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Introduction

Increasing share of IT in GHG emissions

Global greenhouse gas emissions per sector in 2016 
with a total of 49.4 billion tons of CO2 emissions.

The Federal Environment Agency assumes that the 

share of IT could reach 26% by 2030 due 
to the massive increase in digitalization.

Green IT: MMIGIT & ALGIT

Souerces: Freitag, C. et al. (2021): Review The real climate and transformative impact of ICT: A critique of 
estimates, trends, and regulations: https://www.sciencedirect.com/science/article/pii/S2666389921001884, 
Emissionen je Sektor: https://ourworldindata.org/emissions-by-sector

Waste

2%
IT

Air traffic

Industry2

Agriculture, forestry 
& land use

73,2%
Energy1

1 Energy (= Power, Heat, Transport) | 2 Industry (= direct industriell processes)

https://www.sciencedirect.com/science/article/pii/S2666389921001884
https://ourworldindata.org/emissions-by-sector
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Energy Consumption — Awareness

CO2 of data centers as the equivalent of moving 
cars
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Kleinwagen Große SUVs

Co2 emission of cars1

Estimated average CO2 emissions from passenger cars in 
Germany 2022 (in kg CO2/Year with 15 tkm)

16 TWh power consumption in german data 
centers (2022) 

→ 7.408.000.000 kg CO2

• ~ 5.487.407 Small car

• ~ 3.713.283 SUVs

Global Data Center Demand (600 TWh)

• With a German electricity mix (463g CO2/kWh):

→ 277.800.000.000 kg CO2

• ~ 205.800.000 Small Car

• ~ 104.160.000 SUVs

1 With an annual mileage of 15,000 km | Source: Statista Mobility Market Outlook
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• Digitalization refers to the process of converting 
analogue information, data and processes into 
digital formats.

• Digitalization has far-reaching effects on society and 
the economy and is seen as a driver of innovation, 
increased efficiency and growth.

• This is not possible without energy!

Green IT — New thinking and acting

Digitalization

Green IT is the key to 
sustainable digitalization and 
future viability!

Green IT: MMIGIT & ALGIT
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Green IT — New thinking and acting

MMIGIT (Maturity Model Integrated Green IT) –
Solutions Landscape Green IT

Green IT: MMIGIT & ALGIT

Initial OptimizingManagedDefinedRepeatable

Paper
(not organized)

Technic
(defined & documented)

Blueprint
(standardized)

KPIs
(monitored)

Self optimizing

Dynamic Software Services and Resource Allocation

AI Energy Optimization

Green Data Management

Heuristics for Hyperscale Hardware Management

Domain-specific Hardware I Code I Pipeline

Green Coding

Green Architecture

Future Hardware Architecture

Strategies for Awareness Creation

Sustainable ICT Skills Training

Conscious Software Developer and Software Consumer

Design for Reuse

Green Energy Resources

Energy Aware Software Solutions

Distributed energy Landscapes

Strategic Geolocation of Digital Infrastructure

Cloudification

Flexible Distributed and Disaggregated Data Storage

Hardware Breakthroughs

Location Shifting

Measuring Energy Consumption of IT Applications

Time Shifting

Demand Shaping

Technical Solutions

Paradigm Shift

Environmental Solutions

Social Solutions



Klassifizierung: Intern

Concrete 
Approaches

Green IT as a driver for future viability



Klassifizierung: InternKlassifizierung: Intern

Green IT: MMIGIT & ALGIT
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Power Consumption Measurement
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GreenIT KPI
PC/LoC

Source Code Scan
CAST Imaging

Quick Energy Consumption 
Improvement (QECI)

Success 

Stories

Go Live

ALGIT: The Assembly Line of Green IT

Source Code Scan
CAST Highlight 

GreenIT

GitHub
Order the applications by 

potential of improvement
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Showcase

Show Case Using Generative AI in Code Optimization 

Green IT: MMIGIT & ALGIT

Model used: Generative Pre-trained Transformer

Setting the Context for the AI model to Optimize Code

• prompt the AI model to be familiar with the programming language and requiring its assistance.

• introduce the code to the AI model

• Instruct the model with Green Deficiencies rules (Guidelines) and best examples to improve its performance and accuracy.

The Goal is to use more accurate LLMs which are aware of the context

Findings Categories

Avoid instantiations inside loops

Avoid string concatenation in loops

Avoid nested loops

Prefer comparison-to-0 in loop conditions

Avoid calling a function in a condition loop

Avoid primitive type wrapper instantiation

Avoid Programs not using explicitly OPEN and CLOSE for files or streams

Scan Report & QECI

Program Size and CAST Highlight 
Findings

Numbers

Program Size (#LoC Lines of Code) 115.214

Number of Findings by CAST 
Highlight

233

Number of LoC / Finding 494 (every 494 LoC 1 Finding)
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Showcase

ALGIT – QECI – Example: Avoid Nested Loops

Green IT: MMIGIT & ALGIT

• Results based on sum of 1000 
iterations/API calls

• Reducing time complexity from 
O(n^2) to O(n)

• One enhancement affects 6 APIs 
• → Reducing the energy conumption 

of an average of 42,78 mWh to 34,86 
mWh 

• → Energy Saving = 18,86%
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Showcase

ALGIT – QECI – Example: Avoid Primitive Type Wrapper

Green IT: MMIGIT & ALGIT



Klassifizierung: InternKlassifizierung: Intern

Showcase

ALGIT – QECI – Example: Avoid String Concatination

Green IT: MMIGIT & ALGIT
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Showcase

ALGIT – QECI – Example: Avoid Object Creation Inside Loops

Green IT: MMIGIT & ALGIT
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metafinanz Contacts for GreenIT
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GmbH
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Introduction

Something has clearly gotton out of hand

Green IT: MMIGIT & ALGIT

Balanced

Independent regeneration of 
nature.

Unbalanced

Regeneration is no longer 
possible without human 
intervention due to air 
pollution.

The Objective

• Returning nature to self-regeneration 
through the fastest possible transition 
to the post-fossil age.

• Reduction of energy consumption, 
conversion to renewable energies in 
the economy, mobility and 
transportation.

• Education & awareness-raising, 
nature conservation & renaturation, 
biodiversity, sustainable agriculture & 
forestry, pollution prevention.
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• Information search service on the 
Internet with functions such as 
Google Search, Gmail, Google 
Maps.

• Approx. 2.5 billion users per 
month (1/3 of the world's 
population).

• An estimated 5.6 billion search 
queries per day.

Google/Cloud Bitcoin/Blockchain ChatGPT/AI

Energy Consumption — Awareness

New IT technologies drive energy demand 
through mass use

Green IT: MMIGIT & ALGIT

• Cryptocurrency based on 
blockchain technology.

• Potential to revolutionize the 
financial system through speed, 
security & independence from 
traditional banks.

• Several million users carrying out 
thousands of transactions per 
day.

• AI model developed by OpenAI, 
based on the Generative 
Pretrained Transformer method.

• Around 100 million active users.

• Around 10 million queries per 
day.
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• ~16 TWh power consumption in the data centers in 
Germany (2022) = 16.000.000.000 kWh

• ~463 g CO2 pro kWh [1]

Energy Consumption — Awareness

Data centers' hunger for 
energy

Green IT: MMIGIT & ALGIT

Sources: Own illustration from Electricitymaps (2023); Hintemann et al. (2021)

7.408.000 tons CO2 only by 

german data centers.
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Power Consumption — Awareness

Covering electricity needs from sustainable sources

Green IT: MMIGIT & ALGIT

• Global energy consumption in 2019 
amounted to around 170,000 terawatt 
hours (TWh). 

• To generate this amount of energy with 
solar power, we would need around 
680,000 km² of space, which is roughly 
equivalent to the area of Texas (< 1% of 
the Earth's land area).
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Green IT — New thinking and acting

IT has to become sustainable

Energy savings through more efficient hardware 
and technologies such as virtualization and 
cloud computing.

Conserving resources by recycling, reusing and 
extending the service life of IT devices.

Sustainable procurement of environmentally 
friendly IT products.

Reducing paper consumption through digital 
processes and working environments.
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• Data-Center optimization: 
efficient cooling, reducing PUE

• Server & Software – Green Code: 
virtual server, searching 
algorithm

• Reducing data transfer - Green 
Data Management: Data 
Compressing, Content Delivery 
Networks

• User Behavior: Create 
awareness, use "green" search 
engines

Cloud/Google Blockchain/Bitcoin AI/ChatGPT

Concrete Approaches

Potential for optimization has been identified -
MMIGIT leads the way to implementation

Green IT: MMIGIT & ALGIT

• Alternative Procedures: Proof-of-
Stake (PoS) instead of Proof-of-
Work (PoW)

• Hardware optimization: ASIC 
instead of von Neumann-
Architectures

• Reducing Requirements for Data 
Storing (Green Data 
Management)

• Awareness und Traing 
Training of Miners, Green Coins 

• Model-Efficiency: Optimization of 
decision trees.

• Quantization : Reduce 
calculation accuracy arithmetic.

• Distillation : Smaller Models

• Efficient Training Methods

• Transfer-Learning: Use of existing 
models.

• Early Stopping: Domain-specific 
depth of training

• Use of specific chips: (ASICs)
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Red AI vs Green AI
Green IT as a driver for future viability
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Energy Consumption — Awareness

Overview Energy Consumption

Green IT: MMIGIT & ALGIT
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Annotation: Suppose a person is sitting at a desk and working intensively in the light of a 50-watt lamp. Within an hour, he makes 50 requests on Google, ChatGPT3 or ChatGPT4. At the end, he pays for a small purchase worth EUR 1 from his 
Bitcoin wallet.
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Green AI

Red AI vs Green AI

Green IT: MMIGIT & ALGIT

Red AI leads to a surprisingly large 
carbon footprint, and makes it difficult for 
academics, students, and researchers to 
engage in deep learning research.

The computational costs of state-of-the art AI research 
has increased 300,000x in recent years. This trend, 
denoted Red AI, stems from the AI community’s focus on 
accuracy while paying attention to efficiency.

Schmid, Thomas; Hildesheim, Wolfgang; Holoyad, Taras; 
Schumacher, Kinga, 2021. The AI Methods, Capabilities and 
Criticality Grid. A Three-Dimensional Classification Scheme for 
Artificial Intelligence Applications. KI - Künstliche Intelligenz 35 (3), S. 
425–440 DOI: 10.1007/s13218-021-00736-4
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Green AI

Red AI vs Green AI

Green IT: MMIGIT & ALGIT

The term Green AI refers to AI research that yields novel results while taking into account the computational cost, 
encouraging a reduction in resources spent. Whereas Red AI has resulted in rapidly escalating computational (and thus 
carbon) costs, Green AI promotes approaches that have favorable performance/efficiency trade-offs.

Trainings 
Precise

Green AI

Generalist 
vs 

Specialist

Program-
ming

Language

Pre-
trained 

programs 

Specific 
process-

sors
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IT is part of the problem and part of 
the solution.

It depends on the people what role 
IT will play in the future - solution or 
problem.

Green IT: MMIGIT & ALGIT
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