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Why annotate Models with Metadata?
Landscape of Open Energy System Models DLR

Modeling and Optimization

@ COLFCNERG

OILFERERC TILFEHERD S e P
FLEDGE -.GI‘OpenSTEF E=T, POWER GRID MODEL & SHAPESHIFTER || 9 GRio capaciTy map

OLFENEAC TILFENERGY OILFENERCY | DLFENERG) &
0 sveL | @ SOGNO || 42 Compas || == Dynawo | €3 POWER

Energy Systems

EARLY ADOPTION EARLY ADOPTION INCUBATING INCUBATING INCLBATING INCUBATING INCUBATING INCUBATING INCUBATING SANDBOX

' B <
@oumanT @:mf:;, antaresRead  antaresViz Ah s I.I Balmore| I coviope ;_Qz. EEE 9code CIMDraw QO EEE jcode CIMSpy CIMTool CityLearn

sade bess

. 7 ANDES [s- [r—— o
‘ﬁ! E-;-id AMIRIS AnyMOD 1 Backbone CapacityExpansionl Cllspace
FINREL G, ottt L 9 \ LINREL ~
L deflex Rl e ¥ Distax  Adraf. §476 ElAdata = EMMA oo i ENErgy-py enersepyinesr @NErgyRt -
CORAL deter py | Dt RIS A o~ PyPSh ERF o
€ JiLicH -if INREL MITe) € JiLicH INREL e e ||| YINREL YINREL
JULICH GE | |1 v o e | TR Julia®; i oaa_rorecasung || e+ NIREL 1 5IN|
FINE flexiGis® Gearscoup | T glaag S e FlexTedl “jouliaji  —"OPY ™ TUAFRIT | MAGMA
GenX GridCal GridPath
3::NREL matpower | Minpower ‘ ! MVS ; L’NSW [0 JALLl [ P el ﬂ-fa"-'-;{--u-ln ywmc;é onsset Open Energy FISLEm | | Ope ke brbes peaes | | O3 Enay St e || oper weeeteg tmmencr || Open Models | openCEM S §l€
Marmot pw\{fj;'q Nempy oemorEema Bgﬂ;g;i:g:’ pon & ENTRAMGE w'nIP;L
openTEPES @ 05eMOSYS  E)pencapoms | Peaky Finders e i L E PowerGenome | | Powaratchar | | S N_R_E_!_ ———| o NEE!_ U et oo o . L\ PyPSA-Earth A
4 PomerEimmuisiiom. PamerSystema i pasiry ot csen BY .
open pitn ‘i PowNet : GRETA|  PyPSA PybsA
v _ - TINREL s E E
EINREL RAMP o= ponyesst | LINREL € J0ucH cevus | HNREL o p6E e B=s BN . mece DINREL IDAES || e rmtm s || s e o | | @t
R2PD HOBTY | reont Une 4P RESKit rev revx ' SpineToolbox  §pineOpt r—
sz D TUT] susorny ™5 riNREL 1INREL
tsam " s - source: https://landscape.lfenergy.org/

Build Trust Reduce Duplication Extend Applications
=>» Research Results = Reuse Models => e.g. Couplings

Christoph Schimeczek, Institute of Networked Energy Systems



https://landscape.lfenergy.org/

Why annotate Models with Metadata? A#y
DLR

Deepen Model Understanding

What to Understand Sources of Information Standardized Metadata
» Scope, Assumptions, Restrictions « README « Components
* Inputs « User Documentation  Input Interface
* Outputs « Examples « Output Interface
» Tutorials
* Support Measures
« Q&A Forum

« Emails/ Calls

=» Even Further Help to Model Users
=» Unlock Automation of Model Reuse & Coupling

Christoph Schimeczek, Institute of Networked Energy Systems
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What is FAME?
open Framework for distributed Agent-based Modelling of Energy systems DLR

Create an agent-based model...

Christoph Schimeczek, Institute of Networked Energy Systems




What is FAME?
open Framework for distributed Agent-based Modelling of Energy systems DLR

Create an agent-based model...

Configure
it

Write
Outputs

Schedule Exchange
Actions Data

Christoph Schimeczek, Institute of Networked Energy Systems




What is FAME?
open Framework for distributed Agent-based Modelling of Energy systems DLR

Reduce overhead!

Christoph Schimeczek, Institute of Networked Energy Systems httDSZ//Clit|ab.Com/fame-frameWOrk



https://gitlab.com/fame-framework

How does FAME work?

DLR
CPU core(s)
configuration
|_Eg,YA
ML
results
\ 4 o .
> binary input . binary output > @
9
timeseries
schema

Model

FAME-Core: https://joss.theoj.org/papers/10.21105/joss.05087
Christoph Schimeczek, Institute of Networked Energy Systems FAME-lo: https://joss.theoj.org/papers/10.21105/joss.04958



https://joss.theoj.org/papers/10.21105/joss.05087
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What about the Metadata?

DLR
+ Metadata CPU core(s)
configuration
ML
: results
\ 4 o |
> binary input . binary output > @
N | + Metadata + Metadata + Metadata : @
N’
timeseries
+ Metadata +Metadata

schema

Model
+ Metadata

FAME-Core: https://joss.theoj.org/papers/10.21105/joss.05087
Christoph Schimeczek, Institute of Networked Energy Systems FAME-lo: https://joss.theoj.org/papers/10.21105/joss.04958



https://joss.theoj.org/papers/10.21105/joss.05087
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(Meta)Data Storage
Binary Result File DLR

Model

Standardisation Fully-fledged example
Input \
o5 AMIRIS
Execution +Metadata OEo |

source:
https://openenergy-platform.org/ontoloqy/ https://dIr-ve.qitlab.io/esy/amiris/home/

Output +Metadata

Christoph Schimeczek, Institute of Networked Energy Systems



https://dlr-ve.gitlab.io/esy/amiris/home/
https://openenergy-platform.org/ontology/
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What is AMIRIS?
The open Agent-based Market model for the Investigation of Renewable and Integrated DLR
energy Systems

AMIRIS

an agent-based power market model

business-oriented dispatch decision

focus: renewable energy sources and flexibility options

available open source at https://gitlab.com/dlr-ve/esy/amiris

Christoph Schimeczek, Institute of Networked Energy Systems



https://gitlab.com/dlr-ve/esy/amiris

AMIRIS

Complexity DLR
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programme under grant agreement No 864276



Metadata
Model Annotation DLR

schema.yaml|
* Agent Types

* Inputs Independent of Simulation Data
« Qutputs

CarbonMarket:
MetaData:
Description: "The CarbonMarket sells COZ emission allowances,
determines their prices and accounts for total quantity of sold COZ allowances."

OEONearestConcept: OEO 00020075

I
Attributes:
Co2Prices:
MetaData:
Description: "The COZ price. It 1s an exogenously defined price time series.”

OEONearestConcept: OEO 00010269
|
Outputs:
Co2EmissionsInTons:

MetaData:
Description: "Registered COZ emissions in tons"

OEONearestConcept: OEO 00260007

Christoph Schimeczek, Institute of Networked Energy Systems




Metadata
Ontology Link DLR

Scenario Bundles ~ Ontology = Academy [ About -

-#, Open Energy Ontology Viewer

Search classes: CO2 price

CO2 price OEQ_00010269
A CO2 price is an emission price of emitting a certain CO2 emission value.

Attributes: source: https://openenergy-platform.org/ontology/
Co2Prices:
MetaData:
Description: "The COZ price. It 1s an exogenously defined price time series.”
OEONearestConcept: OEO 00010269

=» Standardisation & Automated Linking of Data & Models

Christoph Schimeczek, Institute of Networked Energy Systems



https://openenergy-platform.org/ontology/

Metadata
Simulation Data Annotation DLR

configuration.yaml
» Definitions
 Scalars & Timeseries

FuelType:
Values:
OIL:
MetaData:
Description: "Fuel type oil"
OEONearestConcept: OEO 00010316

- Type: FuelsMarket

Id: 4
Attributes:
FuelPrices:
- FuelType: NUCLEAR
Price:
Value: ..
MetaData:
Description: "Own estimate, price in EUR per MWh" - Specify, e.g., Provenance

Christoph Schimeczek, Institute of Networked Energy Systems




Conclusion & Outlook

Achieved
« Metadata support for every element:
* models, inputs, outputs
» All (meta)data conserved in binary file
* Fully fledged example: AMIRIS

Ongoing work
« Add missing metadata, e.g.
* input data provenance
* units
» Define output metadata JSON structure
» Generalise concept linking
« other concept sources
* match qualifiers

Outlook
« Automate coupling of models & data

Christoph Schimeczek, Institute of Networked Energy Systems
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