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ENERGY CONSUMPTION IN DATA CENTER AER@
—

DATA-CENTRE ENERGY GROWTH

China and the United States are predicted to account for nearly 80% of

the global growth in electricity consumption by data centres up to 2030*. L
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*Predicted trajectory under current regulatory conditions and industry projections.
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METHODS TO OPTIMIZE THE
EFFICIENCY
IN DATA CENTER INSTALLATION WITH

HYDRONIC SYSTEM
TECHNICAL DATA
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AERMEC
Technologies and units for the energy production —

S

Fase I: Definition of the variables
- Technologies and units for the energy production

- Type of unit

- Technology of compression.
- Design criteria

- Type of Evaporator

- Type of Compressor

- Activation Sequency

- Project objectives.
- Related to the installation

Q  Unit Type: Q Compression Technology: Q Design criteria:
> Air Condensation > Scroll ON/OFF ; > High Efficiency
: Stepless; > :
> Water Condensation > Screw Inverter Low Noise

> Centrifugal > Dimensions

Q Evaporator Type: Q Condenser Type > Redundancy

> Plates

> Coils Cu/AL O External Contraints

> Shell & Tubes > Microchannel

> Cost
o : > Space
O Versatility 9  Opportunity
> Ceritification
> Cooling only > Heat Recovery > Other
> 4 Pipes > Free Cooling

> 6 Pipes > Geothermal



WE NEED A CLEAR METHOD WITH ALL ACTORS JOINT AERMEC
TOGETHER —

—

Definition of the variables

« Technologies and units for the energy production
* Project objectives.

* Related to the installation

Simulation and possible alternatives
- Different unit type

- Different n° of units
- Different setting of the multichiller

Definition of the best solution

« Lower operating cost
* Lower payback time
* Less investments




SAMPLE OF PROFESSIONAL SIMULATION AERMEQ
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AERMEC.
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PROJECT REFERENCE: DUBLIN DATA CENTER

PROJECT NOMINAL CONDITIONS

Dynamic T water set point NO
Dynamic T water set point LOAD 100% / Two °C
Project Design Conditions Dynamic T water set point LOAD 0% / Two °C

Design Ambient T2 (2C) E,O
Water Set point (2C) 22,0 AT nominal 8,0
Climatic Area | DUBLIN _ _vl
Maximum LOAD (kW): 1.127,0
Minimum Load (kW): 1.127
AT S/ Return Free Cooling O 30 T2 min (2C) P=0 kW -10,0
Amb. T2 for Homogeneous 27,0 Glycol % 0
Water Density 1,301

CLIMATIC PROFILE OF DUBLIN




SAMPLE OF PROFESSIONAL SIMULATION AERM
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SAMPLE OF PROFESSIONAL SIMULATION

Max Free Cooling Capacity

Max Mechanical Cooling Capacity

External air

AERMEC

External air Load NsGisa02F A
temperature

%5 Frors

43,0 1.127,0

T FROM ASHRAE TEMPERATURE DATA

50 L7 OR DATA PROVIDED BY THE

38,0 1.127,0

= o CONSULTANT OF THE SPECIFIC AREA
35,0 1.127,0

3 e WE CAN HAVE A TRUE PERFORMANCE
32,0 1.127,0

o OF THE UNIT OR UNITS AT THE

; 1.127,0

e SPECIFIC TEMPERATURE AND AT THE
SPECIFIC LOAD. THIS RESULTS AS THE
MOST RELIABLE AND REALISTIC DATA
22,0 1.127,0 452,9

21,0 1.127,0 509,5

e o TO PROVIDE TO THE DATA CENTER

0 I1270 7550 Cooling Energy (kWh) Input Energy (kWhe)

! 1.127,0 7926 ;

EE 11;;8 23;.; M(e:zcc)l;'lai::gcal FreEenizr)oIing IMecthEanicaI IFreetCEooIing CR(;g:)]Trfgut ToEtaIInput Me::nic C:IlilR ; EfR
130 11370 565 Energy gy nput Energy|Input Energy Energy nergy al iller ystem
1?8 11238 18$§$ January 525.957 339.579 66.042,9 476,7 12.842,2 79.361,7| 7,96 13,01 10,91
0 e R February 452.076 305.268 55.432,8 11.4833| 66.916,1| 8,16 13,66 11,32
50 11270 172855 March 618.029 220.459]  80.846,8 12.058,6| 92.9054| 7,64 10,37 9,03
22 iaro iees April 643.860 167.580]  86.490,0 11.3279| 97.817,9| 7,44 9,38 8,30
50 11270 14154 May 759.057 79.431| 109.389,8 10.730,9 | 120.120,8| 6,94 7,67 6,98
o S Ceree June 783.246 28.194] 117.695,7 9.845,5[ 127.5412| 6,65 6,89 6,36
20 1270 15852 July 842.481 1642 137.021,2 9.864,0| 146.8852| 6,15 6,16 5,75
s LI Lt August 825.297 13.191] 132.078,2 9.961,2| 142.0394| 6,25 6,35 5,90
10 11270 17551 September 773.168 38.272| 116.086,8 9.951,4| 126.0382| 6,66 6,99 6,44
L 7o ey October 757.302 81.186] 107.906,6 107472 1186538 7,02 7,77 7,07
2,0 11270 19229 November 606.437 205.003] 79.188,8 11.564,1| 90.752,9| 7,66 10,25 8,94
2 770 Lt December 570.812 267.676|  72.916,8 122825 851994 7,83 1150 | 984
7.0 1.127,0 2.094,8 Global 8.157.722 1.747.481]  1.161.096 477 132.659] 1.294.232| 7,03 8,53 7,65
-8,0 1.127,0 2.151,4

-9,0 1.127,0 2.208,0
-10,0 1.127,0 2.264,6

Load NSGi6402FA
temperature
45,0 1.127,0 1.601,7
44,0 1.127,0 1623,5
43,0 1.127,0 1.645,2
42,0 1.127,0 1.666,8
41,0 1.127,0 16883
40,0 1.127,0 1.709,7
39,0 1.127,0 1.731,0
38,0 1.127,0 1.752,2
37,0 1.127,0 17733
36,0 1.127,0 1.794,2
35,0 1.127,0 1.815,1
34,0 1.127,0 1.835,9
33,0 1.127,0 1.856,6
32,0 1.127,0 1.877,2
31,0 1.127,0 1.897,6
30,0 1.127,0 1.918,0
29,0 1.127,0 1.9383
28,0 1.127,0 1.958,4
27,0 1.127,0 1.978,5
26,0 1.127,0 1.998,5
25,0 1.127,0 2.018,4
24,0 1.127,0 2.038,1
23,0 1.127,0 2.057,8
22,0 1.127,0 20774
21,0 1.127,0 2.096,9
20,0 1.127,0 2.116,2
19,0 1.127,0 21355
18,0 1.127,0 2.154,7
17,0 1.127,0 21738
16,0 1.127,0 2.192,7
15,0 1.127,0 22116
14,0 1.127,0 2.230,4
13,0 1.127,0 2.249,1
12,0 1.127,0 2.267,7
11,0 1.127,0 2.286,2
10,0 1.127,0 231838
9,0 1.127,0 23332
8,0 1.127,0 2.346,3
7,0 1.127,0 2.358,1
6,0 1.127,0 2.368,6
5,0 1.127,0 23780
4,0 1.127,0 2.386,3
3,0 1.127,0 23935
2,0 1.127,0 2.399,8
) 1.127,0 2.405,1
0,0 1.127,0 2.409,6
1,0 1.127,0 24133
2,0 1.127,0 2.416,2
3,0 1.127,0 24185
4,0 1.127,0 2.420,2
5,0 1.127,0 24213
6,0 1.127,0 2.422,0
7,0 1.127,0 24222
8,0 1.127,0 2.422,0
9,0 1.127,0 24216
10,0 1.127,0 2.420,9




SAMPLE OF PROFESSIONAL SIMULATION AERMEC

SOLUTION / SIMULATION L(~(~ - I + , ((v + (. )
CHILLER TYPE SCREW FC_- CENTRIFUGAL FC o8 * ™ . = —
7] R o B r=_- L
waTEROUT  |EX 2 S =—"""""" S PR
b —t G LE B OF gyr
s K : - 4
it INTEREST RATE 000100 r £ s < o
FANS INFLATION RATE 002000 | %%
WWVERTER n 0,01863 %
foe 17,45
Exc rate cAas Alpha Co2 os n 15 years
Enengy cost 0,1575 £/kWh HEFRIGERANT GW# 1300 R1342
Refrigerant Charge 180 Kg (R1234z¢) REFRIGERANT GWP 6 R123%:c
1 Cooﬁr_)g cnergy Elecinca Energy Consumed TRWhe)
wahCaoy,: | taoned. Fres Ikwr—.: Chilter]  Free kWhe I Whe Total EE £ £
X N Rankine Cooling = Pumps Rankine Chiller System
CHILLER TYPE CENTR. HIGH EFF FC (
CHILLER MOOEL TBGIZBOFA) January| 243.299 351 s01) 32.560.0 23988 375784 7.47 18,28 15.84
CHILLER QTY 1 February] 212 607 324533 26.77%,7 4.057,7 315504 794 20,07 17.04
COOLING CAPACTTY 822 ;I kW 0% March 293.530 JOL.G?C[ 37.6165 £.450.3 42.526.8 7.80 15,82 14,00
EER 3.32 00% Aprilf 338 8824 2371154 £7.229.1 £.150,6 51.514,4 7.18 12,20 11.18
ESEER oo May 4654344 1207164 73.8753 3.877.3 77.752,5] 630 8,06 7.66
SEER WITHOUT PUMP 9,50 200 June 512579 63.4214 87.102.3 34016 30.5045) 538 6,61 6,36
SEER WITH PUME 890 00% July 577.177 18.02 1053167 3.079.0 108.395.7] S48 5,65 549
PRICE € 225412 3 200w Augus 5611394 34051 1006206 3.212,0 103.841.6] 558 591 573
PRICE £ 195000 £ son  fJeptember] 524 9608 S1.040 89.5927.0 3.260,0 93.187.0] s.84 641 6,18
MASNTENANCE COST € (YEAR) 25745 3 R October| a45.4244 149,776 70.052.1 3.803,0 7395510 636 £.50 £.05
MASNTENANCE COST £ {YEAR) 21 883 £ son  [November] 286.244 289.756 38 .807,7 42386 43.610.2] 738 14,84 13,21
[ENERGY CONSUMPTION kWh 787.236]  kKWh wox  Pecember 220571 374629 277316 24867 32.819.4f] 755 21,45 1E.14
00 {YEARLY ENERGY COST) € 123.990 € oo Global] 4631 8958 2.326.105) 737.623) 455164 787.235 635 S 50 E
00 {YEARLY ENERGY COST) £ 105391 £ 00%
LCC € 2848 647 3 FEN
= 2.421.350 £ 300%
=i 7.086.205 2 sen | SEER WITHOUT PUME T | I TOMPARISON To0%]
| SEER WITH PUMS || = 504
Refrigerant Charge 120 Kg (R1234ze)
2 Coohm Energy Electnical Ere_rgx Con ume
Rwi Cool: kWhe Chiller] Free kWhe Total ET FER e
Rankine Pumps Rankine Chiller System
CHILLER TYPE SCREW HIGH EFF £C
CHILLER MOOEL NSGAS02ZFAL January] 160.606 434 5328 23.164,7 400966 551 20,41 14 84
CHILLER QTY 1 February 137.:2018 a00.454 2451310 33.861.8] 559 21,83 1588
COOLING CAPACITY sa]  kw 103.0% March 217.094 a7e.101) 36.635,4 225886 5393 16,25 13,35
= 323 % Aol 276.7694 225231 459932 52.801.2] 602 12,52 10,51
ESEER oo May 425 5208 1656808 72.492 3 77.697.8] 593 £21 766
SEER WITHOUT PUMP G857 101 June FERWEE | 81.5424 849814 88.978,3] 5382 6,78 647
SEER WITH PUMP .86 0% Julyl 572.027 23173  101.7530 33385 105.0916] S.62 585 5,66
PRICE € 170588 € Tea% Augst 551.407] 437934 97.567.8 3.580,1 101.147.8] 5.65 6,10 588
PRICE £ 145 000 £ ream  feptember] 510.377) 65.624 87.170,9 3.739.8 90.910,7] 5.85 6,61 6,34
AN TENANCE COST € (VEAR] 19288 € 1™ October 405.2654 189 835 682016 48345 74.038,4] 594 8,73 8,04
MAWTENANCE COST £ [YEAR) 16.357 £ e [November 218.1744 357826 37.062,0 5.516,2 45.246,6] 589 15,54 12.67
ENERGY CONSUMPTION kWh ye0.583]  kwh wasm  Pecember| 131 5234 463677 24.788.5 5.894,1 35.923.80 531 24,01 16,57
00 (YEARLY ENERGY COST) € 124,517 s 1000 Global] 4104 326 2.503 6744 710324} 57939 730583 578 S a7 B85 |
00 {YEARLY ENERGY COST) € 105 B39 £ 100.4%
=33 2 685326 [ ™
LCC € 2282527 £ L
== 711556 g wae | SEER winout eome T 5] I COMIPARSON |

| SEER WITH PUMP | B |




WE NEED A CLEAR METHOD WITH ALLACTORS JOINT AERMEC
TOGETHER -

CONCLUSIONS:

SOLUTION 1: DESPITE THE ULTIMATE TECHNOLOGY AVAILABLE FOR COMPRESSION WITH THE BEST
EFFICIENCY,ITISNOT RESULTS AS THE BEST SOLUTION IN TERM OF LIFE CYCLE COST, AS THE INITIAL
COST IS HIGHER AND AS WELL THE MAINTENANCE COST COMPARED WITH THE OTHER SOLUTIONS.

SOLUTION 2: IT IS THE MOST CONVENIENT IN TERMS OF LIFE CYCLE COSTDESPITE IT IS NOT THE MOST
EFFICIENT. THE EFFICIENCY IS VERY CLOSE TO THE SOLUTIONI AS THE SOLUTION 2 GET THE BENEFIT
OF BIGGER SURFACE OF FREECOOLING COILS.

Assumptions:

- In order fo calculate the pumping energy for each chiller we have taken into account that the primary circuit pressure drop
is 100kPa.

- The pumps efficiency was calcilated at 80% max.

- The load profile in in compliances with the figures supplied by the customer considering the process cooling operation for
data center. We have considered the same total amount of energy consumpftion per vear and the quantfities of hour with the
specific load.

- The life time 15 years.

- Temperature profile in compliances with ASHRAE weather data for Glasgow.




LIFE CYCLE COST (LCC) AERMEC

The data center Manufacturer of the cooling system should be able to produce a simulation taking into
account the costs he can control in cooperation with the Consultant and the Data Center Provider.

Those simulation should produce a final cost of ownership or better called the Life Cycle Cost (LCC)
as also defined by the European standard EN13779.

Here below the approximated partition of the total life cycle cost.

DATA CENTER The investment costs of a Data Center systems is close to 15%
MAIN COSTS OF £ 1h | I |
COOLING SYSTEM of the total life cycle cost.

n . - The 78% of the LCC is related to the input energy the
' : Main e hance system required.

It is therefore FUNDAMENTAL to use systems with high
efficiency, reliability in order to grant a better LCC or (pPUE).

78%



LIFE CYCLE COST (LCC) AERMEC

The EN 13779 standard define the Life Cycle Costs (LCC) as follows:

LCC=1+f,(C,+C,)

| = Amount of initial Investment

ot . 1-(1+r)™
f,, = actualization factor defined as: fpv — -

1.

[4

Where n is the estimated life time in Years; r; is the real interest rate

expressed as a function of the financial interest rate r ; and finally taking
into account the inflation rate i : .
yF—1
=T,
1+
C, = Energy cost per year.

C,, = Maintararice cost per year



HAVE A GREAT DAY

Mr. Luigi Rossettini
International Director AERMEC ltalia
luigi.rossettini@aermec.com




