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Executive Summary
This document represents the work completed as part of Task 5.1 ‘Creating the Integrated
Baseline Model for Energy/Mobility/Socio-Economic Trondheim’, and as such the task has
applied the Decision Support Tool (DST) developed in WP1 (D1.4: Demonstration of the
+CityxChange Integrated Modeling Platform) to the Trondheim demo area in the project.
Data was collected relating to the energy performance, demand and supply of 2,818
buildings for the demo district “Knowledge Axis”. These buildings were then simulated in the
DST to produce an energy demand baseline for the demo area, and a much more detailed
‘Digital Twin’ model was created for the Sluppen PEB demo area and its buildings in terms
of both demand and supply. As well as this, socio economic data for Trondheim was
imported into the DST from the latest census results to form a socio economic baseline
that will allow future modelling of energy demand/supply changes to be viewed from a
socio economic point of view.
Overall it was simulated that the demo area had an energy demand baseline of:

Fig. 1: Trondheim Knowledge Axis baseline result
The PEB area had a simulated energy demand baseline of:

Fig. 2: PEB Sluppen baseline result
In order to demonstrate the functionality of the software, potential energy reduction
interventions were applied for the PEB to show how energy demand could be reduced by
improving the efficiency of the buildings. Renewable systems (PVs) were also modelled to
demonstrate the potential for local supply and energy sharing between buildings to move
the PEB towards net zero emissions. Other local generation such as heat pumps is
currently under discussion and is therefore not modeled here.
An initial demonstration of the results and training session for relevant people in
Trondheim was conducted, and further sessions are planned to ensure Trondheim
Kommune can operate and leverage the DST for themselves. The recently developed
Online PEB Design Workflow will now act as the main training vehicle to enable this to
occur.
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Following the training sessions, work is initiated on how to display and make use of the
model and DST at screens/interactive screens on the citizen observatories (T5.3) and
innovation playgrounds/labs (T5.5), and how TK can make use of the model/DST as a tool
and enabler in activities, workshops, and events at the innovation playgrounds. Modelling
agreed RES and efficiency interventions and definition of what-if scenarios for use in the
shaping of a revised Bold City Vision has not started. Details are discussed in the
conclusion.
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1 Introduction
1.1 Objectives
This document represents the work completed as part of Task 5.1 ‘Creating the Integrated
Baseline Model for Energy/Mobility/Socio-Economic Trondheim’, and as such the task will
apply the Decision Support Tool (DST) developed in WP1 (D1.4: Demonstration of the
+CityxChange Integrated Modeling Platform) to Trondheim. In the DoA, the task is
described as follows:
“This task will apply the DST developed in WP1 to Trondheim. Historic and current data relating
to buildings, energy, mobility/transport, etc. will be used to create a model of the city, and
through the DST, will analyse and forecast the potential impact of different scenarios, including
understanding impact to the citizens, and to the distribution and local grid (T1.3). The DST will be
used to analyse and adapt the demonstrations that will be carried out in Trondheim, based on
the initial baseline and connection to monitoring and evaluation. The model will be extended into
a tool for identifying new PEDs and delivering optimal PED growth trajectories, thus a tool and
means of scaling-up the solutions across the city. Visualizations, including interactive screens in
the Innovation Playgrounds (T5.5), will guide and help citizens to understand the potential of the
+CityxChange solutions and participate in their creation (T5.3/5.5), raise awareness and active
participation, and trigger creation and discussions on potential solutions. The DST and
visualizations will stimulate and enhance interaction with municipal departments and other
stakeholders to gather feedback for Improvement. Available data from the city authorities and
solution providers will be integrated using existing systems and tools, e.g. GIS systems, smart
meter readings etc., and made available through the ICT ecosystem. Results can and will be fed
back into the city and partner systems. Finally, training will be provided to TK staff (and other
partners on request) on the use of the model, also for beyond the +CityxChange project.”
This Deliverable 5.2 is a demonstration of the DST to the TK staff along with training on how
to use the DST and explanation of the user guides, manuals and videos that can be used
for reference when using the DST.
As the intention for Trondheim is for the DST to aid the creation of the Bold City Vision
(T5.2) and also to analyse the best solutions for PEB creation and deployment (T5.6), a
number of scenarios were created for the demo to illustrate how the DST can fulfil this
function.
With respect to the deliverable description, the following has been completed for the report
and is outlined in the subsequent sections:
●

This demo will supply a software-based Integrated Modelling and Decision Support Tool
(DST), developed in WP1, to Trondheim and deliver the Trondheim DST together with the
training and user guides.
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Sections 4, 6, 7 and 8 show the demo provided to TK staff. The training/user
guides/videos that have been created for staff to refer back to when using
the tool are contained in an Online PEB Design Workflow shown in Section
2.2.4.
Buildings, energy production and consumption, mobility/transport patterns (including
forecasted EV demand), current EV charging stations, current vacancies, current building
rates, value of homes, economic activity (number of businesses, employment rate, jobs
announcements, etc.) will be forecast to 2050, analysing their impact with respect to the
TK Bold City Vision and taking future weather scenarios into account.
○ Section 7 outlines a number of scenarios that were presented during the
demonstration to highlight to TK how the tool can be used to test and inform
the BCV, as per T5.2.
○ The ability to set a baseline for traffic patterns and forecast the future was
not achieved due to resource constraints.
○ The ability to set an EV charging baseline and forecast the future was not
achieved due to lack of real data since project EV chargers were not yet
installed. An alternative way to baseline and forecast EV charging is now
being sought.
The model will further be leveraged for the monitoring and evaluation of the
demonstrations in Trondheim, to compare the results from the demonstrations with the
baseline and visualise this on a simple, intuitive dashboard using the KPI framework
developed in WP7.
○ The original deliverable intention was to incorporate the KPI framework from
WP7 within the DST. However, the KPI framework as it has evolved is very
project specific and does not require any data to be input from the DST.
necessarily specific to the PEDs/PEBs of the cities. The dashboards as
referred to in the deliverable description, may now be seen as the DST
dashboards & visualisations described in Section 8.
Finally, the DST will be used to raise awareness, discuss potential solutions and gain
feedback for further development from the National Advisory Teams and a broader set of
stakeholders (connected to Task 5.1)
○ Section 8 presents the online results dashboards, which can be made public
and used to raise awareness with citizens and also different stakeholder
groups. The dashboards are customisable and it needs to be agreed with TK
what content should be made public to ensure maximum non-technical
stakeholders can be reached.
○

●

●

●

1.2 Relation with other tasks in the project
The inputs from other tasks into this task are as follows:
● T1.4: Creation of the +CityxChange Integrated Design and Decision Support Tool (DST) This is the task that acts as the main input for the Trondheim DST. It brings together
separate pieces of software into one integrated Tool to be used by the cities , and in
this case for Trondheim
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●

T 4.1 Limerick DST - The initial prototype for the DST was tested and validated in this
task. Through the testing and feedback from Limerick, improvements and updates
were completed so that the DST can be used in other cities.

The outputs from this task into other tasks are as follows:
● 5.2 Bold City Vision and Guidelines - The Trondheim DST will be used to guide
Trondheim in creating a Bold City Vision by allowing various different potential
energy/socio- economic/mobility scenarios to be simulated and analysed upto 2050.
● T5.3: Citizen Observatories - Visualizations, including interactive screens in the Innovation
Playgrounds (T5.5), - DST will be used to guide and help citizens to understand the
potential of the +CityxChange solutions and participate in their creation
● T5.5: Implementation of an Innovation Playground - Visualizations, including interactive
screens in the Innovation Playgrounds - DST will guide and help citizens to understand
the potential of the +CityxChange solutions and participate in their creation
● T5.6: Deployment of solutions for Distributed Positive Energy Blocks in Trondheim - The
DST may be used to simulate and analyse the best causes of action to take in regard
to DPEB solutions.
● T6.1:Creating the Integrated Baseline and DST for the Follower Cities - The learnings
from this task regarding baseline modeling requirements and feedback from
Trondheim on the DST will be used to improve the experience for the Follower Cities
use.
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2 Overview of Decision Support Tool
This Chapter of the report is a summarised version taken from the confidential D1.4:
Demonstration of the +CityxChange Integrated Modelling Platform and in part from D4.1:
Limerick DST (Integrated Modelling and Decision Support Tool) including training
manuals/videos.

2.1 Approach to Development
The DST was developed iteratively as the project has progressed through ongoing
engagement and feedback from Limerick and Trondheim. An ’Agile Software Development’
methodology was followed which takes a more collaborative and iterative discipline
whereby small chunks of software are specified and developed before being tested by the
end users for feedback The Iterative, agile approach in terms of software design, initial
implementation and refinement can be be seen in the rollout of the DST in the
+CityxChange project as demonstrated below:

Fig. 3: Rollout and iteration of the DST (taken from D1.4)
The launch for Limerick occurred in May 2019, the launch in Trondheim January 2021. The
launch across all Follower Cities occurred during March/April 2021.

2.2 Overview of Functions of the DST
The diagram below represents an overview of each function of the DST (termed here as
‘Integrated PEB Decision Support Tool’), and is then followed by an explanation of each
function, which partner it belongs to and how it was developed:
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Fig 4: Overview of the DST functions (taken from D1.4)

2.2.1 Masterplan for Block/District
This module allows for a 3D master plan of the city/district/block to be created. Following
some simple data collection and inputs, a quick but accurate energy demand baseline for
the buildings in the city or district area can be simulated. However, greater accuracy for
energy demand per building may be required in order to inform decisions at a PEB level
and so a calibrated Digital Twin of the PEB can be produced via the use of detailed building
models and metered data to model as close as possible virtual representation of the
building and its energy use in the real world. This can still be viewed in the same way as the
rest of the model. As well as this, an energy supply baseline can be modelled and viewed to
show the current energy supply network for the PEB area.
The socio economic baseline of the PEB is formed by firstly understanding the available
data from the most recent and relevant census and mapping this to the PEB/district areas.
Other datasets that may not be available in the census such as crime or health should be
obtained by the local authority where possible. Air pollution readings may also be available
from air pollution sensors positioned around the city. The e-mobility baseline relates to
showing the current status of e-charging options in the area, their charging capacity and
usage.

2.2.2 Scenario Analysis and Forecasting
Using the baselines previously set, the software modules can next be used to simulate
numerous scenarios over time so that a forecast for the next 5, 10, 20, etc. years can be
analysed out to 2050 and a roadmap to creating a PEB can be made whilst taking into
account potential changes and impacts on socio-economic aspects. The software is able to
model potential energy efficiency strategies, as well as potential renewable energy solutions
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that could further contribute to the local energy supply. By adding new local production
and analysing how this can be used within the PEB, a new community grid can be designed.

2.2.3 Reporting & Decision Support
This aspect of the PEB Design Tool allows the local municipality end users to view the
results of their required scenarios to 2050 in a 3D map view overlaid with selected visual
KPIs. These views are known as ‘dashboards’. Three key stakeholder groups that would use
the tool were identified as: Urban Planners, Building Owners and the Public, and so
different dashboards were set up for these types of users. The Dashboards are entirely
customisable in terms of the KPIs being viewed and can be changed depending on the
users requirements.

2.2.4 Online PEB Design Workflow
This is a freely available online tool that guides the user through a step by step process of
using the different software modules to design a PEB for their chosen area. Where the
software module is online, there are also direct links between the guidance and software
so that the user can click on a step and be taken directly into the relevant part of the
software. The online workflow can be used for training purposes and also as a way to
ensure the different software can be used seamlessly together for the purposes of PEB
design, creation and replication. The tool can be found at: https://cdp.iesve.com/calibr/1/13
with access granted on request to project partners. The full documentation for this tool can
be found as part of D1.4: Demonstration of the +CityxChange Integrated Modelling
Platform.
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3 The Trondheim Study Area and PEB
The study area of interest for Trondheim, and modelled in the DST, is known as the
Knowledge Axis due to the density of university campuses, high number of R&D institutions,
and numerous companies within the digital and knowledge based industry based in the
district. The Knowledge Axis Demonstration District (Figure 5) is approx 5km long and has a
population of circa 12,000 people.

Fig. 5: Map of Knowledge Axis area of Trondheim (source: +CityxChange project)
Overall the area comprises the main city centre as well as the associated key transport
routes and public transport systems in/out of the city centre. It also contains the regional
hospital and Trondheim’s main convention and sports centre. For the +CityxChange project,
the identified DPEBs are the Demo Areas of Sluppen (DA1) and Brattøra (DA2), with a
further area - Campus Gløshaugen (DA3) - for developing and demonstrating microgrid
optimization and balancing.
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For the purpose of Task 5.1 and the initial implementation of the DST for Trondheim, the
whole Knowledge Axis area was modelled, however there was a focus on modelling for the
PEB in Sluppen rather than Brattøra. The focus on Sluppen was due to its higher complexity
and the availability of data. The PEB Sluppen case was more interesting and potentially
beneficial than Brattøra, as it comprises sector coupling (thermal & electrical). Within the
time frame available this case was prioritized, as it would provide a viable and valuable
demonstration of the modelling tool. The Brattøra PEB area was modelled in terms of
energy consumption but this was done as part of the overall Knowledge Axis area and it did
not receive the same level of focus as the Sluppen PEB.
Sluppen is a mixed used district with 6 buildings comprising one residential building (54
apartments), and 5 corporate buildings ranging from old storage and warehouses, industry
buildings, a data centre, and new/newer office buildings. The detailed plans are currently
being revised, so some of the selection may change.
The buildings in the Sluppen PEB that have been analysed for this task in detail both at
single-building level and as a whole, are shown below:

Fig. 6: Sluppen PEB buildings
The apartment building in Ola Frosts veg 1 (localized 700 meters away from the main
Sluppen buildings) proved highly difficult to include in the modelling and DST development
work. This is related to availability of data, not the least due to lack of meters and metering;
applicable to both electric and thermal metering.
●

Sluppenvegen 9 - An office building, also used for storage and normally used by
approximately 30 people. Constructed in 2005 with a concrete frame and classed as
in ‘good’ condition.

●

Sluppenvegen 10 - A cold storage and office building which also houses a brewery,
and used by approximately 50 people. It was constructed with a concrete frame and
is classed in ‘fair’ condition’.
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●

Sluppenvegen 17A - An office building,constructed in 2011 used by approx 350
people. With a concrete frame it is classed as in ‘good’ condition.

●

Sluppenvegen 17B - An office building,constructed in 2015 used by approx 450
people. With a concrete frame it is classed as in ‘good’ condition.

●

Sluppenvegen 19 - An office building,constructed in 2019 used by approx 500
people. With a concrete frame, it was graded as BREAAM Excellent with an Energy
Grade A.
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4 Data Collection and Model setup for Baseline
4.1 City/Area Model
A detailed GIS shapefile of the Knowledge Axis area was received directly from TK for 2017.
An view of one part of this this file can be seen below:

Fig: 7 View of part of the detailed 3D geometry from TK
In total, the Knowledge Axis demo district had 2,818 buildings and the file contained many
layers which were not required for the energy model. The file therefore needed manual
manipulation before it could be imported into the DST, and although the building
geometries, IDs and years of construction were used, the building type data required
mapping to IES building types. There were 144 building usage types received from TK which
were then mapped to the 30 usage types contained within the DST. Each type was given a
specific operating profile which then allows improved energy demand to be simulated. It
was agreed with TK to default the glazing ration for all buildings to 30% and also to give flat
roofs to all buildings except residential ones which would be hipped.
As well as this, although the file contained building heights, they were measured from sea
level and were not a true representation of actual building height. To resolve this issue, it
was found that the Norwegian Mapping Authority has released its central national datasets
as open data available via an API,1 and from here a terrain map was obtained at 10m
resolution. The true building height from ground level was derived by calculating height
above sea level minus the terrain height, and an updated geoJSON file with a new attribute
available as "IES_Derived_Height", was then mapped to the building storey height attribute.

1

https://www.kartverket.no/en/api-and-data

D5.2: +Trondheim DST including training manuals/videos, v.03

16

August 13, 2021

For the building construction types and U-Values, Norwegian Construction Regulations for
given years were received from TK, and these were uploaded into the DST and mapped to
each building in order for the energy simulation to be run. Additional information received
from TK for the energy models was the carbon emission factor for electricity and heat from
the district heating network.
Below is a view of the area once it has been imported into the DST (Fig. 9 & 10) and also the
editable fields available to the user (Fig.11 & 12):

Fig. 8: Image of total demo district imported from TK GIS file into DST
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Fig. 9: Zoomed in view of part of the demo district imported from TK GIS file into DST
Below is an example of the editable fields available to the user, with the information from
the imported file mapped to these fields which can then be edited if required:

Fig 10: Example of editable fields for building attributes within the DST
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Fig 11: Further example of editable fields for building attributes within the DST
There are also User Defined attributes available to add, and for Trondheim the GIS file
contained Norwegian Building Regulation data under which the buildings were constructed.
These values were then mapped to the existing categories for construction of building
walls, roofs and glazing to give more accuracy to the model (see example below).

Fig 12: Example of editable user defined fields for building attributes within the DST
Once both IES RD and TK agreed that the Knowledge Axis Area building model was
acceptably accurate considering the time and resource available, the energy performance
simulation was run to calculate the current baseline of the area. This is done by selecting a
boundary or number of buildings to be simulated, and then by clicking on the ‘simulation’
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button shown below. This then connects to the IES VE simulation engine to enable the
energy simulation of the buildings to occur.

Fig 13: Function to simulate energy performance in DST
A detailed explanation of the workflow for this, the software involved and how it is installed
is contained in D1.4 Section 3.3.2, and also the Online PEB Workflow Tool outlined in
Section 2.2.4.

4.2 PEB Building Model Data Collection and Setup
Whilst the City/Area energy modelling is fast, accurate, and useful to form a first indication
of each building’s energy performance, the software used for this (IES iCD) is designed for
simulating large areas and groups of buildings, rather than being focussed on individual
ones. The modeling performed at this level has drawbacks in that buildings are considered
as one ‘zone’ and cannot be split into rooms with individual uses, or heating, cooling and
lighting arrangements. This approach, whilst relatively quick, also has limitations on the
selection of technologies for future scenario simulations. As the PEB area needs to be as
accurate and as detailed as possible and allow for a high degree of flexibility for future
scenarios, it is recommended that the IES VE software is used as this is dedicated to
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modelling individual buildings. Due to its accuracy, the use of this software also allows for
each energy model of the building to be called a Digital Twin, whereby the results are
compared to actual meter readings/monthly energy bills to ensure the simulated model is
calibrated to how the building is performing in real life. However, the process of modelling
individual buildings and creating a Digital Twin is resource intensive and is recommended to
be done by a person knowledgeable in the discipline of energy modelling. For more
information and guidance about this process, please refer to D1.4 Section 3.2.3 and also
the Online PEB Design Workflow Tool.
For the five buildings within the Trondheim Sluppen PEB, each building was modelled
individually in IES VE software as part of the DST. An energy simulation was then conducted
for each building model. Once the simulation was matched closely with the actual energy
consumption data, the digital model can be said to be calibrated as a Digital Twin of the
actual building. Each PEB building model that was contained within IES VE software was
then synced back to the overall Knowledge Axis area model to allow one consistent
baseline view of the PEB and Knowledge Axis area. From this PEB baseline model, detailed
simulations could occur to guide the municipality on how best to progress towards creating
the PEB.
Due to the travel restrictions from COVID-19, there were no in-person site visits from IESRD,
and all data regarding the PEB was supplied by TK through the use of a ‘building checklist’
and regular calls/online meetings to track progress and answer queries. The sub sections
below show the data categories that were received for each building to enable the
modeling to occur.

4.2.1 Building Geometry and Construction data
For each of the five selected buildings, data was received for the following categories from
TK in regards to building geometry and construction:
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

Location
Geometry
Plans and drawing of each building
Construction year and type
Condition
Ownership and occupancy, building usage type
Hours of use
Site photo
Historical/Protected status
Building envelope U-Values
Internal partition wall/ceiling U-Values
Ground floor and roof U-Values
Glazing and type
Infiltration rate
Existing improvements to the building
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4.2.2 Building Energy Demand/Supply
For each of the five buildings, data was received for the following categories from TK in
regards to building energy demand and supply:
●
●
●
●
●
●
●
●
●
●

Fuel used for electricity and heating
Building RES info
Site RES info
Internal systems - HVAC type and details
Lighting
Equipment systems
Zone/room set points
Annual and monthly energy consumption meter readings and bills
Data regarding RES incentives
BMS data (if available/applicable

4.2.3 Weather/Climate Data
Weather and climate plays a key role in the performance of any building so it is important
to use the appropriate location settings for any analysis. In the context of HVAC system
sizing, design weather data conditions from the ASHRAE Design Weather Database v6.0
were considered by the model. In particular, the available source was the Trondheim Voll
weather station which provided data such as dry bulb & wet bulb temperature, wind speed
& direction, solar altitude & azimuth, cloud cover etc for each hour of the year. This allows
the internal systems modelled within the building to be correctly sized. As regards
simulation climate data, heating and cooling degree days, data for Trondheim was not
available so Oslo was used as the nearest location and the data was sourced from
International Weather for Energy Calculations, i.e. the NOR_Oslo.Fornebu.014880_IWEC
simulation weather file.2
Both Oslo and Trondheim are part of the same European Köppen-Geiger climate zone
"Dfc" , i.e. "Cold climate without dry season and with cold summer" (subarctic climate), and
according to ASHRAE Climatic Data for Building Design Standards 2013, both Oslo and
Trondheim are part of the same climatic zone "6A", i.e. "Cold - Humid" with HDD (Heating
Degree Days) with a base temperature of 18 ºC within a range of 4000 - 5000 Kd (degree
Kelvin days). As well as this, over the last 36 months (i.e. from May 2018 to April 2021) the
12-month average heating degree days with a base temperature of 18 ºC for Trondheim /
Vaernes, NO (10.94E,63.46N) weather station is of 4197 Kd3, which is almost identical to the
annual heating degree days with a base temperature of 18 ºC for the
NOR_Oslo.Fornebu.014880_IWEC simulation weather file used in T5.1, i.e. 4141 K.d (-1.3%
variation), and with a strong positive correlation factor of 0.94 between the two monthly
time series, thus highlighting similar variations in monthly heating degree days with a base
temperature of 18 ºC.
2
3

https://www.ashrae.org/technical-resources/bookstore/weather-data-center
https://www.degreedays.net/#generate
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4.2.4 PEB Electricity Supply Network
It was confirmed by TK that the PEB buildings are all connected to the same electricity
substation which meant that it was safe to assume they could be considered as on the
same local energy grid for the purposes of future local renewable energy forecasts.
As well as this, for each PEB building the fuel used for electricity and heating was obtained
as was the details of any local renewable energy systems.

4.2.5 PEB Socio Economic data
A GeoJSON file was received from TK which included the political boundaries within the city
regarding the lowest level of census data that was available. A further file was also received
concerning the relevant census data which mapped to these boundaries for Trondheim
from the last census. The data received related to 2006 and 2016 census results for:
●
●
●
●
●
●
●

Property prices
Number of students
Immigration
Personal income
Population demographic
Rent prices
Building Vacancy

It should be noted that as Trondheim already had in place a scoring system for its census
data, it was the scores which were imported into the DST instead of the raw data behind
this. The scores ranged from 1-6, where a score of 1 was given to low numbers, and a 6 was
given to higher numbers. This was done at Trondheim’s request, with the details of the
scoring system remaining with Trondheim for their use.
The data from the census was readily available, however data relating to health (life
expectancy, premature deaths) and crime rates was not forthcoming and it was decided to
continue attempting to obtain the data and import it into the DST when it becomes
available.
As there were no air pollution sensors close to the PEB area, this data was not available. EV
charging station data was due to be obtained from 4C and used to create profiles to
forecast future EV demand implication on the network. However, these data needed to be
harvested through an API in the national EV charger database Nobil4, available today as a
client test version. The charger data was not possible to harvest through the API solution.

4

https://info.nobil.no/
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5 Baseline Model Results
Once the data for the area to be modelled has been imported into the DST, the current
Baseline can be simulated. For Trondheim, this was done in January 2021, with the results
in the next subsections.
Some of the views for the results below are screenshots taken directly from the online
reporting and decision support part of the software (see Section 7), and some are
tables/graphs to show the overall results. Where the view is from the software, this will be
referenced.

5.1 Knowledge Axis Energy Demand Baseline
The modelling of all buildings in the overall Knowledge Axis concluded that the buildings
have a Total Annual Energy Usage of 541.1Gwh across 2,818 buildings with an Average
Energy Usage intensity of 169kWh/m2 and Annual building related Carbon Emissions of
17.5kt CO2e.
The picture below is taken from the DST and shows the overall Knowledge Axis area that
has been modelled, and the baseline for energy demand per building. It has been given a
colour scheme to allow ease of analysis by the User so that they may easily use those
buildings that are of higher energy use (see more details of the functionality of the
reporting part of the software in Section 7).

Fig. 14: Baseline Energy Demand for buildings in the Knowledge Axis Demo District, with the
Sluppen PEB in the middle left
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5.1.1 Brattøra PEB Energy Demand Baseline
Within the Knowledge Axis area, Trondheim had also identified a potential PEB in Brattøra,
as well as in Sluppen. As explained in Section 3, whilst the focus of the detailed PEB
modelling would be done for Sluppen, Brattøra was also modelled, but as part of the
Knowledge Axis area. A view of the baseline modeling in terms of energy demand for this
area is shown below:

Fig. 15: Baseline Energy Demand for buildings in the proposed Brattøra PEB area
It should be remembered that although this area was a proposed PEB area, no further
modelling occurred due to resources in this task being focussed on the Sluppen PEB.

5.2 Sluppen PEB Energy Demand Baseline
The visual presentation and position of the PEB buildings inside the block are shown earlier
in Section 3, and again here as a reminder, with the results shown in red boxes next to
each building, and also in the table below:
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Fig 16: Sluppen PEB buildings energy demand baseline

5.2.1 Energy Simulation Uncertainty Analysis
The modelling, simulations and calibrations were done following The International
Performance Measurement and Verification Protocol (IPMVP) 5 and ASHRAE Guideline 14 6
which are considered as the most common guidelines for M&V projects. The accuracy of
the simulations against the the actual energy use obtained from bills is shown below:
PEB Building

Energy Use (energy
bills) kWh/m2/year

Energy Use (simulated)
kWh/m2/year

%
difference

Sluppenveien 19

89.8

91.4

1.8

Sluppenveien
17A

193.4

194.4

0.3

Sluppenvein 17B

77.4

77.5

0.1

Sluppenvein 10

195.0

194.3

-0.3

Sluppenvein 9

137.7

136.6

-0.8

Fig. 17: Accuracy of simulations versus energy bills

IPMVP, “International Performance Measurement & Verification Protocol: Concepts and
Options for Determining Energy and Water Savings, Volume 1,” 2002.
5

ANSI/ASHRAE, “ASHRAE Guideline 14-2015 Measurement of Energy and Demand
Savings,” 2015.
6
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The results shown above are considered by IES to be accurate calibrated energy models of
the buildings. The simulation modelling of the 5 buildings in the Sluppen PEB concluded
that overall total energy use was 5.4 Gwh/year versus the specific buildings in the original
BEST table baseline estimate of 5.8Gwh/year.
For the Knowledge Axis area simulations, whilst it was not possible to obtain the actual
energy use data for the buildings in this area, and there is no other baseline data to
compare to, due to the extensive experience and expertise of IES in building energy
simulations, and the high level of accuracy obtained for the PEB buildings, it should also be
assumed that this baseline is within an acceptable range of +- 10% of the actual values.

5.3 Sluppen PEB Energy Supply Baseline
The data already collected and held concerning the 5 buildings within the PEB was
imported into IES iVN so that the current energy supply baseline relating to electricity and
waste heat could be modelled. For the purpose of the modelling, the key data required
from TK was to confirm that the PEB buildings were all connected to the same sub station
so they could be considered as an energy block. For each PEB building the fuel used for
electricity and heating was obtained as was the details of any local renewable energy
systems.
The figure below shows a simple 2D map view in iVN for the supply baseline. It should be
noted that the iVN does not model the detail and locations of pipes and cables for the
network, but does model the supply flows and network constraints that may exist. In the
figure, the yellow circles are ‘ electricity nodes’ which represent the electricity sub station
and supply to each building from the substation. The blue/grey circle represents waste heat
nodes and the supply of heat to each building. Whilst each building is geo located correctly
on the map, the yellow circles do not need to be geolocated as they are connected to each
building in the software.
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Fig. 18 PEB energy supply baseline view

5.4 Socio-Economic Baseline
The data collected from the latest census regarding socio economic data (as explained in
Section 6.5) was imported into the DST and mapped to the city/district boundaries.
The figures below demonstrates some of the visual results available for the socio economic
baselines in the DST, with the key for all visuals denoted by a score from 1(low) to 6 (high)
that was color coded by city district as shown below:

Fig. 19 Scale used by TK for socio economic baseline data

Fig.20 DST View of TK property prices 2016 by city district
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Fig. 21 DST View of TK personal incomes 2016 by city district

Fig. 22 DST View of TK students 2016 by city district
It should be noted that the views above are a sample of what is available. The same views
are available for:
●
●
●

Immigration
Rent prices
Building Vacancy
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6 Scenarios and Forecasting
Once accurate baselines of the five buildings in the Sluppen PEB were modelled, and the
overall block energy consumption evaluated, the next step was to simulate ways to reduce
the overall energy consumption and lower the reliance on fossil fuels in order to create a
block that is positive in terms of energy balance. Whilst the DST for Trondheim must be
able to simulate different future scenarios at different timescales to 2050 so that a
trajectory for replicating PEBs and moving to a Positive Energy City can be visualised, the
activities to conduct these simulations do not lie in this task.

6.1 Summary of Process to follow within the DST for Scenarios
and Forecasting
As explained in detail in D1.4 Demonstration of the +CityxChange Integrated Modelling
Platform, an online PEB Design Tool was created in order to guide and train users in
utilising the different software modules to design a PEB for their chosen area. The online
workflow should also be seen as a way to ensure the different software can be used
seamlessly together for the purposes of PEB design, creation and replication.
It should be noted that for any energy intervention, the year the measure is planned to be
applied can be set in order to build a PEB pathway to 2050. For example, using the tool, ,
the user may wish to set some operational measures for 2022, followed by shallow retrofit
in 2023 and deep retrofits in 5 years’ time. Following this they may wish to add in an
amount of PVs by 2030. At each change, the user can save the model and then use the
visualisations in the software to either understand and analyse the results for themselves,
or open them up for discussion amongst other stakeholders. The process can also be used
whether an in-depth calibrated model for individual buildings has been created using IESVE
(as is the case for the Trondheim PEB), or whether and a simpler energy baseline for
multiple buildings has been created using iCD (as is the case for the overall Knowledge
Axis).
As well as this, if the socio economic baseline has been set for the same area in the
software, and the relationship model agreed, then following any scenario modelling, the
user can also view the impact of the energy intervention on socio economic indicators.
Below is a summary of the process which should be followed within the DST for Scenarios
and Forecasting (more detailed can be found in D1.4). Whilst the process is for PEB
modelling, as the baseline for the Knowledge Axis has been set, this could also be applied
across the area if required.
A. Reducing Energy Demand
1. Select the building/buildings to model in the software. This can be done either by
clicking on an individual building or creating a boundary area and selecting all buildings
within it. Measures may be applied to single or multiple buildings.

D5.2: +Trondheim DST including training manuals/videos, v.03

30

August 13, 2021

2. Investigate Operational Measures
3. Investigate Low Cost, No/Low Disruption Energy Conservation Measures (ECMs)
4. Investigate Medium Cost, Low/Medium Disruption Energy Conservation Measures
(ECMs
5. For each option above, the user can choose from the library of options in the software,
and apply different ECMs in each category to the model and analyse the results.
6. Analysis can be done either by manually creating a table of results and investigate with
your own decision or use the IES Multi-Criteria Analysis (MCA) to analyse the results
based on different criteria of the end user (e.g. cost, energy/carbon reduction or
comfort)

B. Investigate Local Production and Storage Technology
1. Upload the final models from above into iVN network modelling tool
2. Using the networking tool, apply different scenarios for local production to the block of
buildings under consideration, e.g. solar PV, CHP, tidal turbine, wind turbine etc.
3. Analysis can be done either by manually creating a table of results and investigate with
your own decision or use the IES Multi-Criteria Analysis (MCA) to analyse the results
based on different criteria of the end user (e.g. cost, energy/carbon reduction or
comfort)

C. Optimise Energy Demand / Distribution Networks
1. Using the networking tool, create a power flow model of the existing infrastructure
2. Taking into account the constraints of the grid, a further level of analysis can be
conducted which takes into account the interaction of the scenarios with the existing
grid infrastructure, to ensure that the potential scenarios can be deployed without
impacting the existing infrastructure.

D. Enable Demand Response and Flexibility
1. Use the API to send the data to MPower or Powel platforms to carry out energy trading
within the PEB (see D2.2 Toolbox for design of PEB including e-mobility and distributed
energy resources)

6.2 Example Scenarios
The scenario simulations shown in the following subsections were chosen and conducted
by IES RD to demonstrate some (but not all) of the capabilities of the DST in the context of
Trondheim, and are aligned as much as possible with the current work in T5.6: Deployment
of solutions for Distributed Positive Energy Blocks in Trondheim. The full capabilities of the
DST software to model different scenarios for potential reductions in energy demand and
increasing local energy production are demonstrated in D1.4: Demonstration of the
+CityxChange Integrated Modelling Platform.
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As TK starts to use the DST to further understand and confirm the most suitable area,
technologies and timescales for future PEB/PEDs across the city, more scenarios will be
simulated and forecasting can be done for specific timescales in accordance with T5.2: Bold
City Vision and T5.6: Deployment of solutions for Distributed Positive Energy Blocks in
Trondheim.
As well as this, due to the socio economic data only being available at city district levels that
did not match well with the PEB area and the fact that the energy scenarios have only being
modelled at PEB area, the socio economic relationship modelling has not occured for
Trondheim as part of this exercise.

6.2.1 Energy Efficiency
The DST has the ability to model energy consumption reduction that can be achieved by
improving the energy efficiency of each building in the PEB. The methodology to simulate
them in the DST has been divided into three main categories according to the intrusion
level and assumed cost level of the measure from the lowest level (operational) to the
highest (deep renovation). The categories are:
1. Operational Interventions: These focus on the intelligent management of those
elements such as heating terminals and lighting systems, which can be controlled to
avoid unnecessary energy consumption.
2. Shallow Retrofit: These comprehensive measures which do need some manual work
to take place, but in a limited manner. They do not require any structural change to
the building; their cost and effort is higher than the one required by operational
interventions, but they usually guarantee good savings and often positively affect
internal comfort.
3. Deep Retrofit: These encompasses the highest effort, in terms of costs and time,
among all possible energy efficiency measures. If adequately and carefully
evaluated, however, they do lead to high savings – especially when the starting
situation of the building is particularly poor.
For the PEB buildings, the table below shows the energy efficiency interventions that were
considered and simulated for each building. The interventions which were simulated and
found to be beneficial in terms of energy savings are shown in green, those which were
found not to be beneficial (or were already installed on the building) are shown in red, and
those that were modelled but needed to be done in conjunction with other interventions to
be effective are shown in green & red. Other Interventions were considered, however they
were not appropriate for the building or the data was not available and these are shown in
black. The favourable interventions will be included in the selection process for energy
measures during PEB Sluppen revision process.
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Y

Modelled and suggest to implement

X

Modelled but suggest not to implement

X

Not appropriate for the building/correct level of data not available

Y/X

Modelled but not in isolation

Fig. 23: Energy efficiency interventions simulated for PEB buildings
The energy reduction achieved per building is shown in the figure below with the baseline
figure outlined in red, and the new simulated figure after the interventions have been
applied in green:
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Fig. 23: PEB building simulation results: energy use after selected interventions applied as
presented in previous table
Overall, this resulted in the reduction of energy demand within the PEB as shown in the
figure below, with the simulations resulting in an 18.2% reduction in residual final energy
demand compared to the baseline (5.4 GWH/yr versus 4.4 GWH/yr):
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Fig. 24: Aggregate reduction in Sluppen PEB total energy demand from the baseline with
operational, shallow retrofit and deep renovation measures, based on the previous table.

6.2.2 Integration of Renewable Energy Systems
The modelling and analysis which occurred at this stage was not performed through
consultation with Trondheim Kommune, but was instead conducted by IESRD to
demonstrate the DST functionality and potential to users. It. Further modelling and analysis
may be done by Trondheim Kommune as part of T5.2 Bold City Vision and T5.6 Deployment
of solutions for Distributed Positive Energy Blocks in Trondheim.
As mentioned in Section 5.2.4, the current energy supply information was gathered for
Sluppen so that the supply baseline could be set. Once measures to reduce energy
consumption had been explored, the next use of the DST for the Trondheim Sluppen PEB
was to see how the integration of renewables across the PEB may replace the need for the
use of grid electricity and reach the goal of becoming a Positive Energy Block.
In order to model future scenarios in the software, the baseline results with the energy
efficiency interventions applied were imported via API into the IES software Intelligent
Virtual Network (iVN) which forms part of the PEB Software process. The iVN software also

D5.2: +Trondheim DST including training manuals/videos, v.03

35

August 13, 2021

links with POW Community Grid Modelling Tool as detailed in D2.2 Toolbox for design of
PEB
including e-mobility and distributed energy resources. PV panels were added to the roof of
each building in the iVN by estimating that half of the area of the roof of each building
would be suitable, apart from building S19 where the area for PV had already been defined
by the building owners.
An example of the data used to simulate PVs for one building is shown below:

Fig.25: Data used for simulation of PVs on PEB building S17b
The 2D view within the software of the model with PV panels added is shown below. Each
building can be seen on the map, with the yellow circles denoting an electricity supply node
and the PV symbol by the side of this to show the local supply.
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Fig. 26: 2D map view of PV installations modelled
By doing this simulation, and then selecting the main electricity node for the PEB as a
whole, the total demand can be viewed alongside the potential supply from renewables.
This can be viewed monthly or hourly as required. Overall, this resulted in modelling of PVs
on 6,403m2 of roof space in the PEB, resulting in the production of 1,005MWh of electricity
per year for the PEB. The roof space area for PV modelling is slightly higher (600 m2) than
the roof space for PV in the project BEST Table.
A monthly view of one buildings electricity demand against the potential local supply is
shown below:

Fig. 27: Example of monthly view of electricity demand versus supply on a PEB building
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The view above shows the monthly view of the ability for the PVs modelled to supply the
PEB building with electricity. For the same building it is possible to drill down to see this
view over a typical few days in June, where, as the figure below shows, the supply is often
greater than the demand and it would be possible to not only supply the electricity needs
for this building from PVs, but also to store it for later use or to supplement the needs of
other PEB buildings.

Fig. 28: Example of daily/hourly view of PEB building electricity vs supply
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7 Reporting and Decision Support
For the end user, the DST’s main way to view the results of the demo area/PEB baseline and
simulations is done through the use of online ‘Dashboard’ views that can be setup
depending on the user’s requirements. The software allows different users to view the
results of their required scenarios to 2050 in a 3D map view overlaid with selected visual
KPIs. The Dashboards are web based, have separate logins depending on the user and are
linked back to the other software tools in the DST. This means they are not static, and if
data regarding the particular energy efficiency of a building changes or more renewables
are added to the local area, then dashboards will change too.
It should be noted that although the functionality in the PEB Design software exists to do
scenario modelling to 2050 and conduct comparisons (as demonstrated in D1.4
Demonstration of the +CityxChange Integrated Modelling Platform), this was not conducted
as part of this deliverable for Trondheim because the exercise sits in T5.2 Bold City Vision
and Guidelines to 2050.
The next sections show what has been set up as regards Dashboards for Trondheim,
however it should be noted that these require further discussion and agreement with
Trondheim on the exact visuals and KPIs to show.
Any of the Dashboards (or variants agreed) can be made public and shown to citizens as
Trondheim requires, however as yet, an agreement has not been made as to what content
should be made public, but it is planned in the near future and discussion on this is
continuing.
A further Dashboard aimed at the Building owners within the PEB was also developed (as
demonstrated in D1.4 Demonstration of the +CityxChange Integrated Modelling Platform)
with the functionality to view photos of the building as well as specific KPIs and alerts
relating to that building. However further engagement and agreement with the building
owners is required before the content for this can be decided and finalised for
Trondheim.This could be done as part of T5.6

7.1 Trondheim Demo Area Dashboard
This view (Figure 30 ) is of the overall Knowledge Axis Demo Area that has been modelled.
To start with, the user is shown the 3D view of the city and can then set various ‘Scenes’
relating to the type of data the user wishes to view, as shown below:

D5.2: +Trondheim DST including training manuals/videos, v.03

39

August 13, 2021

Fig. 29: Example of results options
The view selected and shown here is for Trondheim and energy use. The user can also
zoom in and select any building to view its attributes.

Fig. 30: Demo District Dashboard
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Regarding the indicators shown:
● Total Annual Energy Usage is for the baseline of the Demo Area modelled
● Average Energy Usage Intensity is the total annual energy usage divided by the total
floor area of all the buildings simulated.
● Annual Energy Cost is based on the tariff information received for Norway and the
annual energy consumption.
● Annual Renewables (PEB A) is the total PV production modelled for the PEB shown
in Section 7.2
● Annual Carbon Emissions is the total emissions for the Demo Area.

7.2 Trondheim Sluppen PEB Dashboard
The PEB Demo Area Dashboard has similar functionality as with the Demo District model in
that the user can see the 3D model of the area and the specific buildings that have been
modelled.

Fig. 31: Trondheim PEB Dashboard

In terms of the indicators shown, these were selected by IESRD and are as follows:
● Annual Waste Heat used in the PEB
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●
●
●
●

Annual Electricity used in the PEB
Potential Annual Renewable Production in the PEB (as modelled in Section 7.2)
Monthly Graph of Current Energy Consumption vs. Future Potential Consumption if
all Energy Efficiency Measures modelled in Section 7.1 are applied
Daily Electricity Supply and Demand and Supply Graph if all measures modelled in
Section 7.2 area applied

The user may also click on any of the PEB buildings and view the detailed model and its
attributes as shown below:

Fig. 32: PEB building and attributes
As well as this, the user may also view the buildings and potential energy savings modelled
as a list to make it easy to understand which buildings offer the most savings and therefore
offers support in prioritisation on which to target first.
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8 DST Launch, Demo and Training Session for
Trondheim
The Decision Support Tool was launched and demonstrated to Trondheim Kommune 21
January 2021 in an online session half day. The agenda is shown below and it was attended
by 40 people; 29 of which were TK employees that reach KPI #3 for Trondheim at 29 of a 15
target. Broadly its objectives were to give attendees a good understanding of what has
been developed for Trondheim, the current results and how the tool may be used in the
future, as well as giving a more detailed introduction into how the DST for Trondheim was
set up, how modelling occurred and what training needs to occur in the future to enable
Trondheim Kommune to use the tool themselves.
Agenda for Trondheim DST Demo and Learning Session
1. Introductions
2. Overview of the DST
● Functions
● Software Architecture
3. Baseline Results and Visualisation
● 3D model of Demo Area - data inputs, build and baseline results
● PEB area - data inputs, build and baseline results
● PEB buildings - data inputs, build and baseline results
4. Pathway to PEB
● Energy Efficiency interventions modelled
● Renewables modelled
● Overall results and recommendations
5. Dashboard Views and Functionality
● Synchronisation of Online model with DST software
● Building Owner
● PEB
● Public
5. Data Collection, Importing and Setup
● Import from Shapefile / GeoJSON
● Make changes to data, add new attributes
● Data imports
● Create objects
● Custom attributes
● Boundary setting
● Running energy simulations
6. Discussion, Feedback & Next Steps
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Fig. 33: Agenda for Trondheim demo and training session
The session was recorded and has been distributed to TK for future reference, and due the
file size is only available on request.
We asked participants to give feedback on the training by scoring the following questions.
Also, see the figure below.
● What do you think about the walk-through [understand what the tools can offer me]
● What do you think about the walk-through [I received sufficient information]
● What do you think about the walk-through [I would like to receive more information
in a new presentation]
● What do you think about the walk-through [The type of meeting /video) worked
fine]”

Fig: 34 Feedback from participants in the Trondheim IES 3D model and DST training
session.
In summary, the participants were satisfied with the training session. In the evaluation, we
also had an open comments section where there was a general positive feedback, though
some mention that the amount of information to absorb during one single session perhaps
is a bit much. People also wonder when this tool will become available in a production
version to be used in daily work.
IES has sent out a summarising mail to all TK participants, including the video of the training
session. Along with this, IES opened for a follow-up session if needed.
TK has distributed a new Google form to map who would like/need a follow-up session.

D5.2: +Trondheim DST including training manuals/videos, v.03

44

August 13, 2021

9 Conclusion and Next Steps
This document's purpose was to demonstrate the Integrated Modelling and Decision
Support Tool as developed for the +CityxChange project and launched for Trondheim. This
has been achieved through ongoing engagement with TK and launch/demonstration events
in January 2021. The document represents the content of the demonstration given as well
as explaining how the DST (as detailed in D1.4: Creation of the +CityxChange Integrated
Design and Decision Support Tool) was developed to fit for Trondheim purposes.
The main area of demonstration has been concerned with creating the baseline for the
current energy and socio economic situation in the wider demo area and the Sluppen PEB.
From this baseline, future potential scenarios were then modelled to demonstrate further
functionality, and to begin to guide Trondheim on the most suitable approaches to
achieving a Positive Energy Block.
To achieve an effective baseline, data was first gathered concerning the Knowledge Axis
Demo area in the form of a GIS file which contained all of the required information relating
to building geometry and construction. This was imported into the DST and data was
mapped to the building types and construction categories contained within it. Fuel types,
carbon emissions of fuel and tariffs were also set and the baseline for energy demand in
the Demo area was conducted.
For the buildings in the PEB area, a more detailed energy baseline was formed by creating a
comprehensive model of each building and running an initial energy simulation. This was
then compared to the monthly energy bills provided by TK to ensure the models accurately
reflected the real life building operation and performance.
In terms of the energy supply baseline, this was completed using a map of the electricity
network within the PEB which showed the location of substations which was then replicated
in the DST.
For the socio economic baseline, census data was available from TK along with the lowest
level of political boundaries across the Demo area. These boundaries were added to the
DST, with the relevant census data.
Although the data to baseline current EV charging and therefore to also produce simulated
forecasts was not possible to retrieve, the connection to 4C’s software was made via an API
to the DST so that when such time arises that data becomes available, this will be uploaded
into the DST and the baseline and forecasts can be conducted.
Following all baselines being completed, some potential scenarios relating to improved
energy efficiency of buildings and increased Solar PVs in the PEB were simulated. This was
demonstrated to TK in order to highlight how the tool can be used to test and inform the
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BCV, as per T5.2 and also the Deployment of solutions for Distributed Positive Energy
Blocks in Trondheim as per T5.6.
In order to allow different users to view results and analyse potential future plans, online
dashboards were set up and access can be given according to the user's needs. The
underlying data in the dashboards cannot be edited, but they are synced with the rest of
the DST software so that a change in building attributes, baseline data or scenarios will
automatically be reflected. The dashboards are customisable and show the Demo or PEB
area buildings on a 3D map view. By clicking on each building, all data relating to that
building can be viewed, with the ability to show a variety of KPIs for the buildings via a
colour scheme. The most important KPIs can also be viewed by themselves. These
dashboards can be made public and used to raise awareness with citizens and also
different stakeholder groups. It needs to be agreed with TK what content should be made
public to ensure maximum non-technical stakeholders can be reached.
Training material is available to Trondheim in the form of the Online PEB Design Workflow
tool (details in D1.4), which guides the user step by step through the process of creating a
baseline for their area of interest and also links to relevant videos and help guides that are
available for IES software.
The next steps regarding the Trondheim DST have been identified as follows:
●

Once data is available for EV charging, the current locations and use of charging will
be converted into EV profiles and energy demand from the chargers can then be
forecasted to understand any issues with network supply. If data does not become
available, IES RD will conduct research and consult with TK to produce as realistic as
possible EV demand profiles so that the current EV charging demand baseline can
be set, as well as the ability to conduct future forecasted scenarios. This is planned
before the end of 2021.

●

Further engagement and training to TK staff by IES RD can be planned and
conducted via support for IES RD and the Online PEB Design Workflow Tool. This will
enable relevant people at TK to run future energy simulations for themselves and to
analyse the results. This is planned before the end of 2021.

●

Engagement and support will continue from IES RD for T5.2 Bold City Vision and
Guidelines. The Trondheim DST is one of the tools that can be used to guide
Trondheim in creating a Bold City Vision by allowing various different potential
energy/socio- economic/mobility scenarios to be simulated and analysed up to
2050. This is planned before the end of 2021.

●

As part of T5.3: Citizen Observatories, and T5.5: Implementation of an Innovation
Playground, a public dashboard will be implemented to visualise the potential of the
+CityxChange solutions and help citizens to understand and participate in their
creation. Discussion and agreement with TK as to the content made available to the
public will occur as part of this by the end of 2021.
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●

As part of T5.6: Deployment of solutions for Distributed Positive Energy Blocks in
Trondheim, the DST can be used to simulate and analyse the best causes of action
to take in regard to DPEB solutions.

●

As well as the above next steps regarding Trondheim, there are several learnings
from this task that will be used to improve the modeling and experience for the
Follower Cities, particularly in T6.1. For example, the data required for the modelling
of the large Knowledge Axis area was slimmed down as much as possible for
Trondheim when compared to the modelling done for Limerick. This was because
IES RD had learnt precisely what was and what was not needed to maintain the
model accuracy. The Trondheim experience of modelling a larger area also allowed
for a more efficient process to be followed and in turn faster modelling. The launch
of the DST and explanation of its functions to Trondheim also gave the IES RD team
valuable feedback and learning to ensure a good roll out for the Follower Cities.

●

An overall evaluation of the tool and approaches taken will be included in D6.1. This
will include an uncertainty analysis on the simulations as well as feedback from the
cities on what went well and what could be improved. cities on what went well and
what could be improved. The evaluation will also cover the relationship model
designed in T1.3 and implemented in T1.4. This will then be taken forward for
consideration as part of replications and exploitation activities.
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