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Growth of 1PB over 10 years at 40% CAGR 

28.9 PB  

1 PB  



DNA Atomic Phase Change Holographic 

EMBL-European 
Bioinformatics Institute 
(EMBL-EBI) , Microsoft, 

University of Washington 

Delft University of 
Technology, University of 

Wisconsin 

IBM Zurich 
 

University of 
Southampton 

• 100 Million hours of video 
in a cup of DNA  

• Lasts 1000’s of years 
• Special equipment to 

read/write, “snail like” 
retrieval. 

• Stores 500 Tera bits/ 
inch 

• Uses Scanning 
Tunneling Microscope 

• Must keep 
temperatures below  
321 F or lose data 

 

• 64K PCM device 
using 3 bit cells 

• Cost of PCM may 
be significantly less 
than DRAM and 
closer to flash.  

• 10 M  Read/ Write 
Cycles 

 

• “Superman Crystal” 
Fused Quartz 

• Could retain data for 
millions of  years 

• Theoretical capacity of 
360 TB on a platter  

• Slow write speed  
 



Feature 
Flash Disk 

System Tape Library 
Low Cost 
Disk Filer The Cloud 

Optical 
Library 

Technology 
Description 

Flash Modules LTO Gen 7 10 TB 3.5” HDD Amazon Glacier Blue Ray Archive 

Max Capacity 
Per System 

57 
 TB Useable 

EB’s PB’s Unlimited 181 PB 

IOPS (Read) 1.1 M Low 000’s Batch Low 

Latency (time to 
first byte) 

155 
microseconds 

Seconds to 
Minutes 

milliseconds 3-5 hours 
Seconds to 

Minutes 

Data Rate 
(MB/Second) 

10,000    300 MBs/drive  
Hundreds 

MB/second 
Network 

dependent 
780 Mbps Write 

1,150 Mbps Read 

$/TB Initial 
Acquisition Cost 

$2610* $63 $260 0 ~$240 

Energy 
Consumption 

625 W/Unit 
110 W – Library 

24 W – Drive 
0 W - Cartridge 

9 W/TB 0 38W/drive 

* 5:1 compression 





Cloud Low Cost Disk Systems 

Enterprise Flash Tape Library 

System Type IBM Flashsystem 900 

Initial Technology 5.7TB eMLC Flashcard 

Refresh Year 6 

Annual % 
Improvement 

36% 

System Type V80 Tape Library 

Initial Technology LTO Gen 7 

Refresh Year 5 – Gen 9 

Annual % 
Improvement 

33% 

System Type Amazon 

Initial Technology Glacier 

Refresh Annually 

Annual % Rate 
Improvement 

20% 

System Type Composite   

Initial Technology 6-10 TB SATA HDD’s 

Refresh Year 6 

Annual % Rate 
Improvement 

18% 



$85,480 

$334,497 $485,269 

$3,520,277 



$130,571 $519,904 $589,133 

$5,270,901 

$85,480 $334,497 $485,369 

$3,520,277 

TAPE HC DISK CLOUD FLASH 

1 PB 10 Year TCO Comparison 2014 to 2016 

2014 Estimates 2016 Estimates

-34.5%  -35.7% -17.6% 

-33.2% 



Tape storage continues to provide the lowest TCO 
today and likely will for the foreseeable future 


