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Climate change is one of the most pressing issues
facing the world today. Countries have various ways to
tackle this, but ultimately, all should have the goal of
reducing emissions in order to stabilize global warming.
This can be achieved through changes in behavior and
technology advancements.

Problem
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The second challenge was that there was a gap in the
agent-based methodology applied at the network level.
Most studies using this methodology focused on the
local level, such as individual buildings, or even micro-
grids.
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Schematic diagram of integrated-energy systems

Solution

Researchers at UCL created a project with two aims.
The first was to further develop previous agent-based
modeling for multi-energy networks. The second was
to experiment with integrated energy system
simulation using real-world case study data.

AnylLogic was chosen as the simulation platform
because it can be completely dedicated to agent-
based modeling, has a very user-friendly interface, and
can easily be integrated with a JAVA package.

The objective of this project was to simulate energy
flow. Energy flow describes the states of the energy
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operation of existing systems.

In the model, the classic power system was followed,
where there are three node types - slack, control, and
load.

For an integrated system, the researchers needed to
incorporate multiple energy vectors into such a system
so that they could adopt an energy hub. These vectors
were electricity, gas, and heat.

This hub is a mixed energy vector system with three

features:

e Multiple energy inputs and outputs
e Conversion
e Storage

This multi-energy network is modeled by a group or
system of interconnected energy hubs.
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the node must be balanced by the outflow.

An algorithm computed by agents in a decentralized
manner was used to calculate the energy flow in the
electric system. By aggregating these results, the
behavior of a whole network could be calculated.

For the pipeline networks, the calculation result was
mimicked using the electric flow method from before.

The model needed to import data from published
articles including the type of the node or bus, network
configuration, and the associated active and reactive
power of each node or bus.

Electricity 30 nodes network [4] Gas 20 nodes network [5] District heating 14 node network [6]

Energy network case study - example of data obtained from
published articles

Results

In this multi-energy or integrated energy system,
researchers modeled electricity, natural gas, and
heating of water. Using the inputs of the model and the
variables from existing case studies, every active and
reactive power and magnitude and phase angle of
voltage could be computed.

Using just one node, as an example illustrated below,
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electric electricity wires red
natural gas gas pipes green
thermal water pipes blue

S =0.02729+0.90
V= 15367 <-23.7°

P =-2.000

V=7.0324
5
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V =6.3160

Model demonstration showing results at one specific node

In the future, the researchers hope to integrate a
dynamic energy consumption profile into the system.
In addition, agent-based modeling has extremely
promising potential in decentralized optimization, and
so a future model could explore this in multi-region
integrated energy systems.

The case study was presented by Ruigiu Yao from the
UCL Department of Civil, Environmental and Geomatic
Engineering, at the AnyLogic 2021 Conference.

The slides are available as a PDF.
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