: Will the Past be Prologue, or Will History Be Bunk?

Note—My forecasts are always devised with these precautionary adages in mind:

• The only thing we know with certainty about any forecast is that it will be wrong.—Anonymous 
• He who foretells the future lies, even if he tells the truth.—Arab Proverb



SHIPMENTS AND NEW FORECASTS, 2010-2050 SUMMARIES

• 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 

feasible—but unlikely, and possibly profitless—storage demand of staggering dimensions.

• With the advent of new tape and enterprise emerging storage technologies, we have forecast that active-archive shipments will expand to comprise 

more than 50% of the fresh enterprise petabytes delivered in 2037. But these ~8.7 zettabytes may still fall far short of servicing the ~70% (~10.7 

zettabytes) of new shipments in 2037 that will be destined, within 60 days, to become an active archive. 



THE EVOLVING 
STORAGE PYRAMID…

2024%s of Total Exabytes Delivered:

 SSDs—17.9% (2020:13.8%)

 HDDs—67.3% (2020: 71.8%)

 Tape—14.8% (2020: 14.4%)

In 2024, tape serviced only ~21% of 

the data destined to become, within 

60 days, an active archive…

Ʃ Blindingly blatant “fact”:
Huge numbers of HDDs and a 
significant number of SSDs are 
managing and likely will continue 
to manage far too many of the 
active-archive workloads at far too 
great a cost per terabyte while 
consuming an inordinate share of 
available energy.

2024 Active Archive—~70% of 

Shipments and Active Installed Base: 

1.2ZB of Total Shipments

4.7ZB of the Active Installed Base

The growing enormity of   “frostbitten” data…

Nanoseconds to Seconds….

Minutes to Days to Weeks…

Weeks to Years…

Frequency of Access…

2050 Active Archive—~70% of 

Shipments and Active Installed Base: 

39.2ZB of Total Shipments

172.4ZB of the Active Installed Base



THE EVOLVING 
STORAGE PYRAMID…

2025-2035 (both-and-and, SSD-HDD-Tape-
Emerging scenario):  complicated 

integrations of diverse enterprise 

technologies used in concert and 

conjunction with each other.

2035-2050 (either-or , SSD-Emerging 
scenario): With the advent of more strictly 

enforced corporate archive and access 

rules, and the growing need to conduct 

AI/ML business at the speed of flash, in 

most data centers ~30% of the data will be 

classified as hot, while the warm and cool 

and cold data layers diminish to 

insignificance, and the active-archive data 

layer grows to ~70% of the total—there 

will be no fine distinctions, either the data 

is hot, or it’s not.

Hot ~30%

Not Hot ~70%



• Despite the impacts of GenAI and its expansive high-speed need to summon and scrutinize increasingly 

gigantic chunks of data, not all data will need to be accessed and analyzed simultaneously. 
             “Even with GenAI, you don’t need to plow a field with a Ferrari”—in most cases, oxen will suffice.

• The costs of managing our multi-zettabyte-fold dataverse over increasingly lengthy time periods will 

continue to swell, and the power demands of enterprise storage—accelerated and exacerbated by GenAI 

server farms—will continue to increase as a percentage of the overall data center energy budget.

• There are already a multitude of CO2 emission compliance regulations in place throughout the world 

(with much stricter regulations in Europe) and growing scarcities of total available energy for 

datacenters in many small communities and metropolitan areas. 

INCONCLUSIVE CONCLUSIONS: PERFORMANCE, POWER, COSTS

Storage now accounts for 33% of operational and 61% of embodied emissions in Microsoft Azure DCs...
Hyperscalers are now investing in their own small nuclear power plants…



INCONCLUSIVE CONCLUSIONS:
CONVERGENCE OF THE FISCAL AND THE ECOLOGICAL…

• New enterprise data infrastructures must not only 

cost less but must also consume less power to be in 

crucial and resilient alignment with the total 

availability of energy.

• Healthy ecosystems have become more crucial 

considerations in all IT purchasing decisions, and 

many data center managers will soon be forced—by 

upper-level management edict or by compliance 

regulations—to use tape and various enterprise 

emerging technologies as ultra-low-cost, 

sustainable storage alternatives.

• In the active-archive enterprise data layers, the 

most cost-effective and power-efficient technologies 

will inevitably prevail, because they make the 

greatest fiscal and ecological sense.

In the end, the CFOs will always have the final say…



APPENDICES

ENTERPRISE DATA DEFINITIONS

GRANULAR SHIPMENT DETAILS, 2001-2050



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 approximately 5% of all enterprise SSD EBs shipped, the 
vast majority of which (~95%) 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 utilize any form of data compression.

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

—Enterprise optical shipments remain minimal at <1,000PB/year—less than half of 1% of the 2023 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 2025-2050 growth estimates. The “Total ‘Active-Archive’ Storage Opportunity” is the sum of all 
LTO+IBM+enterprise emerging technology shipments. See Slide 21 for examples of enterprise emerging storage technologies.

—We estimate the active installed base of enterprise data was 94.6 exabytes in 2006 and will likely grow to exceed 200 zettabytes 
in 2050. For the active installed base, we assume a 5-year infrastructure refresh/replacement cycle, 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.

ENTERPRISE DATA DEFINITIONS



• Tape’s share of total shipments rapidly declined after the introduction of nearline HDDs in 2008.

• Even with the enormous growth in nearline HDDs, the total annual growth rates declined from 2001-2010.



• Tape’s share of total shipments dramatically declined 2011-2020. Expanding data demands were mostly fulfilled by nearline HDDs.



• There were unanticipated, unprecedented declines in post-COVID demand 2022-2023 after 3 consecutive 40+% upticks 2019-2021, 

but GenAI requirements in conjunction with other traditional demand drivers will help to spur 2024-2030 growth rates to >25%.



Trillions of $USD investments in new NAND fab capacity will be required to achieve these enterprise-grade SSD production 

capabilities…

• Active-archive prices will drop to below $1.00/TB during the 2030s; active-archive shipments will quickly expand.



• Ever more trillions of $USD investments in new NAND fabs will be required, and expanding e-grade SSD shipment capacity to 

~10ZBs/year may not be profitably feasible. Active-Archive storage technologies can add cost-effective capacity far more quickly 

and will expand to ~70% of all enterprise EB delivered.
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