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Goals for this talk

• Introduce 

– notion of multi-model ecosystems

– the multi-model.nl project

• Identify

– Multi-modelling potential within e-Refinery

• Explore

– Possible synergies
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Scietal context:

Topsector Energy / System Integration program / MMIP13
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Moonshot:
Multi-model ecosystem for the energy transition modelling

Multimodel ecologies: cultivating model ecosystems in industrial ecologyLA Bollinger, I Nikolić, CB Davis, GPJ Dijkema - Journal of Industrial Ecology, 2015

https://scholar.google.com/scholar?oi=bibs&cluster=8485318809790034694&btnI=1&hl=en
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Energy transition modelling in NL policy
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Why build multi-models?

• Theoretical
– All models are wrong, some are useful. P.E. Box

– All models are biased, therefore we need more of them! S.E. Page

– Separation of concerns

– Multi/transpdisiplinary perspective possible

• Societal
– Model authoritativeness

– Decentralised expertise/data

– Shared stake in outcome

• Practical
– Reuse of existing models

– Maintainability and transparency of mega-models

– Rapid reconfiguration and modularity
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Main theoretical challenges

• Incompatible ontologies

• Multi-formalism alignment

• Conflicting rationalities & abstractions

• Scaling

• Model fidelity, resolution, accuracy and precision

• Variability, uncertainty and noise (propagation)

• Communicating and retaining meaning and 
intention

• Analysis and Interpretation
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Main practical challenges

• Transparency and access
– Models are proprietary

– Data is secret

– Assumptions are unclear

• Use and reuse
– Built for one purpose, (ab)(re)used for others

– Manual operation

– Tension between pretty / easy to use and correct

• Limited attention to
– Social process

– Methodological aspects (uncertainty, scaling, ontological 
alignment, etc)

– Model/data provedance, verification, repeatability,
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Why should e-Refinery care?

Because you are already doing it !
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Why should e-Refinery care?

• Highly heterogeneous problem across scales and 
domains
– Micro: electrodes, electrolytes and membranes...

– Meso: Transport Phenomena, Reactor Engineering & Process 
Intensification …

– Macro: Process-, Energy- and System-Integration and Societal 
Embedding .

• Bottom up : Impact on future scenarios
– Which technology might exist when and how does it perform

• Top-Down : Requiremetns for technology
– Dominant future developmentsmight be X, therefore this type of 

tech is needed, available energy infra could be Y,...
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Project in a nutshell

• 2 years, start 1 sept 2021
– Spring 2022 : hello world

– Summer 2022 : first operational version

– Autumn 2023 : 3rd iteration MVP

• Practice, R&D and academia in close collaboration

• Case driven, agile, learning by doing

• Focus on methods, tooling and community

• Main goal :
making your life as a modeller
easier and your models more 
powerful
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Goals of multi-model.nl

• Researches, designs and implements a "minimum viable product" multi-
model infrastructure for integral decision making in the energy transition

• Coupling of models within a technical platform and methodological framework

• Allows for model interactions that are
– Transparent

– Traceable

– Testable

• Design, support and understanding supported by a Community Of Practice
– Modelers

– Decision makers

– Researchers

• Current status
– First version of software platform operational and methodological aspects clear
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Core ideas behind the

multi-model infrastructure
• Socio-technical process

– Social: Purpose, design, alignment and interpretation

– Technical: execution, verification, analysis, provenance

• Model as service
– Model has no idea it is part of a mulit-model

– Model adaptor/daemon receives messages and "pushes buttons" of the model

– Common laguage available, but not compulsory

• Centralised and decentralised
– Dedicated orchestrator and/or self-orchestration

– Centralised infra / within organisation / single machine

• Open source / open access
– Low barrier to entry

– Anybody can speak, nobody has to listen

– All infra code is open source



COMBINING 

WHY IS IT DIFFICULT?

Problem:

• Many different combinations of models are needed

• Investment is too high to implement this again for each new 

situation.

Challenge:

• Only describe which models to combine

and automate the data flow through these models

Model A

Model C

Model B

Problem:

• models don't take each other into account

• Many different combinations of models are needed

Challenge:

• Models should not be aware if they are part of a multi model or 

not

• Lower the number of data formats to connect models

&

CONNECTING



IMPLEMENT ONCE AND REUSE MANY

SOLUTION

Combining models

• Multi model == workflow of data from model to 

model

• Use an orchestrator to control this data flow from 

model to model

• A model does not need to be aware it is part of a 

multi-model

Connecting models

• Choose a limited number of data formats for the input & 

output of models.

• Add en- & decoders

• Add converters for basic transformations

• Street level → city level, hourly → daily, …

workflow

Model  
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Model  
C

Encoder 
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Experiment operator

Model  
B
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Model 
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IT ARCHITECTURE MMVIB PLATFORM

Model Model Model Registry

Intermediate model storage

Control
of flow between models

Data
exchange between models

Orchestrator

workflow

maintaining all intermediate multi-

model results

SEPERATION OF DATA EXCHANGE AND MODEL CONTROL



IT ARCHITECTURE MMVIB PLATFORM

Orchestrator

workflow run

Model 

Encoder 

D
ecoder 

Model 

Encoder 

D
ecoder 

Model 

Encoder 

D
ecoder 

External Software Code

A
PIUser interface

Model 
registry

MM experiment setup

Intermediate model storage

Task

Experiment 
operator

Initialisation

Adapter

Task

Handler

A
PI

Adapter

Task

Handler

A
PI

Adapter

Task

Handler

A
PI



Core of the platform is the orchestrator

Apache Airflow

Intermediate model storage

Minio

InfluxDB

Everything runs on Docker

THE SOFTWARE COMPONENTS

MMVIB PLATFORM
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Practically this means :

• Internet service for inter-model communication and coordination

• Specification of communication language
– Model identity and control

– Information payload

– Scenario space description

• Methods for identifying and dealing with:
– Uncertainty propagation

– Scaling in time and space

– Combination of different model operational principles

• Community of practice : creating and sharing knowledge on
– Multi-model development, conceptual and practical

– Use of multi-models in decision making

– Future development of models and projects
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Cases

• Macro scale : II3050 as a multi-model

• Meso scale : RES

• Micro scale : Transitievisie Warmte



WP4 – MICRO USE CASE ACTION POINTS
MMVIB PROJECT



Energy system 
description

TEACO
S

ETM

TEACOS calculates the 

optimal investments for the 

business park as a whole

Grid topology 
and capacities 

1. Local energy 

production

2. Investments

3. Energy costs

4. Direct and indirect 

CO2-emissions

VERY SIMPLIFIED VERSION

TO START WITH

Data business 
(KvK, Kadaster, 
etc)

(Hourly) energy 
demand per 
business

Energy scenario 
data

(Hourly) energy prices 
(electricity, gas)

Scope 2 
emissions ???

Economic 
parameters 
(WACC)

Max. grid 
connection ???

ESSIM

Load flows grid

individual and collective

optimisation

ETM models the energy 

system of a 

municipality

ESSIM optimisation dispatch, 

including flexibility

Energy 
poten-

tial
scan

+

Interaction with iterations still 

unclear: TEACOS invests & 
decides based on yearly volumes, 

ESSIM finds out that hourly 

peaks cannot be delivered, then 

what …?  

“Hourly 
demand peaks 
cannot be met 
with current 
system”

????
TEACOS 
does first 
run before 
ESSIM

ESDL with 
invested 
options

Who is defining the list of 

possible options to invest 
in? Who adds it to the ESDL 

and connect everything?



4. Press “start”

5. Interpret results

1. Build model representation of current energy system

2. Configure optional + planned assets & measures

3. Select technology cost & energy price scenario’s

Municipality?

TEACOS

???

User interface

Experiment 
operator

MMVIB BUSINESS PARK USER WORKFLOW
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Industrial cluster Zeeland

Problem owner + outcomes

Outcomes should be ‘useful’ for the industry 
cluster Zeeland to:

1. understand possible investment paths in the 
future Investment pathways

2. foundation for communication with 
regional/national government. KPI’s (?)
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Method: Multi-model structure

To be able to answer all research questions and deliver valuable output we use the following models: 

• Teacos optimizes possible investment choices for industry cluster Zeeland

• CTM describes the industrial sites present in industry cluster Zeeland and delivers input & output data to 
understand the impact on industries

• ETM describes the national context and delivers input & output data to understand national conditions 
and impact



Previous model scheme..
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1. (Hourly) energy prices 
(electricity, hydrogen, natural 
gas, oil)

2. Energy supply flows
3. CO2-reduction target industry

ETM

Energy system 
description

Techno-
economic 
parameters

Final energy 
demand mix

Commodity/bord
er prices

Climate goals

CTM

Techno-economic 
parameters industrial 
processes

TEACO
S

TEACOS ca lculates the optimal 
investments to decarbonise 
the industry cluster

ETM calculates energy 
scenarios

Topology 
information 
industry cluster

1. Energy 
demand 
industry

2. Material 
flows (CO, 
CH4, H2, 
CO2) 
industry

Production volumes
Industry cluster

Decarbonisation 
options industry 
cluster

CTM ca lculates material flows 
and energy demand/supply of 
the industry cluster

Economic parameters 
(WACC)

1. Feedstock demand industry cluster
2. Energy demand industry cluster
3. Decarbonisation options deployed

Investments

CO2-reduction target 
industry cluster 



Energy system:

Stedin electricity distribution network with 

connections to transmission network 

(Tennet)

Problem to analyse:

What is the impact of different scenarios on 

the grid capacity, in particular at coupling 

nodes with the transmission network (25 

kV stations)?

MACRO USE CASE



1. Electricity demand per sector
2. Electricity generation 

capacity (wind, solar, thermal 
units) 

3. (hourly) import/export flows
4. Demand response capacity
5. Energy storage (batteries) 

capacity

ETM

1. Hourly electricity 
demand

2. Hourly electricity 
supply of onshore 
wind and solar PV

Energy system 
description

Techno-
economic 
parameters

Final energy 
demand mix

Commodity/bord
er prices

Climate goals

OPERA

Energy demand

MOTER

Keys for different 
sectors (households, 
service sector) to 
divide hourtly 
demand and supply 
per district

Region
alisatio

n

Topology information
transmission grid

Load 
flow 

model

Hourly supply 
per district

MOTOR calculates optimal 

hourly dispatch for NL

Hourly power 
flows per node
Stedin/TenneT

Hourly demand 
per district

OPERA or ETM calculate 

energy scenarios for NL

Topology information 
distribution grid

1. Short-run 
marginal 
costs

2. Electricity 
border 
prices
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We need you !

• Share your multi-model challenges

• Connect your models

• Use the infrastructure in your projects

• Accelerate and improve the energy 

transition!


