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Hyperscalers are ,Focused” Customers Environmentally

] Pr!or!ty 1: Performance, gnergy costs, thermal management Gm—
= Priority 2: Carbon Footprint of energy
. Priority 3: Water Footprint, if regionally relevant Disposal/recycling Raw material extraction

Our environmental portfolio is much broader
including

= full life cycle assessment, in conjunction with cost analysis
= technology assessment, selection and lab-to-fab prediction b “ SN
= product level analysis and optimization

= application scenarios, market scenarios \ /

= recycling, repair, re-use; circularity and eco-reliability 6';'

= regulatory developments and trainings Distribution

= Priority 4: Embedded Carbon Footprint / full carbon neutrality /
N
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GWP 100 [in kgCO2e]

Lifecycle Assessment of Servers in 2014 and 2019
Environmental impact already shifting from use to hardware production
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Dual CPU Rack Server (ErP Lot 9 Study 2014)
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GWP 100: kgCO2e
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Dual CPU Rack Server Dell R740 (2019)
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Power Consumption of ICT in Germany

. . r/ Forschungsfabrik nd R
Public Study from Project »Green ICT @ FMD« fj Mikraelekironik e
[ ] Dec”ne Of power Consumption betWeeﬂ Annual Power Consumption in the Use Phase

(Germany 2010 - 2036)

2012 and 2020 - despite increase in s
devices and usage 70

= Increase after 2020 is mainly driven by %
data centers

w
8

= Telecommunication networks increasing,
but much lower absolute contribution

Power Consumption in TWh
w 5
8 &

= Trend in households to reverse slightly
upwards after 2026

20

Households

2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030 2032 2034 2036
Lutz Stobbe, et al., “Power consumption and carbon footprint of ICT in Year

Germany 2010 — 2036", english version dated 29.7.2025

¥ Household M Data Center M Telecommunication = Commercial ™ Public
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Carbon Footprint of Use and Production of ICT in Germany Jgreenict
Public Study from Project »Green ICT @ FMD«

Carbon footprint - scenario 2 (manufacturing + use phase) Aggregate emissions of a" ICT
40 Mio.
used in Germany until 2036
35 Mio.

= Qverall positive trend
ome = Currently stagnant emissions at
increased performance

25 Mio.

3 .

g = German energy mix expected to

= 20 Mio.

= Data Center - use . .

5 continuously improve better than
o Production the main countries producing the
oMo IRle sl - e electronics
sMe. Households - production »Focus on hardware is increasingly
omo relevant

2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030 2032 2034 2036
:::;s:\:: ::::::“::::::::CFF ver . ::::::::::;F::;; CCFF GWP: Global Warming Potential
§ Y § ! CF: Carbon Footprint
'mﬂ;ﬁ:ﬁ:‘ﬁ;’;‘:ﬁ:’;“m < ::Lﬁm;‘:;:ﬁ:;:;phm < .Scenario 2": German energy mix projection with
® public space manufacturing phase CF public space use phase CF 280g CO,e/kWh in 2030; 180g CO,e/kWh in 2036
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Example Environmental Profile: Framework 13 Laptop
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GWP: Global Warming Potential

= Climate active emissions, Carbon Footprint

ADPe: Abiotic Depletion Potential elements

= Resource consumption (excl. fossil und biogenic sources)
= Note: no credits for material recycling applied

Electronic components
mPCBs
m|Cs

m Rest
m Connectors
Aluminium

ADPe

Baur, S.-J., Proske, M., Poppe, E. (2023). Life Cycle Assessment of the Framework Laptop 2022. LCA Report (ISO 14044 and ISO 14067). Berlin: Fraunhofer IZM
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EU Ecodesign Regulation for Smartphones and Tablets in Effect June 2025

) o) Ecodesign rules and energy efficiency labelling
BJENERG! 58 developed by Fraunhofer 1ZM for the EU

3

Base approach:

»Since energy consumption is not a main driver of
environmental impact: lifetime extension, reparability
and robustness must be the focus for ecodesign«

XYZn = Circularity approaches and metrics such as reparability scores

are blueprints for the new Ecodesign of Sustainably Products

[ I 0 _
XY00x  IPXY Regulation (ESPR)
Q ‘élyﬂ = Excellent visibility as neutral technical experts

ABCDE ABCDE
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Why do we need to look into components?

Heatsink, socket, cooler, dimensions
- Attention, one of the main ICs!

\ 4

. Half-Visible” Revolution Invisible” Revolution

1 —-—
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Environmental Assessment and Optimization of Electronics
Centered on Advanced Packaging — but Investigating all System Levels

CRITICAL RAW MATERIALS EF

CLOSED"’;;/ n0mg

03 LOOPZ: o > >

W m s o |

. 2C 7% CARBONE 2 m

= Technology specific assessments < FOOTPRINT < ! ui N
= Material to component to system level o ‘. PROCESS B>
RECYCLABILITY 2 ONI™

= Developing ecodesign options
= Life time & reliability & cost trade-offs

RP ROHS REACH WEEE Z DURABILITY <
= Environmental legislation and standardization ‘ | | ‘ ’
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Environmental Assessment and Optimization of Electronics
Centered on Advanced Packaging — but Investigating all System Levels

»from
sensors
to
servers«

1 —-—
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Contact

Nils F. Nissen

Department Environmental and Reliability Engineering
nils.nissen@izm.fraunhofer.de

Fraunhofer IZM
Gustav-Meyer-Allee 25
13355 Berlin

Germany
www.izm.fraunhofer.de
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