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Vortragstitel│Referentenname│Ort│Datum

● The question: How to assess (and optimize) the ecological

footprint of digital services?

● The project  ECO:DIGIT 

● Main  elements of the approach: 

‒ Digital supply chains 

‒ Digital basic resources

‒ LCA and supplements: MEG equivalents + the SVHC Score 

‒ The test bench. 
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-1- The project 

Vortragstitel│Referentenname│Ort│Datum

Enabling green COmputing and DIGItal Transformation

• https://ecodigit.de/en/home 

• funded by the Federal Ministry for Economic Affairs and Climate Protection (BMWK)

• Timeline: 01.05.2023 - 30.04.2026

• Project team:

https://ecodigit.de/en/home
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-1- The project 

Vortragstitel│Referentenname│Ort│Datum

Main Goal:

• To evaluate the environmental impacts of software applications by using a 

transparent and standardized method

• Develop, validate, and provide an automated evaluation environment (test bench) that 

transparently discloses key figures (e.g. power consumption, the use of hardware 

resources, data transferred). 

• The test bench considers software applications operating in four deployment 

scenarios: mobile networks, end devices, cloud platforms, and edge computing.
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Key questions  and steps for software developers / supplier: 

Vortragstitel│Referentenname│Ort│Datum

• How is your software distributed on data centers and end devices? 

• On which hardware does your software run? 

• What are the environmental impacts of manufacture, software, power? (We can give 

estimates, if needed).

• Run your software on the test bench.

• We measure digital basic resources with performance counters. 

• Get the environmental impact of your application! 
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The approach in detail: 

Vortragstitel│Referentenname│Ort│Datum

• Assessing the ecological 

 impacts of digital services:

•  Assessing hazardous substances:

 MEG equivalents and the SVHC Score

 
https://ecodigit.de/en/home/publications 

https://www.oeko.de/en/publications/meg-equivalents-and-the-svhc-score-assessment-of-problematic-substances-in-software-

and-digital-services/ 

• Now: Focus on some key elements 

https://ecodigit.de/en/home/publications
https://www.oeko.de/en/publications/meg-equivalents-and-the-svhc-score-assessment-of-problematic-substances-in-software-and-digital-services/
https://www.oeko.de/en/publications/meg-equivalents-and-the-svhc-score-assessment-of-problematic-substances-in-software-and-digital-services/
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-2- What is needed to perform the digital service ? 

The digital supply chain: The backbone to deliver a digital service

• Identify the components (hardware devices  = „platforms“) involved to deliver 

the specific digital service  

Vortragstitel│Referentenname│Ort│Datum
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-3- The common structural elements:  Four digital basic resources (DBR)

Vortragstitel│Referentenname│Ort│Datum

Compute Store Memorize Transfer

CPU, GPU HDD; SSD RAM Network-card

End-user devices Networks Data centers

Digital basic 

resources
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-3- Digital basic resources and digital work  

Each hardware component: a specific amount of digital basic resources 

• Example: average digital resources provided by a platform 

• Multiplication with life expectancy and average load  digital work over the lifetime 

Vortragstitel│Referentenname│Ort│Datum
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-4- Digital basic resources and their ecological impact   

Assess the ecological impacts

•  for production of hardware

•  for use of hardware. 

• Recommendation: Go beyond CO2 and energy!

Vortragstitel│Referentenname│Ort│Datum
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Environmental impacts:  Categories investigated in eco:digit

Vortragstitel│Referentenname│Ort│Datum

• Global Warming Potential (GWP)

• Abiotic Resource Depletion Potential (ADP)

• Water Use (WU)

• Cumulative Energy Demand (CED) of digital infrastructures. 

• Total quantity of Waste Electrical and Electronic Equipment (WEEE) in kilograms

• Problematic substances in the digital supply chain (TOX)  (in MEG equivalents) 

(3 aspects) + SVHC Score
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e TOX: Problematic substances within the digital supply chain

Element 1: Use of hazardous substances: production of ICT hardware

Vortragstitel│Referentenname│Ort│Datum

● Data from the LCA inventory

● Important information even indepen-

    dent from exposure situation

 Aggregation: MEG equivalents 

 * Weighting:  H phrases
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-5- Environmental impacts: Calculation specific to main components 

Separate calculation of the environmental impacts in the manufacturing phase for

• Processors Compute

• Main Memory Store

• Permanent Memory Memorize

• Network components Transfer

• shared components (e.g. power supply, housing) =  “overhead”

Vortragstitel│Referentenname│Ort│Datum
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-6- How much does one unit of a specific DBR cost? / 2

Calculate effort / benefits ratios:  e.g. for the utilisation phase / 1 

• Environmental impact: depending on the emissions factors for energy

• e.g. 1 kWh electricity =  420 grams CO2 equivalents    (electricity mix Germany 2020) 
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-6- How much does one unit of a specific DBR cost? / 3

Calculate effort / benefits ratios:  e.g. for the utilisation phase / 2

• Example: personal computer, average power consumption specific for DBR „Compute“ 

• 1 unit of the digital basis resource  „Compute“  ( 1 Ghz* bit)  3,2 W      
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-7 - How much digital work has been needed for a  digital service? 

Vortragstitel│Referentenname│Ort│Datum

Example: Video stream, 1 h, data centre in Germany, delivered via internet to a private DSL 

router, displayed on a desktop computer 
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-7/3- Putting the pieces together…input data 

Vortragstitel│Referentenname│Ort│Datum

-1- Run the software application on the test bench: a virtual digital supply chain 

-2- Calculate automatically key figures: Cumulated Energy Demand, Global Warming 

Potential, Ressource Depletion, Water Demand, Electronic Waste, MEG equivalents
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CONCLUSIONS AND OUTLOOK

• ECO:DIGIT: What you can expect? 

• Test bench:  for software applications.

• Assessment method: Key indicators for ecological impacts of software and hardware

• Check your application / your hardware: CO2e, resources, water, energy, E-waste, MEG 

equivalents and SVHC Score for problematic substances.

• Track changes in environmental impacts in an automated and transparent way .

• Optimize both: hardware and software! 

Vortragstitel│Referentenname│Ort│Datum
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Vortragstitel│Referentenname│Ort│Datum

Prof. Dirk Bunke

Öko-Institut e.V.

E-Mail: 

d.bunke@oeko.de 

Ran Liu

Öko-Institut e.V.

E-Mail: 

r.liu@oeko.de 

Your contacts

Jens Gröger

Öko-Institut e.V.

E-Mail: 

j.groeger@oeko.de

Felix Behrens 

Öko-Institut e.V.

E-Mail: 

f.behrens@oeko.de 

Thank you for your attention! Questions are welcomed!  !

mailto:d.bunke@oeko.de
mailto:r.liu@oeko.de
mailto:j.groeger@oeko.de
mailto:f.behrens@oeko.de


20

w
w

w
.o

e
k

o
.d

e

You like to know more details  beyond 12 mins? 

Vortragstitel│Referentenname│Ort│Datum

• .

•  
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7 Steps to evaulate the environmental impacts of a software application

Vortragstitel│Referentenname│Ort│Datum

• Draw the digital supply chain for the application

• Think in digital basis resources (DBR)

• Assess the ecological impacts of hardware components

• Calculate the amount of digital work supplied by hardware components

• Split the ecological impact and allocate it to digital basis resources

• Run the software application on the test bench

• Determine the amount of work required from the application and calculate its footprint.

•  
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e Example: Global Warming Potential / Manufacture of a Personal 

Computer Allocation of environmental impacts to basic resources

Figures in kg CO2 equivalents 

Vortragstitel│Referentenname│Ort│Datum

Hardware-

components

Environmental 

impacts: kg 

CO2-equiv.

Allocation 

parameter for 

Overhead

Overhead 4 basic 

digital 

resources + 

Overhead

Allocation to 

the 4 basic 

digital 

resources

CPUs/GPUs a = 150 kg a/(a+b+c+d) = 48% 24 A = 174 kg co (compute)

RAMs b =100 kg b/(a+b+c+d) = 32% 16 B = 116 kg me (memorize)

SSDs/HDDs 50 kg c/(a+b+c+d) = 16% 8 C = 58 kg st (store)

Network-components 10 kg d/(a+b+c+d) = 3% 2 D = 12 kg tr (transfer)

remaining components 

(Overhead)

50 - - - -

Total  = 360 kg 100%  = 50 kg  = 360 kg
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-6- How much does one unit of a specific DBR cost? / 1

Calculate effort / benefits ratios:  e.g. for manufacture

• Input 1: Environmental impact for the manufacture of a hardware component (=  platform )

• Input 2: Digital work provided by the platform

Example: Computer platform with a technical service life (lifetime) of 4 years

• Digital work to compute 1 Gbit:  3,3 milligrams CO2-equivalents…

• Specific platform / average utilisation / LCA differentiated by components 
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-7- Putting the pieces together…

Vortragstitel│Referentenname│Ort│Datum

X
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e Allocation to a specific digital application by using specific performance 

metrics 

Vortragstitel│Referentenname│Ort│Datum

Effort-benefit-ratios
Environmental impacts of 

4 basic digital resources

Specific performance associated 

with an individual software

X

X

X

X
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CONCLUSIONS AND OUTLOOK

• Categorizing hardware into four basic digital resources (Compute, Memorize, Store, Transfer) :  

Better understanding of different software applications, their varying demands on hardware, and their 

environmental impacts.

• Needed: Key performance indicators of these 4 basic digital resource. Investigations and real 

examples will be carried out during the project. 

• Combination of the LCA method with specific approaches for assessing problematic substances:

• a more complete picture of the environmental impact of digital services. 

• MEG equivalents, based on the hazard statements of chemicals: weight and aggregate quantities of chemicals 

used or present in digital devices. 

• SVCH Score: state of knowledge on substances of very high concern in hardware components.  

Vortragstitel│Referentenname│Ort│Datum
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e Problematic substances within the digital supply chain

Substances of very high concern (SVHC) in ICT / 4

Consumers: Right to know, REACH Art. 33

Producers/ importers of hard ware: Notification requirement to ECHA (European Chemicals 

Agency), SCIP   (https://echa.europa.eu/de/scip-database database)

Substances of Concern In Products 

• Which score does your product have?      

Vortragstitel│Referentenname│Ort│Datum
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More about problematic substances:

MEG equivalents and the SVHC Score 
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e TOX-E: Problematic substances within the digital supply chain

Element 1: Use of hazardous substances: production of ICT hardware

Vortragstitel│Referentenname│Ort│Datum

● Data from the LCA inventory

● Important information even indepen-

    dent from exposure situation

 Aggregation: MEG equivalents 

 * Weighting:  H phrases
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e TOX-E: Problematic substances within the digital supply chain

Element 2: Content of hazardous substances in ICT hardware

Vortragstitel│Referentenname│Ort│Datum

● Flame retardants

● Softeners

● Fluorinated anti-

dripping agents

● Heavy metals

Large differences 

between products 

and basic resources ! 
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e TOX-E: Problematic substances within the digital supply chain

Element 3: Problematic substances: use phase of ICT

1 MW cooling capacity, loss of 16 kg R 134a / year

463 kg MEG equivalents ! Allocation to the digital servives provided by the data center.

Vortragstitel│Referentenname│Ort│Datum

● Cooling agents 

● Cleaning agents 

● Fire protection foams

Large differences 

between products 

and basic resources ! 
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e TOX-E: Problematic substances within the digital supply chain

Element 4: Substances of very high concern (SVHC) in ICT / 1 

The most hazardous substances, e.g. PFOA, PCBs, HBCD…

REACH Candidate List / 1

Vortragstitel│Referentenname│Ort│Datum
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e TOX-E: Problematic substances within the digital supply chain

Element 4: Substances of very high concern (SVHC) in ICT / 2 

The most hazardous substances, e.g. PFOA, PCBs, HBCD…

REACH Candidate List / 2

Vortragstitel│Referentenname│Ort│Datum
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e TOX-E: Problematic substances within the digital supply chain

Element 4: Substances of very high concern (SVHC) in ICT / 3 

Example: SVHC in a labtop

Vortragstitel│Referentenname│Ort│Datum
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e Problematic substances within the digital supply chain

Substances of very high concern (SVHC) in ICT / 4

Consumers: Right to know, REACH Art. 33

Producers/ importers of hard ware: Notification requirement to ECHA (European Chemicals 

Agency), SCIP   (https://echa.europa.eu/de/scip-database database)

Substances of Concern In Products 

• Which score does your product have?      

Vortragstitel│Referentenname│Ort│Datum
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e TOX-E: Problematic substances within the digital supply chain

MEG equivalents:   Weighting and aggregation 

Challenge:   Thousands of chemicals…….

Reference substance: Monoethylenglycole

Weighting factors: based on 

• hazard statements ( H phrases) for substances classified as hazardous according to 

the Globally Harmonised System (GHS) 

• Global Warming Potential

Unit: MEG equivalents    (MEG eq.)   (similiar to CO2 equivalents) 

Vortragstitel│Referentenname│Ort│Datum
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e TOX-E: Problematic substances within the digital supply chain

MEG equivalents:   Weighting and aggregation 

Vortragstitel│Referentenname│Ort│Datum
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e TOX-E: Problematic substances within the digital supply chain

MEG equivalents:   Weighting factors / part 1 

Global Harmonised System of Classification and Labelling of Chemicals

CLP Regulation: Classification, labelling and packaging of substances and mixtures

TRGS 600 Substitution  

 

Vortragstitel│Referentenname│Ort│Datum
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e TOX-E: Problematic substances within the digital supply chain

MEG equivalents:   Weighting factors / part 2 

Vortragstitel│Referentenname│Ort│Datum
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