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/L8 Introduction

— Data centers are growing

— Concern about:

« Energy Consumption,
* Environmental Sustainability.

— Fact (Considering U.S.).

e 2006: 61 billion kwh of electricity consumed,
e 2011: 100 billion kWh of electricity estimated.

— Sustainable data centers: e

Cloud Computing

Code

» Least amount of materials,
e Least energy consumption.

— Avallability
— Fault-Tolerance 3

PC

Business
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%"DCS Data Center Infrastructure

— IT infrastructure: n”J
e Servers, f \

* Networking equipment, | <» 1
« Storage devices. Saasormer [ 7| Tromster vt
v
— Power Infrastructure:
o« SDT - transfer switches > UPS = PDUs - rack i
— Cooling infrastructure: | ‘H’fﬂEh —
« Extracts heat - prevents overheating I
« CRAC, Cooling Tower, Chiller 4 Neavorting >
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%"DCS Stochastic Petri Net (SPN)

— Graphical and Mathematical modeling tool

— For modeling: O l l] . .
 concurrency, bl = i e
 synchronization, (@) immediate - Timed  (© (d)
e communication mechanisms, (b)

« deterministic and probabilistic delays
— SPNs extend PNs.

— Each transition has a firing time assigned to it:
 timed transitions (exponentially distributed)
« immediate transitions
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%oocs Exergy

* Exergy (available energy) - Environmental
Impact

— Represents energy that can be converted Into
useful work,
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%"DCS Life Cycle Exergy Assessment (LCEA)

 Can a measure of the total exergy destroyed
across a product’s lifetime (“lifetime exergy
consumption”) be a measure of the
environmental sustainability?

exergy for exergy for
maintainance maintainance
exergy to and repair and repair exergy to
fabricate and exergy for de-install and
assemble installation decommision
components
exergy to S?(ergy o bl
isassemble
produce exergy for and/or
materials transportation exergy to power electronics recondition for safe
l and thermal managment disposal or recycle
Y Y Y Y Y Y Y Y Yy vy
manufacturing delivery operation retirement time
.
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ﬁ"""s Life Cycle Exergy Assessment (LCEA)
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%"DCS Obijective

e To provide

— Assessment to support the planning of sustainable
data centers with high availabllity.
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%"DCS Obijective

* More specifically, the objectives are:

— To construct formal models (e.g., RBD or SPN) to represent the data
center power infrastructure, cooling infrastructure as well as the IT
equipments;

— To perform the evaluation of those models in order to obtain metrics such
as dependability, sustainability and the associated cost estimates;

— To Develop atool that implements the above methodologies and enables
a data center designer/administrator to estimate the sustainability
Impact, through the exergy metric, of data center systems.
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%"DCS Obijective

— To study hardened computing and its associated metrics
(e.g., Thermal, Contamination, Humid, Power
dissipation, System architecture);

— To quantify the impacts of temperature variation on
data center availability;

— To quantify the impacts of humidity variation on data
center availability.
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%"DCS Methodology

e The proposed Methodology

Define metrics

Creation ofthe i
_ Evaluation
% System Evaluation ]( composed model l E

System Defining operational Creation of the sub- Converting to RBD
Understanding modes for the sub- systems models or SPN
systems

12/6/2010 10:25 PM 12
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%"DCS Methodology

* A hybrid modeling technique:
— advantages of SPN and RBD.

- Two models are generated:
. power,
. cooling system.

- A high level model is generated in order to compose
those models previously evaluated.

13
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Astro Tool

The Amazing Sthocastic Petri net/ RBD Simulator
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y /L= ASTRO Tool

ASTRO

II Data Center | RBD ll SPN |
T 1
Il Dependability | Evaluator Transient Stationary

]

Sustainability

i
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ﬁ""cs Astro Tool

e Sustainability Evaluation
— Adding a data center component to the project

& asvo oo B B o  a

File Edit View Metrics Evaluate Tools

He 55085 £ 48488
Project | Data Center @ Data Center View | & Results _
= Unnamed AL MR 2 HO XA Q & 4§
=I-i& Components [ AGd _
D SourcePoint new component to project |

J TargetPoint
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%"DCS Astro Tool

e Sustainability Evaluation
— Selecting the data center component to be added

= Add Component

Termi

StaticT

:\_ me

Batter

Capac |

Chass round

Circuit Breaker
‘ Oax able

onn r
| O0¢
e

Import | Next >> Cancel
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ﬁ"“cs Astro Tool

e Sustainability Evaluation
— Configuring the sustainability parameters

= Add Component S — e -
Type upPs MITR: 80
Picture: |, gifs/UPSjpg Browse | MTTF:. 250000.0

Sustainability Parameters

Max. Power (kW

‘ Efficiency (™

Ky % Q0
Embedded Energy (GJ O
Market Price Q

Impoet | | Finish| | Cancel
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ﬁ""cs Astro Tool

e Sustainablility Evaluation
— Inserting the component to the model.

B8 Astro Tool - - - 4 e
File Edit View Metrics Evaluate Tools
v W S 52285 £ 68
Project| Data Center @® Data Center View | i Results
& Unnamed B O« MR 525¢ Dadd QQq§
) ﬂc?mponents | Insert component to Canvas |
LJ SourcePoint
) TargetPoint
0 ups
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ﬁ""cs Astro Tool

e Sustainability Evaluation
An example of data center model

B Astro Teol -

File Edit View Metrics Evaluate Tools

e S 531581 &£44aa
Project| Data Center ® Data Center View | . Results
= Unnamed BAa « AR D D OE W QA8

<« Components
] SourcePoint

] SDTransformer
] Termination PR —_) - ____)
Source D‘J T"

SDTrarsformerl Terminatio
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ﬁ"""s Astro Tool

e Sustainablility Evaluation
— Editing edge weight.

B Astro Teol -

File Eot View Metrics Evaluate Tools

W 5355152 &faaaa
Project | Data Center ® Data Center View | A Results
@ Unnamed A « A D Do XT Q88
= & Components 1

J SourcePoint

1 UPS

) SOTransformer

; 0
] Termination e _u‘) G —
SourcePoint3

Arc Properties

weight: |1l

OK Cancel |
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%wcs Astro Tool

e Sustainablility Evaluation
— Sustainability menu

E¥ Sustainability Evaluation ﬂ
Embedded Exergy Parameters

|
\
' | Manufacturing second-law efficiency: 0.5
\

B Asto Tool OB r Fraction of waste reused or recovered (%): |10
File Edit View Metrics m Tools

+ - % % % N DataCenter Evaluation *

Operational Exergy Parameters

Project | Data Center b Availability: ]

= Unnamed N ,

gy Ambient Operating Temperature (C): 30
& Components Sustainability Evaluation il 2 - 7 { - [ M

1 SourcePaint “w

| Component Operating Temperature (C): ’60

System Output Power (kw): [

Total Lifetime (h): ]

TCO Parameters
Electricity Cost (per KWH): (011 |
ok | |cancel | | Evaluate-‘
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ﬁ"""s Astro Tool

e Sustainablility Evaluation
— Sustainability Results

|= | Sustainability Evaluation Results ﬂ

Sustainability Results

Embedded Exergy Consumption (G)): 11.39999999999999¢
Operational Exergy Consumption (GJ): 319.722330040268 | |
Lifetime Exergy Consumption (GJ): 331.12233004026797

Initial Cost: 1080.0
Operational Cost: 41756.00000000001
Total Cost: 42836.00000000001

Availability: 0.9998895850262294
System Efficiency: 0.2571428571428571

-

< [Tl

Close 'Exportl‘ Select a Metric ¥ | Plot Graph 23
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Astro Tool

e Sustainability Evaluation
— Export Results to Excel

| = | Sustainability Evaluation Results &

Sustainability Results

Embedded Exergy Consumption (G)): 11.39999999999999¢

Operational Exergy Consumption (GJ): 319.722330040268 | |

Lifetime Exergy Consumption (GJ): 331.12233004026797

Initial Cost: 1080.0
Operational Cost: 41756.00000000001
Total Cost: 42836.00000000001

Availability: 0.9998895850262294

System Efficiency: 0.2571428571428571

cin i 1]

Close 'Export: Select a Metric ¥ | Plot Graph

-

-
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ﬁ""cs Astro Tool

e Sustainability Evaluation
— Export Results to Excel

r — e

£ Save

Save In: |3 ASTRO_TOOL =

3 build &3 src
33 dist 3 test
(3 jgraph-5.12.2.1-Igpl-src

@ lib

(3 ModelswWP48

3 nbproject

File Name:

h g

Files of Type: |excel files (xls)

Save Cancel
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ﬂ“”cs Astro Tool

e Sustainability Evaluation
— Export Results to Excel |

_/ Inicio Inserir Layout da Pagina Formulas Dados Revisao

@) ¥

Arial 10 -~ | A AT ==
Co'arj N I 8§ -|&E-d-A-|E X R EH
Area de Transferéncia ™ Fonte F Alinhamento
' F11 v £
A B C
1 Exergy
P ======
3 Embedded Exergy Consumption (GJ) 10.545 10.545
4 Operational Exergy Consumption (GJ) 136.2982 81.77893
5 Lifetime Exergy Consumption (GJ) 146.8432 92.32393
6
7 |TCO
8 —— e ——
9 Initial Cost 7200 7200
10 Operational Cost 5650.741 3390.444
11 Total Cost 12850.74 10590.44
12
13 Availability 0.999936 0.999936
14 System Efficiency 0.81 0.81
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%oocs

Astro Tool

e Sustainability Evaluation

— Export Results to Excel
— Evaluation with a
parameter range.

MoDCS - Modelling of Distributed and Cc

Sustainability Evaluation

===

rEmbedded Exergy Parameters

Manufacturing second-law efficiency:

Fraction of waste reused or recovered (%):

rOperational Exergy Parameters

Availability:

Ambient Operating Temperature (C):

Component Operating Temperature (C):

System Output Power (kw):

Total Lifetime (h):

TCO Parameters

Electricity Cost (per KWH):

’ oK I Cancel] \Evaluate\

LIl

0.5l
L

:

[w]
o

()]
o

1|

—ho perform the evaluation with a parameter range.i




ﬁ"""s Astro Tool

— Performing an evaluationg considering a range of
values for a component parameter.

r -
(T & || Sustainability Evaluation Resuits ® o -- a ]
—
| Sustainability Results
Evaluation . Sustainability Results
SDTransformer0 Efficiency(%)= 20.0 300
Select a Component - iciency(%) s |
. g | | |Exergy B 5"
L —— £ 200
: Embedded Exergy Consumption (GJ): 11.39999999999999¢ g o
W Select a Global Parameter % Operational Exergy Consumption (GJ): 319.722330040268 o
Lifetime Exergy Consumption (GJ): 331.12233004026797 2 100
I}
e 50
| Initial Value: TCO
====== 0 — -
Embe o]
Flnal Value. ln'ljal cost 108040 mbedded perational Lifetime
¥ . L r‘\_ i kA e AL AL OOOODAOLANA I_ Dl" ® Efficiency(%)=20.0 ® Efficiency(%)=50.0 & Efficiency(%)=80.0
Step:
Close| | Export| Exergy * |[Plot Graph
I
Ok Cancel
| . —
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%"DCS Case Study

e Data Center Power Infrastructure
— Five architectures with increasing redundancy

Primary power path

[
I | Step Down
UPS 1 ’: Transformer
[

Rack

Power Strip

Baseline power delivery architecture (Al)

12/6/2010 10:25 PM 29

MoDCS - Modelling of Distributed and Concurrent Systems <www.modcs.org>




%"DCS Case Study

e Data Center Power Infrastructure
— Five architectures with increasing redundancy

Primary power path

PDU with STS

UPS 1 \‘:"""“"""""‘““‘"u o
Static I |2a | x
[ Step Down I || S
(/ | TSr?Nr:‘scfsr > Transformer [ Subpanel —:—> g S

ups2Vv’ o e _____ ch

Backup power path
*Architecture A2 with redundant UPS and STS.
12/6/2010 10:25 PM 30
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ﬁ"“cs Case Study

e Data Center Power Infrastructure
— Five architectures with increasing redundancy

Primary power path

PDU with STS
r-—- —-——-—- - 7" 7="-""="-"7=—-"”- """ | a
UPS 1 I" Transformer 1 Static : &E} x
: f.\ﬁ Transfer [ Subpanel > % :rté
UPS 2 —:> Transformer 2 1~ Switch : g
e e s

Backup power path

*Architecture A3: redundant UPS and Transformers, including a STS.
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ﬁ"“cs Case Study

e Data Center Power Infrastructure
— Five architectures with increasing redundancy

Primary power path

UPS1 —»

Power Strip
Rack

UPS 2 ' Automatic

Transfer
Switch

Backup power path
*Architecture A4: redundant UPS, Transformers, Subpanel, including an ATS.
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%"DCS Case Study

e Data Center Power Infrastructure
— Five architectures with increasing redundancy

Primary power path PDU
UPS 1 T LS k=
— = =
\ﬁ] Transformer 1 Subpanel 1 —:—) 5| < |3
fe— [ Subranei2] IS
UPS 2 /y: Transformer 2 | Subpanel 2 ! 8 &o
A

Backup power path
*Architecture A5: all components are redundant
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%"DCS Modeling with ASTRO Tool

e Architecture 1

- TargetPointll
SourcePointb

SDTransformer8 CiihDanall

Guard Expression of ALL F Transition:
((#PowerStrip10_ON=0)OR
° RBD BEGIN ~——.— (#SubPanel9_ON=0)OR
powerstriplo  subpane ( #SDTransformer8_ON=0)OR
(#UPS7_ON=0))

UPS7_ON SDTransformer8_ON SubPanel9_ON PowerStrip10_ON ALL ON
e SPN /® /@ /Q /@ /,()

“I

UPSWUPS?F SDTWSDT nsSu b;\tﬂ\(D/S ubPar Po WWP werStrl|ALL R ALL
ALL_OFF

UPS7_OFF SDTransformer8_O... SubPanel9_OFF PowerStrip10_OFF
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y/ L8 Modeling with ASTRO Tool

e Architecture 2

' StaticTransferSwitch13
/ UPS7
? _)’ —>
SourcerM TargetPomt14

' SDTransformer8 SubPanel9 PowerStripl10

UPS1

12/6/2010 10:25 PM 35

MoDCS - Modelling of Distributed and Concurrent Systems <www.modcs.org>




%"DCS Results
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ﬂ“”cs Results

H Lifetime Exergy MW TCO ™ Availability

100%

90%
80%

70%

60%

50%

Increase

40%
30%

20%

10%

0% T
Al A2 A3 A4 AS
Architectures
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%"DCS Future Work

e To validate sustainabillity results

e To study IT System

* To consider sustainabllity in the performance
evaluation of IT Systems (e.g., amount of work
| exergy destroyed).
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%"DCS Papers / Technical Visit

e Technical Visit
— Sustainable IT Ecosystem Laboratory at HP Labs, Palo Alto, USA,
20009.
* Papers:

— Quantifying the Sustainability Impact of Data Center Availability. In:
GreenMetrics 2009.

— Impact Analysis of Maintenance Policies on Data Center Power
Infrastructure. In: IEEE Conference on Systems, Man and Cybernetics
(SMC 2010).

— A Tool for Dependability Evaluation of Data Center Infrastructures. In:
IEEE Conference on Systems, Man and Cybernetics (SMC2010).

e Submitted:

— Impact Analysis of Maintenance Policies on Data Center Power
Infrastructure. In: IEEE Transactions on Reliability

12/6/2010 10:25 PM
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