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1 ABSTRACT

The contribution deals with the decision suppoot tieveloped within the EU FP7 TRANSFORM project, a
collaboration of varoiuous partners including @esit(Amsterdam, Copenhagen, Genova, Hamburg, Lyon
and Vienna) aiming to achieve a significant progriesthe transformation towards Smart Cities. Trajgut
rests on three main pillars: the development ofran3formation Agenda, designing a Decision Support
Environment (DSE) and developing local measure @mgintation plans. The DSE is carried out by the AIT
— Austrian Institute of Technology GmbH and AcceatB.V. supported by Macomi B.V. as sub-contractor
of Accenture.

The TRANSFORM DSE tool addresses several featareSeasy to use” interactive scenario development-
and result mapping, allowing selection, virtuabad#ition of measures and finally assessing the bwdlcity-

wide effects of the measures regarding impactsrbaruenvironment — due to energy use and greenhouse
gas emissions, and on the economy — through impietien costs and effects on the cities’ employment
and income.

The paper gives an introduction on the topic, deesrthe process to gather user requirements basctiie
tool design regarding data base, graphical userfatte and measure editor and depicts some réistdisgh
screen shots. Conclusoins will be made reardiaguier requirement gathering process, the tootialitg

requirments and an outlook discusses steps tamiraghe toll and extend the functionality.

2 INTRODUCTION — TOWARDS LOW CARBON CITIES

Smart cities are addressed through various chaistate (e.g. Giffinger et al, 2008, Caragliu et al
2009.Rambol, 2014) which are discussed in sevesaglens presented on this conference. Here we
concentrate on the environmental sustainabilityéssfocusing on energy consumption, on transiti&ingu
renewable energy and on reducing carbon emissiorttie TRANSFORM project the central question is:
“How can we make our cities low carbon cities?”

There is a large variety of tools that can be usedecision support in urban energy planning. Areno
comprehensive list of such tools is described imr@@dly et al (2010) or in Stdglehner et al.(2018pme
software tools supporting the energy planning pge@e CitySim (Robinson, 2009), EnergGIS (Girasdin
al, 2010) SynCity (Keirstead, 2009) or ReMAC (Mst 2014) However, these tools do not fulfill all
following conditions: (i) Support of perspectivekdifferent stakeholders. (ii) Shared understandinghe
output among all the stakeholders. (iii) Decisiom®gration and resources negotiation. (iv) Address
different exploration and implementation scale} web-based open source application.

Finally it was decided to develop a new tool thaets specific requirements and covers all rangas fr
local scale to city wide scale. The spatial allmataspects will be enabled through GIS functidpali
Predefined measures related to certain use cafidsewntegrated in the system to assess possipadts
and interactions on other measures. The projent-ttee tool —finally helps to prepare, develop ardcute
the cities’ transformation agendas to make thet stwfards a low carbon future providing sustainadote
attractive environments. Linking strategy with implentation, TRANSFORM shall combine this
transformation agenda with single projects to bpl@mented across neighbourhoods or districts abwar
cities (Le Fevre, 2013).
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3 DSE - USER REQUIREMENTS ACQUISITION - USE CASES ANDDATA

Developing a tool to support decision making reggiiknowing which decisions shall be made by which
users, based on which informations, for what puEpaschieving which targets. This is called user
requirements acquisition comprising tool use catantification (related to tool functionality) andatd
acquisition.

The user requirement acquisition process is rather consuming: it makes necessary to identify kg
stakeholders in the administrative departmentb@fities and eventually energy service providE&JOS)
where the tool shall be applied, to identify thgits turning out as crucial issues for the citeebécoming a
smart (energy) city and to identify the relevaniada be able to model measures and to simulatienhects
in an appropriate wayThis involvement of stakehidde a crucial topic as they know about the useséor
their cities and can provide criteria for the apafiility of suggested measures. Thus the use aHs8tidn
and the exporation of the data availability reguiv@rious contacts — per mail, per telephone as agel
physical, to be able to receive all information.

As in each city the governance and administratisgctures are different, the identifcation of staddglers,

of data owners, of actors responsible for planrimgl implementation of measures, these requirement
investgations take quite some time and have bestimdauntil now more than a year, where teams efwo

tool developing partners AIT and Accenture havetedsthe six cities several times for project magsdi
workshops and bilateral talks. The repetitionstafse “stocktaking missions” in the six cities hdeen
necessary, as the stakeholders have changed, direstanding of the topics have been changed, tlagt sm
city targets as well as the use cases and relagagures to be implemented have been changed amd wit
them to some extent necessary input data.

3.1 Use cases definition

It was decided to establish three initial use cam®b the related measures per city. It was impbitian
develop a tool shall satisfy — to some extent - egperts and experts as well, and to consider iffereht
stages of the six cities on theire way to a tramsfiton agenda and to be able to implement moress |
sophisticated measures. So the definition of tleecases as well as the required output had tdl flfange
of requirements to satisfy the various users. &t ¢hrrent stage of the 30 months-project — and ave h
passed one year now — not all use cases and retat@slires have been defined.

In general it tuns out that the city representatiaddresses both the energy demand and the sugelgs
use cases and select measures: concentrating con&juction of smart buildings. (b) building neausing
and commercial areas requiring additional energyated, (c) on retrofitting of buldings reducing #wergy
demand (insulation, improvement or exchange ofihgatystems), (d) on establishing distributed eyerg
supply systems (like photovoltaic panels, or grovaigr heat pumps) aiming in smart grids, (e) imprgv
and extending district heating and cooling gridistegrating waste heat from industry and servicés the
systems and connecting new areas to the thermalghie. (f) As two cities are harbour cities tharde
cruise ships with an electicity demand of some $hod guest cabins during their stay in the harbmine
connected to the land grid instead of producingtetgty by large diesel generators is a crucisues (g)
Use cases on mobility are in discussion — herexpecat measures like change in the modal split (&t
private to public transport) and reduction of canership.

3.2 Data and data gathering:

Data gathering is carried out in collaboration whike cities and their supporting partners followthg use
case exploration. Data on infrastructure and itfuasure costs to allow further cost estimationfutiire
measures are (or still will be) provided by the-astructure partners in the TRANSFORM project. tages
and related measures will be negotiated betweercities’ stakeholders and are defined by the cities
Measures will are translated into equations antsfeared into code, to be integrated in the DSE.

The data provided by the cities and further stakdgie vary in type and scope — typical data are:

» City layout with focus on buildings and blocks cntng specifications to estimate its energy
consumption for heating and cooling.

« Population specifications: any details on poputatie.g. household size.to estimate electricity
consumption.
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* Energy consumption and production: data on (aggeeyaconsumption and production of various
types of energy (e.g. gas and electricity).

In general different data sources are required mdipg on the measures that are specified into yhes.

The data sources can be specified on differeniadgatels: city, district, or building level. Teekect the
right data, the cities must have defined theiraeses to identify and model measures to finallyrede the
effects which may be changes in energy demanderiewable energy generation and in greenhouse gas
emissions. The energy service companies (ESCOd) proade data on network and infrastructure casts
well as on energy generation costs. Providing snprigzes for the customers allows estimating sawiimg
energy costs to be related against costs for ergfigiency improvement.

4 THE DECISION SUPPORT ENVIRONMENT (TRANSFORM DSE) —

4.1 TRANSFORM DSE - purpose and approach

The tool serving as an “easy to use” decision supgpovides actors and stakeholders with a deeysght
regarding the selected city’s or district’s currpatformance on energy efficiency, energy conswnpiCQ
emissions and energy supply, as ability to revealfull energy savings and greenhouse gas reduction
potentials.

A planning support process in a city administratic defined through a sequence of steps, and
considerations which decision makers pass, in omlechieve certain targets, by establishing measur
aiming to change a given set of properties of &mignvironment. The tool usage flow shall follovega
steps, carried out by actors and stakeholdersdaisaribed in figure 1.

Analyse

1_-| Set

3. I Allocate
4. I .
Determine

5. I Analyse - -

Figure 1: Decision sequence — built as Support Taidage flow

e The starting point of the usage flow is the setettf the spatial context “the city context” (stEp
One city is selected and a spatial scale is adellesse higher the level of detail of the explored
data, the more detailed the analysis can be coaduct

e The selection of a scenario (step 2) provides aoseturrent and future framework conditions
regarding energy demand and energy supply, asasdiiture changes e.g. of demand (e.g. through
urban growth) and of energy prices of the differmmtrgy carriers.

* In step 3 measures will be defined — either setefriam a set of available nes or edited as a new
measure. Such information supports stakeholdedediding which measures need to be part of the
city’s transformation agenda and where and when shall be implemented for improving energy
efficiency increase of renewable energy use anigiaion of GHG emissions.
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* In step 4 the measures are allocated within the sagly area through the interactive map or in the
entire city.

e Later on the various impacts is determined — thecef will be simulated over time (step 5).

« Finally the impact shall be explored through mapd diagrams (step 6) and allo steps may be
repeated by selecting and or allocated new measuregprove the results.

4.2 The DSE tool concept

To follow the steps depicted in figure 1 the TRANBEM tool has to cover a range of functionalitiekeT
following figure 2 sketches the concept and mahksusage flow addressed above.

City data (top left) have to be collected and harined to be integrated in a geospatial databasehwitas to
cover all different spatial scales (and must be éblaggregate data from the small scale entiéigs §ingle
houses, blocks) to larger ones (neighbourhoodsjaiss entire city).

Then the tool application steps are aligned tadém@sion steps addressed in figure 1:
Step 1: City Context

The objective of this step is the analysis of tlherent state identifying possible opportunities. day
reducing carbon emissions in their city. After sélg the city the city data will be loaded intaethystem.
Afterwards the analysis of opportunities can beiedrout —e.g. by conducting e.g. running variatdea
gueries on several geographic levels and acrossrelit assets. This is iterative process whereatka,
assets or KPIs can be changed after each anafyspportunities and interdependencies. The GIS-dega
visualized in a map.

Step 2: Scenarios/targets

The step is dedicated the definition of scenariud targets to set the boundaries and scope ofpiplked
model. A first sub-step includes the definition dodding of scenarios like fuel cost trend over tiegt 20
years. By changing these parameters a sensitimayysis can be conducted. The second sub-step tgermi
setting of the performance targets for the consieneasures. Those include the energy indicatdralm
costs and non-energy targets. The definition of difeerent targets should be done by the different
responsible and involved stakeholders.

Step 3/4: Measures

In step 3 the objective is the revealing of theerirglations and interdependencies between meabyres
building a portfolio of measures. Each step is sufdd in three parts. The sub-steps consider iomeaf
measure, enabling measures and preconditions. Xdoeigon will be supported by a measure editor t¢ile
on the measure editor will be shown later).

Step 4 focuses on the allocation of the measurest.the measures are allocated in a selectedasedhen
the time frame will be determined. Both sub-stegsehto be discussed with the involved stakeholtters
assure the stakeholder commitment.

Step 5: Impact estimation

The impact assessment in step 5 is determined tyirmy the appropriate simulation for the portfodib
measures. Therefore the considered simulationiirdefined and the simulation is started.

Step 6: Results

The last step of the decision sequence is the atiafuof the outcome by viewing results and idgmd
additional actions to close the gap between outscane targets. Therefore the results are viewethosen
tables and graphs. If the outcome does not meegxpectations of the tool user a new simulation lean
defined.
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Figure 2: Concept of the Decision Support Tool tiredrelated Usage Flow

Porttclio of
models

Repetition and modification of simulation runs

The DSE will allow modifications at each step o tiisage flow: changing the city context, the sdesar
the targets, and the measures or measure cominsiatiothe final version of the tool the parametershe

simulation runs be stored in log files which allowodifications of single parameters without enterailg
items again- aiming in a repetition of the simuwatthrough batch model runs.

5 TOOL DESIGN

The DSE tool is developed by AIT and Accenture vgittong involvement of the cities during the meggin
and the visits, particularly of Amsterdam as promordinator. The software is finally installed anVeb
server at AIT allowing access as mutually committezither public access or access for selected fizan
the cities, protected through password entry.

5.1 Software architecture and user interface:

The TRANSFORM DSE simulates the energy consumpiiah production and the related greenhouse gas
emission depending on certain preconditions. Thasos support refers to changes in the system with
respect to changing energy efficiency in the bogdstock, changing of energy carriers for heat aaling

as well as for power generation (shift from fogséls to renewables) to changing energy supplyft(&ioim
central power supply to distributed, individual plype.g. through PV). The changes are calculated in
spatial explicit way and the impacts regarding gneronsumption by carrier and greenhouse gas emissi
are estimated for spatial entities and for thereriity.

The software is designed through modules workiggtioer within the LIFERAY ® portal - an open sairc
user interface appropriate to add, merge and dodififerent functions within one web-site window ieh
allows individual user interface design. An ovewief the architecture is shown in Figure 3. A fldgi
geodata base structure based on PostGreSQL amisC@econtains finally the (harmonized) data ofsatl
cities hre the sub set of the selected city isvatdi.

The graphical user interface (GUI) with controkrieval and display functionalities has been depetbby
using standard Web server components such as Apadbeerver as HTTP server, the PostgreSQL/PostGIS
database and Apache Tomcat as backend for the coicetion with the database according to the users’
queries. Geoserver as map server is used to deti@ps based on the users' requests. In additiomSédeer
provides the ability to integrate data directlyoiather applications e.g. a desktop-GIS via stedaervices
(such as Web Feature Service (Vi)F&nd Web Map Service (WMP. The interface is accessible through

! http://en.wikipedia.org/wiki/Web_Feature_Service
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every web browser. Using Liferay® , an extensivedalifferent modules can be flexinle integratadhe

interface. A Redmine ® system has been setup tpostiphe software development by monitoring and
documenting its progress.

To cover all steps described above the softwarbiteature consists of several modules — a city exint
explorer, a scenario editor a measure editor agdesee editor for defining the temporal development
Some of these modules are related to the GIS coempdar spatial retrieval and visualisation. Theéatlase
layer is the core where the simulation componesfts ito.

" Scenario editor 3. Database layer

- e R
FallIFERAY

e Simulati Simulation model
= i i initiator

womm 1 components
L

o
|

Simulation engine

e = . E Using'a modsl as input, the
ation engine will calcufaie eveny
perdomeance indicafor for ewery
manth for fected penod of
intersst (eg 20413 {0 2025)

Figure 3: Architecture of the decision support tool
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Figure 4: Graphical user interface — initial page

2 http://en.wikipedia.org/wiki/Web_Map_Service
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5.2 Application interface

The application accompanies the six steps (destiibel.2) to make decisions regarding measuresto b
implemented for improving smatrt city propertiestlodé respective city. The initial screen is showffigpre
4. Clicking on each of the step-buttons leads ¢ontifixt step on the way to achieve a decision.

The initial step 1 screen allows the selectionhef tity, a comparison with the partner cities ia gnoject
and the exploration of the characteristics of #lected city or a particular district or neighbaowt, as seen
in figure 4. The mapping control and spatial re@iefunctionalities which play a particular roleear
addressed in a section 5.4.

The step 2 screen allows selecting and adaptingguscenarios by changing the framework conditions
through entry fields, sliders, etc. and shows tinetbpment over time of the different frameworkatésng
indicators through diagrams. Screen 3 is dedidaidioe definition of measures (see section 5.4)

5.3 Database design and processes

Due to fact of highly dispersed data sets acrasgities taken into account with respect to stmgtaontent

and availability, the topic of data integration, magement and storage is a big challenge. As the dat
gathering is still ongoing it has been learned thatbest approach for minimizing the time to mtdeedata
available to the application and to cope with lesources, a more flexible approach has to be oh&sein
contrast to traditional software development preessespecially in the field of data warehouse ptsje
where all the available data sources have to beesed and analysed in advance and the strategy and
methods for cleaning up, harmonizing and integgathre data is created afterwards, the given ddsaase
loaded as they are to the city related stage avithin the database at first.

After cleaning and norming the city stage datagberies are developed and provided as views torgene
the information needed to realize the as it isasitun for the particular city, this is related tecision step 1
of the application (city context).

The information which has to be processed withendhtabase encompasses the following categories:
(a) Geospatial datasets as polygons, lines oroint
(b) Statistical datasets describing energy relptegerties of the physical entities in terms of

e Characteristics influencing energy consumption gefor heating and cooling [building quality
influencing energy efficiency])

* Activities demanding energy (e. g. power demantiaiseholds, services, production), time series
data

(c) Parameters which provide the scenario backgroun
* Population growth factors, energy prices
¢ Public transportation costs and modal split fraxgio

(d) Parameters which provide factors to estimatall@nergy production, energy consumption, energy
savings potential, supply costs, environmental chpéc.

» Electricity generation factors (e. g. for PV parheB

« Energy demand factors, (e. g. heating demand foisd® by age class, electricity demand for
households or flats by size class)

e PV installation costs per kWh, energy consumptiok\Wh per flat in density classes Greenhouse
gas factors ( e. g. for different energy carriet heating or production systems)

(e) Specification of scenarios based on a), b)and

(f) Specification of measures (i.e. formulas toch&ulated) based on a), b) and d) and auxilidigrination
required to carry out a simulation experiment.

The basic data structure as it will be used duttiegproject is summarized in the following figureA3 it is
shown and described above each city dataset isféraed to the city related database scheme. $hdsrie

by usage of DB maintenance tools and especiallyGi& based datasets the data can be loaded by open
source software tools e. g. QGIS to the databater Aleaning the data and applying a common naming
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definition the data is available for further usaBegarding to the measures definitions which ar&keaout
together with the cities as much as possible daiahnis needed as basis for the realization oftkasures
is generated based on the given data and providigktapplication layer. It has been shown that ighstill

high effort task due to very different data setd areasures to be implemented.

The implementation of a centralized data store micg to data warehouse standards is currently not
possible due to lack of resources and missing atewpecifications regarding measure definition and
available data. So the strategy is to create tieig By step or at least describe the situationdasethe
given and still evolving status to have a guidelhyethe end of the project in place which can beded
over to the cities as basis for further developnudritata process and governance standards withinities

organization. The data structure and retrieval ggeds summarized in the following figure 5:
1

Data Source 1 (DS1)
Central Datastore (Database ,City Context”)

— (GIS) File

Amsterdam

Data Source 2 (DS2) Manual tool based (GIS)

I

.

1

1
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! preprocessing

I

.

1

City Location (Domain)
€ g Municipalities, Eneray Providers,
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w
=
2
=
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DB Database Data §
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; & g S 2
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Webservice Webservice | =
Endpoint (e. 9. WFS) . @
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Figure 5 - Data retrieval and storage

5.4 Mapping and spatial retrieval functionality

The mapping module of the DSE tool consists of raesebackend and a client front end. The backend is
based on PostGIS spatial datasets translated favasets delivered by the participating cities. €hent is
based on Open Layers and features a so calledhdree selection feature which has been developethéor
TRANSFORM DSE. Selected functionalities of a stadddesktop GIS are provide in order to give also
non-GIS experts the possibility to make use ofehesictions. The interface design is simple anégithe
users a similar experience known from e.g. Googépsn The mapping functionality allows interactive
exploration of physical and socio-economic framdwoonditions of the particular district and alsd al
energy related data for single elements (e.g. imgid blocks ) or aggregates (e.g. blocks, wards;icts) or

for the entire city. The spatial retrieval functadity allows the selection of geometric entitiesotigh mouse
cursor or on a touchscreen. Thus interactive placémf possible measures at block-scale or distoate is
possible, allowing for an ex-ante assessment oéctff of those measures (e.g. energy-efficiency
improvement or technology & control improvementbddcks, fuel mix optimized towards GHG reduction,
household and business electricity consumptionatimtu etc.).

The following figure 6 shows the free hand selectapplication in Amsterdam which allows allocating
measures to certain areas or blocks and leavéeuest.

5.5 Measure editor

Measures are defined in equations that model tfidelnchange on production, consumption, costs and
emissions of an entity. Each equation is indiviuae&lculated during simulation experiments and lbadk

to the system (being the entire system) througinggneetworks. Using this method, users have t@m¥ola
bottom-up approach where they need to define thagds on an individual level to be able to caleuthe
aggregated impact over time on a city level.

H
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Currently only a limited set of measures are eighbtl and a limited set of inpout data. If additibdiata are
provided and futher measures are suggested by itifes’cstakeholders and coded to allow an impact
assessment further measures can be integrated.

C)- Wl 7y

37 -115
115 -222
222 - 368
368 -549

W 549 -788

W 788 -1283
W 1283 -5042
W 5042 -9434

| o434 -38084

Figure 6: Spatial retrieval — free hand selectibareas of interest.

5.6 Results and presentation

The results are presented using geographical vzstiahs as shown above and using SpagoBl, business
intelligence software. The latter allows for a thagh exploration of the output data by allowing tiser to
define charts other than the predefined ones. atterlis important as the detailed KPIs change rldipg

on the stakeholders that are using the tool. Figwskows an example of the usage of SpagoBI intdjia

the decision support tool. Besides SpagoBI alserotharting tools are in discussion which can lyea
exchanged within the Liferay® environment.

§ = o S 9

Usage mix of bullding - Selected city Usage mix of building - Compared oty

Figure 7: An example of output using SpagoBI

6 CONCLUSIONS AND OUTLOOK

The tool development was a challenge as the diffteseakeholder groups in the partner cities hawnbe
quite demanding regarding usability, functionadityd flexibility.

The integration of a measure editor and the interaspatial retrieval features makes the DSE #tivactive
and provides flexibility unknown until now. Althobigve as developers have been working hard to establ
high usability the application requires still sotnaining due to the complexity of defining scenarand
measures and to understand the principles of thelaiions in terms of spatial relation, temporajusnce
and interdependencies within the urban system.

For the future it is planned to extend the usagtefDSE to be applied in a serious simulation gabre
distinct property of a simulation game is to creatwred intelligence by helping us enable social
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construction of meaning, propagate ideas and skillel enhance and facilitate communication (Gillert

2008). This advantage shall be finally achieve@nbance the decision support of the DSE towardstsma
cities.
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