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A full-scale research datacenter and test
environment with the objective to
increase knowledge and strengthen the
global Al & Data Center ecosystems

| 2000 physical servers « 30+ projects, from the
“#‘ 250 kW ground to the cloud
% ‘ 10 petabyte storage « 20+ employees
240 GPUs « 4+ MEUR turnover
12,5 petaflops - Established 2016
HDFS clusters « 100+ project partners
OpenStack ECC
Kubernetes cluster Partners: Ericsson, ABB,
OCP servers Vattenfall, Meta, LTU, Region
Edge modules North, Vertiv, BP Castrol, Intel
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RISE ICE Datacenter test environment

Module 1 & 2 Compute clusters Module 3 OCP Lab + Climate box + Heat box




RISE ICE Datacenter public funded projects (examples)
B

BT

DC

An EU project.

The goal was the
Most Energy and
Cost efficient data
center in the world.
Holistic cooling
was used to reach
PUE = 1,015.

ArctigDC

An EU Interreg
Nord project . The
goal was to study
challenges with
data centers in the
arctic region. Show
solutions for heat
reuse & operations.

AutoDC

D 1TEAZ

An ITEA3 project.
The goal was lower
OPEX by making the
data center module

autonomous, self-
healing, self-
optimizing and
robust using Al.

An EU project.
The goal is to show
a recovery process

using liquid cooling
and a fuel cell and
use the electricity
from the fuel cell
for the datacenter

An EU project.

The goal is to define
the fuel cell prime
power concept for
EU data centres.

Demonstrate and
validate a proof of
concept.

Aniara

C > ceLtic-nexT

A Celtic+ project.
The goal is to
develop automation
of a network of edge
nodes availability,
robustness,
optimization and
reliability.




Use of GPT-4 running on XPUs
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Global data center energy use trends

Internet traffic, data centre workloads and energy use, 2010-2020

18
Internet traffic

15

12

Index: 2010 =1

9 Data centre workloads

- Data centre energy use
0

2010 2012 2014 2016 2018 2020

Data center energy use almost flat compared to internet traffic or data center workloads

Source: Global data center energy use trends (IEA, 2021)



History of Al by @Torshammer
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Preceptron 1950-60 Backpropagation 1980-1990 Deeplearning 2010-20
(one layer, few parameters) (many layers, many parameters) (many layers, billion parameters)

Simple Al - Many humans Machine learning - Few experts Generative Al - No single human (not all tasks)
Few control parametrar Many control parameters Billion control parameters
Laptop computer Advanced GPU server Super computer cluster RI
| |

30 years 30 years



Generative Al (for ex. ChatGPT)

n Tell me what you can do.

As an Al language model, | have a wide range of capabilities, including: d3

1. Language translation: | can translate text from one language to another.

2. Text summarization: | can summarize long pieces of text into shorter, more digestible
summaries.

3. Text completion: | can generate text based on a given prompt or context.

4. Question answering: | can answer questions based on information available in my
database.

5. Sentiment analysis: | can analyze the sentiment of a piece of text and determine whether
it is positive, negative, or neutral.

6. Language generation: | can generate text in a specific style, tone, or voice.

7. Chatbot capabilities: | can engage in a conversation with a user, answering questions,
providing information, or just having a chat.

8. Content creation: | can help generate content for a wide range of purposes, such as
writing articles, social media posts, product descriptions, and more.

9. Personalization: | can personalize my responses based on user preferences, interests, and
history.

10. Data analysis: | can analyze data and generate insights based on the patterns and trends |

detect.
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Growth rate ChatGPT

chatGPT Daily Active Users
(global estimate)

14,000,000

12,000,000

10,000,000

8,000,000
6,000,000
4,000,000
2,000,000
0
LRGP P s R P S PP PFPLS 5 5
FEL PP EE IO I I IE I IS I IS ~°
o & o \\'\ o \\'\ \\' \Q 0 NI .\ N \\'L N p\ @ ™ & \Q\ .@x \\\J
A PGNP AN RN I ANGIEANGIN NP S RO
Source: similarWeb, ARK Invest @
. n\vasT

Time to Reach 100M Users

& Months to get to 100 million global Monthly Active Users

78 .

, @
|||li?%

Google Translate Uber Telegram Spotify Pinterest  Instagram TikTok ChatGPT

Source: UBS / Yahoo Finance W atwnomyAsp @ APP ECONOMY INSIGHTS

One Million Users

Time it took for selected online services
to reach one million users

Nefiix - | 3.5 years
Kickstarter' 200« || | Y 25 years

Airbnb™ 2oo: || 25 years

Twitter 200 ||| Y 2 years

Foursquare™ 2007 [ 13 months
Facebook 00¢ [ 10 months
Dropbox 200¢ [ 7 months
: O 0.0
Spotify 2006 [} 5 months O~ ~0~
Instagram*** B 25 months D—Q—DD

ChatGPT :022 |5 days

* one million backers ** one million nights booked *** aone million downioads

Source: Company announcements via Business Insider/Linkedin S



High-end efficient and heavy Al compute
Where will it happen?

L ON-DEVICE —

L ON-PREMISE —

Near-premise

EED Mini

DCs

FAR EDGE

Millions 100 000s 1 000s 100s 10s <10
» A (({ ])) Cell Site Central Office Central
W A\ Edge In-country Data Center
e, = Data Center
S5 == Aggregation

NEAR EDGE

CLOUD
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Inference (use phase)

Model learning (training phase) EIE'



Training GPT-4

1,7 trillion model parameters & 13T tokens for
training and 6 Floating operations (FLOPs) per
parameter for one token

peta =10e15 =1 000 000 000 000 000

— 133G petaFLOPs

OpenAl trained on 25 000 NVIDIA A100 GPUs
— Training time >100 days
— Cost $100 million

= Energy 50 GWh (2% of Swedish DC energy)

Source: OpenAl, RISE, Wikipedia, the decoder, ChatGPT Statistics 2023



Using (Inference) GPT-4

1,7 trillion model parameters & max 32k tokens and*®
2 Floating operations (FLOPs) per parameter for one
token (assume 1k tokens/request)

= 3,4 petaFLOPs per request -> 1,2 Wh
GPT-3 - 0,13 Wh, Google search - 0,28 Wh

1 Wh =60 W light bulb on for 1 minute.

OpenAl use 128 NVIDIA A100 GPUs for inference
100 million active users and 2 request/day

= 0,68G petaFLOPs per day -> 91 GWh/year W
(10MW) Unprecodented Acs

— 0,1 seconds and 200 clusters for GPT-4 GPT-3 - 0,07G petaFLOPs/day R
and 9,5 GWh/year (1 MW) S

Source: OpenAl, RISE, Wikipedia, the decoder, ChatGPT Statistics 2023



Al capacity buildout continues

H100 GPU orders expected to be fulfilled in 2023

Thousand H100 GPU Units
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NVIDIA shipped
nearly half a million
H100 and A100
GPUs in 3Q23.

Amazon
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ByteDance
Tesla

*Some Meta order fulfilment might slip into 2024 due to a delay in data center go-live
dates.

N

Source: Omdia, Cloud and Data Center Market Snapshot, Nov 2023



Thermal management
In future XPUs

UE



Information processing predictions and energy
requirements

1.E422

AR | » 100,000 ZIPS
New compute
4
World's eneygy production : trajectories ‘ /" 10,000 ZIPS
0000 ' ’

‘Market dynamics limjited' scenario 7
1,000 ZIPS max 1000 | | JL 1,000 ZIPS max
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Compute Energy in J/year
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Energy efficiency In processing information.

1E-03 h\ . o Landauer 1988
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The thermal design power
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Where are TDPs heading?
Energy

Intel microprocessor 2030 |
Highly scaled CMOS 5000 kT

Energy dissipation (E) 1 aJ per transistor |

Beyond CMOS

S 100-5
#transistors (#T) 1 trillion (EE/oa)
_ Landauer Switch
Switching frequency (f) 4 GHz (1.4 nm / A14) 7 S
Power=E x #T x f 4000 W

Dark silicon (assumption) 50%

TDP 2000 W Information
Processing
Die size 1250 mm?2 Siaien -
Communications m
Max heat flux 1.6 kW/m2 \_/ \
HF=TDP/area Tecmax < 60°C Bevice Error Rate Comulaity

Pover (=SwitchEnery 0)xswiching Race ) [l Y
| |
- S



Heat fluxes of microprocessors

Reentry from earth orbit
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Fluids are needed to remove the heat, but which?

_—

Air (1-3 atm) I
Fluorochemical Vapor
Silicon Ol Natural
Convection
Transformer Oil
Fluorochemical Liquids
Air (1-3 atm)
Fluorochemical Vapor
, __ Forced
Transformer Oil Convection
Fluorochemical Liquids [ ]
Water I
Fluorochemical Liquids FEEEEEEE
Boillng
Water P
| 10 cm? area
| ! IIII| | IIIII| ! IIIIIII| ! IIIIIII|
0.01 0.1 1 10 100 1000
RCOTHJ [K/W]

Flud —e @ TA

Heatsink

TIM
Device

700W spread over 700cm? =70 x 10cm?
1W/cm? or 10W/10cm? from 700W/70

Temp difference between T and T, is then
10W/cm2 x R.,,,,°C

conv

Tc-To,=10R_,, °C =55°C forairR 5.5

conv conv

To=T.-55=85-55=30°C supply air. R
Could just and does run on “thin air”! S




Fluids are needed to remove the heat, but which?

Future 2000W XPUs with T of Al (123 2t S
6OOC and TA at 200C Fluorochemical Vapor [ ]
Silicon Oil - — Sawral
2000W spread over 1000cm? say T:a“Sf":”er O‘I' =
Fluorochemical Liquids [
2000W / 100 = 20W/10cm?2 i — -
Temp difference = (20 RCOﬂV ) °C Fluorochemical Vapor
Transformer Oil = E(())rr?\(/a:ction
T — T _ 20 R OC Fluorochemical Liquids
A C conv Water )
. Fluorochemical Liquids 3
With T at 60°C o
Need Rconv Of 3 or Iess. I [ IIIIII| LI IIIIII| ! IIIIII| [ IIIII:II-lO CI;nIZ Ialrﬁﬁi
0.01 0.1 1 10 100 1000

° ° RCOTUJ [K/W]
Cannot run on “thin air”!
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OCP 2023 presentations looking at the need for liquid
cooling.

GPU and CPU Power and Coolant Trends

Assumptions:
1.5 lpm per 1KW
Power Support Vs. Technical Fluid Temperature

Wt/ vt b 41 T VD QA

NVIDIA Tesla TDPs
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DC Excess Heat — Apple drying

Keep the berry harvest in the region for further
processing, instead of going for export.

Ref. 8h = 0.6

12h @ 35°C = 0.5 E i ‘W\\\‘\\\\‘\\\W‘i\\N\
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https://doi.org/10.1016/j.energy.2020.119169

DC Excess Heat - Green House

DC power 1 MW @ 27°C
Green House area 2°000, 10°000 m?
Partial and full year production

Conclusions

FYP and 10°000 m?2 most beneficial
Increase self-sufficiency < 8%

Tomato cost price [€/kg]

2000 m2 10000 m2 2000 m2 10 00D m2 2000 m2

Fartial year production Full year production

Area [m2]

Production scenario

Boiler peak heating demand [kW]

Boiler run time [h]

Excess heat ratio of total greenhouse heating demand
Excess heat recovered of the data centers total input

10000 m2

Typical

ENERGIY

m Fue

m Capital

M Electricity
Labour

Other



DC Excess Heat — Green House
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DC Excess Heat - Green House

EXCESS HEAT

SP110 SP108 SP107 SP106 SP105 SP104

Data collection platform measuring o= o=
— Temperatures

Flows T T 1

Humidity

TO
GREENHOUSE
Pressure

Damper position

rtrt 1ttt 1t

SERVERS
TA01-GP101

FF01-GP101
setpoint:
TA01-GP401 TA01-GT/GM401 temperature mean value:

humidity mean value: QE
FROM Dc[:l Aé—l Y v )

EXHAUST AIR
i Méo 1 B—'_Eo.':lsmm A oot A A cmemi2 A &/

FFO1
v v

FF02-GP101
TA02-GP101

GT/GM103
TA02-GP401

TA02-GT/GM401
OUTSIDE AIR % > @ :

SP109 l_J IZ

GT/GM104

EXHAUST AIR




DC Excess Heat - Mealworm Farming

10 kg of mealworms for 10 tests

DC excess heat temp (20, 30°C)

3 feeding schedules (basic, extra, tunned)
With and without access to water

Conclusions
Dominating parameters:
— DC excess heat temp
— Food
— Water
Reduction of production time 50%

29 RISE - Research Institutes of Swaier


https://www.nyteknik.se/premium/maskar-fods-upp-med-varme-fran-svenskt-datacenter-7005220
https://www.nyteknik.se/premium/maskar-fods-upp-med-varme-fran-svenskt-datacenter-7005220

DC Excess Heat = Woodchip Drying

120 m3 woodchips for 2 weeks and 10 tests
DC excess heat temp (35, 42°C)
Feeding rate (50, 75 100%)

Fan speed (50, 100%)

Conclusions
Moister reduction < 10%
Energy Reuse Efficiency < 42%
Dominating parameters:

— DC excess heat temp

— Fan speed

30 RISE - Research Institutes of Sweder.


https://www.nyteknik.se/premium/de-testar-ny-roll-for-datahallar-torka-biomassa-7001305

DC Excess Heat - Hot Tap Water

DC testbed for liquid cooled servers
Connection of 2 parallel set-ups
Part of the building hot tap water system

Conclusions
Peak excess heat temp =>60 °C
Hot tap water production without heat pump

31 RISE — Research Institutes of Sweden S



. https //d0| org/lO 1016/j.ecmx.2023.100473

DC Excess Heat — A realistic view

Conclusions
ERE; 0.5, 0,59 and 0.66 for 30,
40 ana 50°C respectively

11-31% better than 1 case
application.

Drying of
fruit,
vegetables
and meat
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Heat reject Heat reject

Temperature [°C]

Heat reuse

—— Ambient temperature —— Ambient temperature

Heat reuse

Jan Feb Mar April May June July Aug Sep Oct Nov Dec Jan Feb Mar April May June July Aug Sep Oct Nov Dec
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DC Excess Heat — The IUS Matrix

District heating

(HP) Desalination plant

Penicillin production 10-13 kwh &1000 gallons

(HP) S\ e

n

N

H20, minerals, salt

Wood drying

Fish feed

Energy storage

Fish smokehouse \
restaurant l

RISE — Research Institutes of Sweden

X Compost

Plants Carbon storage

medication
bioplastics
fish feed

/

CO2 from industriers

—» District heating

N
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Thank you!
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-mattias.vesterlund@ri.se -
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