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Objetivos de aprendizagem

e Requisitos ambientais em DataCenters (DC);

e (Cargas térmicas atuais em DC;

* indices de eficiéncia energética em DC;

e “Gestao de ar” dentro do DC;

e Solucoes e tecnologias de refrigeracao para DC;

* Layout de DC;

 Monitoracao e gestao de energia em DC;

* Requisitos de Uptime em DC;

* ANSI/ASHRAE 90.4-2016, eficiéncia energética DC.
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Energia usada em DataCenters
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Figure ES-1 Projected Data Center Total Electricity Use
United States Data Center Energy Usage Report, LNBL, June 2016
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Energia usada em DataCenters
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Requisitos ambientais

Paradigma anterior:

e Controlo preciso das condicdoes ambientais da sala;

 Temperatura de 22°C +/- 0,5°C;

e Humidade de 50% +/-5%.

Aplicacao de unidades de “Close Control”
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Requisitos ambientais

ComMpPAQO As condi¢cOoes ambientais de

AlphaServer 4100 projeto de AVAC nao estavam

V3.10 March 13, 2000 | coerentes com os requisitos
Systems and Options Catalog

ambientais dos equipamentos.

Environmental

Temperature (mun/max)
Operating’ SEI'*F - 104°F)
e—66"C (-40F °- 150.8°F)

Nonoperating

Storage (60 days) 40°C - 66°C (-40F - 150.8°F)
Fate of Change 11°C - 19 8°C/hr (20°F - 36°F /e
Relative Humudity

Operating C 20%-20% noncondensing
Nonoperating el

Storage (60 davys) 10%%-93%

4100 Max Heat Dissipation 1800°W. 6143 BTU/hr

4000 Max Heat Dissipation 1450°W. 6143 BTU/hr
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Requisitos ambientais

Temperatura (°C) Humidade (%)
grupo referéncia guantidadef operating non operating operating non operating
min Max min Max min Max min Max

UNIX GS320 1 5 35 -40 66 10 90 10 95
UNIX ES40 6 10 35 -40 66 20 80 20 80
UNIX GS80 4 5 35 -40 66 10 90 10 95
UNIX GS60 4 10 35 -40 66 10 90 10 95
UNIX A4100 4 10 40 -40 66 20 90 10 95
UNIX A4000 2 10 40 -40 66 20 90 10 95
UNIX A2100 3 10 40 -40 66 10 90 10 90
UNIX A2000 2 10 40 nao testado 20 80 20 80
UNIX A8200 1 10 35 -40 66 10 90 10 95
NT P 1600 2 5 45 0misso 10 80 0misso
NT P DL360 4 10 35 -30 50 8 90 5 95
NT P ML350 2 10 35 -20 60 5 80 5 90
NT P 5500R 5 10 35 -29 60 20 80 5 90
NT ML370 10 5 35 -40 85 5 95 5 95
NT P 800 2 10 35 -30 60 20 80 5 90
NT P 600 1 10 35 -30 60 20 80 5 90
NT P 1200 1 10 35 -30 60 20 80 5 90
NT P 6400 1 10 35 -29 60 20 80 5 90
STORAGE :MA8000/EMA12000 8 10 35 -30 60 10 90 10 95
STORAGE :ESA 12000 6 10 35 omisso 10 90 omisso
STORAGE :RA 8000 2 10 40 0Mmisso OMisso 0misso
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Requisitos ambientais

Consumo em arrefecimento(%)

Energia em arrefecimento versus temperatura do ambiente interior
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TC9.9 — Mission critical facilities

e Constituido em 2004;

e Grupo em gque se juntaram, pela primeira vez,
os engenheiros de AVAC e os engenheiros dos

fabricantes de equipamentos de Tl;

* Producao de literatura que revolucionou a

forma como se climatizam os DataCenters.
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TC9.9 — Mission critical facilities

Chuck Rabe — Hewlett Packard Enterprise

Darrel Gaston — Hewlett Packard Enterprize

Mark Lewis — Hewlett Packard Enterprise .
David Mohr — Hewlett Packard Enterprise Nota de a gra decimento
Dave Fotheroe — Hewleit Packard Enterprize

Dave Eelley — Emerson Network Power

Eric Wilcox — Emerson Network Power e o .

Kyle Wessels — Emerson Network Power INICIA I em Wh / te P a p er
Jon Fitch — Dell

Al Dutra - Dell

John W. Collins — Eaton

Marc H. Hollingsworth — Eaton do TC9.9

Sturges Wheeler — Eaton

Phillip I. Fischer — Eaton

John Bean — Schneider Electric

Victor Avelar - Schneider Electric

Jay Taylor — Schneider Electric

Marc Cram — Server Teclmology

Fobert Faulkner — Server Technology

Joe Prisco — IBM

Roger Schimidt — IBM

William Brodsky — IBM

Paul Estilow — DLB Associates

These persons invested a sipnificant amount of their time in conference calls, writing drafis,
drawing figures, and editing and reviewing text. Thanks also to Jon Fitch (Dell) for leading the
white paper team and making final edits to the paper.

Special thanks to Roger Schmidt for his support on the white paper and for his leadership of the
ASHRAF TC9.9 IT sub-committes. Special thanks also to Dave Eelley (Emerson). Paul Artman
{(Lenovo), John Groenewold (Chase), William Brodsky (IBM), Roger Schmidt (IBM), Temry
Rodgers (Primary Integration Solutions), Tom Davidson (DLB Associates). Jason Matteson
{Lenovo), Joe Prisco (IBM), and Dustin Demetriou (IBM) for taking the time to do an in-depth
review of the draft and for providing detailed and insightfinl feedback Thanks also to Ian
Bitterland, Bob Landstrom, and Harry Handlin from The Green Grid for providing helpful review
comments.
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TC9.9 — Mission critical facilities
ASHRAE Datacom Series

Thermal Guidelines for Data Processing Environments, Fourth Edition
Datacom Equipment Power Trends and Cooling Applications, 2nd
Edition

Design Considerations for Datacom Equipment Centers, 2nd Edition
Liquid Cooling Guidelines for Datacom Equipment Centers, 2nd Edition
Structural and Vibration Guidelines for Datacom Equipment Centers
Best Practices for Datacom Facility Energy Efficiency, 2nd Edition

High Density Data Centers - Case Studies and Best Practices
Particulate and Gaseous Contamination Datacom Environments, 2nd
Edition

Real-Time Energy Consumption Measurements in Data Centers

. Green Tips for Data Centers

. PUE™: A Comprehensive Examination of the Metric

. Server Efficiency - Metrics for Computer Servers and Storage
. IT Equipment Design Impact on Data Center Solutions
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TC9.9 — Mission critical facilities

Climatizacéo de Dat:

ANSI/ASHRAE Standard 90.4-2016

Energy Standard for
Data Centers

Approved by the ASHRAE Standards Committee on June 29, 2016; by the ASHRAE Board of Directors on June 29, 2016;
and by the American National Standards Institute on July 27, 2016.

This Standard is under continuous maintenance by a Standing Standard Project Committee (SSPC) for which the Standards
Committee has established a documented program for regular publication of addenda or revisions, including procedures for
timely, documented, consensus action on requests for change to any part of the Standard. The change submittal form,
instructions, and deadlines may be obtained in electronic form from the ASHRAE website (www.ashrae.org) or in paper
form from the Senior Manager of Standards. The latest edition of an ASHRAE Standard may be purchased from the
ASHRAE website (www.ashrae.org) or from ASHRAE Customer Service, 1791 Tullie Circle, NE, Atlanta, GA 30329-2305.
E-mail: orders@ashrae.org. Fax: 678-539-2129. Telephone: 404-636-8400 (worldwide), or toll free 1-800-527-4723 (for
orders in US and Canada). For reprint permission, go to www.ashrae.org/permissions.

© 2016 ASHRAE ISSN 1041-2336

psverican Nationy,
oo Sy,

www.ansi.org
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o . . EdEFRIARC
Requisitos ambientais

Para arrefecer um objeto a 722C produzimos agua a 72C!!!

o Tamb=35°C
HeatSink Tambient \
Tcase=72°C
Thermal TDP=105W
Interface
Material > @Ca
Tsink
---l..ll
e J
Socket
Processor Package

Figure 1: Thermal resistance of typical server thermal solution.

ASHRAE Journal, April 2005, Patterson, Intel’s Thermal research engineer
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Requisitos ambientais

Paradigma anterior:

Layout desordenado e grandes variacoes de temperatura

Veat
e
een
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Requisitos ambientais

Paradigma anterior, situacoes frequentes:

Saida de ar quente de bastidores orientada para a entrada de ar
de bastidores vizinhos (auséncia de layout de corredores quentes
e frios);

Servidores no interior de bastidores com orientacao do fluxo de
ar nao coordenada (servidores a aspirar ar do lado em que outros
rejeitam ar quente);

Bastidores com portas de vidro impedindo a circulacao de ar;

Bastidores abertos interiormente causando grande recirculacao
interna de ar quente;

Deficiente distribuicao de ar no Data Center provocando pontos
guentes.
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Novo paradigma:

o . . EdEFRIARC
Requisitos ambientais

Bastidores com servidores

Monitor Points

instalados com sentido do

fluxo de ar alinhado, ie,

todos aspiram e rejeitam do

mesmo lado;

Monitorizacdo/controlo da

Rack with 2 Serve
temperatura do ar a entrada \ Rack with 19 Servers

do bastidor.

Figure 3.4 Monitor points for configured racks.
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Requisitos ambientais

Novo paradigma:
Bastidores com “painéis cegos” impedindo a recirculacao interior de

ar quente
Figure 5. Airflow in rack without blanking panels (top) and with blanking panels {(bottom)

Internal L
recirculation \§
N
Hot clir  seh«s - :
short circuit ;ﬂ
Wl'hOU’ T Ty
blunkling ‘—% Ci\old air
paneis short circuit
(Undesired airtlow) ~ x=§
with ] PSS Blanking
blanking i f“ panels
panels :
(Desired airflow) - ;ﬁ
A
Rear door y Front door
65% opening =t 65% opening
35% restriction 35% restriction
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Requisitos ambientais

Novo paradigma:

Layout de corredores quentes e frios

. Tiles
Raised
Floor __—
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Requisitos ambientais

Novo paradigma:

Contencao do corredor quente

Climatizacéo de DataCenters, um novo paradigma. Revisao 2020. 19



Requisitos ambientais
Novo paradigma:

Bastidores com arrefecimento integrado (imagem HP)
Figure 9. HP Modular Cooling System

(rear)

Fan Module

(top view)

Heat Exchanger —

B rRIARC
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Requisitos ambientais

Novo paradigma:

B EFRIARC

Bastidores com arrefecimento integrado (imagem HP)

94 4 @ HP Modular Cooling System
% Modular Cooling System LY '

B logs | sews ] Heb
EETNNNN Overview

SLa

Até 30°C es

ie, operaca

Alarms

téverde,

b hormal

Alarms and Warnings

Updated 02/06/2007 , 09:14:12

) No Active Alarms...

H

Legend

= 0

27 °C

-0
15 kw

Server
Intake Temp

Cooling

© Semver Intake Temperature

{Average)

© Sener Exhaust Temperature

{Average)
© Cooling

© Water Inlet Temperature
© water Outlet Temperature

2 Water Flow
© water Valve

© water System Integrity
Fan Speed Target
V] Magnetic Door Lock Status

V] Cooling Module 1
v Cooling Module 2
© Cooling Module 3

27 °C

40 “C

15 kW

S

e

48 lfmin

Open

QK 5 Cycles

B8 %
oK

Duration 25 s

Intake 26 °C Exhaust 40 *C2250 rpm
Intake 28 °C  Exhaust 41 °C2205 rpm
Intake 28 °C Exhaust 39 °C2250 rpm
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Requisitos ambientais

Novo paradigma:
Requisitos ambientais publicados pelo TC9.9. 2011

RELATIVE HUMIDITY
9F SF ¢ o o a® o
: . S &L & & é’ il
These environmental envelopes pertain
to air entering IT equipment

Conditions at SEA LEVEL

Nao se trata ja de uma o
20 =
aplicacao para Close §
Control! 15 E
-
2
10 3

5

0 0

0 S 10 15 20 25 30 35 40 45
DRY-BULB TEMPERATURE, °C
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Requisitos ambientais

Novo paradigma:
Requisitos ambientais publicados pelo TC9.9. 2015

RELATIVE HUMIODITY

26 98 20 90 2@ e
30 @@,\8‘@ & §

30
These environmental envelopes pertain

De 2011 para 2015 os to air entering the IT equipment

reqUiSitOS de Conditions at SEA LEVEL

§\0
. . . : 25
humidade minima T ¢ ,
Y TYL A A3| A4
baixaram muitissimo. A P Vs =
L2 /’ ?//" Az ’ 6‘0 20 =
~ od A b g
Esta alteracao resultou - AR : =
: 2 7%% A 'S
do Research Project AL A < 5
= /,‘/ o o R
1499-RP T TR > ; s
- b —_— -
P~ = /
LS
o 5 10 15 20 25 30 35 ;O 45

DRY BULES TEMPERATURE - C
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Requisitos ambientais

Novo paradigma:
Requisitos ambientais publicados pelo TC9.9. 2011

Table 1 2015 Thermal Guidelines: Equipment Environment Specifications for Air Cooling

Product Operationl< Product Power Off<d
Maximum
Dry-Bulb Maximum Maximum  Rateof  pry-Bulb  Relative
Temperature,S, Humidity Range, Dew  Elevation, &M Changef Temperature, Humidity X
Class? gecC Noncondensingk! pPoint X °C m K/h °C %

Recommended (suitable for all classes; explore data center metrics in ASHRAE [2016] for conditions
outside this range)

18 to 27 -9 to 15°C dp and
Al to 60% rh
Ad

Allowable

15 to 32 —12°C dp and 8% rh 17 3050 5/20 5 to 45 8 to 80
Al to 17°C dp and 80%
rh

10 to 35 —12°C dp and 8% rh 21 3050 5/20 5 to 45 8 to 80
A2 to 21°C dp and 80%
rh

5 to 40 —12°C dp and 8% rh 24 3050 5/20 5 to 45 8 to 80
A3 to 24°C dp and 85%
rh

5 to 45 —12°C dp and 8% rh 24 3050 5/20 5 to 45 8 to 80
A4 to 24°C dp and 90%
rh

B 5to 35 8% to 28°C dp and 28 3050 N/A 5to45 8 to 80
80% rh

C 5to 40 8% to 28°C dp and 28 3050 N/A 5to 45 8 to 80
80% rh

Climatizacéo de DataCenters, um novo paradigma. Revisao 2020. 24
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Requisitos ambientais

Novo paradigma:
Requisitos ambientais publicados pelo TC9.9

De acordo com a regras publicadas pelo TC9.9, os equipamentos de IT podem
operar dentro dos limites termo-higrometricos definidos para a classe respetiva,
Allowable Environmental Range, embora ndo seja recomendada a sua operacao

durante periodos de tempo prolongados perto dos seus limites extremos,

maximos ou minimos.

Para maximizar o Uptime dos equipamentos de IT, para qualquer classe, o TC9.9

recomenda a operacdo maioritariamente dentro dos limites da zona

recomendada, limitada a vermelho no diagrama psicrométrico, zona comum a

todas as classes.

Climatizacéo de DataCenters, um novo paradigma. Revisao 2020. 25
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Cargas termicas

As cargas por bastidor tém subido nos ultimos anos.

. . =
E. Commurraation = Extreii Darimity
&, 000
o, Q)

FRELL

1,008

Heat Load par Rack (W)
£

1002 196d 1933 1666 2000 2002 2004 2008 208 200 212 2.
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Cargas termicas

 Dimensionamento mais corrente: 3kW / bastidor
 Dimensionamento extremo (blade servers): 30kW / bastidor

82
3000

rlli

1,008

Heat Load par Rack (W)

1002 196d 1933 1666 2000 2002 2004 2008 208 200 212 2.
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Indice de eficiéncia energética

Total
Facility
Energy

PUE: Power Usage Effectiveness

Building Load
Demand from grid

Power IT

* Switchgear Equipment

* UPS Energy

* Battery
backup

* Etc.

Cooling

* Chillers

* CRACs

* Etc.

Total Facility Energy

PUE =
IT Equipment Energy

The Green Grid, White Paper #49
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Indice de eficiéncia energética

Power Usage Effectiveness (PUE)

Valores tipicos:

e Data Centers antigo paradigma: 2,5 < PUE < 3,5;
e Data Centers novo paradigma, correntes: 1,5 < PUE < 1,25;

e Data Centers novo paradigma, exceléncia: 1,06 < PUE < 1,25.

Imagem Schneider Electric

Climatizacéo de DataCenters, um novo paradigma. Revisao 2020. 29
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Indice de eficiéncia energética

Power Usage Effectiveness (PUE)
Historico de PUE global dos DC da google

Continuous PUE Improvement
Average PUE for all data centers

1.26 A

1.22 -

o /\A/\/\g

./ .7 L. L+

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

m— Quarterly PUE w—— Trailing twelve-month (TTM) PUE
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Arrefecimento adiabatico indireto
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Arrefecimento adiabatico indireto
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Arrefecimento adiabatico indireto
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Céalculo de consumo de 4gua no arrefecedor evaporativo

td

Arrefecimento adiabatico indiretd

num [descricéo simbolo valor unidades |formula / fonte

1. Poténciatérmicatotal adissipar PM 60 kW

2. Caudal de 4gua de evaporacao

2.1 calor latente de vaporizacao da agua cl 2 250 kJ/kg pressdo atmosférica

2.2 densidade da agua d 1 000 kg/m3 PTN

2.3 caudal maximo CeM 0,027 /s PMx 1.000/(clxd)

3. Caudal de agua perdido por goticulas no fluxo de ar e salpicos

3.1 percentagem do caudal de evaporacao p 3,00% % valor admitido

3.2 caudal maximo CgM 0,00080 I/'s CeMx p

4. Caudal de agua de purga nao se considera o caudal de goticulas
4.1 numero de ciclos de concentragao N 4 - sais no circuito / sais na compensagao
4.2 caudal maximo CpM 0,009 I/'s CeM/ (N-1)

5. Caudal de 4gua de reposicao

5.1 caudal maximo CM 0,036 I/'s CeM + CgM + CpM

5.2 caudal especifico cm 0,606| lls/MW [CM/PMx 1000

5.3 volume especifico Vv 2,18 1/kWh |cm x 3600/ 1000
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Calculo do consumo de energia e agua (exemplo de folha de calculo)

year |month|day hour |hour |date |day Week (Tdboz, Twbo. |Tdpa. |HR Tin cooling |EER CH CH inrow UTA energy |water
mont |day year week Cndsr pump fan fan total consump

h
thermal electr electr electr electr electr electr kg
°C °C kg ! kg |*C kWh kW kWh kWh kWh kWh kWh

|~ | ﬂdmﬂhd ﬂ B datEY dw ﬂw Bl Tdb, ﬂﬂ,ﬂw Bive, BT .CoBlcigt ElEER Elicige Elp Ellianir B} utAiarBl pump BEXE Bl water E
2002 8738 Iidez 53 10,56 10,00 920 0,007 18,00 60,0 4,75 0,00 0,00 0,00 6,00 0,05 5,05 0
2002 12 31 3 8739 Iidez 3 53 10,00/ 944 860 0,007 1800 60,0 4,75 0,00 0,00 0,00 6,00 0,05 5,05 0
2002 2 31 4 8740 3lidez 3 53 10,00/ 944 860 0007 1800 60,0 4,75 0,00 0,00 0,00 6,00 0,05 5,05 1]
2002 el 3 5 8741 3lidez 3 53 10,00/ 944 860 0,007 18,00 60,0 4,75 0,00 0,00 0,00 6,00 0,05 5,05 0
2002 T 31 6 8742 3lidez 3 53 880 833 730 0006 1800 60,0 4,75 0,00 0,00 0,00 6,00 0,05 5,05 o
2002 [ 3 7 8743 3lidez 3 53 044 880 800 0,007 1800 60,0 4,75 0,00 0,00 0,00 6,00 0,05 5,05 0
2002 2 31 8 8744 3ldez 3 53 944 889 860 0007 1800 60,0 475 0,00 0,00 0,00 6,00 0,05 8,05 0
2002 2 31 9 G745 3lidez 3 53 @83 778 730 0006 1800 60,0 4,75 0,00 0,00 0,00 6,00 0,05 6,05 0
2002 iz 31 10 &746 3idez 3 53 833 722 640 0006 1800 60,0 4,75 0,00 0,00 0,00 6,00 0,05 6,05 o
2002 el 3 11 8747 3lidez 3 53 944 833 730 0006 1800 60,0 4,75 0,00 0,00 0,00 6,00 0,05 6,05 0
2002 iz 31 12 8748 3idez 3 53 11,67 1056 920 0007 18,00 60,0 4,75 0,00 0,00 0,00 6,00 0,05 5,05 0
2002 el 3 13 8749 3lidez 3 53 1278 1222 11,10 0,008 1800 60,0 4,75 0,00 0,00 0,00 6,00 0,05 5,05 0
2002 2 31 14 8750 3lidez 3 53 1278/ 1167 10,80 0008 18,00 60,0 4,75 0,00 0,00 0,00 6,00 0,05 5,05 1]
2002 el 3 15 8751 3lidez 3 53 1444 1167 940 0,007 18,00 60,0 4,75 0,00 0,00 0,00 6,00 0,05 5,05 0
2002 T 31 16 8752 3lidez 3 53  1444| 1222 10,00 0008 18,00 60,0 4,75 0,00 0,00 0,00 6,00 0,05 5,05 o
2002 [ 3 17 8753 3lidez 3 53 1444 1222 10,00 0,008 1800 60,0 4,75 0,00 0,00 0,00 6,00 0,05 5,05 0
2002 2 31 18 8754 3lidez 3 53 1333 1167 10,40 0008 18,00 60,0 475 0,00 0,00 0,00 6,00 0,05 8,05 0
2002 2 31 19 8755 3lidez 3 53 1278 11,11 9,80 0,008 18,00 60,0 4,75 0,00 0,00 0,00 6,00 0,05 6,05 0
2002 iz 31 20 8756 Midez 3 53 1222 11,11 9,80 0,008 18,00 60,0 4,75 0,00 0,00 0,00 6,00 0,05 6,05 o
2002 el 3 21 8757 Midez 3 53 1222 10,55 940 0,007 1800 60,0 4,75 0,00 0,00 0,00 6,00 0,05 6,05 0
2002 iz 31 22 8758 Midez 3 53 1222| 1056 940 0007 18,00 60,0 4,75 0,00 0,00 0,00 6,00 0,05 5,05 0
2002 12 3 23 8759 Iidez 3 53 1167 10,55 960 0,008 1800 60,0 4,75 0,00 0,00 0,00 6,00 0,05 5,05 0
2002 31 24 2760 Iidez 3 53  1222| 1056 9,00 0007 1800 60,0 4,75 0,00 0,00 0,00 6,00 0,05 5,05 1]

--------mm—m—-ﬂm-ﬂ-ﬂm—mm 79 674
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Calculo do TCO (exemplo de folha de célculo)

AD
:’;"B\s \ !\&_,

Solugdol Solugao2
Analise das solugdes de cooling MIETEEAE ev:i)rc:f:’zeif/iz:z:roeto

Estimativa custo da empreitada de cooling CAPEX 167 000 € 138 000 €
Estimativa custo de energia e 4gua em cooling (10 anos) | OPEX 174 000 € 54319 €
Estimativa de custo de um ciclo de vida (CAPEX+OPEX) TCO 341 000 € 192319€
Energia anual IT Er 490 560 kWh 490 560 kWh
Energia anual elect (UPS+outros) Eg, 19622 kWh 19622 kWh
Energia anual cooling Eavac 174 000 kWh 53 000 kWh
Agua para cooling Wvac - 79 m3
Energia anual DataCenter (E;; + Eg, + Eayac) Epc 684 182 kWh 563 182 kWh
indice de eficiéncia energética (Epc/ ( Er) PUE 1,39 1,15

gmelhor no parametro comparado
preco energia = 0,10 €/kWh
preco agua = 1,67€/m3
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Calculo do TCO (exemplo de folha de célculo)
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Arrefecimento adiabatico indireto

Solugaol Solugdo?
Analise das solugdes de cooling Inrow a agua Arrefe.qm.en’Fo
evaporativo indireto
Estimativa custo da empreitada de cooling CAPEX 167 000 € 138 000 €
Estimativa custo de energia e 4gua em cooling (10 anos) | OPEX 174 000 € 54319 €

Este € um exemplo de calculo, para cada caso devera ser feito

calculo particular

Energia anual cooling Eavac 174 000 kWh 53 000 kWh
Agua para cooling Wvac 79 m3
Energia anual DataCenter (E;; + Eg, + Eayac) Epc 684 182 kWh 563 182 kWh
indice de eficiéncia energética (Epc/ ( Er) PUE 1,39 1,15

‘melhor no pardmetro comparado

preco energia = 0,10 €/kWh
preco dgua = 1,67 €/m3
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Perguntas?
carlos.lisboa@blcnavitas.pt
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