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Introduction 
As part of the ENERGY STAR Data Center Storage specification development process, 
the EPA is inviting interested parties to perform a series of tests and performance 
modeling exercises on data center storage systems using the protocol specified in this 
document. 

The objective of this first round of data center storage power consumption testing is to 
understand the relationship between hardware and software configuration and system 
energy performance in both Active and Idle states.  EPA would like to collect a 
substantial amount of test data and simulated (modeled) test results in order to perform 
a sensitivity analysis on the effect of single-variable configuration changes on power 
consumption. Items such as Hard Disk Drive (HDD) selection (e.g. capacity vs. 
performance), Reliability, Availability, Serviceability (RAS) features (e.g. single vs. 
redundant controllers, RAID level), and use of Small Form Factor (SFF) and Solid State 
Disk (SSD) technologies are all of interest. 

Data submissions will be collated, anonymized, and made available to the stakeholder 
community for analysis in preparation for the first draft Version 1.0 ENERGY STAR 
Data Center Storage specification. 

Definitions & Acronyms 
Maximum Time to Data (MaxTTD): The maximum time before an entire data object is 
accessible within the constraints imposed by its storage media. For random-access 
media, a data object is accessible when any byte may be accessed.  For sequential-
access media, a data object is accessible when the requested object has begun 
streaming from a previously inactive drive. 

Maximum Sustainable Performance: Maximum IOPS or GB/s that the UUT is able to 
deliver under a specified workload.  To be considered sustainable, the performance 
metric must be maintained within 5% for the duration of the test phase. 

Response Time: The time required for the UUT to complete an I/O request. 

Generic System Configurations (GSC): Four GSC options are proposed as a baseline 
for discussion: 

GSC-1: Transaction-oriented Value Configuration 
GSC-2: Transaction-oriented High-reliability Configuration 
GSC-3: Archival/Streaming-oriented Value Configuration 
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GSC-4: Archival/Streaming-oriented High-reliability Configuration 

Note that the specifics of each configuration will be up to the individual vendor or test 
facility and dependent on product options, availability of components, test equipment, 
and other resources. The data collection process will be sufficiently detailed to capture 
hardware and software configuration details that are pertinent to energy consumption. 

Within many of the taxonomy cells, it will be possible to configure a system that is 
representative of a typical high-volume customer installation for each of the GSC 
classifications. For example, in the Online-3 taxonomy category, a GSC-1 system 
would likely utilize high-speed, high-performance HDDs or SSDs with minimal RAS 
hardware and software features installed; whereas a GSC-2 system may include 
additional RAS features such as redundant controllers, mirroring, and other RAS 
features. There are other taxonomy categories for which certain GSC classifications 
would not be representative of actual customer implementations (e.g. the Removable 
Media Library taxonomy category does not lend itself to transaction-oriented GSC-1 and 
GSC-2 applications), and there is no expectation that these non-realistic configurations 
be tested. 

Scope 
This document references the v0.0.18 DRAFT “SNIA Green Storage Power 
Measurement Specification” Storage Taxonomy Summary, shown here as Figure 1. 
Additional details may be found at: http://www.snia.org/green/. 

Figure 1: SNIA GSI Storage Taxonomy 

SSttoorragage Taxe Taxonomonomyy SuSummmmaarryy

OnOnlliinnee
StStoorraaggee

NeNear Oar Onnlliinene
StStoorraaggee

ReRemmoovvaablblee 
MeMeddiiaa 

LibrLibraarriieess

ViVirtrtuuaall
MeMeddiiaa 

LibLibrrarariieess

InfrInfraasstrtruuccturturee
AApplpplianiancesces

IInnfrfraasstrtruuccturturee
IntInteerrcconnonnecectt

PPrriimme se sttororagage,e, ablable toe to sseerrvvee 
rraanndomdom asas wweellll asas ssequentequentiiaall
wwoorrkkllooaaddss wwiitthh mmiininimmaall deldelayay

InIntentenddeedd asas sseeccond tond tiieerr
ssttoorraage bge behiehinndd OOnnlliinene 
SSttororage.age. AAbbllee ttoo sseerrvviiccee
RandRandomom andand SSequequententiiaall
wwoorrkkllooaaddss,, but pebut perrhhaappss wwiithth
notnotiicceableable dele delayay iinn titimmee toto 11stst

datdata aca accceessss..

AArrcchhiivvalal ssttororaagege usused ied inn aa 
ssequeequentintiaall acaccceessss mmoode.de. AA
TTyypipiccaall exexamamplple woule would bd bee
TTaape bpe baasseded ararcchhiivvalal,, botbothh 
SSttandand AlAlonong ang and Rod Robotbotiiccalalllyy
asasssiisstted led liibrbrarariieess..

SSttororageage wwhhiicch sh siimmuullaatteess
rreemmoovvaablble Mee Medidia Lia Libbrraarriieess..
WWiillll ttyypipiccaallllyy ususe ne non ton tapeape
bbaassed sed sttororaage age andnd aass ssuucchh
aarre ae abbllee ttoo rreessppondond toto datadata 
rreeququeseststs mmoorree quiquicckkllyy

DevDeviicceess plplacaced ied inn thethe ssttororaagege 
SAN orSAN or netnetworworkk aaddiddinngg vvaalluuee 
thrthrougoughh oone one orr mmoorree dededidiccaatedted
SSttororage enage enhahancncememententss..
EExxamampplleses iinnccllude:ude: SASANN 
ViVirrttuaualliizzaatition,on, ComCompprreessssiion,on, DeDe--
duduplpliiccatiation,on, etetcc..

DevDeviicceess whiwhicchh enaenablblee a SAa SANN 
oror othotheerr SSttororagage Netwoe Networrkk
datdataa sswwiittcchhiing orng or rroutoutiinng.g.

MMaaxxiimumum Cm Caappaaccitityy GuidaGuidanncece 
NNoottee:: MMaaxxiimmuumm CCaappaacciittyy GGuuiidancdancee rreefflleeccttss tthhee mmaaxxiimmuumm ccaappaacciittyy aa gigivven oen offffeerriinngg ccanan bebe ppuurrcchhaassed wed wiitthh and/and/oorr ffiieleldd upgrupgraadedded ttoo.. ItIt iiss iinnttendendeded 
ttoo bebe uussed aed ass aa guguiideldeliinnee aass appappoosseded ttoo anan absabsololututee vvaallue.ue.  TThhereere wiwillll be cbe caase whese wherree aa ddeevviicce me maayy
hahavvee ggrreaeatteerr oror ssmmalalll capacapabibilliittiieess,, bubutt oottheherrwwiissee iiss anan approapproppririaattee mmaattcch fh foorr a gia givenven clclaasssisiffiicatcatiionon duedue
ttoo oottheherr cricritteerriiaa,, ee..gg..:: rredunedundancdancyy capabicapabilliittiieses

MMaax Sx Sttoorraaggee 
DeDevivicceess

((UUpp toto 8080 MMss MMTTTTDD))

MMaax Stx Stoorraaggee 
DeDevivicceess

((OOvveer 8r 800MsMs MTTMTTDD))
MMax Taax Tapepe DrDriivveess MMaax Sx Sttoorraaggee 

DeDeviviceces Sups Supporporteted*d* MMaaxx PorPortt CountCount

GGrroouupp 1)1) SoHSoHoo && CoConsumernsumer

UUpp toto 44 DDeevviicceess
 == ii

ii  ttii
tt  ii

ll  tt rr

MTTD Max T me to Data 
Max mum me needed to 

access any data s ored n any 
p ace on he sto age system 

StanStand Ad Allononee 
DrDriivvee
((NNoo RobotRobotiiccs)s)

II
llii ii iittii

ttrrii ii tt rr
tt  ii  ll ll

ii // rr ll ll
ii

Note:  * nfrastructure 
App ances by def n on have 

no in ns c s orage, othe 
han what s used for oca 
process ng and o oca 

Cash ng of data. 

SSttororaaggee wwhhiicchh iiss ddeessiigngneded pprriimmariarillyy ffoorr hhoommee ((ccononsusummeerr)) oror
hohommee // ssmmalalll ooffffiiccee uussagagee..

––OOfftteenn DiDirreecctt ConneConnecctteedd  ((UUSSBB,, IIPP,, eettc)c)
––NNoo opopttiion fon foorr rredundanedundancycy ((wwiillll  ccoontntaiainn SPOSPOFsFs))

GGrroupoup 2) E2) Enntrtryy,,  DDAASS,, oror JBJBODOD

More than 4 
Devices Up to 4 Devices Up to 4 Drives 

tt ii rrtt ii ii
rr ff

tt ii llll
ttrr  tt ii

S orage Dev ces Suppo n th s 
case efers to the number o 
s orage dev ces contro able 

down s eam of he Appl ance 

UUpp ttoo 3232StStoorrageage wwhhiicch ih iss dededidiccaatteedd ttoo oonnee or ator at mmoostst aa ververyy lliimmiitteedd
nnuumbmbeerr ooff sseerrvveerrss.. OOfftteenn wwill nill noott inincclluuddee aannyy iinnteteggrraatteedd
cocontntrorolllleer,r, butbut rerellyy oonn seserrvveerr hohostst ffoorr tthathat ffuunnccttiiononaalliitty.y.

––OOfftteenn DiDirreecctt ConneConnecctteedd ((SSAATTA,A, IIPP,, etetcc..))
––MMaayy opopttiionalonalllyy ofofffeerr lliimmiitteded numnumbeberr ooff rreduedundanndancycy ffeateatuurreess

GGrroupoup 3)3) EEnntrtryy // MiMidrdrangangee
More than 20 

Devices 
More than 4 

Devices 
More than 4 

Drives 
Up to 100 
Devices 

SuSupppportort for upfor up toto 
20 D20 Deevviicceess UpUp toto 121288SSAANN oror NNAASS ccoonnnneecctteedd ssttororagage we whhiicchh plplacaceess aa hhiiggherher

emempphhaassiiss onon vvaallue tue thhaann ssccaallaabbiilliittyy anandd peperfrforormmaannccee.. ThiThiss iiss
oofftteenn rereffeerrrreedd ttoo aass ‘‘EEntntrryy LeLevveell’’ ststororagage.e.

–N–Netetwwoorkrk ccoonnnneecctteed (Id (IP,P, SSAANN,, etetc.c.))
––HHaass ooppttiiononss ffoorr rredundanedundanccyy ffeeataturureses

GGrroupoup 4)4) MidrMidraannggee / Ent/ Enteerrpprriissee

More than 100 
Devices 

More than 100 
Devices 

More than 24 
Drives 

More than 100 
Devices 

SuSupppporortt forfor mmoorree
than 20than 20 DDeevviicecess MMoore than 128re than 128

SASANN oorr NASNAS coconnnnecectteed std stoorraaggee wwhhiicchh ddeelliivveerrs a bas a ballaancnce ofe of
peperrffoorrmmaancnce ane and fd feeaattuurreess.. OOffffeerrss hihiggherher lleevveell ooff
mamannaaggeememenntt aass wewellll aass ssccaallaabbilityility aanndd rreelialiabbiililityty
ccaappabiabilliittiieses..

–N–Netetwwoorkrk ccoonnnneecctteed (Id (IP,P, SSAANN,, etetc.c.))
––HHaass ooppttiiononss ffoorr andand ofoftteenn deldeliivveerreded wwiitthh ffuullll rredundaedundancncyy ((nnoo SSPPOOFF))

GGrroupoup 5) E5) Ennterterpprriissee // MMaainfrinfraammee

More than 1000 
Devices 

More than 11 
Drives 

More than 100 
Devices 

SuSupppporortt forfor mmoorree
than 10than 100 D0 Deevviicceess

© SNIA 2009 

StStororageage wwhhiicch exhh exhiibbiittss llaarrge scge scalalaabbiilliittyy aanndd eexxttrreemmee
rorobubuststneness asss assocsociiaatteedd wiwitthh MMaaiinnffrramamee ddeeppllooyymmeentnts,s, tthhouougghh
aarree nnoott reressttririctcteded ttoo MMaaiinnffrramame one onllyy dedeplployoymmeentnts.s.

––MMaiainnffrraammee cconneonneccttiivviittyy wiwitthh opopttiionalonal nneettwwoorrkk cconneconnecttiioonn ((IIPP,, SSAANN....))
––AAllwwaayys dels deliivverered wed wiitthh ffuullll reduredundanndancycy (no(no SPOSPOFF))
––OOfftteenn CapablCapablee ooff nnon-on-didisrupsrupttiiveve sseerrvviicceabeabiilliittyy

ENERGY STAR Data Center Storage Page 2 of 6 
DRAFT Initial Data Collection Procedure 

http://www.snia.org/green/


For purposes of Round 1 data collection, EPA is interested in the following taxonomy 
classifications: 

•	 ONLINE: Groups 2, 3, 4, and 5 
•	 NEAR-ONLINE: Groups 2, 3, 4 
•	 REMOVABLE MEDIA LIBRARY: Groups 2, 3, 4 and 5 
•	 VIRTUAL MEDIA LIBRARY: Groups 3, 4, and 5 

Objective 
Stakeholders are encouraged to submit power consumption data for as many products, 
in as many Generic System Configurations (GSCs), as can be reasonably 
accomplished during the data collection period.  If possible, testing and modeling should 
be repeated on similar systems after making single-variable changes to the hardware or 
software configuration.  Examples of single-variable changes include: 

•	 Change disk drive type or technology 
•	 Add or remove storage capacity 
•	 Modify RAID configuration 
•	 Change from single to redundant controllers 

Any simulation models used to generate data must be capable of predicting variations in 
energy consumption for the various phases of the test sequence.  All models should be 
run using the test workload sequences defined below for the appropriate taxonomy 
category. 

In order to assess model accuracy, stakeholders should model any system 
configurations that are tested so that results can be easily compared.  Further modeling 
exercises can then be used to simulate the impact of a wide variety of additional single- 
and multi-variable hardware and software configuration changes. 

To summarize, EPA is interested in collecting the following, in order of priority: 

1. 	 Data from testing of as many GSCs as possible. 
2. 	 Data from re-testing of GSCs after single-variable changes to hardware or 


software configuration.

3. 	 Data from modeling of any tested system configurations 
4. 	 Data from modeling of additional single- or multi-variable changes to hardware or 

software configuration. 

Test Setup 

TEST EQUIPMENT 
UUT input voltage and power should be measured with a power meter at an appropriate 
location to capture the total power consumed by all components of the UUT.  This may 
be at the PDU, or some other appropriate location. The power measurement should 
include all items needed to provide for the integration and operation of the UUT. This 
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includes controllers, drawers, robotic assemblies, power distribution / PDUs as well as 
data networking used internal to the UUT (e.g. integrated SAN switches). 

The power meter shall have the following capabilities: 
•	 Measure and record UUT input voltage with an accuracy of 1% and a 


measurement frequency of no more than 5 seconds. 

•	 Measure and record UUT instantaneous power consumption with an accuracy of 

+/- 1.0 Watts and a measurement frequency of no more than 5 seconds. 

INPUT VOLTAGE 
The power supplied to the UUT shall be consistent with one of the options presented 
below: 

Table 1: Input Power Requirements 
Input Voltage 

Range Phases AC Input 
Frequency Range 

100-120 VAC RMS 1 47-63 Hz 
180-240 VAC RMS 3 47-63 Hz 
200-240 VAC RMS 1 47-63 Hz 
380-508 VAC RMS 3 47-63 Hz 

Test Procedure 

ONLINE & NEAR-ONLINE CATEGORIES 
The following test sequence shall be applied to systems in the Online and Near-Online 
taxonomy categories. 

Table 2: Test Sequence for Online & Near-Online 

Phase Workload 
% of Max  

Sustainable 
Performance 

Block 
Size 

Sustained 
Duration2 

Pre-
conditioning 

Random 
70% Read 
30% Write 

100% 8K 10 min 

Active “A” Random 
Read 100% 8K 10 min 

Active “B” Random 
Write 100% 8K 10 min 

Active “C” Sequential 
Read 100% 256K 10 min 

Active “D” Sequential 
Write 100% 256K 10 min 
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Phase Workload Sustainable 
Performance 

% of Max  Block 
Size 

Sustained 
Duration2 

Active “E” 
Random 

70% Read 
30% Write 

25% 8K 10 min 

Active “F” 
Random 

70% Read 
30% Write 

80% 8K 10 min 

Active “G” 
Random 

70% Read 
30% Write 

100% 8K 10 min 

Ready 
Idle n/a 0% n/a 30 min 

Deep Idle 
(Optional)3 n/a 0% n/a 10 min 

Notes: 
1. Response Time for Online and Near-online systems during Active test phases 

must not exceed 30 ms. 
2. Each test phase must be of sufficient duration to exercise the entire storage 

system and achieve stable system performance. Once stability has been 
achieved, the measurement period begins and shall continue for the “Sustained 
Duration” specified in the table. 

3. The Deep Idle test phase is included to allow storage systems to demonstrate 
advanced power saving capability by placing one or more storage devices into a 
reduced power state. Deep Idle should only be performed on systems which offer 
a Deep Idle feature that may be enabled and configured by the system operator. 
Storage systems which by design require a subset of storage devices to be in a 
reduced power state and as a result cannot meet the 30 ms Response Time 
requirement should be considered to be in the Near-online category. 

REMOVABLE & VIRTUAL MEDIA LIBRARY CATEGORIES 
The following test sequence shall be applied to systems in the Removable Media 
Library and Virtual Media Library taxonomy categories. 

Table 3: Test Sequence for Removable & Virtual Media Libraries 

Phase Workload Sustainable 
Performance 

Block 
Size 

% of Max  Sustained 
Duration5 

Pre-
conditioning 

Sequential 
Write → 

Rewind → 
Read 

100% 128K 10 min 
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Phase Workload Sustainable 
Performance 

% of Max  Block 
Size 

Sustained 
Duration5 

Active “A” Sequential 
Write 100% 128K 10 min 

Active “B” Sequential 
Read 100% 128K 10 min 

Ready 
Idle n/a 0% n/a 30 min 

Deep Idle 
(Optional)6 n/a 0% n/a 10 min 

Notes: 
4. Response Time for Virtual and Removable Media Library systems during Active 

test phases must not exceed 30 ms. 
5. Each test phase must be of sufficient duration to exercise the entire storage 

system and achieve stable system performance. Once stability has been 
achieved, the measurement period begins and shall continue for the “Sustained 
Duration” specified in the table. 

6. The Deep Idle test phase is included to allow storage systems to demonstrate 
advanced power saving capability by placing one or more storage devices into a 
reduced power state. Deep Idle should only be performed on systems which offer 
a Deep Idle feature that may be enabled and configured by the system operator. 
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