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Warm-up

•What is your programming experience?

•Which programming languages you know?

•What is your experience with Artificial Engineering?
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Energy efficiency of programming languages
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Energy efficiency of 
programming 
languages

•Source:
https://thenewstack.io/which-
programming-languages-use-
the-least-electricity/

27.6.2024 |  4



So, is the first task to learn a new 
programming language?
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Content of this lession

•Energy comsumption of ICT and software

•ICT, data and software for sustainable energy systems

•Data in energy research
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About me

•Doctor of technology (software systems)

•16.5 years in various position at Nokia 
corporation

•Back to university beginning of 2012

•CNESS-related research
•Cross-disciplinary research: procumers, energy 
communities

•Data collection, management and sharing

•Nerd
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Energy consumption of ICT

27.6.2024 |  8



How much energy is consumer – hard to say
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Netflix



Cloud-edge continuum



What do existing research say

•By some estimates, the carbon footprint of our gadgets, 
the Internet, and the systems supporting them account 
for about 3.7% of global greenhouse emissions. 

•The share of the ICT sector in global greenhouse gas 
emissions is growing much more faster than that of any 
other sector, adding up to estimates between 2.1% and 
3.9% —which is on par with aviation. 

•This was before ChatGPT!
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Some googling

•According to estimates, a google search uses 0.3 Wh

•Every day google gets 8.5 billion searches

•=> 2.5 GWh / day => 1 TWh / year

•ChatGPT “search” uses 25 times the google search

•There are other estimates – reliable data is missing
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ICT and energy consumption; main points to remember

•Estimation for individual internet activity does not make 
sense; analysis should have a systematic view

=> but you should still care

•CO2 emission about same as aviation

•Share of emissions is growing

•Watch after the current AI boom!
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Energy systems and ICT
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Drivers

•Reliability

•Measuring and monitoring

•Energy saving

•Flexibility

•Use of renewable energy

•Distributed production
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Solar panels

Electric vehicles

energy

Data & 

money

=> Completely new

ICT Solutions needed
electricity communities

energy
money
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SimCES | Simulation Environment of 
Complex Energy Systems
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https://simcesplatform.github.io



Role of Data
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Data sources for ProcemProject
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Source Device Connection Protocol

Power quality 

measurement

Laatuvahti

(MX Electrix)

Ethernet TCP (Proprietary)

Solar power plant SMA PV inverters Ethernet Modbus TCP/IP

Building automation Siemens (Desigo) BACnet BACnet

Weather Vaisala weather 

station

Internet SQL database

Battery Build by TUT CAN/Ethernet Modbus TCP/IP

Power consumption ISS 

mittauskeskitin

Ethernet Modbus TCP/IP

Weather forecast FMI web service Internet REST

Electricity price Fingrid / Nordpool Internet REST



Data-collection architecture of 
Procem and ProcemPlus projects

Gateway IoT Platform

Data storage

- less details

- all history

dashboard

external use 

Database

Other data sources 

?

Data storage

- all details

- short history

Data filtering & 

buffering

sensors

sensors
IED

Monitoring, 

Alarms

sensors

sensors
IED

Monitoring, 

Alarms

80/20 – rule in data science



Time series
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• Python + Prophet

• Weather forecasts
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https://www.fingrid.fi/en/electricity-market/datahub/

•Datahub is a centralised data exchange system for the 
electricity retail market, storing information on around 3.8 
million electricity points of use. Approximately 80 
distribution system operators (DSOs) responsible for 
electricity transmission and 80 electricity suppliers have 
switched to the centralised information exchange system, 
Datahub. The system provides secure, fair and up-to-date 
access to data for all authorised parties. You can access 
customer and consumption data for your own electricity 
usage points via the datahub customer portal.
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Now, a group work
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Group work

In your PhD research:

•What kind of data you use?

•What kind of data you miss?

•What kind of data you could share?
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Example(s) about our current 
work
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Background & motivation

•Multiple projects have collected energy research data 
that could be used by other researchers

•Currently, no way to tell about or find this kind of data

•Various aspects of the data need documenting: what’s it 
about, how is it stored, what is the format, how to 
access it, who owns it, under what permissions it can be 
used.

•Dataspace thinking: everyone stays in control of their 
data, no common storage system or formats, instead 
tools to help collaboration.
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Examples of data

•ProCem and ProCemPlus projects collected data from 
Kampusareena and Marjamäki micro-grid

•CityIoT project collected data from street lights and 
electric buses in Tampere

•TAU has been given access to data collected from the 
new Ilokkaanpuisto residential area which includes data 
from apartment buildings and a solar power plant.

•In each case data is stored and accessed in a different 
way and availability of the data is not well known outside 
of the involved people
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Our proposed solution

•Use the open source CKAN data management platform 
to create a energy research data catalog web page

•CKAN is used widely around the world to distribute open 
data: for example goverments of Canada and Australia, 
Helsinki region and Fingrid

•For us it would be  mainly a place to document the data 
and find it, and the data itself is stored elsewhere

•Content is public, only documenters need an account.

•Open source allows us to administer CKAN ourselves 
and customise it to suit our needs.
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Challenges
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Interoperability: Dataformats and 

datamodels – or adapters

Data collection, storing and (technical) 

access 

Data ownership, sharing and privacy
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Data “trading” point
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Data trading portal

1. Register data

and conditions
2. Search data

3. Agree conditions

Blockchain

Researcher

with data

Researcher

in need of data



Related research
Otto Hylli, David Hästbacka, Kari Systä

Towards managed sharing of research data
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Data portal

Data consumers

Data owner

Blockchain



•EU Cyber Resilience Act

•EU AI Act

•GDPR

•EU Data Act
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