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=PFL Integrating data centres in the energy system

Investments
Renewable resources

(New) Technologies => sizes
Where-When-How much
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Energy balance of a data center %%

E [kJe/year]
[Tflops/year]*[kles/Tflops]* [kle/kley]

Brouillard, APC, 2006

Power Usage Efficiency (PUE)
3.3 [kle/kleq]

=PFL Greening a data center ?

= Data needs and production efficiency
= Computer technology and computing strategies
= Free cooling
= Location (cold climate)
= Cold resource => lake or sea water instead of air
= Heat recovery
= Heat users
= Temperature
= Water cooling or refrigerant based cooling
= Coordination => data services vs heating services
= Heat storage
= Use renewables
= Coordination => data services vs renewable electricity vs heating services
= Heat storage - Electricity storage
= Electrical grid exchange
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=P Data production needs

Data center power usage in the 2010-2030
decentralized scenario

2000
1500
= 1000
<
|— 500
ol v
MM TNl ®oS - No SO en®a o
SRR R RN R
[ =B =R =R =T =T = = = R = R = I = = I = B = I = I I~ N =R = =]
L I o I o B o B o I o I o I I o I S A o I o I o B o B o B S I s B S I S B ]

Year

E [k.je/year] Power usage efficiency
[EB/year] *[kJes/EB] * [kle/kled]

. Global dynamic PUE
1P traffic in global data centers Top Green500 lobal dynamic
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https://www.top500.org/lists/green500/

Yanan Liu et al., Global Energy Interconnection Vol. 3 No. 3 Jun. 2020
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=L Power usage efficiency

Global dynamic PUE

(]

1.58
World average value in 2020

1.46
Swiss average value in 2020

A 1.15 - Safe host, Avenches

1.1 1.10 - High DC, La Chaux-de-Fonds A
’ A 109 - Infomaniak, Geneva
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adapted from Yanan Liu et al., Global Energy Interconnection Vol. 3 No. 3 Jun. 2020
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EPFL Data center (2018) S=E

® HPC @ Files ® VMWare @ SAN @ e-mail @ Backup @ Réseau

* Power consumption = 820 kWe
* 12% of EPFL bill wifi
* Cooled by Lake Water ~
e PUE = 1.1 [kle/kleg] £, o

3% Fichier

Calcul

69%

*P*L. Recovering heat from data center

= Identify users

» Low temperatures

= Coordinated with data production [kWeq vs kWheat]
= Recover heat

» Sensible heat : Water or Air cooling

» Latent heat : Refrigerant’
= Convert heat (adapt temperature to the user)

T, K
. Heat pumps : COP = g =1c user[ ]

E Tuser[K 1- Tsource [K]

= Manage heat
» Heat storage

L]
!‘:;Z‘;ggz’g‘;zf:m q 1-Marcinichen, Jackson B., Jonathan A. Olivier, Nicolas Lamaison, and John R. Thome. "Advances in electronics cooling." Heat Transfer Engineering 34, no. 5-6 (2013): 434-446.
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=PFL Data centers and heat recovery : hot water production 9

Data production needs e0towrobe siman BN v st |

Data centers world consumption [wh) 1.80€+15 3.00€+15
World population 8.506+09 8.506+09
Fraction of countries with high IDH (Swiss #2 ) 0.2 0.2
High IDH world population 1.70€+09 1.70€+09
Swiss population 8.50€406 B.50€+06
Swiss data centers potential consumption [Wh] 9,00€+12 1.50€+13

Data power [Wy/y/cap] _

Energy footprint of a shower

shower head [L/min]

duration [mén)] 7
amount of water per shower [L] 84
cold water T [C) 10
hot water T[C] 40

DHW [Wy/y/cap]

™ IPESE Masanet, Eric, Arman Shehabi, Nuoa Lei, Sarah Smith, And Jonathan Koomey. “Recalibrating Global Data Center Energy-Use Estimates.” Science 367, No. 6481 (2020): 984-986.
Industrial Process
anaEregysystems S )
Engineering

=PFL QARNOT : selling cloud computing services "’

= http://garnot.com
= 2 kW heat modules for hot water production integrated in multi family houses

Cloud Computing services

Hot Water

Casino

E—)
Load discharge

Heating

Control
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EPFL New Data center 2021 %

* Power consumption = 3000 kWe
* 3.5 x more power for data
* Cooled by District Heating of EPFL
* District heating EPFL : lake water heat pump
 PUE =1.0 [kle/kleq] - 0.27 [kle/kleq] = 0.73 [kle/kleq]

Energy in servers Saved in the heat pumps

(COP = 3.6, Heat 100% recovered at 50°C)

Multi family house, good isolation
30 hab - 150 m2 roofs

. BSE

Predictive control D D D
*renovation

Batteries Heat pumps
Hot water tanks Peaks

Export ..- O

Electrical grid
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MULTI FAMILY HOUSE

75+ 96 CO2 EMISSIONS REDUCTION
1.10

3 0.25 - 0.04
tons CO; fy/cap &

tons COy fy/cap

3.8 <
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10 cts/kWh renovation
CHF/y/cap

50 cHF/ y/cap

CHF/y/cap
Investment :

200 CHF/y/cap .

[ Investment :

PFL.. Heat with bits ??7?

HEAT WITH BITs - Combined heat and data system

Photovoltalcs

storage
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MULTI FAMILY HOUSE
HEATED WITH BITS
0.25 0.32

tons CO» /y/cap

*renovation *renovanon

493 1154

CHF/ylca CHFlylcap

Investment : 212 CHF/ylcap

Investment 200 CHF/y/cap ,
computers (20 years) : 507 CHF/y/cap

=P*t Heat with bits : Comparing investment

Decentralized ICT integration

Reference house

493
[CHF/cap/y] o, /“P’V'

154
[CHF/cap/y]



€PFL Energy and installed capacity

Installed capacity [W/cap)

Reference house

Electrical heater 1020 |Gas boiler 415

Installed capacity [W/cap]

1303

Heat with bits Heat pump 205
15,73%

Heat&data 158
12,09%
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=prL The complete system
Heat with bits

[CHF/cap/y]

[A/de3/4HD)

Data center
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=L Power usage for 164 [Wqy/y/cap]

Heat with bits 1154 [CHF/y/cap] House : 1420 [CHF/y/cap] + Data center

« OPEX: 435 = OPEX: 293 » OPEX : 420
« CAPEX: 719 = CAPEX : 200 » CAPEX : 507
Electricity : 234 [Wyly/cap] Electricity : 371 [Wyly/cap]
= PV Production : 117 = PV Production : 97 » Electricity in : 240
= Electricity in : 260 = Electricity in : 161
= Electricity out : 33 = Electricity out : 38
Gas : 41 [Wy/y/cap] Free energy supply
240 — (371 — 234) N
PUE[kJelkJe,] = 164 =0.63 Minimum pricing = 0.34 - 0.8 [CHF/kWh,]
240 — (371 + 41 — 234) r~
PUE[kJ/kJe ] = =0.38 same heating cost
" e ] .
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=" Data cost and perspectives

Free energy supply

Minimum pricing = 0.34 - 0.8 [CHF/kWh,]
~

same heating cost

= Reference cost : Qarnot (F) : 2.4 - 6.6 [CHF/kWh,]
= Cryptocurrency mining : 1.41 [CHF/kWh,] (Bitcoin, 2018)

= Next :
» on-demand data production
= on-demand heating services
= on-demand grid services
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=Pr~L System integration : Electricity from biowaste and photovoltaics
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o

L Cogen =

Power2Gas

l

C02 sequestration

Seasonal storage

W IPESE

Support from Gaznat

Generating options

Left : building design
Right : district design
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'[Micro-grid self-consumption |

. VAC
. AHP
B BAT
BOI
HWT
ELH'
ELHW?
HST
PVA
I SOFC
B STC

0
0 - A
S 15% increase :s;
£ (C)

SCCER-BIOSWEET, SCCER-FURIES & SCCER-JA S&M

HARVESTING EFFICIENCY : DISTRICT HEAT PUMPING
USING CO2 NETWORK DISTRICT HEATING SYSTEM

Decentralised
Energy harvesting

High temperature: >80°C

Data center : 30°C
Waste water : 13=20 °C

Ground water: 10 °C
Lake water : 7°C
Refrigeration : < 0°C

Decentralised
Heat Supply

30 °C

co2 v
Distribution

D. Favrat, C.Weber, CO2 based district energy system, U.S. Patent 2010018668




. Energy Management
INTEGRATE : AUTONOMOUS CITIES Waste to energy ‘ ‘¢25
Power to Gas :iL = - g% B miees

"NG;}Ls_to Povvet;_, v

Industrial Waste Heat

Heat pumps
Photovoltaic

E-mobility
Fuel cells

Data centres 25 I 25 I OO %

84% 6

Environnement Energy savings  years returns

=PF~L Conclusions : Think System Integration

Investments
Renewable resources

(New) Technologies => sizes
Where-When-How much

Infrastructure => synergies & mutualisation

Circularity
Waste to products
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