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Summary of Isaac Boate’s Master Thesis “Demonstrating Utility Network Interdependency 
Modelling Using the UtilityNetwork Application Domain Extension for CityGML”

The primary goal of this master thesis work was to assess the suitability of the 
UtilityNetwork Application Domain Extension (ADE) as a means of modeling dependencies 
between utility networks. The UtilityNetwork ADE is a data model intended to consolidate all the 
necessities of modeling the spatial, physical and semantical properties of utility networks in a 
single, unified system. It makes use of the “Application Domain Extension” capability of the 
popular “CityGML” data format to create a standardized set of new features and properties which 
would be appropriate for modeling any kind of utility network at any scale, as well as their 
functional properties and the relations that exist between them.

In the course of this thesis, an initial sample model of pipes in the water network from 
Nanaimo, Canada was expanded upon with functional elements such as valves, turbines and meters.
An electric network was then added to the sample. The water and electrical networks were then 
imported into an instance of the 3DCityDB, a relational database representation of the CityGML 
data model, which had itself been extended with an additional schema to represent the new features 
and properties introduced by the UtilityNetwork ADE.

A simple numerical agent-based model was then developed, based on a real coupling of the 
water and electrical networks in Nanaimo known as “Nanaimo Reservoir #1 Energy Reclamation 
Facility”. This coupling involves a hydroelectric generation facility which reclaims energy from the 
incoming freshwater, and transforms it into electricity to be fed back into the local electric grid via 
the electric network. The model uses a Python-based application programming interface (API), 
actual 24-hour sample of incoming freshwater data, along with assumed water and electricity 
demands of houses in a local suburb to simulate the coupling of the water network and the electrical
network. Most importantly, it considers the topological connections between elements on both 
networks in such a way that interruptions within a network cause cascading effects elsewhere in the 
network, as well as in coupled networks (e.g. an interruption in the water network causes a decrease
in the electrical generation in the electric network). Simulating the cascading effects of network 
interruptions is of great importance for understanding the effects caused by the interdependencies of
modern urban utility networks.

The UtilityNetwork ADE’s ability to explicitly represent both topography and topology of 
elements is also leveraged to create two geometrical representations of the Nanaimo water and 
electrical networks. The topographical representation is the real-world location and extent of the 
network features. The topological representation is a distorted version which exaggerates the size of
crucial elements and generally organizes the features into a more orderly configuration for 
maximization of functional understanding.

Overall, it was found that the UtilityNetwork ADE and its 3DCityDB extension is a suitable 
choice for modelling dependencies of utility networks for the purposes of data modelling, functional
modelling/simulation and presentation of information. A robust data sample exemplifying these 
applications was also created, which provides an example of working with the UtilityNetwork ADE.


