Energy System
Description
Language -TNO

FOSDEM - 31-January 2026

thomas.vandijk1@tno.nl

N
V 4
V 4



Unit ICT, Policy & Strategy
TNO structure

innovation
for life

High Tech
Industry

31 January 2026 | Energy System Description Language (ESDL) - TNO

TNO ICT, Strategy & Policy (ISP) is working on
breakthroughs in societal challenges.

We develop innovations, strategies and policies
for government and industry to accelerate
transitions and increase economic growth and
well-being.
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CONNECTION

We connect our mission, portfolio and knowledgebase

Our mission

Our portfolio

Our knowledgebase:

12 research groups

TNO Vector

Leading societal
multi-transitions

We bring movement where transitions become stuck

Digital Economics Embedded Systems Advanced Computing Data E tem Applied Crypto &
Governance & Innovation Engineering atd Ecosystems Quantum Algorithms
& Innovation lﬁ il o
Regulation Polic 1N=k CHD) 3
: y 1> 2 o ey
Sustainability Business & Intelhger;t SCét?ﬁrs—Physmol Networks Data Science Cyber Security Technologies
& Spatial Finance Y A, oStARS o
Governance Models %60 sAl
2 = o

AI@ISP | July 24, 2025 | TNO Confidential
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Applied research

Applied
research
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Research Industry
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Independent
Implementation
partner
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DTES

Standardisation and system integration

Integrated Energy System

System integration

IT integration

Data integration (FAIR)
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Accessibility
Reusability
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Data
interoperability

5L

Data Syntax

Data Semantics

Semantics

Vocabulairy

Thesaurus

Taxonomy

Ontology
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ESDL

Challenges — why we started with ESDL in 2017?

INTEROPERABILITY
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TRANSPARANCY

Assure different models that try to answer the
same question, more or less produce comparable
results (or understand why outcomes differ)

® Planbureau voor de Leefomgeving
P e
o

Warmtevoorziening gebouwen in 2050

volgens volgens volgens
CE Delft Vesta Opera
woningen woningen LT-warmte

(PI/1)
Warmtevraag 386 320 Finaal ca. 400
Besparing 24 140
Elektrisch + WKO 73 70 190
Warmtenetten 222 105 80
Gas 66 5 100
Biomassa Q 0 30
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ESDL

ESDL language structure

EnergySystem

.

Instance EnergySystem

/' Information
Area . f x

f Sectors DataSources | -----mmmeommmeooooeo QuantityAndUnits
CostInformation | — @ Asset o— Geometry
f Carrier
EnergyAsset (€@ Port - Profile
Producer | -----mmmmmomomemmomooeooooooeoos Conversion InPort OutPort
connectedTo
[ ZF ]
WindTurbine GeothermalSource
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ESDL Energy Network

Residual Geothermal ) )
Heat Source Source oz oz, Ul Gl
C'.lty 1 Geothermal 4 and 5 Statlon
HeatPump Source
4’% » Heat Network
Gas o Electr.
Heater P H Conn Conn
F 3
Gas
Conn H2
A Network
v

Electricity Network

Storage | Generation

¥ 3
= B
Gas Network [P

T Solar Park Wind Park

v

Gas Electr. Electr.
Import Import | Export

Connections to the rest of the network
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ﬂ Production
Consumption
Conversion

Storage
C] Transport
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ESDL

Energy System Description Language

Energy system components and topology

Residual Geothermal ) )
Heat Source Source City2 3,  Public Charing
5 Station city 6

Electricity Network ]
[ Production
Consumption
Solar Park  Wind Park .2 Conversion
Storage
m D Transport

Location and spatial information

D e b A

i -

Residents

3,006-05

1,006-05

Technology information

Technology Factsheets

PV installation

£ |

Sl
10 panels
2700 Wp
€3640,-

Heatpump
o=

Air/water
COP 4,3
3,0 kW
€2677,-

Windturbine

Hor.Windgen.
2kW 48V 96VAC
$1209,-

And:

Energy carriers &
commodities

Quantities & units
Sectors

Parties & ownership
KPIs

(Regional) areas, plots
Materials

Measures

Plans

Energy markets
Mobility / transport
Control strategies
Constraints
Transfer functions
Data sources
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ESDL

The ESDL MapkEditor, the human interface

Set profile of InPort_ In

Sat cariet

Set Control Strategy

{ b Sat Curlaiment strategy.
€ Setmarginal costs..
Set sector

® Delste

%2 Duplicate

& Edi

£ ESSIM sensitiviy analys
=1 b~ Load Duration Curve

|
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Hallum

Marrum

ElectricityCabie

Area: Gemeente Ameland (GNOOG0)

— 1 _Be
®

Hotwerd

Load Duration Curve - Wadkabel

] 1ae =) power [ power

Tirnaans

Burdasen

Leatet

OpenStreelida contributors

Current profiles of port:
Name Value Unit
ﬁ. it 32A) 7157 ENERGY

Heating .. (G2A)

T

T
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ESDL 3b. ESDL MapEditor - Visualizations

Profile inspection
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ESDL 3b. ESDL MapEditor - Visualizations

Time series animation
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Play, Pause, change speed, scroll through time, ...
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Use of seasonal storage in winter

Charging of seasonal storage in summer




ESDL 3b. ESDL MapEditor - Visualizations

Spatial visualization — generate pictures for reports

=X

Doggersbank

£ Spatial Visualization

v oo |l +

B WMS Layers

Data Sources B Add

NorthSeaEnergy Ipdate

Pipe

ElectricityCable

| O

WindTurbine Addtor !

wallon e ¥

Layers

Shy v Pipe ® 0

Source NorthSeaEnergy £

|

Style field DIAMETER [string]

Style type Categorical Color s

Size
Koturpots Opacity |

Show label

Vv ElectricityCable ® 0

Source NorthSeaEnergy

S ] Stylefield CAPACITY [number]

Style type Color and Size ]

Size

P ot
©80000020000000-0E |
B A i

o
-

Opacity

5334399 9.09659 /
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ESDL

Growing ecosystem of models and data available

Deltdres
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LOADFLOW *
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ENERGY MARKET MODEL
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NETWORK
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TEPS — ENERGY POTENTIAL

4 SCAN (BUSINESS PARKS)

* ENERGY

Il
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Bon

WIND CoST MODEL

INFRASTRUCTURE SCENARIOS

I-ELGAS'- NATIONAL

ENERGY DATA
| ~ B ReposITORY

e il s,

ESDL MAPEDITOR
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WIND PARK'
PROFILE GENERATO
(+WAKE EFFECTS)
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NORTH SEA ENERGY
| SYSTEM OPTIMIZATION

‘MuLTI
COMMODITY
SIMULATOR

(FACTSHEETS)
]
MMVIB (MULTI MODELLING) MODELS:
- MOTER (DNV)
- CTM (KALAVASTA)

- TEACOS (QUOMARE)
- OPERA (TNO)

. ESSIM
" ENERGY SYSTEM
SIMULATOR — e

" RUIMTELLIKE :
P oy ENERGIE , ‘
[ L)) - o >
: ARG VERKENNER =
e :,, = ses0es
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ESDL 6. ESDL scripting

Scripting

= Models:
- ESSIM
-1 - MESIDO o
- Calliope
ToE - opove N
ESDL MapEditor v Y

m
(/]
m
[l /]

pgthon’” pgthon“‘
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ESDL

Open source

ESDL website
ESDL, the Energy System Description B
Language

ESDL, the Ener Ty JRT—

mesoL Iermation, ot oe pey nechnical
e R e oy
Topics

ESDL website:

https://www.esdl.nl

ESDL model itself published on Github:
https://github.com/EnergyTransition/ESDL

Class documentation:

https://energytransition.github.io

EnergyAsset

(o0 e meim

Jupyter Notebook ESDL PyEcore tutorial:

https://github.com/EnergyTransition/ESDL-PyEcore-Tutorial

The Mlowing coce hides the imp
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U earch project C Sponsors  login  Register

pyESDL 24.9.0

pip install pyESDL &

Python implementation of the Energy System Description Language (ESDL) for modelling energy systems

Navigation Project description

pyESDL

ystem Description L
goal to create i

Ler| that helps the

Verified details @

Maintainers

[ - pYESDL - python libraries

https://pypi.org/project/pyESDL/

ey — What is ESDL?

B W e TR ﬂ . ‘

Tookng for BSOL B

Cxnerg s (1000}

Generic documentation (older):
https://energytransition.gitbook.io/esdl
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ESDL Ecosystem

Application Domains
Available Models
Current Partners

ESDL

MapkEditor

Quintel, Deltares,
TPG, NEC,
DoingTheMath,
TUe/TUD, ...

MMVIB (2021-2023,
QuoMare, Kalavasta,

DNV GL, Quintel) ESRI
(2025 ,RH DHV, ArcGis
warmtetooling)...

Gridmaster(2018,
Siemens)
ObjectVision, Geodan
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District Heating

Networks

Business Parks /

Communities

Spatial planning

(local/regional
governments)

System
Integration on
the North Sea

Regional Energy

Transition

Market
Modelling

Education
[...]

OMOTES, MESIDO,
EDR, TPG GSD,
GeoESDLService, ...

EPS, ESSIM, Flexscan,
BC Module, ...

ETM, EDR, Connect-
Nearest-Infra, Infra-
Impact, ...

ESSIM, MESIDO, EDR,
DOWA service, BC
Module, ...

High level: ESSIM, EDR, ...

Dynamics: DOTS

EYE, I-ELGAS, Calliope, ...

ESSIM, EDR, ...

W+B, Greenvis, Antea Group,
RH DHV, Rotterdam
Engineering, Saxion, ...

Capturam, Vattenfall, Quirion,
EnNatuurlijk, Eneco

TNO, Saxion, DEP, CCS, ...

Min KGG, IPO, VNG, NBNL,
WIP, provinces, RES
regions, municipalities, ...

W+B, Quintel

TNO, NEC, Van Oord,
Deme Group, RWE, ...

Equans, Common
Futures, Bax Company,
Blueconomy

EKwadraat, MUG, Ecorys,

Stedin, Hanze, ...

Power2X, TUD, TUe

Hanze, Saxion, TUD, TUe,
uy, ...
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https://topsectorenergie.nl/documents/1403/Nationale_Multi-Model_Infrastructuur_voor_integrale_Besluitvorming.pdf

ESDL

Application Domains

Regional Energy Transition

District Heating and Cooling Network

CLILITT] L

Spatial Planning
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Business Parks

Market modelling

m Bidding strategies Run bidding strategies

Power plants Contracting e.g. PPAs %3] Determine Forecosts
X] andPlons

Renewable

Energy Supply Forecast and Plan

Electrolysers

¢ loBaspr

Demand Execute contracts

Cross border & Cleared-os-bid

capacity - «auctions for electricity,
hydrogen and heat.

Fuel ond

Carbon Prices

Marginal or :
Power2Heat Reference Price ’ . of
Storage Market Clearing

Clearing prices
2 of the markets

|I|\; Clearing volumes

ssets

Evoluation of assets,
E portfolios and
strategies

shortage and
/ abbundance in the
system
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