NEW Decade = NEW Challenges

GAPEX- vs. OPEX vs. Availability
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married, 3 kids

= Master electrical engineering
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Stulz Nordics AB

Sweden, Finland, Norway, Denmark
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Stulz Nordics AB

Based in Stockholm

»Pre sales

» Design assistance

= Aftersales support

= Commissioning

= Service support

= Data Center optimisation




25 years difference




Every Decade had it’s challenges

90’s

= Start of the ColLo market

= Massive grow of Data centres, huge investments
= Manufacture were not prepared for the run

= Dot-com crises

In Focus
Availability - CAPEX

Out of Focus
OPEX




Every Decade had it’s challenges

00’s
Recovering from the crises
Optimising / recycling of the fast deployed Data Centers form the 90’s

In Focus
REMEMBER

Out of Focus Turn your computer off
Availabili i
vaeblly before midnight on
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Every Decade had it’s challenges

10’s
Growing ColLo and Hyper Scale market
Unstoppable Digitalization

500
In Focus

CAPEX — OPEX (TCO)

Out of Focus
Availability

Number of Data Centers (Worldwide)
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Every Decade -had- has it’s challenges

20’s
= COVID-19 crises
» Extended demand for digital services

= broken supply chains
= War in Ukraine

In Focus
Availability - OPEX

Out of Focus Lo N i
CAPEX j




Ways out of the 20’s challenges STULZ




Ways out of the 20’s challenges

Availability

Planning horizon

High demand

Task Name
= Scope
Datermine projsct scope.
Socure projoct sponsorship
Define preliminary resources
Secure core resources

Conduct nesds analysis
Draft proliminary software
specifications
Develop preliminary budget
Review software
Spacifications/budgat with
team
Incorporat foedback on
Softwars specifications
Develop daliery timsiine.
Obtain approvals 1o proceod
(concopt. timelins, budgst)
Secure required resources
Analysis complete

= Design
Review prefiminary software
specifications
Develop functional
specifications
Dovelop prototype based on
functional specifications

Incorporate feedback into.
functional specifications

roken supply chains
ong lead times across the industry with unknown development.

arly planning and reserve
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Finish  ~
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Fri 1/21/00
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Tue 2/15/00
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Management
Projoct Manager
Project Manager
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Project Manager
Project Manager, Analyst
Project Manager
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Management
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Ways out of the 20’s challenges
Availability

Scalability

» Scalable systems are helping in Projects with multiple stages
» build on demand - build as you grow

Reduce complexity
= If availability or time to market is the main focus
» Less components inverters etc.

-
-

STUILZ




Ways out of the 20’s challenges
OPEX

Securing / producing “cheap” energy

Reduce OPEX

» Lowering the power consumption
= use of energy efficient equipment
= use of free cooling

= Changing the design conditions

= scaling

= energy re-use (heat recovery)

STUILZ







Equipmentss
Installation
Planning s —
Changing of the planning @

Energy cost
Maintenance cost
Legally required inspect

Repairs
Spare parts
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Changes in less then 1 year.... STULZ

Energy cost get out of control

Future development is
unpredictable




Heat recovery

= Perfect option to re-use produced power
a 2nd time.

» Very good infrastructure in the Nordics

= Stulz have various solutions to be used in
heat recovery systems

= Very depending on the location and the
demand.




Free Cooling STULZ

= Using cold ambient temperature to reduce / eliminate the operation of mechanical cooling.
» Long free cooling periods in Nordic country

» Stulz is world leading in Free cooling systems of all kind.




Free Cooling Effect STULZ
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http://gallery.stulz.de/precisionac/Cooling%20Systems/CyberAir%203_A_System.jpg
http://gallery.stulz.de/precisionac/Cooling%20Systems/G_System.jpg

Free Cooling Effect

DX-System
compared to
Indirect Free cooling system (GE System)

Conditions:

heat load: 1.000 kW
return air conditions: 33°C / 30%r.H.
location: Stockholm
price per kW/h: 0,10 €

Annual increase energy cost : 3%

STUILZ




Free Cooling Effect STULZ
Operating and Total costs Total Total _ Y .
Operating costs per year EUR 242 467 94034 s o e
Total costs after 1 year EUR 1.014.207 588.412 —\
after 2 years EUR 1.263.943 e e
after 3 years EUR 1.521.181
after 4 years EUR 1.786.131
after 5 years EUR 2.059.0301 O 100%
after 6 years EUR 2300\ OV
after 7 years EUR 2629634 1.214.910
after 8 years EUR 2927838 1.330.560
after 9 years EUR 3.234 588 1.445679 - S e
after 10 years EUR 3.551.352 1.572.372




Free cooling # Free cooling STULZ

Water 12/18°C = Room Air 18/30°C =
MIX / FC ...below 12°C MIX/ FC ...below 18°C



http://gallery.stulz.de/precisionac/Cooling%20Systems/G_System.jpg

Operation point STULZ
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OPEX Effect STULZ

Indirect Free cooling system (GE System)

heat load: 1.000 kW
return air conditions: 33°C / 30%r.H.

location: Stockholm

price per kW/h: 0,10 € vs. 0,40 €

Annual increase energy cost : 3% vs. 10%




OPEX Effect

jAnnual increase energy costs: (% | 3 | 10

(Capital interest: e | 0 | 0

{Period of depreciation: feas [100 <« | » 10 « | » |
Operating and Total costs Total /\ Total
Operating costs per year EUR 94.034 137
Total costs after 1 year EUR / " 515
after 2 years EUR “\\6 " 1284266
after 3 years 1 &6 g 1739392
after 4 years . P\O 7.781 2.240.030
after 5 years \ 6 993617 2.790.732
after 6 years €0R 1.102.628 3.396.504
after 7years ~ |ewrR 1214910 4.062.854
after 8 years EUR 1.330.560 4.795.839
after 9 years EUR 1.449.679 5.602.122
after 10 years EUR 1572372 6.489.033

STUILZ




OPEX Effect

» Small optimisation can change the game.....

{Annual increase energy costs: [% | 10 | 10
| 1000 | 1000 fow Captal interest: | 0 | 0
[3  «f [ »|[[3% «f [ »]lfc | [Period of depreciation: feas[10 « | » 700 « | » |
|CyberAir GE (Low Noist_v | || |CyberAir GE (Low Noist v | Dperding s Fotdl costs Total -\ Total]
|aRtos2GE || [aRt0B2GE | Operaling cossperyer. |EUR 376.137 -22%
|51 Total costs after 1 year EUR /329/
after 2 years EUR \N% 0
: after 3 years EUP~ &6 4
& after 4 years OO 240.030
afterSyears  \ GO 2.790.732
e after 6 years \ <aR 3.396.504
| |Sedyeas " |EUR 2062854 3653414
| 30¢16.1C) || |30¢1610) I || 25| e EUR 4.795.839 4.298.808
after 9 years EUR 5.602.122 5.008.741 -700.000,- €
| Select optimal device | | ISEEESHmSIGewEEN after 10 years EUR £.489.033 5.789.667
w4 | || [Esm 15 In 10 Years
R | v
[ e [ [BEET




OPEX Effect

l Annual hours per operating mode in %

58%

SYSTEM 1 - Sweden - Stockholm - ALR 1082 GE SYSTEM 2 - Sweden - Stockholm - ALR 1082 GE

61%

DX-Operation

I Mix-Operation Il Extended Freecooling  [Jl] Freecooling

STUILZ




OPEX Effect

CW System water temp 7 / 12°C
compared to

CW System water temp 11/ 16°C

Conditions:

heat load: 1.000 kW
return air conditions: 24°C / 50%r.H.
ocation: Stockholm

price per kWr/h:
Annual increase energy cost : 3%

STUILZ




OPEX Effect

Annual hours per operating mode in %

SYSTEM 1 - Sweden - Stockholm - ASD 650 CW SYSTEM 2 - Sweden - Stockholm - ASD 1000 CW

4% 8%

39%

57%

DX-Operation B Mix-Operation [l Extended Freecooling [l Freecooling




Visibility and information is the key




CyberHub ECO.DC STULZ

#1 Cutting operationcost =

Precisely track down potential savings and implement
them immediately.

#2 Reducing the impact of unplanned downtime
Round the clock monitoring

#3 Ensuring quick response time to external
influences or defects

Collect measurement data from all energy consumers,
and collectively analyse them for the entire data center.




Global & Local know-how STULZ

= Global Production plants - reduced shipping, local / redundand supply chains
= Stulz KAM Team - global coordination, customer specific requirements
= Stulz Cloud application team - Cooling concepts, special designs

= Business unit chiller - Chiller / hydraulic concepts

= Stulz network 11/22/140 - worldwide country specific knowledge

= Service - worldwide factory certified technicians




Stulz Nordics AB
Based in Stockholm
= Pre sales

»Design assistance/

= Aftersales support | CLIMATE.CUSTOMIZE>

» Commissioning ?

= Service support

= Data Center optimig!lon l
LS’




STUILZ
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THE WHOLE RANGE OF COOLING. FROM ONE SINGLE SOURCE.




Thank you for your attention STULZ

IN CASE OF
CYBERATTACK

BREAK GLASS

AND PULL CABLES




