Cloud&Heat Technologles @ WORKSHOP SUSTAINABLIITY MEINERZHAGEN

SUSTAINABLE DATACENTER

r. Jens Struckmeier XX.XX.20XX




Cloud&Heat Technologies @ WORKSHOP SUSTAINABLIITY MEINERZHAGEN

MODULAR SUSTAINABLE DATACENTER

A e . =.. Dr. Jens Struckmeier XX.XX.20XX



WHAT TO EXPECT

1) Cloud&Heat in a Nutshell
2
3
4
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3 Big Challenges
Motivation Heat Recovery : Exergy
Good Practice Use Cases
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Energy Efficient Brain Inspired Computing
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WHO WE ARE

CLOUD&HEAT IN NUMBERS

Providers of energy-efficient and safe IT Infrastructure

A

LOCATIONS

Dresden, Frankfurt

San Francisco, Madrid

101

EMPLOYEES

with 4 founders

9

NATIONALITIES

Germany, France, India, Spain,
UK, Syria, Poland, Finland

9.4

Installed IT capacity

Deployments in Germany, Sweden,

Norway and Japan




Cloud&Heat

San Francisco, USA

Cloud&Heat
Cérdoba, Argentina

Envirotech Solutions
Hovden, Norway
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Cloud&Heat
Dresden, Germany

2

Gulf Computer Support Systems

Dubai, UAE.

WHO WE ARE

LOCATIONS OF CLOUD&HEAT
AND OUR PARTNERS

Inabata & Co,, Ltd.
Osaka, Japan




Technology Fast 50
2019
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DEUTSCHER
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DEUTSCHER
I RECHENZENTRUMSPREIS
2016
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DEUTSCHER
I RECHENZENTRUMSPREIS
2015

Growth56

Deutschland
Land der Ideen
[ 22 1 1 1 B3 8

lp EUROPAISCHER
FORDERPREIS
#NextCereration

SACHSISCHER
UMWELTPREIS

WHO WE ARE

AWARD
WINNING
TECHNOLOGY

Cloud&Heat has won an array of awards,
including the German Data Center Prize
(on no less than three occasions) and the

2019 Tech Tour Innovation Award.




IS TO ESTABLISH AND OPERATE SECURE
AND ENERGY-EFFICIENT DIGITAL INFRASTRUCTURES

SEE ALSO PROF. ANDREW GRIMSHAW'S TALK ON ENERGY EFFICIENT SCHEDULING
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OUR SOLUTIONS

ONE-STOP SHOP

CLOUD&HEAT
SOLUTIONS

Software Solutions

Standard / Customized
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Managed Kubernetes SecuStack

Designed for Al/ML Applications Digital Sovereignty in the Cloud

Hardware Solutions
Standard / Customized
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Micro Data Center Data Center Data Center Container
Indoor Indoor Outdoor
19" up to 20 kW Customized 20 ft High Density 0.5 MW

40 ft High Den 2.4 MW

Sity




TODAY'S CHALLENGES AND OPPORTUNITIES =

USAGE OF DEEP LEARNING
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3 BIG CHALLENGES

TODAY 2025



3 BIG CHALLENGES

SUSTAINABILITY
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GROWTH IN DIGITALIZATION

MARKET SIZE OF APPLICATIONS

120 120

{AI/ML
i market size 2.
mo - Smmsosmmmmesd y. 100
g0 S ize ___ ) 80
Big data
market size =
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i devices i
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2018 2019 2020 2021 2022 2023 2024 2025
Sources: Statista, BNEF, Cambridge analytics, JP Morgan
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GROWTH IN ENERGY CONSUMPTION =

RISING DEMAND OF ENERGY FOR DATA CENTERS

9,000 terawatt hours (TWh)

~  ENERGY FORECAST 20.9% of projected
Widely cited forecasts suggest that the electricity demand

= total electricity demand of information and
communications technology (ICT) will
accelerate in the 2020s, and that data
centres will take a larger slice.
M Networks (wireless and wired)
M Production of ICT

Consumer devices (televisions,

computers, mobile phones)

M Data centres

2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030

Source: Nature 561, 2 September 2018, How to stop data centres from gobbling up the world's electricity
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ENERGY CONSUMPTION IN GERMANY St
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MAIJORITY OF END ENERGY CONUMPTION IN HOUSHOLDS IS HEAT DEMAND
GERMANY

Wer verbraucht in Deutschland die meiste Energie*?
Energieverbrauch der Heizung oftmals unterschatzt

WORLDWIDE

Gewerbe: 16 %

Raumwarme: 75 %

Industrie: 26 % ¢ Haushalte: 30 %

4 of global energy is consumed by of global CO2 emissions are
heating and cooling caused by heating and cooling

Verkehr: 28 %

Warmwasser: 12 %

_ Elektrogerdte
*Endenergie +Beleuchtung:13%

Quelle: dena [ Energiedaten BMWi




Intel Xeon E5-2699 v4: 7,2 Milliarden
Transistoren, bis 22Kerne:
456 mm?, tdp: 145W

Induktionsherd: 18cm Durchmesser,
2000W
8 Watt pro Quadratzentimeter

DR. JENS STRUCKMEIER




Intel Xeon E5-2699 v4: 7,2 Milliarden
Transistoren, bis 22Kerne:

456 mm?, tdp: 145W
31 Watt pro Quadratzentimeter

Induktionsherd: 18cm Durchmesser,
2000W
8 Watt pro Quadratzentimeter

4x higher than my heat stove

DR. JENS STRUCKMEIER



DIRECT HOT WATER COOLING

CAPTURING >95% OF THE EMITTED HEAT

Source: www.megware.com
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DIRECT HOT WATER COOLING

CAPTURING >95% OF THE EMITTED HEAT

UP TO 55 °C
UP TO 60 °C

Source: www.megware.com

MAINBOARD RAM CPU RAM




DIRECT HOT WATER COOLING

HYDRAULIC SCHEME

m ') Legend
U Ay
air out air in O Fan
O Pump

9 Diaphragm type
expansion tank
@ Temperature
sensor
Heat meter

3-way valve
with motor

h eat w Safety group
exchanger

-~  Control signal
?rf
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heat recovery
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WATER-COOLED DATA CENTERS

WASTE HEAT UTILIZATION

EE|
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DCC

DATA CENTER CONTAINER
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@ MICRO DATA CENTER
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| I Cold Water
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Reusage
(Hot Water)
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WHY CLOUD&HEAT?

SAVINGS WITH CLOUD&HEAT

Network & Others

usv

Cloud&Heat

Savings

Server

Data Center
Energy Consumption

Source: Borderstep, 2018

-

Network & Others

usv

Cooling

Server

Data Center
Energy Consumption with
Cloud&Heat Technology

P 95%

Heat Recovery

Waste Heat Recovery




WATER-COOLED SERVERS

MORE AND MORE HARDWARE MANUFACTURERS RELY ON WATER-COOLING

FUJITSU PRIMERGY CX2570
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WATER-COOLED SERVERS o%
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OWN DEVELOPMENT
THOMAS KRENN RI12208-LCS
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NVIDIA RTX SERVER
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TRADEDX 5211

RADEON RX470




CUSTOMIZED COOLING KITS

NVIDIA RTX SERVER ASSEMBLY

Water distribution bar

Equal coolant supply for
each blade

Blind mate
quick
connectors




CUSTOMIZED COOLING KIT

SUPERMICRO SUPERSERVER 9029GP-TNVRT

» 10 U
» 2 Intel Xeon CPUs (up to 205 W)
» 16 GPUs V100 SXM3 (350 W)

» almost all components water-cooled




Cooling Towers at Google's Data Center in The Dalles, Oregon

ENERGY VS. EXERGY

WHY TEMPERATURE MATTERS

» 1 MW Electricity =1 MW Heat Output

» Typical output warm air temperature

of a classical datacenter 30-35°C
-> useless -> Chilled water needed to cool it back down

» Output temperature of hot liquid cooling 50°C, 55°C or 60°C
(customized processors (i.e. mining chips) up to 80°C)

» Higher exergy -> Higher value of heat
(many usages i.e. heat reusage, free cooling (even at extreme outside temperatures) driving
of adsorption chiller, salt water desilignation))
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DATA CENTER CONTAINER =

WATER-COOLED AND NEARLY SILENT

100% WATER COOLING

(Through the side-cooler, the operation
of conventionally air-cooled IT-hardware is also possible)

x )
ULTRA-SILENT

through its enclosed design

hybrid cooling air cooling

up to

500kW

per
20 ft container
Integrated heat pumps provide lower

Waste heat recovery ﬁi: temperatures, independent of the
through direct hot ¥ climate
water cooling




DATA CENTER CONTAINER

HIGH DENSITY AND HIGH PERFORMANCE

Upto ®

300 U b
in 6 racks on a 19" standard NN X 500 kW

electrical power
per 20 ft. Container

< 1.07 &

(Warm climates, e.g. deserts)

<1.02 §

(Cold climates, e.g. Greenland)

@ Independent from environmental influences
®@ Secure access

Design-PUE 20 ft.

Standard Container
(also in HighCube and 40 ft. variants)
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USE CASE: WALLOTSTRASSE

TECHNICAL DATA:

Housing units in Dresden Living area

56 6000 m?

Server racks Datasafe IT power

20 60 kW

» waste heat utilization of up to 110.000 kWh/a

CUSTOMER: industry: utility

products: energy, water, gas

DREWAG %% year: 2014




USE CASE: WALLOTSTRASSE

TECHNICAL DATA:

The energy efficient set up of the data centres allow Cloud&Heat to achieve the
lowest power usage effectiveness (PUE;) worldwide with 1,024.

® W, 36MWh/a Fans, Pumps, Valves, Controlling, Light
* W, 3,6 MWh/a Network components (Switches, Firewalls)
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- 31 tons of CO2 a year (1)

T — 300 MWh/a

294 MWh/a




USE CASE: EUROTHEUM FRANKFURT

Link: virtual tour

TECHNICAL DATA:

Area up to IT power up to

413 m? 400 kW

Saved cooling costs up to Saved heating costs up to

€189,000 € 65,000

» modernization of older data center and waste heat

reusage for gastronomy and hotel

CUSTOMER: industry: financials
- products: asset management
& year: 2017
7
COMMERZ

REAL



https://www.youtube.com/watch?v=cLV9xx7a0XQ

USE CASE: EUROTHEUM

ENERGY-EFFICIENT DATA CENTER IN FRANKFURT

PUE old =1,92 PUE new =1,27
» completely air-cooled » direct water cooling
» use of chillers » heat reusage for hotel and gastronomy

» free cooling




USE CASE: DEUTSCHE TELEKOM BONN

TECHNICAL DATA:

Nodes IT power up to

10 10 kW

Saved cooling costs Saved heating costs

€ 2977 €1832

» installation of a sustainable gaming cloud

CUSTOMER: industry: telecommunication

products: technical networks

.l I.I A= year: 2020




USE CASE: DATA CENTER CONTAINER VATTENFALL

TECHNICAL DATA:

Containers i IT power per container up to

2 ~ 275kW

Internal temperatures up to | Racks per container

63°C 4

GOAL:

» installation of a new business model for utility, integration

of heat into district heating

CUSTOMER: i industry: utility

products: energy

1

1

i year: 2020
' :

1

1

1

1

VATTENFALL




NEW WAYS OF DATACENTER

JOIN US AND BECOME PARTNER IN EXOPLORING NEWEST ENVIRONMENTS

-~ Possitin ool € newded

lmw~,cum_mgmﬂifw,

EDﬂHEDH%Ej %

! [_r.ﬂf][—b d




[ars
o<

NEW WAYS OF DATACENTER o%
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NEXT GENERATION Al INFRASTRUCTURE

TECHNISCHE
UNIVERSITAT
DRESDEN

‘W SpiNNcloud

>

NVIDIA.

The University of Manchester

- We integrate state-of-the-art and emerging technologies to provide first-
in-class solutions that suit the customer’'s needs

- We seek long-lasting partnerships to combine components into {-@
innovative solutions .
- We contribute our direct water cooling technology to optimize the

energy efficiency of the resulting solutions




NEXT GENERATION Al INFRASTRUCTURE

& spinincloud |87
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UNIVERSITAT Ok
DRESDEN

SPINNAKER 2: THE WORLDS‘' LARGEST NEUROMORPHIC SUPERCOMPUTER

2023

SpiNNaker2
2022 e 144 ARM MA4F cores

P power management

*  SpiNNaker router
2021 > ] i ial I/O

SpiNNaker2 Simulation of A &v{;gg‘::::;;({w IF
complete human brain +  8GByte LPDDR4 PoP
2020 *  22nm CMOS
J ‘\\
2019 ™
2018 Y
L |
L
2017 -
J1B1 ‘
2016 - 8 ARM M4F cores
e S *  SpiNNaker router,
e ] *  low swing serial I/O
2015 j - 22nmcCMOS
Spinnaker 1: g
il 1% of human =3 /// Santos28 _
brain 8 * 4 ARM M4F cores |8

2013 Power management

* SpiNNaker router with SerDes
* LPDDR2 Memory Interface
* 28nm CMOS

NanolLink28
*  SerDes Transceiver
28nm CMOS

S SpiNNoker

- =

Some SpiNNaker2 Applications i.e.:

* Real time Al for robotics

*  Smart Farming

* Personalized drug discovery

* Automotive Radar processing

* Logistics/optimization for Industry 4.0
* Ultra energy efficient language models

* Large-scale real-time Al (10'* params)
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OUR CONSORTIUM

WAIYS‘'S COMPETITIVE ADVANTAGE

Prof Dr Christian Mayr Prof Dr Steve Furber, CBE, FRS
Professor at Technische Universitat Dresden  professor at University of Manchester

+49 351 463 42392 +44 (0) 161275 6129

christian.mayr@tu-dresden.de
Location: Dresden, Germany

@

Human Brain Project

TECHNISCHE
@ UNIVERSITAT
DRESDEN

steve.furber@manchester.ac.uk

Location: Manchester, UK

MANCH I[:\“—ILER

The University of Manchester

‘ SpiNNcloud

Mike Davies

Director, Neuromorphic Computing Lab at
Intel Corporation

mike.davies@intel.com

Location: Santa Clara, CA, USA

intel
labs
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Dr Yulia Sandamirskaya

Research Scientist at Intel and
Professor at ZHAW Zurich

yulia.sandamirskaya@intel.com

Location: Zurich, Swiss

zh Zurich University of Applied Sciences



Dr Jens Struckmeier

GET IN
TOUCH

Contact

Zeitenstromung - Halle 15
Cloud&Heat Technologies GmbH
Kénigsbrucker Strasse 96

01099 Dresden

Germany

info@cloudandheat.com
+49 351 479 367 00

www.cloudandheat.com

Social Media

Q,



mailto:info@cloudandheat.com
http://www.cloudandheat.com/
https://de-de.facebook.com/CloudandHeat
https://twitter.com/cloudandheat?lang=de
https://www.youtube.com/channel/UCQnR27dB9GKH_P2BROhxuSQ
https://de.linkedin.com/company/cloud-&-heat-technologies-gmbh
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CUSTOMIZED COOLING KIT

NVIDIA RTX SERVER

»38 U

» 10 GPU nodes

» up to 10 kW

» Milled heat sinks for CPU and GPU

» blind-mate hydraulic quick-connectors




CUSTOMIZED COOLING KITS

NVIDIA RTX SERVER

Water cooled CPU and
voltage regulation modules

Blind-mate hydraulic
quick-connectors
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Water cooled GPU nodes

2 nVIDIA.




CUSTOMIZED COOLING KIT

TRADEDX R5211

»2 U
» 1 CPU

» almost all components water-cooled, only
therefore minimal fan speed needed (for

cooling storage components)

» heat sinks out of copper by C&H designed
3D printing
» CPU heat sinks by EK Water Blocks




CUSTOMIZED COOLING KIT

THOMAS KRENN RI12208-LCS

»2 U
» 2 XEON Cascade Lake CPUs

» almost all components water-cooled, only
therefore minimal fan speed needed (for
cooling storage components)

» heat sinks out of copper by C&H designed
3D printing

» CPU heat sinks by EK Water Blocks
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DATA CENTER CONTAINER =

HYDRAULIC SCHEME

Heat output: Up to 350 kW,
Variable IT load
[~ [~] (] [~] [~
® ® ® ® ®
3 3 g 5 2
E"; ® [ (o} 5] &
e ® ® ® ®
If possible: Use as e e 3 ps 2 e
control parameter for s e e 2 2
external cycle e ® ® ® ®
- | o o 0 2
e ® ® ® ®
® [ [} ® (6}
® ®; 1] 1®] il
] gl& | K8 | K& | K2 |
Container
Flange DN 100 —

25 °C 117 °C Heat Exchanger, Ap = 0,25 bar at 44 m3/h
| A=39 m?
K = 3200 W/m2K (for 20/28 °C and 17/25 °C)

Heat Sink
We could provide 0-10 V or 4-20 mA

from our PLC for external pump or

valve to achieve 20°C internal return

temperature




DATA CENTER CONTAINER

FLOOR PLAN

switchboard and
heat exchanger automation cabinet cold aisle

side cooler

rack

hydraulic drive heat pump warm aisle




USE CASE: WALLOTSTRASSE

HYDRAULIC SCHEME

O

1:
Aulanift
» Apartments are provided with warm water and o7
heating energy via the hot water cooling technology
in Dresden
2:
» Heating of the complex using waste heat
|
L |
CUSTOMER: industry: utility
products: energy, water, gas

DREWAG %'i“ year: 2014
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USE CASE: EUROTHEUM

FLOOR PLAN

data center
w{r%] TIT 2nd expansion state
Y . (3rd: basement)

7th floor

area: 415 m?
cooling technology 1

water cooling

data center
1st expansion
state

IT operations we=p

conference room ;oollng technology

UPS iem— A T & free cooling




USE CASE: EUROTHEUM

HYDRAULIC SCHEME

» » additional coolers by exceedance of

certain return flow temperatures

1. heat emission to heating system by heat
exchanger (if return flow temperature
<55°C)

2. 100% year-round free cooling because of
high system temperatures (60/50°C) via
dry cooler or ventilations system

3. usage of existing cooling system if
necessary when modification for further
redundancy (n+1)

» fail safe option: usage of emergency
cooler on top of rack (air conditioning in

room necessary)
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Stahlrohr schwarz - Minaralwolle alukaschiert

Vorhaltung DNES - PN 6 a.6m’/h
WRG 2
FREE COOLING
Stahlrohr schwarz Bhes
Minaralwolle sluksschiert oNg
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- 0 H
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USE CASE: DEUTSCHE TELEKOM BONN

INITIAL STATE: AIR COOLING

electr. energy

used heat

pump 1
58600 kWh/a IT-hardware fans (cold water) drycooler 1 used heat: 0 kWh/a

- refrigeration unit pump 2
(TEPF=33) (hot water)

IT-energy

4500 kWh/a

energy onboard-fans cooling
demand:

22800 kWh/a 63160 kWh/a

energy auxilliaries

Total: 86000 kWh/a Total: 0 kWh/a

CUSTOMER: branch: telecommunication
products: technical networks
year: 2020




USE CASE: DEUTSCHE TELEKOM BONN

ENERGY SAVINGS WITH HOT WATER COOLING

electr.energy
58600 kWh/a

IT-energy 22 %
1200 kWh/a air co(:)led
energy onboard-fans li
incl. pumping system cooling
demand:

59800 kWh/a

6300 kWh/a

energy auxilliaries

Total: 62500 kWh/a

IT-hardware ngt;}f) cooled

b3

pump 3
(hot water)

®

2%

pump 1
(cold water)

@ 46 %
B 54 9%

2% refrigeration unit pump 2
(TEPF=33) (hot water)
30 % 2%

heat-
exchanger

7]

drycooler 3

3%

drycooler 1

3%

drycooler 2

>

3%

used heat
__used heat: 26200 kWh/a

used heat: 0 kWh/a

Total: 26200 kWh/a




