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Harmonizing Global Metrics for Data Center Energy Efficiency
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Global Taskforce Reaches Agreement on Measurement Protocols for GEERF, and CUET

Continues Discussion of Additional Energy Efficiency Metrics
October 2, 2012

4 @« h 0D ®| GEE ERF CUE ~=™= - A<l
o 41 D - A LA
2012 10 2

The data center has become an increasingly important part of most businassrapgr the

twentyfirst century. With escalating demand and rising energy prices, it is essential for the owners
and operators of these mission critical facilities to assess and improve their performance with energy
efficiency and Greenhouse Gas (GH@®@)igsion metrics. However, even with the global presence of

many companies, these metrics are often not applied consistently at a global level.

To address these inconsistencies, a group of global leaders has been meeting regularly to agree on

standard appaches and reporting conventions for key energy efficiency and GHG emission metrics.

These organizations are: U.S. Department of Enercg
Energy Management Progr ams, u. S. E AR Rrognatme nt a | Pr
European Commi ssion Joint Research Center Data Ce
Economy, Trade and I ndustry, Japanb6és Green | T Proc

A joint statement in February 2011 highlighted the agreemectedsspecific to measurement

protocols for PUE and further goals and guiding principles for collaboration. Since then, this work

has been expanded to provide measurement guidelines and next steps for three additional metrics;
Green Energy Coefficient (GE(Energy Reuse Factor (ERF), and Carbon Usage Effectiveness

(CUE). This current document reflects agreements reached as of October 2, 2012. The group intends
to continue collaboration as an ongoing effort to improve Data Center Energy efficiency and GHG

Emission efficiencies.
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Goal

Share global lessons and gieges with an objective of arriving at a set of metrics, indices, and
measurement protocols which can be formally endorsed or adopted by each participant organization
to improve data center energy efficiency and GHG Emissions globally. This includebaventp
specific goals:

1. Identify an initial set of metrics

2. Define each metric

3. Define the process for measurement of each metric

4. Establish ofgoing dialog for development of additional metrics
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Desired Outcomes
There are several desired outcomes dfe Tas kf orceds activities.

Outcome (1) Effective energy efficiency metrics that measure the actual IT work output of the data
center compared to actual energy consumption. It is of note that in the process to devionk IT

output, the following iterim measurements are being defined and/or validated:

Outcome (1.a) IT T Measure the potential IT work output compared to expected energy
consumption; and measure operational utilization of IT Equipment.
Outcome (1.b) Data center facility anohfrastructure’ Measure the data center

infrastructure and efficiency (Power Usage EffectiveRé¥3E)

Outcome (2) Measure renewable energy technologies angeeof energy to reduce carbon.

o xtq
4 ®@-hod e— %] —fee LEra
1@ - — <t i 1D - A —¢Dd A ¥fia—IT — AL
A 3 I oIT — L A & -
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Guiding Principles
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It is recommended by all that the development of metrics to address Outcomes (1.a), (1.b), and (2),
should form a holistic framework to help understand interactions among metrics. The daskfor
recommends viewing the various data center efficiency metrics in apatdimeter framework,

such as a spider chart. Viewing the metrics in a mpalitameter framework helps owners and
operators identify the effect of changes made to the data ceetdicsfo the various efficiency

metrics. This approach is further outlined in Appendix F. Along with the energy efficiency and
GHG Emission measurements and metrics, all should keep absolute values in the forefront of all
decision making. Attempting ergr efficiency or GHG Emission programs should help to decrease

the absolute energy use or GHG Emissions per unit.

The Taskforce has finalized discussions and agreed on the following:

Outcome (1.bj It is recommended that data centers begin to me&lifeaccording to these

principles:

T PUE using source energy is the preferred energy efficiency metric. PUE is a measurement
of the total energy of the data center divided by the IT energy consumption

9 The industry should improve the IT measurement céipabito ultimately enable taking
the measurement directly at the IT load (e.g. servers, storage, networking, etc.). The
recommendation is to measure the IT energy at the output of the PDU. At a minimum

IT energy measurements should be measured at thet afithe UPS.

9 For a data center, total energy measurement should include all energy sources at the point
of utility handoff. Total energy should include all cooling, lighting, and support

infrastructure, in addition to IT load.

1 Additional detail on maasurement guidelines have been added in Appendix A for PUE
measurements. The additional detail provides guidelines specific to equitable
measurements of PUE with various designs; using multiple energy inputs (including

renewable energy), esite generatio, and reuse of energy.
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Outcome (2) Itis recommended that datanters begin to measure GEC, ERF, and CUE
according to these principles:

fGEC is a metric that quantifies the portion ¢
sources. GEC is computed as the green energy consumed by the data center (kWh)

16t



divided bytotal energy consumed by the data center (kWh). For the purposes of GEC,
Green energy is defined as any form of renewable energy for which the data center
owns the rights to the green energy certificate or renewable energy certificate, as
defined by a loal/regional authority. This definition is discussed in greater detail in
Appendix C. Total energy consumed at the data center is the total source energy,

calculated identically to the numerator of PUE.

TERF is a metric that identifies the portion of eyyethat is exported for reuse outside of
the data center. ERF is computed as reuse energy divided by total energy consumed by
the data center. Reuse energy is measured as it exits the data center control volume see
Appendix D. Total energy consumed by ttaga center is the total source energy,

calculated identically to the numerator of PUE.

1 CUE is a metric that enables an assessment of the total GHG emissions of a data center,
relative to its IT energy consumption. CUE is computed as the total carbdaedio
emission equivalents (G€q) from the energy consumption of the facility divided by
the total IT energy consumption, for data centers with electricity as the only energy
source this is mathematically equivalent to multiplying the PUE by the data c&rde

carbon emission factor (CEF). These calculation approaches are further defined in

Appendix E.
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Progress to Date and Next Steps
Desired Outcomes:

Outcome (1) Measure the actual IT work output of the data center compared to actual energy

consumption. At this time the Taskforce is primarily focusing on Outcorag (1.

Outcome (1.a) IT T Measure the potential IT work output compared to expected energy
consumption; and measure operational utilization of IT Equipment. Over this pastyear the
Taskforce has reviewed the following metrics and continues toageaheir  applicability

through industry trials:

IT Equipment Efficiency (ITEE) & IT Equipment Usage (ITEU). For further details see the
published GIPC material:
http://www.green#pc.jp/e/topics/release/100316_e.html

Data Center Energy Productivity (DCeP) Proxies, Bits per kWh Proxy, CPU Ultilization Proxies, OS

instance Proxy. For further details see The Green Grid published material:

http://www.thegreengrid.org/en/Global/Content/wiptpers/Productivity%20Proxy%20Pro
posals%20Feedback%20Interim%20Results

167


http://www.greenit-pc.jp/e/topics/release/100316_e.html
http://www.thegreengrid.org/en/Global/Content/white-papers/Productivity%20Proxy%20Proposals%20Feedback%20Interim%20Results
http://www.thegreengrid.org/en/Global/Content/white-papers/Productivity%20Proxy%20Proposals%20Feedback%20Interim%20Results

s - s
1 — <t i D < -V 8 — 4D A ¥fia—IT — 4L
A e 2| “@e-hod> @ < o= (1.a) - o= ™
la IT ~=™= T — <«£i D - A AL
AdegveIT L Ao 1 — 8 4@-h0d o
L S | S S
id 4 = TM_” 9
IT ITEE < IT ITEU
t fr o™ | GIPG- &9
http://www.greenHpc.jp/e/topics/release/100316 e.html
D 24 %fi o4 »D (Data Center Energy Productivity, DCeR). « - 8 Bits per
KWh K. « o 8 CPU (CPU Uilization) K. « - 8 OSinstancek. ¢ o © | -1

>finatesr- | £
http://www.thegreengrid.org/en/Global/Content/wiptEpers/Prodetivity%20Proxy%20Pr
oposals%20Feedback%20Interim%20Results

Outcome (1.b) Data center facility and infrastructuireMeasure the data center infrastructure and
efficiency (PUE). With the above revised guiding principles, there are no further

outstandig PUE related items for discussion at this time.

Outcome (2) Measure renewable energy technologies angeeof energy to reduce carbon. With
the above revised guiding principles, there are no further outstanding items for

discussion at this tim
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This guidance is meant to provide a status update forthé Tmskc e 6s desi red out comes

drive a common understanding of energy efficiency metrics. With continued dialog and additional
input by a variety of stakeholders, this guidance will be refined and expanded to maximize its impact
on both energy consution and operational efficiency. There is significant interest and work among
the bodies represented to proceed with globally accepted metrics and measurement protocols,

providing guidance to range from minimum recommendations to best practices.

The Takforce has met in the U.S., Italy, and Japan and has recently celebrated three years of
collaboration. The Taskforce has confirmed to continue the discussion and collaboration around

these metrics toward global harmonization of metrics for data centgyesféciency.
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Participating Organizations

Each organization is represented on the Taskforce, which convenes regularly to advance the progress
of the group. A full group of partijgants from each organization continues to meet in person every 6

to 12 months, as the Taskforce feels it is appropriate based on progress.

- oV == r|f=ae-hode% if=%fei-~iok]|
AL ¢z-||\/ E~ - AL QETM_”Q 1/8|F_ = — |8
- 0==10k% o< =V 6 Y12 - L gy -

4L A e



For further details, please contact:

1 The Green Gridgdcmetrics@lists.thegreengrid.org

1 U.S. Department of Energhttp://www1.eere.energy.gov/industry/datacenters/contacts.html

T U.S. Environment al Protection Agencyds ENERGY
Wwww.energystar.gov/datacenters

1 European CommissidanJoint Resarch Centre:

http://re.jrc.ec.europa.eu/energyefficiency/html/standby initiative data centers.htm

Ministry of Economy, Trade, and Industhttp://www.meti.go.jp/english/index.html

Green IT Promotion Councihttp://www.greenipc.jp

List of Appendices Appendices— | 4 — <

17c¢


mailto:gdcmetrics@lists.thegreengrid.org
http://www1.eere.energy.gov/industry/datacenters/contacts.html
http://www.energystar.gov/datacenters
http://re.jrc.ec.europa.eu/energyefficiency/html/standby_initiative_data_centers.htm
http://www.meti.go.jp/english/index.html
http://www.greenit-pc.jp/

5 T~ | <«

5.1. —

2 ITs! 20 Tfi— — 4ter=™=8 d53%-5
E3 = £=|Sl=\/9

- %1 { CO2 L =4]<s | & 1990 - <«
e%d oz — o 4e % a4 p=w=mfe o -

8 — CO02 | s —  %NH &L — —CO2 4
At < %o — CO2 L =™y k- <saf=s™°

IT— |8 —k. ¢ @i zwne L—d 198 98 o |1 <%# %
t ke %o p 4 Nshs»ve #£%{<s™el <zNef° 4

z — ddfise oA o @vr ITS az|sIT— -~ |
g— <t L |1 <s%nzH|or v ¥ ° @Y 8
— 4 'oafianz— Ls — 4 - 0 L ko= «ti
» D L 2 YeNef @ 3 Vv © — <t i 1D AL o= -
n  A{fin<isrdnvied oofi.n- evr BEMS dvdr <«ti»
DNvtdoofiine evr HEMS:® ¢ |F- N<4ti 2D vk oofi/ne ov
P FEMS o2Lls «£i »d> — - %0 At s%# % L—#Nef o
e~Vshinody el 4 ITs' = 2o "fid —131530Rhe21 )2
- A2 %o %Nef| < 4= ™o

T ™| i<ge 1 d32— — 2 drtd o8 4kind

S L L RN 1
L~ 8 8 - %t { coz2 — - %D
2% wefio i d [ =m™o>

i ree f — L gy L o= ™A™ | 8 -
% =8 Yo e L e Y%Nef| © Nef ™| s — 044
12 2o #Nefe g~ escwmy L A{is-fqe 4
AL <%z%] feroqe -] e % AV E—«ti oL
N V2 | 1T LI A
I «ti 0 % A1 - % <t 8 < -= CO2

<o 512 ¢

—
n
D

J— 8 1

8, #8897 L =vafis~2y ~ 24 ™M= — 1 %y - o #
Nef| 1 < v e - ™ | ey o2 ad=™s g e %0

-2 g ¢F° AgrDo ' fi — 9 8 g &) < —

ol swls  sme fd g er Vot 500 o’ﬂi”:{ ™oz o= L
A1 <%z %] i r8sWeb o @vr-~ A]- J
(http://www.keyman.or.jp/info/images/sample_report)pdf °©

9

171


http://www.keyman.or.jp/info/images/sample_report.pdf

3.3,
dr_Ar

IT
512 v f — CO2 -0 ©
Ve #E ] e 1T~ | — o LLy AT s s 20 Tfirx™M=8/ —
CO2 L Ay £ afs -8 -T2 i L A
JemstisneTi— £ — = ™=38 2008 r~3< kv
2025 % |4 2050 — — 4 ~82009 | 2020 — -= ™= L
Lo idb= r=m=lysi=e af>
3V 8 st 00 Tfi— < — r=™=|8ofITr ==38 | #

Ne] R I (I - ME | g o %deda o %de
<™ Vv Vo % £ENg &1 — Vo -= ™= L o Logbys

52. ITs!'* 2. 1Tfi—

521 ow»l o—

T~ |H| & -~ «tiod|® 3 # 4 VT %
A a1 »>—  ~<zgffo™ogTd ™| <gs 32— — 21
J  drtd s «kiad L 4 A% =™ a4 s
ohe @f i ~y¥finoi -8 4k 1 »D 4 - el<#oho @— <k i
» D L AL < %E % — 8 —ohe- ®
5 = = - e lbd - & g oze- ITL oV Vo
T ITs' =2 fi L Afi1<#28 %o <« L 5 AL<%
% o
leoV ITs! " 20 "fiha—|fen % t 4 %< ™e Ys|re o
L v & 521~ A9 8 - eV | g L

= srp o tosn

17z



521 ITs'* 2o Tfirst{owrin
cwr il oKowsr' D
ke ¥ ®
i 1’
l-'ni'u
«E 1 D —
522 owrtorzmrmslt 20 THi—
- < r3 Bk & «£1 2D < - &

ITsl = 2e " fi|sIT <

~==Nefs>2—|feon ITs'* 2o " fi %s
- td == Ne| —%2 owsrlo —iTs'* 5. Tl
- A°

17z



174

522 ITs1* 20 " fi—
s eyl Tsl* 2o "
FEMS (Factory Energy - %1 4 — - |
Management System) [ =8 4«1 »D — L |- over
| 22/ d < ™[ Y ke ¢ ®- 251
. - £ 4t o - N
AL <o
k.o ¥ ®— — ke % @~ 251 L 9
bee Lofis
BEMS (Building Energy|f i ~ %1 A 4 — - |
Management System [ =8 4 i »D - L |- ov
Lo
a3 =~ °c @Y o @y -3t d
— 0
d>RO™ eoh- @ oheo @-2%1 L A<
.—”—J’EB AL Aﬂlsg
—IT oh= @~ %1 - e=8T
L A{isze 4 <t
fos
MEEE Y :
-8 L A<
Vv wmfi 20 & 2, 4L w=8 - ™
S TVersl o of put # L o,
<o
n i v - ™ - o= 4 L
el <83y £No Voiwd
A v o
n w=fi 2D £ 2 ) | — ds
- %1 - °
= %0




* —= % %

el Ts' = 2 "
HEMS (Home Energy - %1 4 — - |
Management System) [ =8 41 »D - 4L .| X
Lo
vED Lo 0ai ¢ a2 oy L—
d s — 9
n - d 4k %
4] 1=0
nsh wfi 22t Py £ o= v A
¢dad shy pvws oD a9
ofi ' wmfic " EHfi~ |wmfiadtesd o= o 4 &
es - " pHfi~ndf @°
- fi N — LED # Nej L 4ti »D
! — o ™LED + afrse
» <« v | ITS (Intelligent Transpor < LCcT# cEPJ:iDe#E=
o f w | System) 0 L <#8 4 Ad- ov
o Lo
- L KB L A
bsede - A qus
- C ewid
L e <o
<) K n - e n <k i 2D
AL =V L — -
o afs |
<t D | & - n & vy <e=™|V Es ITs!* 20" fi%
A VvV <4k 2D — < ™e % | — - =] g o™y ks

0

-4 = Tsl o Tfi| s At ofi T

o - = oVLl—#Ndes sef =—s'" 2. fid ez ™o # |
oo L bfisepesbe —Teltaetawn  if=m
T

17t



53. ITs'* 2. "fir|f{ <& coO2 — 4
IT ' 20 Tfi— <£i »)d | =%— - 3 FIs-= A x
%z % ° |e1Tst = 20 T —Ne| he=2i » 21 CO2 —
2 AL <%z %
CO2 - ATt e Tfid  AfeFNv[=]|82— — CO2
L 2% %%  #NfogveiTs! = o0 i - & s
t o L E{vE-]|e 22— —  %Ng VY%l At < %
<of=0>e
Ts'* 2 "fi ~ |{ co2 | o Lsf=m™v Eksgq]s
Proe i %m2—|leo L A% = <e-= A
k. vol =7 @, = ekA]  %Nef°o 4 v ¢ — 2] -
FH —<«ti > % =8IT —  «ti»2% A{°: [-28oh
- @ A <t i »D L % 9 Y%Ne| © 5 v @ - |
EeJ:de4— Y8k EJ:De  — < ™Me # ==2
Y%sNe| ©
Cco2 L AV E-|s! @ =tk oV =—k. ¥ @ = ™=
co2 - L Ao/ <=8 K. ¥ @< — CO2 d =
eV b—gs  —sl 50 T - e CO2 <o
Cco2
................... 4[ coz ’
53-1 CO2 —  wm0J®
531~ %" § — CO2 -  =m0) 0 sV - e
Cco2 sIT % A <1 »D sohe @ A4 <t i v~ |
CO2 % < # s/ — 4L oyl_3%n —co2

17¢



<oqord|s — A co2 - < — CO02 - 4
w8/ — d< 1 << # Nef ©
531~ 8 —ITs' = 20 Tfiz -1 Fd k. ¥ eds co2
— < o= JURVAR- IJI|\/ |8r] — 8 0 _
89 24 — 8 Adoh: @e@d> @— 8+ A ®
as> e— & p N« i »D ITnE eJ: D« NW — 8t
Py J e _ $N9-||9=|\/8 7= — ,_|TM||FQTMKM_ ge,_zTME|8
U/ - #F es
L —|eo L~ o1 <#8CO2 - - 0 ke ¥ ®
% rod° -~ F=mM=s>—|leon 28/ d%2—|eo # CO2
-= Q0 378-” wdt 532% VA
531 ITs!'* 2o Tfir | - </ —
— — 2 #
- T | )
8 8
o - = R —
o - LT |2 O E—
o2
. ed- e | edd e |
5 I x @d> @ 4 «£i »D |
"~ oh- @eedD> ® 7' * ed> o/ ¢ x1 4
— oedD @&n
- ed> &5 |/ x1 4
- odo e
] as ] . |L_ed> e
et ® o= x @0> ® 4 «ti »> |
[ N E——
*
p N<«ti»d> |ODP®&PC — T _EOZ Ae//‘éi’_j y
T NW =24 61T - 4 - o €t i
b) JL L=, Mo
s EISC B—
*E PJ D . S i ) E P E
tONWe D = NWe 3 = 7OTM-I‘/.5/_7£LD/I—%%/ = //4
£7 9D s o= ™9
L -1 |
O i} <[ - af ]




5.3-2 -5 — CO2
n =
A NIT s * 2o T - J=8 <o 8CDoz2-L-
% o
Coz2 - n 4 codL AV E-| «wi o =8 CO2—
% =™/ 12814 % ~od CO2 —
=ow
- A - % =g =
cbd — L A %ooodo L —v ks d
- L n AqvE- p = ™y
%19 nshd
s'* 2. "fi ¥ |d>RO" eoh- @8 ol w8 n 8
vED8 n o RO s® nsh 8 o fi
" wmfi o T B Hfi -
o _
A NITs 20 Tfic ~ [=s J - I
{1 - % A
CO2 - n — s d o2r- | «£i »>
% es/ize = % 4 e d k-
# td =™V 4« D % t48co2 %
194
NV s % | % -= L
- td 52| % 04V ks co2 %
1443#- | % 0
- ne @D« - ™8 <oho- @— — Y5
sofor— s - o= ™Y - e <
Ei D % <od® < e= % 11
o ¢ >0~
/ - - s 2 +—1T— 8 ¥ :2.8 TV 8 n o
o T i i v n 80fi ' wafic ' B Hfi =8 ITS® SCM
8 8 cwrioglsls 5 ficff= o

17¢




A

NIT s * 20 i - [=8,"'poAd - H
= 1 — Y SQ-”
coz - n - < 5 — - 0 £ 14 =™ <
Ei»d % 148 cCO2 Lo qqe
nd|4qe o % A5 # % 04  %Ne
1
- n | £A-|| N — AL o= ™y IL_34s8
s' D00 Tfieo  <kEPRPJIDe— - ™8 g
J v 8 4L A -~ ez ™Y %
td4°¢ AoR>" eoh: e
/= = s' 0 4N o @vr®dDRD™ eoh- @° +—1T-
o T i 8 n 8 yEde8 n d>R>®
nshl 8 |ITS8 SCM
" oh- eed> @
A NIT s 20 i - [ =8 A{oh:- @0d> %
A
Ngv|eImsts > " - [=¢ — - |F
{2 oh- @ed> @l A % o4V
CO2 — Nohe @— d ~ ™8 4 n=8o0
he o 14f«ti»d>% 142/ 4~ ™cCO2
Looadde
noor L <a sPyefin' o— L -
A %Nef @
n 4k A1z o L4 o™ 2 A
| €%z %V o= Lls ™y # - Lo
v | td o™il od o™ e —
< coz - | ey s M
gs ™Y Yor mm) | o b 0 Y% ==
™n ™ 8 —([)i Py i—eﬂo Z Y= ™Mp ™
Lsrode
- 1V oo cf{tone ez o= m %
{eohs @— 2 4 L zsgy s |-
™= ™Y <t »D>% 148 CO2 Ly
e LA
/ - = st 0D dD>RO" eoh=- @8 +-— 17— I A R
o T i n 8




ed> e

A NITs 2 i  ~ [=:4% rods/ —ot 4L
AV E- =™ @dd % ¢4
Coz2 - n % A ed> e— 4L o= ™Y 8 J
dL o= ™9 ed> o~ L A -
Ls — <4t D % e® — Y% <048
edd> ol A1 <%#ZE% L f—«ti D
L o8 CO2 L AL <% %o
- n tf=mom™ — L A{vVE-edd el
< RIS S FEEE TR E Y
Sl—"-‘l'E A-” 4L <8 - e s
<od° AO>RO" eoh:- e
no™ - — %%™M=No =8 | ™—1h0q —
4 L= TM-” 8 - Y% :I-”ls%$ %JJ
re L < 39%-” ||-eu—o-||9 n a
DRD
/ - = st a = ) - @98 dDRD" @oh- @3 +—1T-
o T i 8 n oioews n 8 vEDS8
n d>R> s nshi 8 SCM
p N <4 » D ITn NW
A NIT 50 ° 30 i - [ =s d — <t i )
% =V
NIT s 2o i - =11 dEes:io. -
¥ =V
Co2 - NIT s 20 T — < o=s d — <t )
% 148 CO2 % 144
N r8 T 6! * 2o T - s g ¢ o= ™y Y
| d e ) % rofV4qs %
=8 CO2 % A L Ne| o
- NITs' = 2o "fid ¢y fvE- ™MEI{IT -t
i »D 9 el
ne” o4 # A -8 =1V d — <
£i 9D O 97 D
/= - '3 | FEM® I 2 — 8 K. ¢ ®@—
o fi 8 BEMS® 4N o @vr 8 ADRD" @oh:- @8
+—1T- 89™ : D <8TV 8 n ol ows
n 8 HEMS? vk n d>R
5e nsh. 80 fi ' wafl o T B Hfi =8
8 8 - 8 |TS8 SCM

18C




t NWe>D o

g NITs " 2™ = [=8kp):De— %
oV 9Vooesk! wmzdlobP):d. A
dgp Nn<Li »D ITn NW 0 % <
%V EeL 12 <aq—| Ees:de—

% Nef °
coz - NIT s * 20 " i - ™M pJ:Dde— %

A <e AV E- o IT L -8 A
| «£ 1 »>4d co2 % A

NVooedBEe):De — | . - L,
e=™{o ) — | Nev { — CO2
N

ngve E£PeJ:de. % eVl ™ =A -
— <« 2%  As| |Fo™%s - A
s = L aye

- ne” :o.dey s ees e = 0w

T De8 e f

/- = ') FEMS® BEMS® o =) © @Y 8 +—1T— s v

o T i T i De8 TV 8 n o0 oe 8 n 8
HEMS® vEDSB n d>R>s® nshl
8 0fi' wafio ' PHfi ~8ITS2E SCM

TRy -

nidaz-n te 4wmbom L o esu/— o Huscafe

181



5.4, st 2o Tfir || <« -

541 ITs'* 2. "fir||{ < coO2 —
|T3i*:)o’ﬁ.—||--||<tip:) 4 A-” & 541-— =|l|'-
AL e 9

1 —
2 —_
3 —_
4 —_
541 ITs'* 2o Tfi—<ti 0D h. D
1 —
=1|‘| ~ 8 J— oﬂio < — ojjio & - A.”g
-8 531 Neo |kd| v —el2—  %ITs'* 2o f -
A vt Ao -] b53l—eLs - % 904 £ a2
8oy — 8T’ 20 T - =- - %] <ti D n
Lo wne e
| — 8 — 4L A{irs%m  #ENo
n o <«ti D A k' o ot #n008IT 4 -
fih' - | «£i»d> - V -t ® L AfovoeasITs!
0o T e — | - | A ~ Ne| %20 >
P—  ozc|H % o L
n 28 Ts! = 2o T | o % o L o= ™. g
i o 2 Mo A AL A-||9
2 —
™= 8 =V ~ CO2 3V | kgco2 &L A
{v E- L Afe/s - 8 531~ A — L -840 9—
4k == — 3 # Aogve -1
88 — % zo™ |=3q < /44— co2 L s /-
JLJ‘—”_”_TMQ

182



1-co2 % Efqdfe- o

- — r|® E  Afeda-— L Adi<s% #Nee
3 - A -
L v | - Adedad AT sl o "
fi — <t LA - <o - e — 2 %N o
n (1)

ITs'* 2 fid Af1<s-|{ «£i>d d —
—1<9 4 0% - |4 =V - 8
d>RD" eoh= % |3 =V LNooq ¢ < %2 % ©

n (2)

Ts'= 2o Tfid Afisz 0 «tid Lcoz - A
L—o e :>cr= t 4 s = - - 4 coz2 =
dO>RD>” eoh= ® r= so¥%f Vv L A - A

{—C02 #Nef>°

¢ o n F%o™ -8 1 %fd 2 - 0 d 0
8 d  T™s - AL A.” lLN9=|e-||9 A — 4
8 — AL - oy
R B e O &
n oo Imst e Tfi— LAl -] - | Ne| -
T e I T
n - | % td{ L—%N 4 — CO2 ° . —
e o FeM= e >— — A pd =8 Yg= -
L o= o L A% 5 o™
T CAE E T S IS B R SE A
A= A - % e
4 —
v L s @2)¢ -V - [ = - L Afes -
8 - -Vedz =— — ST I

vvioer M - Loz - Jownk  afe
0 x

1 52 — 2y o4 A - L A v7 D
oD | 8 8 6km & 24 |} 40km - = A L-=<

18¢



CO2 0.425kgCO2/kWh

T HEE
52 13.1m2/

40km
52
542 97 : D¢
1) -
v i - - A <=8 541-6=% 4 |q{°
541 ¢ : 2ed A
o — A -« jem o Az
» D oz— % tdlesd- e
— <t i 1D % Ao
B - | e« i Jem oL A<z A
» D P e< ™[ V — ¥
— tde/d- e«ti D
s
"~ oh- eed>e® [Cioh- @ - vo:o.d ALl c#s
<£ i ) -=™{oh- @ —«£i »D
Vs A-”g
P n<«ti »d> DT L A e oL A - A
— <t 1 2D T - <t i )
E £ — - vo <L A - A
e 4t 1D IT — <t i D
4 rs d o =9
t NWe D = F - e <]y oL A<z
Ei D - <P 2% A
- ° - % (2 R ©) - A R )]

184



\A r -"4‘&503 —

Ale - - — L c=™]oh- @e@=cth
%e 9T 1D . - | e - | «£i oL s000]<s™el—%Ne e
<t i 1D - Ai<wFe k! e—  #No s — e~ E.:
< ¥%# % °
A Al — x A2 — -
AL v ioe - -
x A2 - -
Al e DL A1 <2 % A - |H
% Nef © A2 | - ™ 1 %1km A{ - co2
2 Nef ¢
19 S R e L
- % o Y Nef| © <e=89¢" :Ddor g|e1 4
—v" 0. % td=™{%se D | td = ™o ™y <
] ° Ao - H % V] # 0] v Lo
vT D L A %Nef| o/ —v ks 1 4 — 0
4L -8 97 1D . wl A % <od¢°
3Ve 1 % £ lkm A — Y 0 - | s
- # A <™V % <o
—ffers B A{edad =8 AL = %9 Y Ne]| ©
22—  ~%B™M=8] 6km— —4 4 # Aoh- @@=
h 1 %8 v" : D .4 52 oy = LA e — <o
{ 1 & 1km 2 A - 0.047 [kg€COZ n km]* ~ = ™=
| AL — <9
A Al 97 @ D« - |H A -
x A2 — -
Al 7 : D+ x 97 :0e 1 \/=|_

x A2 - e
52[ / ] x 6[km/ ] x 0.047 [kgcO2( n km)]
14.7 [kgCO2( n )]

B - J <t 0> — |
Az | L < ov—r s B# | 4P exs™ Vs

89 <£ 1 D 20012002 IH

18t



L <A «ti > - Ai<%|lk' e < %]

~%™M=8 97 @ 3 o |H % 1 o= Ls 02— -
- - | L o™ g kq{° c%=0%fre :D200%
Ad r8 .- <™ Vv % 9 | Nef| %% | e =V AL
IT s 20 T o= ™| | <Yl | o ML—— - r44 L
L= Ts!' = 00 Tfie  wefie' i< A e
S RIE R R e L
1 A 40km— 4L A{v 2000 v D« 52
— |8
8 - < - -
B v i o-r b A -
x B2 - e
BL #” D~ x 97 :9J< 1 \/=|_
x B2 - e

52[ / ]x 40[km/ ] x  0.005[kgCO2( n km)]
10.4 [kgCO2( N )]

LLgEs A B2 |#oh=- @®@2eh 1 % lkm— &L 2
A - 0.005 [kgcO2 1 km]** # Nef © —
JL o= TM_||9

C ohc® r~ e<tiod |

vo:D3«%  tq{r<s#eidg#ohe @-%™= <« i 20 d o= ™Y
®@xth— % J8ohc @mfih'’ J — <t i 1D % 1
J{° v —|ffecati > — L oy L_3s C#Nef ot —
| «ti »> % AV Esk' e— < #%°
7 : 20> % —ohe @-%1{ «ti »> - - d=o<|
Fo™bL——e v >0 | ohe @-2%1t { 4t i »> —wy fi o
R R 77 I B &ITs!'* 20 "fi—
wefio® i< 4°

- a1 & =|=|-||s8v":3e::::=-31 -—||--|| COo2 — |8 —
Fer E1<%z%]° oh= @— & 260 5 # 52
<A <s
© a3y L
3 <t i D 2001-2002 IF4

18¢



C ®xpeh 1 {—oh- @ X 97 D).

x {—<£i D
Cl oh= @@=eh 1 {-— ¥ x 9" 0.
x C2 ohs @%— 4 —<«ti D %

13.1[m2/ ] x (52/260) x 76.0 [kgCO2(m2n )]
199.1 [kgCO2( n 1]

DT L& A —<«tiod |
D|eIT % A{ «£i »2#Nefov™ : D~ - ™ q
A 47 > #FNe| | s %t vamn® <= A %Nef ©
A I -] e oh- e#— PC r [ L r= PC
| 4oupck L4 afs 4 e
v" i D02% #£t D2 Rs dfi 18,734wh/ n 1% 4L | =
L e<nde° 8 { - <7 2D | 1921 [Wh/ ]=0192[KWh/ ] | | #8
v idod— | - .roaf | wi e =my Lo
<A{° co2 0.425 [kgCO2kWh]*
D IT 1 - x - = 4
D1 + >J PC— ~ A
x D2 - = A
D1 IT x T 14— x T
x D2 - = A
1[ 1x 0292[kWh/( 0 )] x 52[ / ] x  0.425[kgCO2kWh]
4.2 [kgCOZ ]
E £— - e<tiod |
vT D00 % % A 8 nz>— <k 2D Y%V wmsl ®— <
ofeqd E<ade
—eL® €= «fi — — 9| 8oh- @21 «ti »>
— e~ {— % td=™Mo™ <% ™I/ —y ks
-= - v | L oLy o -t
Zz +— - tviIcT - 4 2008 4
% kT 2D ¥fi 4D o mmk LCD14 <t : D) 7°
| 15 852 —L—o
% 19

187



co2 L 5=8C02 L Ao

- % 4 0 < o=8 22kW 6 9

2% - 68 L afs afso o - 4=
o]

E - ™ A ) x ( - = 0 )
El X 97 D).
x E2 - = A
1.15kWh/  054kwWh/  x 52[ / ] x  0.425[kgCO2kWh]
37.3[kgCO2 ]
F - e <4kl 0D

IT st 20 "fi|s - O =i a0t L AL~ |8 —oh
© @ d  — 4L - — mwl_ - @:=N9-||9—fi943#_EJ
+—c v @| 8 mfih' %1 {emfi Adt £ —«ti > 4L Ay
ES ¢ wmusl ®@— F <o

- eatind o —isoul G L
—#No| vV ECufi 4D £ B J 241 IMbyte 4 ~ 0.0025
[kgCO2Mbyte]”” &£ A{

Lu#s T — <« —  @HD> 4 -fi h ' — = o [k
T e LR AL e
=Mooy ke g Lo

-t e s 0. - = 10,000 [Mbyte}- 4 oV 8
- eatinn o —fer LRqo
Foo ) % ( - )
F1 x F2 -
10,000 [Mbyte] x  0.0025 [kgCO2Mbyte]
25 [kgCO2 ]
1Mbyte 4 — CO2 | ® % td=™e s
EeJ:d- | . =™V ks/ —«ki D | Ims'= 20 "
— & A & %o <o %N ©

ITs' =2 fie | &£ AfvEsidgz s =V AL
K' ®N Y wmi 8— - -V 8 A e <oz 4 Vse .
% ki v ¥fi 4D <t o e, = 20084
o ICTOD f e— d - A 2004 3

18¢



= |H - AL 543 ~3< k>
543 97 :Dder %t — CcO2
[kgCO2/ n ]

# | | co2
k' o—
A - 4 <« »> — 14.7
B - Jai o — 10.4
Cloh- ® - e <4t »D 199.1
Y mm/l ®—
Diir & Af —<«tin>d 42
E £ — - e <t »)D 373
F - e <ti »)D 25

A+B+C-D-E-F 157.7




5.4.3 - ™

SIUEEREERE P R TR - o o=t MY
ls— ™ 541%k 548 & A9 d | | ® # t 4
= ™ s n L4 8 oV L—#Nofogve 8T s * 2o T fi —

~Hco2  — % coflfers 4 c=mfme -

d ozr |F4e L - % 9=V ks - %
A L—r=m=| s, A E

5.41 <t i 0) / =1
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') 2.22(kgCO2/ liter) 1
2.10(kgCO2/ liter) -1 2
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() A* D ® N0.3382000 10 |, 8) JBMA
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K. 2 Pfi) 106.0 (kgCO2/ ) 16
1) 2002 12 ,3) N 2008 4
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0.0839 (kgCO2/ N km)

0.0615 (kgCO2/ n km)

0.1860 (kgCO2/ n km)

0.0329 (kgCO2/ n km)

11

0.047 (kgCO2/ n km)

0.023 (kgCO2/ N km)

0.093 (kgCO2/ n km)

Pe

0.027 (kgCO2/ n km)

P e

0.009 (kgCO2/ n km)

0.030 (kgCO2/ n km)

0.005(kgCO2/ n km)

0.004 (kgCO2/ n km)

0.008 (kgCO2/ n km)

° @Y F

0.007 (kgCO2/ n km)

17

11)

2005 , 17)

5.45

4L i D

2001-2002

0.205 (kgCO2/ ton km)

0.0315 (kgCO2/ ton km)

1.410 (kgCO2/ ton km)

0.027 (kgCO2/ ton km)

0.0973 (kgCO2/ ton km)

11

0.049 (kgCO2/ ton km)

0.226 (kgCO2/ ton km)

0.098 (kgCQ/ torm km)

0.776 (kgCO2/ ton km)
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Box 5. The 200607 OECD ICT sector definition (based on ISIC Rewv. -ll’IIE

ICT manufacturing industries

- 2810 Manufacture of electronic components and boards

- 2820 Manufacture of computers and peripheral equipment

- 2830 Manufacture of communication equipment

- 2640 Manufacture of consumer electronics

- 2880 Manufacture of magnetic and cplical media

ICT trade industries

- 4851 Wholesale of computers, computer peripheral equipment and software
- 4852 Wholesale of electronic and telecommunications equipment and parts
ICT services industries

- 5820 Software publishing

- G110 Wired telecommunications activities

- G120 Wireless telecommunications activities

- G130 Satellite telecommunications activities

- G100 Other telecommunications activities

- G201 Computer programming activities

- G202 Computer consultancy and computer faciliies management activities
- G208 Other information technology and computer service activities

- B311 Data processing, hasting and related activities

- G312 Web portals

- 2511 Repair of computers and peripheral equipment

- 8512 Repair of communication equipment
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7.3.2 EU Code of Conduct on Data Centres
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7.3.3 Code of conduct on broadband equipments
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7.3.4 Code of Conduct on Energy Efficiency of External Power Supplies
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