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Data center energy
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Some key takeaway points.

Source: Suomi NPP Satellite/NASA Earth Observatory



Data Centers require electricity

Z,
What happens to the electrical energy that a % Today 0.03% of input
Data center demands? © power is in the data
© stream.

Based on: o o Today 99.97% of input
Rolf Landauer, “Irreversibility and Heat Generation in the power is in the thermal

ComputingProcess,” IBM J Res. Dev. 5, 183 (1961).
http://dx.doi.org/10.1147/rd.53.0183 stream. RI
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Data Center energy requirements breakdown.

Legacy Data Center Energy Use Breakdown
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Modern Data Center Energy Use Breakdown
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Heat fluxes in Data Center servers.

Microprocessor Heat Fluxes (redrawn) Microprocessor W/sq.cm
- . AMD Vega 10 43.39
- Nvidia GP102 53.08
Nvidia GV100 30.67
z / Intel Xeon Plat 8180 29.37
g " o AMD Epyc 23.44
= e Qualcomm Centrig 2400 30.15
o we0 w0 wws0 w0 200 200 200 LiQuid cooling approaches can
Year cope with these high heat fluxes

more effectively.
* Low speed liquids flows
* High speed air flows

Roger Schmidt, Liquid Cooling is Back, Electronic Cooling August 2005.
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B) Electricity consumption

Data center environmental o Malmodin, J. and Lundén, D.

En'gggifse 2018. The energy and carbon
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Shehabi, A., Smith, S., Sartor, D., Brown, R., Herrlin, M., Koomey, J., Masanet, E., Horner, le

N., Azevedo, |. and Lintner, W., 2016. United states data center energy usage report.



Many varied estimates on

Energy consumption of data centres worldwide
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Annual Energy consumption [TWh/a]

200
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0
2010 2011 2012 2013 2014 2015 2016 2017 2018
—Borderstep 2018 Andrae 2015 expected Andrae 2019 expected #® Malmodin/Lunden 2018
—Heddegdem et al. 2014 ——The Shift project 2018 Bitterlin 2016 ——Belkhir/Elmeligi 2018

Source: Montevecchi, F., Stickler, T., Hintemann, R., Hinterholzer, S. (2020). Energy-efficient Cloud Computing Technologies and Policies for an Eco-friendly
Cloud Market. Final Study Report. Vienna
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In addition, there is Bitcoin energy use.

Monthly . Yearly

Total Bitcoin electricity consumption Monthly o Yearly
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Zoom Im 3m 6m YD 1y Al 03-2015 | - [ o1-2022 | )
Select an area by dragging across the lower chart
% Zoom 1m 3m 6m YD 1y Al 04-2017 |- [ 10-2022
: o 3
3 100
: | £
& 2022+ 2 o
g Yearly consumption: £4.78 A ==
3 s Cumulative consumption: 390.18 g }
’
- [~ !
% £ 75 LA i
g s 1
E L1
5 0 : i
g F bel
E i~
=
2 2
: :
25 g - e
g g *
£ z
£ g
0
| | | | | | | — ﬁ b} ANENEENE SEEEN N i
2016 2017 2018 2019 2020 2021 2022+ 04 - - . 031 ot s
2010 2012 2014 2016 g—— ljgag——— Pop; 2012 2014 2016 * u/—/ﬁ/:n;'i
= j 7]
* Year to Date (YTD} * Month to Date (MTD)

= G [i] https://ccafio/cbeci/index
Source:

N




What are the predictions of energy use?

Energy consumption of data centres worldwide

Annual Energy consumption [TWh/a]
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Source: Montevecchi, F., Stickler, T., Hintemann, R., Hinterholzer, S. (2020). Energy-efficient Cloud Computing Technologies and Policies for an Eco-friendly
Cloud Market. Final Study Report. Vienna
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Information processing always uses energy

(JOULES) (BITS) (JOULES PER BIT) ACTIVITY (JOULES)

ACTIVITY ENERGY INFORMATION CONTENT | ENERGY PER INFORMATION ENERGY
(JOULES PER BIT)

INFORMA(EI#%I)CONTENT F ENERGY PER INFORMATION

CHARACTER RECORD ACTIVITIES: AUDIO RECORD ACTIVITIES: ‘

TYPE ONE PAGE 30,000 21,000 14
g S - -, TSAL]EEPS&TJE%:ONVERSATION 2,400 288,000 008
TELECOPY ONE PAGE 20,000 21,000 1 ¢ )
(TELEPHONE FACSIMILE) HIGH FIDELITY AUDIO RECORD 3,000 2,400,000 001
READ ONE PAGE 5,400 21,000 3 PLAYBACK (ONE MINUTE)
(ENERGY OF ILLUMINATION) AM RADIO BROADCAST 600 1,200,000 0005
COPY ONE PAGE 1,500 21,000 07 (ONE MINUTE)
(XEROGRAPHIC COPY)
PICTORIAL RECORD ACTIVITIES:

DIGITAL RECORD ACTIVITIES: TELECOPY ONE PAGE 20,000 576,000 03
KEYPUNCH 40 HOLLERITH CARDS 120,000 22,400 5 (TELEPHONE FACSIMILE)
TRANSMIT 3,000 CHARACTERS 14,000 21,000 a PROJECTION OF 35 MM SLIDE 30,000 2,000,000 02
OF DATA (ONE MINUTE)
READ ONE PAGE COMPUTER 13,000 50,400 3 COPY ONE PAGE 1,500 1,000,000 002
OUTPUT (ENERGY OF ILLUMINATION) (XEROGRAPHIC COFY)
SORT 3,000-ENTRY BINARY FILE 2,000 31,000 06 PRINT ONE HIGH QUALITY OPAQUE 10,000 50,000,000 0002
(COMPUTER SYSTEM) PHOTOGRAPHIC PRINT (5" x 77)
PRINT ONE PAGE OF 1,500 50,400 03 PROJEGT ONE TELEVISION FRAME 6 300,000 00002

COMPUTER OUTPUT
(60 LINES x 120 CHARACTERS)

(1/30 SECOND)

SCIENTIFIC
AMERICAN

ENERGY AND INFORMATION
Author(s): Myron Tribus and Edward C. Melrvine
Source: Scientific American, Vol. 225, No. 3 (September 1971), pp- 179-190

Note that the best energy per information is
0.00002 = 20puJ

(/23]
m—



Limit of energy consumed when processing information
some quick science to explain.

Ideas from Maxwell, Boltzmann and Gibbs on ENTROPY

Boltzmann’s equation
S =klog (W)

Entropy = (constant) x natural log of number of
State configurations.

k is Boltzmann’s constant with units of J/K and
a value of 1.38064852 x 1023 J/K

Less state configurations More state configurations.
as constrained.

Lower ENTROPY Higher ENTROPY

If red particles are hot and blue
are cold can do mechanical work
from the temperature difference.

N0



Is there a limit of energy consumed when processing
information?

0 i I'll 0 1 ’I \ 0 1 |
- F 3 " Bl Computing process \ P '
N, _'I \ F F A .'Iz N, I

2 configuration states 1 configuration state
Entropy = k x log(2) = 0.69 x k Entropy = k x log(1) =0

No change in internal energy => work done in the computing process of one bit generates heat.
Second law of thermodynamics => thermal energy is (change in Entropy) x process temperature.

Change in Entropy = 0.69 — 0, so thermal energy per bit=0.69x kx T
= 0.000000000000000000003 Joules per bit

Based on: . o = 3 zJ (zepto Joules) at around 40°C
Rolf Landauer, “Irreversibility and Heat Generationin the

Computing Process,” IBM J Res. Dev. 5, 183 (1961). RI
http://dx.doi.org/10.1147/rd.53.0183 SE




Energy efficiency in processing information.

1E-05 S N ssee kT(300)
N a IBM Landauer limit is about 3 zJ based on

= 15-07 e x Intel Boltzmann’s H Theorem
S 1£:09 e o ITRS
= ¢, | Rapid Vreduction ITRS predicting 1 aJ by 2030.
& 1E-11 %&\l Slower Vreductlon P J Y
c
£ 1E- eq. p : .
=z 1E-13 Clock f lateaus Bennett identifies 174 zJ based on DNA
5 1E-15 % polymerization.
“ 1E-17

1E.19 Frank identifies 435 zJ based of probabilistic

misreading of switch state.
1E-21

Year
B Y

Power (W)= Switch Energy (J) x Switching Rate (s') EE



“Man’s” per capita consumption through the ages

97.6MWh per year

41.1MWh per year

11MWh per year

How does nearly 100 MWh per
capita per year as estimated in
1970 compare with the figures
of today?

FOOD |
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T
30.2kWh
wh - SCIENTIFIC
5.8kWh
The Flow of Energy in an Industrial Society
Author(s): Earl Cook
2.3kWh Source: Scientific American, Vol. 225, No. 3 (September 1971), pp. 134-147
| |
50 100 150 200

DAILY PER CARPITA CONSUMPTION (1,000 KILOCALORIES)

© 1971 SCIENTIFIC AMERICAN, INC
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“Man’s” per capita consumption through the ages

Energy use per person

Energy use not only includes electricity, but also other areas of consurnption including transport, heating and

Research and data to make progress against

R the world’s largest problems
TRUSTED IM RESEARCH AND MEDIA
@ Add country Science nature PNAS |7 BIEIME EheNewJork Eimes TN
KT guardian THE WALLSTREETJOURNAL. %  @he Washington Post Vo
12{} IEIEIID kw USED IN TEACHING
' ! A~ & HARVARD Stanford Berkeley ®ohGine EIEEEN 1T
2021 ®iorway
OO N ® Norway 103,944 kWh
® United States 77,574 kWh
80,860 kW ® Sweden 62441 kWh ®United States 97.6MWh per year IE;C‘\:TNOI_UGECAL
@ Finland 58011 kkWh F
BoWEDER
60,000 kWh ® Furope 40,041 kWh ®Finjand
- ® China 30,322 kWh 41.1MWh per year B R
40,000 kWh ® United Kingdom 29,239 kWh ®Europs
: China
® India 7063kWh 8 - . Kingdom o
20.000 LWh /’,_/ 11MWh per year AGRICULTURAL
MAMN
g S " -8 ndiz
O kh St — : . ;
1971 1980 1990 2000 2010 2021

Source: Our World in Data bazed on BP & Shift Data Portal iDatz.orgfenergy » CCBY
Mote: Energy refers to primary energy - the energy input bafore the transformation to forms of energy for end-use {such as electricity or

petrol for transpart). = & =

q

N
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Global primary energy consumption 1971 to 2021

Share of primary energy from fossil fuels S yionn
0 Add country
Bl = - = ; Indiz
; China
Warld 809
60% United States
United Kingdom
— FiiFtipe ® 1971 o
) &0% @ China 06.93%
e s ST ® United Kingdom  96.48%
b s S22 ® United States  94.77%
® World 8228% e Finland A0% @ Eumpe 03.89%
A0% @ United States 81.38% ® o World 93.19%
w @ United Kingdom 76.28% — ® India 87939 M
W Curopt 7474% 97 jorway 20% @ Finland 83.07%
0% ® Finland 46,700 ® Swisden £8.80%
® Sweden 28.07% ® Norway 36.03%
® Morway 27.63% 0% s .
0% r T T i 1971 1980 1920
1971 1980 1990 2000 2010 2021
Source: Our World in Data based on BP Statistical Review of World Energy {2022} CrurWorldInData.orglenergy » CCBY
Mote Primary energy is caloulated using the 'substitution methodwhich takes account of the inefficiences energy production from fossil
fuels.
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Global primary energy mix 1971 to 2021

Energy consumption by source

Prirmary energy consumption is measured in terawatt-hours (TWh. Here an inefficiency
factor (the 'substitution’ method) has been applied for fossil fuels, meaning the shares by
each energy source give a better approximation of final ensrgy consurmption.

= Changeregion O Relative
150.000
140,000
120.000
100,000

80,000

60,000

40,000

20,000

0]

1871 1980 1990 2000 2010 2021

Source: BP Statistical Review of World Energy
Maote ‘Other renewables’ includes geothermal, biomass and waste energy

Other renewables
Biofuels

Solar

Wind
Hydropower
Muclear

Gas

Coal

CurwaorldinDataorglenergy = CC BY

Share of energy consumption by source. World
To convert from primary direct energy consumption, an inefficiency factor has been applied
or fossil fusls (Le. the 'substitution method'),

+ Change country
40% 2021
@ Oil 30.95%
® Coal 26.90% 8 ”
o
SD%W ® Gas 24.42% *
L] Coal
® Hydropower 6_.?6% ® .
@® Nuclear 4.25%
® Solar 1.63%
® Other renewables  1.44%
10% Hydropower
-— Muclear
R =
Wind
Salar
0% s s s s s s rrrerrre DOther renewables
1971 1930 1990 EDDD 2010 2021

Source: Cur World in Data based on BP Statisticzl Review of World Energy (2022)
COurWorldinDataorgfenergy » CCBY
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Global electricity energy mix 1985 to 2021

Electricity production by source Share of electricity production by source, World

 Change country Relative  Change country
100% )
Other renewables,
including bioenergy i
Solar
Wind 355 Coal
80% Hydropower
30%
Muciear 2021
60% o 50 ® Coal 35.99%
- ® Gas 22.90% @ Gas
& 20% ® Hydropower 15.01%
A @ Nuclear 9.84%
15% ' ® Wind 6.54% @ Hydropower
® Solar 3.63%
20%
Coal 10% —v’*\\ ® Otherrenewables  2.68% * Pliscleae
@ Oil 253% = Wind
5% = : ! Solar
0% ! Other renswsablies
1985 1990 1995 2000 2005 2010 2015 2021 e - e oil
. T e e L e R S — 1 T
Source: Our'World in Dats based on BP Statistical Review of World Energy (2022} Cur World in Data based on 1985 1990 1995 2000 2005 2010 2015 2021
Ember's Global Electricity Review [2022); QurWorld in Data based on Ember's European Electricity Review (20232)
Mote: "Other renewables’ includes biomass and waste, geothermal, wave and tidal. Source: Our World in Data based on BP Statistical Review of World Energy & Ember
QurworldinData.org/energy » CC BY OurwWorldinDataorg/energy » CCBY
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4

Death rate from accidents and air pollution

Measured as deaths per terawatt-hour of energy production.
1terawatt-hour is the annual energy consumption of 27,000 people in the EU.

24.6 deaths
KiQSO-times higher than solar

18.4 deaths
)\263-times higher than nuclear energy

2.8 deaths -
4.6 deaths -

0.02 deaths

0.07 deaths*

0.04 deaths

0.02 deaths \

Coal

25% of global energy

Oil

31% of global energy

Natural Gas

23% of global energy

Biomass

7% of global energy

Yd ropower
6%

global energy

Nuclear energy

4% of global energy

Wind

2% of global energy

Solar

! 1% of global energy

What are the safest and cleanest sources of energy?

N

Greenhouse gas emissions

Measured in emissions of CO,-equivalents per gigawatt-hour of electricity over the lifecycle of the power plant.
1gigawatt-hour is the annual electricity consumption of 160 people in the EU.

820 tonnes
273-times higher than nuclear energy /A

720 tonnes
180-times higher than wind by

490 tonnes

78-230
R
. 34 tonnes
3 tonnes

4 tonnes

5 tonnes

*Life-cycle emissions from biomass vary significantly depending on fuel (e.g. crop resides vs. forestry) and the treatment of biogenic sources.

*The death rate for nuclear energy includes deaths from the Fukushima and Chernobyl disasters as well as the deaths from occupational accidents (largely mining and milling).
Energy shares refer to 2019 and are shown in primary energy substitution equivalents to correct for inefficiencies of fossil fuel combustion. Traditional biomass is taken into account.
Data sources: Death rates from Markandya & Wilkinson (2007) in The Lancet, and Sovacool et al. (2016) in Journal of Cleaner Production;
Greenhouse gas emission factors from IPCC AR5 (2014) and Pehl et al. (2017) in Nature; Energy shares from BP (2019) and Smil (2017).

OurWorldinData.org - Research and data to make progress against the world’s largest problems.

Licensed under CC-BY by the authors Hannah Ritchie and Max Roser. RL



Future potential for renewable energy sources

Hydropower 10 500 TWh 11 183 TWh 106.5% 380 — 927 Mt CO2eq
Wind 122 600 TWh 4 872 TWh 3.97% 19.6 — 150 Mt CO2eq
Geothermal 16 600 TWh 763 TWh 4.59%

Solar fuels (bioX) 21 900 000 TWh 1140 TWh 0.005% 160 -> Mt CO2eq
Solar 65 700 000 TWh 2 702 TWh 0.004% 13.5 -> Mt CO2eq

2021 Primary Energy Production: 163 709 TWh with
a total of 49.76 Gt CO2eq emissions, of which 83.1%
was based on fossil fuels.

Solar FAQS * Please send technical comments and suggestions for additional questions to: Jeff Tsao
(Jeff Tsao(@science.doe.gov). We acknowledge contributions and comments from: Mark Spitler, Randy
: P
Ellingson and Harriet Kung (Office of Basic Energy Sciences); Art Nozik and Ralph Overend (National
Edited/Compiled by: Renewable Energy Laboratory); Jeff Mazer (Office of Energy Efficiency and Renewable Energy); and
Mike Coltrin and Charles Hanley (Sandia National Laboratories).

Jeff Tsao (U.S. Department of Energy, Office of Basic Energy Science)
Nate Lewis (California Institute of Technology)

Geqige Enbiree (Aoiome Tadonal Ladorutory) Working Draft Version 2006 Apr 20  Solar FAQs Page 1 of24§|E



Greenhouse gas emissions due to carbon dioxide

Balance of sources and sinks
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Age (kyr BpP)
360 ppm
A1l Observed increases in well-mixed greenhouse gas (GHG) concentrations since around 1750 are
340pom unequivocally caused by human activities. Since 2011 (measurements reported in ARS), concentrations have
AR continued to increase in the atmosphere, reaching annual averages of 410 ppm for carbon dioxide (CO,),
300pem 1866 ppb for methane (CHs), and 332 ppb for nitrous oxide (N20) in 2019°. Land and ocean have taken up a
280 ppm

1502 1600 1700 1800 1900 2018

Source' NOAA/ESRL (2018)

OurWorldinDatz org/co2-and-other-green

near-constant proportion (globally about 56% per year) of CO; emissions from human activities over the past RL
six decades, with regional differences (high confidence)’. {2.2,5.2, 7.3, TS.2.2, Box TS.5}
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Greenhouse gas emissions due to carbon dioxide

WA,

Cumulative CO2 emissions Our World

in Data

) Mg e G i i g L are SoLoaw % y Aol
Share of e¢lobal cumulative CO2 emissions Our World I e R o . )
Each el s tive slobal G bandiGade C0: S N . Ie="EN  Cumulative carbon dioxide (CO:) emissions represents the total sum of CO: emissions produced from fossil

€l i < char CLT ive =i C. h i f . is 5 ulative i L “a - s gy 5 R . -2
‘:: _CI?IL"“t:'Ur rigf’r,' 3 br‘?' £ UI'_‘lu;n”.li[,':e Eﬁ?Df f?,g;t” e B :) emissians. Cumulative emissions fuels and cement since 1750, and is measured in tonnes. This measures CO: emissions from fossil fuels and
ArE LA S eI O At e eSS O L e R RO A BN YEan cement production only - land use change is not included.

ﬂhdd o i ﬂAdd country [ Relative change
100%
[ ]
World
1.6 trillion t 4
2020
B 1.4 trillion t ® World 1.70 trillion t
1.9 trillion t @ Europe 531.16billion t
0% @ United States 416.72billiont
1trilliont @ China 235.56 billion t
e ® India 5442 billion t
40% 500 billion t
Europe 600 billion t
United States BEueope
209% Asia {exch China & India) 400 billion t @nited States
China -
Marth America [excl. USA) P
‘4 ndia 200 billion t ®China
0% , e — South America
B T T ~T - ) @india
1750 1800 1850 1900 1950 2020 Ot =———— — 3
1900 1920 1940 1960 1930 2000 2020
Source: Cur World in Data based on the Global Carban Project CurWorldInData.org/co2-and-other-greenhouse-gas-emissions « CCBY

* Globally there is a net loss of ~4.7 million hectares of trees annually (https://doi.org/10.4060/ca8753en).

* 1000 trees per hectare with ~10kg of annual CO2 sequestration potential per tree this is a capacity loss of
sequestering 47 Mt CO2 per year.

* Based on an FAO publication the net loss of trees has been 177 million hectares between 1990 and 2020.

* This equates to ~1.8Gt CO2 of lost sequestration potential over 30 years.
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Decoupling CO2 emissions from economic growth

Change in per capita COz2 emissions and GDP, Finland

Annual consumption-based emissions are domestic emissions adjusted for trade. If a country imports goods
the CO: emissions caused in the production of those goods are added to its domestic emissions; if it exports
goods thenthis is subtracted.

+ Change country
/.’\ GDP per capita
+40% 2019
@ GDP per capita +47.49%
® Consumption-based CO: per capita -29.68%
+20% @ Production-based CO: per capita -32.55%

ANy

-20%
Consumption-based CO= per

capi
Production-based CO: per capita

1 1 ] I I
1990 1995 2000 2005 2010 2015 2020

Change in per capita COz2 emissions and GDP. Norway

Annual consumption-based emissions are domestic emissions adjusted for trade. If a country imports goods
the CO: emissions caused in the production of those goods are added to its domestic emissions; if it exports
goods then this is subtracted.

& Change country

+50% o, /_‘_'.\' GDP per capita
2019

+40% ® GDP per capita +52.80%
@ Production-based CO: per capita -3.56%

+30% ® Consumption-based CO: per capita -90.21%

+20%

+10%

+0%
Production-based CO: per capita
Consumption-based CO: per
capita

I199O 1995 2000 2005 2010 2015 2020

Change in per capita COz2 emissions and GDP. China

Annual consumption-based emissions are domestic emissions adjusted for trade. If a country imporis goods
the CO: emissions caused in the production of those goods are added to its domestic emissions; if it exports
goods then this is subtracted.

< Change country
+1,000% p" GDP per capita
2019
@ GDP per capita +1022.11%
: 0
TI0% @® Production-based CO: per capita +246.51%
@ Consumption-based CO: per capita +234.03%
+600% ?
+400%
Production-based CO: per capita
+200% Eac;}rljst:mpticn- based CO- per
+0%

1990 19|95 ZOIOO 20I05 2010 2015 2020
Change in per capita COz2 emissions and GDP, India

Annual consumption-based emissions are domestic emissions adjusted for trade. If a country imports goods
the CO:emissions caused in the production of those goods are added to its domestic emissions; if it exports
goods then this is subtracted.

+ Change country
+250% /\
2019 GDP per capita
@® GDP percapita +270.29%
+200% ® Production-based CO: percapita  +190.08%
® Consumption-based CO: per capita +166.56% Production-based CO- per capita
2 Consumption-based CO- per
+15085 capita
+100%
+50%
+0%

1990 19.95 QOIOO 2005 2010 2015 2020
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What determines total CO, emissions?

The ‘Kaya Identity’ breaks down total emissions into the key elements driving them.

Total CO, emissions = Population x CO, emissions per person

N

f |
Income x lechnology
Goods and services per CO, emissions per $
person (measuredin $)
r S ]
Energy intensity x Carbonintensity
Energy consumed per $ |CO2 emitted per unit of energy
‘consumed.
. ' - GDP ~ Energy = €O,
11 CO, emissions = Population  x . X X
Total CO, emission P Population GDP Energy
¢ energy intensity by: ¢ carbon intensity by:
- Improving energy efficiency - Switching to renewable energy
— Switching to less intensive industries - Switching to nuclear energy

- Substituting gas for coal (partial)
- Capturing & storing fossil CO, (CCS)

OurWorldinData.org - Research and data to make progress against the world's largest problems. Licensed under CC-BY by the author Hannah Ritchie.

(/23]
m



Digitalisation is at the centre of
climate change

ICT-enabled ; 12.08
! WORK & BUSINESS
I
ICT-footprint 1.25 @ o
_ LEARNING
1.8 |
Gt MOBILITY & LOGISTICS
CO,, =
_ : USER FOCUSED SERVICE, CUTTING RESOURCE INPUTS
& 5 1 AT THE SAME TIME
Smart manufacturing, including virtual manufacturing,
mm production, circular supply chains and
36 ' : could abate 2.7Gt COze.
Mobility® Manu- Agriculture Buildings Energy ICT-enabled
facturing savings

Strategy, A., 2015. # SMARTer2030: ICT solutions for 21st century challenges. The Global eSustainability Initiative (GeSl), Brussels,
Brussels-Capital Region, Belgium, Tech. Rep.

e



Digitalisation boils down to data

Data is consumed at the
edge of the network by
devices that present rich
content.

2020-1.5GB OF TRAFFI[‘, PER DAYIPERSUN\

Sensor and IoT will
generate data at the
edge of the networks
and the applications
for a smarter future are

very diverse. ) TBI DAV 3TBIDM 3 PBI UAY 4TB UAY!E!\H

CONNECTED PLANE MART HOSHI -.-T. _____
Data is the new oil and - \
. (inte?
we need refineries!

Keynote: Beyond the Cloud: Edge Computing - Mark RI.
Skarpness at the OPEN SOURCE SUMMIT 2017 SE
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Future potential for renewable

energy sources SCIENTIFIC
f ever an energy source can be said to AMERICAN

- have armrived in the nick of time, it
is nuclear energy. Twenty-two nuclear
power plants are now operating in the
U.S. Another 55 plants are under con-
struction and more than 40 are on order.
This year the U.S. will obtain 1.4 per-
cent of its electrical energy from nuclear
fission; it is expected that by 1980 the - - |

ﬁgure will reach 25 percent and that by Need to move to low

2000 it will be 50 percent. . .
Although a 1,000-megawatt nuclear CO2 IntenSIty energy

power plant costs about 10 percent more to reduce the pOtent|a|
than a fossil-fuel plant ($280 million as risks associated with GHG :
against $250 million), nuclear fuel is al- emissions. ek
ready cheaper than coal at the mine

mouth. Some projections indicate that _

coal may double in price between now The evidence does not e
and 1980. One reason given is that new readily indicate a negative ' '

Federal safety regulations have already effect on the economy:. 5 ) : = i il
reduced the number of tons produced il i S YR

per man-day from the 20 achieved in
1969 to fewer than 15. e}

THE CONVERSION OF ENERGY
Author(s): Claude M. Summers
Source: Scientific American, Vol. 225, No. 3 (September 1971), pp. 148-163

HYDROGEM
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Smart and local reneWable Energy DISTRICT heating
and cooling solutions for sustainable living

<

Data centres ety
a n d fu el Cel IS ‘ Sustainability

Challenges in Data
Centers

PowerHour webinar series for consulting engineers
Experts you trust. Excellence you count on.

April 2, 2020 2:00pm Eastern Time / 11:00am Pacific Time
(1 PDH issued by Cummins Inc.)

Datacenter

56 — Server

e BB P [

Datacenter

. Reduced Cost -
Less Infrastructure + Less Complexity = 7. I B
& Risk B o e L '
50% decrease in physical  5_199, decrease in total DC 24-40% efficiency 22-50% CO2 reduction (more

infrastructure on-site COGS rate improvement w/ RNG)

SIMPLICITY LOWER COST

Streamlined Design Elimination of electrical
Reduces Risk distribution

Minimal customization Less site equipment to maintain
Reduced failure zone Waste heat reuse

N0

Simple energy supply chain
This project has received funding from the European Union’s Horizon 2020
s research and innovation programme under grant agreement N°857801
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Smart and local
reneWable Energy
DISTRICT heating and cooling S
solutions for sustainable living

[
is project has received funding from the European Union’s Horizon 2020 research and innovation programme un der grant agreement N°857801. sE



Smart and local reneWable Energy DISTRICT heating
and cooling solutions for sustainable living

Data centre

'="J—' waste heat recovery
How?

Heat pumps are used to increase temperature of the data centre heat for supply

an
N
-
-

s s s

to the district heating network.

Who manages the heat pumps? Data Centres have invested effort to remove the

compressor from their estate. Source:https://sustainability.fb.com

/

- - S
facebook i m\ /A
. . . — - & oo @ ’ = .

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement N°857801

N0
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Smart and local reneWable Energy DISTRICT heating
and cooling solutions for sustainable living

Data centre
waste heat recovery
\Where”? WHR from Data Centres is not new

Many initiatives in Europe for Waste Heat Recovery from Data Centres:

LO
unill

T
i

s e e

* Yandex / Nivos Energia Oy, Mantsala, Finland

* Facebook / Fjernvarme Fyn, Odense, Denmark

» GleSYS/Falkenberg Energi, Sweden

» Dalkia, Val d’Europe, France

* NorthC data center/Aalsmeer Energy Hub, Aalsmeer, the Netherlands
* Open District Heating, Stockholm, Sweden

Telia/Fortum, Helsinki, Finland

AND MANY MORE.

This project has received funding from the European Union’s Horizon 2020 SE
research and innovation programme under grant agreement N°857801




] ] Smart and local reneWable Energy DISTRICT heating
?I_La Demonstration site and cooling solutions for sustainable living

LULEA (Sweden) A proof-of-concept!
2 tonnes of biogas  Covered trench with Building with DH Fuel cell
. . Data centre
stored at 150 bar.  gas line, power and data. network container with

container
9 fuel cells

This project has received funding from the European Union’s Horizon 2020
== . :
research and innovation programme under grant agreement N°857801



_ ) ‘ocal reneWable Energy DISTRICT heating
O I'? Demonstration site »ling solutions for sustainable living

LULEA (Sweden)

Orientation, location and setup of demo-site

,. " fiom the Furopean Union’s Horizon 2020 s -
Lo SHOTTprogramme under grant agreement N°8537801



reneWable Energy DISTRICT heating

3—'—? Demonstration site g solutions for sustainable living
LULEA (Sweden) Top module/container - 20-foot ISO for Fuel Cells
Concept and thermal arrangement Bottom module/container - 20-foot ISO for Data
BIOGAS +—) “ Dry cooler Exhaust gas |4 E

Container | Fuel Cell Module (TOP) - Main building
| | 1 | I I 'Hl

Up to 200 bar . Ll
8 g ‘ *
Pressure > »
redUCing ” & : e e e r— .
system Air pre- . .*
heater 4
30-40 mbar s <
I Data Center Module (BOTTOM) ]
Bio gas - District heating
3
é L2
Immersion cooled [i

e,

»n
m

Data center Power grid
sived funding fiom the Evropean Union’s Horizon 2020
wation programme under grant agreement N°837801
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DISTRICT

Heating & cooling solutions

Inside the DC and FC containers

— = This project has received funding from the European Union’s Horizon 2020 research and innovation programme under
s . grant agreement N°857801




Data centre waste heat recovery
Liquid immersion and solid oxide fuel cells

prssmesssnesssssssesssmesss ] Heat recovery temperatures ~
2 i o e - . 70
Air from outdoors i District Heating, ! —
H 1 ') i —
RISE faciltky : 60 2022-09-19 14:27:18.033
o —Tcout: 46.05
_______________________________________________________ F S g e Tein:  29.15
X = ' | My,
VeT=115°C Incoming ' =— ——— - r—.—,—-ﬂ Thout 3590
: (Ioop ; 40 ~Thin: 6855
Retun ‘T=373¢ A ; - '
: 30
loop " :
«T=349°C :
— ! Exhaustgas |
, ; 9 09/1816:00 09/1900:00 09190800 09/191600 09/200000  09/2008:00

T =32:07¢

i{> Teout — Tein — Thout — Thin
;

FC

' Ambient temperature
1=T=31.0°C

FC Container

This project has received funding from the
European Union’s Horizon 2020 research and innovation
programme under grant agreement N°857801.




Data centre operating on green gas
Compute, Power, and Heat measured data

Gas storage pressure Gas storage pressure FC Container - Pressure to ... FC Container - Pressure to fuel cells
F5bar 27.0mbar
70 bar 26.5mbar
65 bar 26.0 mbar |
&0 bar 26 mbar 25.5 mbar b
\ 64 bar 09/18 09/19 0919 09/20 0g/18 09/19 09/19 09/20
12:00 00:00 1200 00:00 1200 00:00 12:00 00:00
Right inlet . i Pressure to fuel cell R e
FC container - Power meter "102" Fuel Cells ~ Air Temperatures ~ External Temperature
oW 350°C T 140°C
%‘3 120°C 5,
2 iy, oy
-5 KW @ 300°C 2022-09-20 03:14:06.326 e e : “\g\
E ~ FC_Container:  25.32°C ‘;
=2 - DC_Container: 22.56°C
-10 kW 2022-09-19 00:42:34.574 £ ss0c | g
= power -13.55 kW = ‘iaf%-‘\}ﬁjlha‘\lﬂ)i‘;"iﬂ%izélj:'%'#ﬁr'lhs-%n)\\‘-ﬁfmf\_ﬁ.'w”‘ wjmh'a'."l"v-«’uih-!\-nﬁh.-.-\,,E"h‘u’ g % 6.0°C
150 —power 1:  -4.53kW | : 2
09/18 16:00  09/19 00:00 il 0 09/200000  09/20 08:00 Si5 E a0
= power_2: -4.52 kW 0%/181600 09190000 09/1908:00 09191600 09/2000:00 09/2008:00 5 09/181600 09/1900:00 09/1908:00 09191600 09/2000:00 09/2008:00
- Dower - Dﬁwer_.l o I}Ower_2 -po“l\er_ﬂ: -‘“mkw FC_Container DC_Coentainer — WeatherStation Incoming FC-container
DC Container - Power meter 2
L This project has received funding from the
10 kw . . . .
. 2022-09-19 21:53:07.808 European Union’s Horizon 2020 research and innovation
T : o0 Tpower ISUMW T programme under grant agreement N°857801.
09/18 12:00 09/1816:00 09/18 20:00 09/19 00:00 09/19 04:00 09/1908:00 09/19 12:00 09/19 16:00 09/19 20:00 09/. — power_2: 495kW - "1
= power_3: 5.28 kW SE

— power — power ]l — power_ 2 — power_3



Some key takeaways.

Microprocessor heat fluxes are likely to reach over 1IMW/m2.

The switching energy in microprocessors is likely to flatten out by 2030 at 1aJ per
switch, down from approx. 20uJ in 1970, so a 20 trillion

(20 000 000 000 000) fold increase in performance.

Technical potential of solar energy is massive and wind, solar and nuclear are low
carbon sources of energy.

Reduction of the energy sector GHG emissions is challenging - fossil fuels still
prominent dropping from 93% to 82% in 50 years.

Case study demonstrates potential to use waste to power an “edge” data center with

green gas, low noise, at up to 80% energy efficient with heat recovery potential at

o

Questiggsc—' please contact speaker at jon.summers@ri.se or +46 10 228 44 40
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