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1 ABSTRACT

The focus of this paper is on the DESENT projechiclv aims to develop, test and disseminate a
comprehensive decision support system for smarrggnand transport in cities. Transport energy
consumption modelling, building supply and energgmdnd tools are combined to provide a common
decision support system for appraisal of city-wamergy use. The system will be set up as planmiolpdx
that consists of several models and tools providiifigrent functionalities to show actual data &@rergy
demand and transport energy demand and furtheratlone to predict the energy demand on building and
city level for future planning scenarios. Thus, thationships between sustainability objectivesngport,
spatial design of the built environment and ratiars® of energy are considered.

The paper describes the concept and structureegdlémning toolbox and its models and tools dewedogn
far. Furthermore, it outlines methodologies devetbpnd the data acquisition process for the citWeiz,
which serves as one of the pilot cities in the grbj
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2 INTRODUCTION

The design of living spaces with a high qualitylité is one of the core challenges of the'2kntury, a
century of urbanisation and rural exodus, the disefermation and communication technology in altnal
areas as well as the change of the demographicigte,l especially in European society (Calvillo, €.al,
2016) (Eremia, M., et al 2017). In this context aig¢he most important factors of government polisy
security of energy supply (Brown, M.H., 2001). Tdéfere, concerns such as growing energy demands,
limitations of fossil fuels and threats of CO2 esios and continuous climate change underpin thé hig
demand for resource conservation and resiliencetdan areas.

Today approximately 50 % of all people worldwideeliin cities (for Europe it's almost 75 % of theato
population) (Kotzeva, M., et al., 2016) (Europeasnitnision, 2012), and by 2050 an increase to 70 % is
predicted. Urban regions are focal points of rese@wonsumption and emissions - in Europe arourfzh 89
energy is used in urban areas (Nabielek, K. e2@16) and in 2050 cities will be responsible for%b5of
global carbon emissions (Lufkin, B., 2017). Thu#ies will in future define the need for space and
infrastructure, products and services (Obernost&eret al., 2012), (Grimm, N., et al.,2008), (Haem, S.,

et al., 2011). As a result, the conservation ofgneesources must primarily start in the citied aonsider

all levels of energy planning, including also theeas of spatial planning, building stock and tramspas
well as the areas of economy, society, politics adohinistration to gain high acceptance. This Wdlp
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raise awareness among the public, and in partiememg different stakeholders, that are willingnizest in
resource-efficient technologies and be a successrfor the "city of the future" (Chourabi, H. at, 2012).

The design of urban areas has a significant beanmghe balance of building and transport energy, us
which are the two sectors that are directly aff@dte urban planning (Steemers, 2003). City plankimgws

a wide variety of key figures that characteriseghbburhoods, districts and cities. However, whitthese
figures describe a city with future potential, #yof the future", cannot be clearly defined. Asuée, urban
typologies are captured in terms of their resoweffeciency through quantitative values (e.g., lamsk,
energy measures, density metrics). Although keyréig regarding certain properties of urban ardasval
first conclusions about resource efficiency, theynt give a complete picture without considering tiser
behaviour. Thus, the key elements of urban eneygiesis are (1) land use and activity location, 29
pattern (peoples’ behaviour), (3) built environm@niildings and transport) and (4) supply techn@s@nd
fuel (Keirstead, J. 2010).

So far, studies and models have dealt with futffieces and optimisation potentials, e.g. for enesgyings
individually for the building, transport and energgctor (Keirstead, J. 2010) (Hegger, M. et al120
There also have been multiple efforts to develapstior urban energy systems modelling. These defor
example GIS based tools for estimating the spata@tern of energy requirements in an urban area
(Girarding, L., et al 2008), or a model for the iop$ation of flexibilisation technologies in urbameas
(Alhamwi, A., 2017). Moreover, a model assessirgitheractions of heat demand and locally availablat
sources (Mori, Y., 2007), an open tool (called TEAS for urban energy modelling of building stocks,
(Remmen, P., 2018) or a model combining demananasitn with an energy-management optimisation
module (Brownsword, R.A., 2005). While these amilns are quite diverse, they demonstrate two
important features of existing urban energy systaodels (Keirstead, J. 2009).

e First, such models must include a representatiothefspatial and temporal variation of urban
energy demand. This can lead to significant inpquirements, e.g. in form of GIS data or building
design information specifications, but building the urban system from individual components
allows the aggregate effects of small changes tsbessed more readily.

e Second, these models seek to explore both theyapmpl demand sides of urban energy use, for
example by optimising provision strategies.

However, in addition to these positive charactessthese examples also show that current praotiosists
largely of detailed models built for the assessn@ra single aspect of existing systems. This mehat
these tools have limited applicability beyond tpeafic problem case, increasing the resourcesnext|for
data collection and validation in new contexts.tkemmore, they are unable to offer a truly integpgat
perspective on urban energy use across all seantdrstages of the design process.

Furthermore, the increase of renewable source®lémtrical and thermal energy generation will regui
flexible and secure supply systems (Remmen, P.8)20f spite of the fast development of new energy
solutions, current predictions of energy consunmptéave much room for improvement and a sophigtitat
approach is required to develop smart solutiongréikaad, J., 2009). Linking energy demand of buidi
with the energy consumption for transport can Wécdit as the energy consumption occurs at diffiere
times and places. An integrated decision suppaitrieeds to consider an activity-based approach ait
special emphasis on individual consumers’ dailyviis and trips (Arentze, T.A. & Timmermans, HP,J.
2005). This allows to trace individual consumerisiaty-travel behaviour and gives the chance tedgpst

the energy consumption in time and space. Only, thimlistic decision support system can providaitbel
knowledge about when and where people consume \ea@id) moreover enables to predict future energy
demand based on different scenarios. Thus, thelgfmwent of models that can reduce uncertainties
regarding future energy demand / supply and fumtioee support decision making in sustainable urban
energy planning are crucial for (smart) cities.

3 DESENT PROJECT

The overall goal of the project DESENT is to deypedmd test a comprehensive decision support syfstem
energy and transportation in small and medium-stzigels, that are showing a will to carry out eneptans
and achieve ambitious climate goals. The specifjeatives of the project are to
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» create models for future energy consumption pregicat building level in different types of
buildings and for transport,

» develop an integrated framework for dynamic buddemergy simulation at the district level,

e investigate how the developed planning tool canucedthe uncertainty on energy demand
predictions and how it leads to improved energyastiucture / service provision decisions,

* integrate the developed models into state-of-thesianulation tools, in order to develop enhanced
decision support systems which provides sciergiidence in support of policy options,

* investigate the effects of the products and sesvieaabled by the integration of personal
transportation, building energy and power services;

« test/implement the models and tools, demonstradeeanluate the capabilities of the tools through
the case studies in several demo cities.

Regarding the last point, the Austrian town Weiam@raz, with about 11,300 inhabitants is involedae
of the three pilot cities within the project.

DESENT will aim at developing a practicable ICT w@n, which will accelerate the spread of the
integrated real-time transport and building enengynitoring. The planning toolbox developed will el
companies and governments understand energy uagibehand customer responses to different polidies
will capture the behavioural adaption of custom&rsa microscopic scale. A continuous observation of
energy consumption and user responses will pravidiee insights into the specific roles and inte @i of
and between various stakeholders.

4 METHODOLOGY AND DATA ACQUISITION

During the project different programs and toolss@zhon Excel, MATLAB, ArcGis etc.) will be develape
and merged into a comprehensive planning toolboxdé&scision making regarding the energy system (on
building and district level) for a short- and lotegm perspective.

The modular designed planning toolbox provides taawill be integrated into a geographical infatian
system (GIS) for the analysis and evaluation diedgnt future energy and transport policies. Tajtethe
energy demand and transport energy demand theotocltmprises different models on the level of sngl
users, buildings and the overall system (city)e Bigure 1.

/Single user Ievel\ / \ / System level \

Building level
4 )

ALBATROSS

g J

f Heat consumption Heat consumption Electricity grid and \
o ; dispatch tool
Electricity consumption Electricity consumption
Cooling demand PV cadastre
Energy demand _ —

Industial buildings

PV yield calculator
k Imputation tools /

Aggregation tool
[T

Fig. 1: Models and tools on single user, buildind aystem level

Transport energy demand

Since testing of the support systems is a coreqgjdite project, the city of Weiz (Austria) playadmajor
role in the discussion of the charactaristics amttionalities of the models and tools. This atemslates to
the data required and furthermore provided by dloéstas well as the benefits and results for diffietarget
groups/stakeholders. Based on this involvementrseamtsus on the structure, elements and featurtise of
toolbox could be achieved. The models and toolshreavily on the data provided. As such the quaiftthe
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data considered is of major importance. Furthgrsstecluded the agreement on the interfaces betiveen
tools on single-user, building as well as on systemel. As part of the agreement process the napgess
parameters for the tools were defined. To enswetticient interaction between the different totte data
format of the tools, based on the available dages, wnified.

4.1 Transport energy demand

4.1.1 Description of model

For the prediction of the transport energy demandgent based simulation model, called Albatrogs pe
used. Three different versions of the model hawnlueveloped between 2000 and 2010.The first versio
Albatross is a prototype of the model, examingféasibility of key theoretical ideas and modelipgprach
(Arentze T.A., & Timmermans, H.J.P, 2000). The secwoersion addressed the limitations of Albatross |
and developed an approach to intergrate the stdieite models with the system. It also rederives th
decision tables for a large national travel surireyhe Netherlands (Arentze T.A., & Timmermans,.H,J
2005, 2007). Albatross Ill updated the decisioresravith new datasets (Arentze T.A., & Timmermans,
H.J.P, 2007). It more systematically redesignedsitattables about task and resource allocation.

In this project, Albatross Il will be extended Hess focused on the theoretical development ane oo
applying the model at city level. The Albatross lbe@en extended to predict the energy demand oéltrav
behaviour at individual level for a certain cityincludes the following three extentions.

(1) First, to reflect the possibilities of inclugimew mobility options that have been / will beraatuced in
the market. Therefore, the set of transport mokasis included in the travel demand forecastinglehdias
been expanded. The car options are now differestiatcording to engine type (gasoline, diesel, idybr
electric) to make Albatross more sensitive to défeces in energy consumption and emissions.

(2) Second, to mitigate the pollution and energystonption problem caused by conventional vehides,
important to predict the market penetration of mawbility tools. A stated adaptation model has bleeit

to predict social acceptance of new technologysfoart energy use, which refer to electric vehictes,
sharing and E-bike. A pivoted stated choice expeminwas designed to capture the decision among car
sharing, E-bike and electrical car considering |dgents impacts. Heterogenous behaviour across
respondents in the decision-making process regarthie trade-off between shared and conventional
mobility, respective to electric cars is observétiis model will be integrated into the Albatross fo
predicting individual energy consumption for trabgldifferent transport modes.

(3) Third, the current version of Albatross onlyegicted movement based on a four-digit postcode. To
predict spatial distribution energy consumption amdission by transport in a city, a traffic assigmin
model is needed in order to obtain the informatiériraffic flow on road segments. It compromises th
microscopic energy consumption prediction. Thevégtiravel demand, which is generated using thel@ho
based on the synthesised population in demonsiraiites, will be assigned on the road networkse Th
transport energy demand will be predicted, basetherassigned traffic flow and the energy consuompti
model.

The enhanced model will provide consistent infoforaion the time use of individuals for activitiesda
trips, which serves as information source for epeansumption prediction for transport on buildlegel.

4.1.2 Required information and data gathering

To obtain the data required for the transportatimdel a two-fold strategy was implemented: On the o
hand a mobility questionnaire was prepared with @ima to understand people’s energy consumption
behaviour and the acceptance of households to eseemergy facility and transport technologies. The
survey thus involves questions about householdacheristics, housing situation, availability ofrtsport
mode, life trajectory as well as attitudes and @gtions. For the prediction of the energy demard fo
transport based on the predicted activity-travednaig, moreover road network data, population dath a
national travel survey data has been collectedth®rother hand, travelling data for the micro-sismioin-
model will be collected by using a mobility apptta#iows to collect GPS-data of users.
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4.2 Energy demand on single-user and building level

4.2.1 Description of tools

The main objective of the tools for the energy dethan single user and building level is to provide
qualitative and quantitative information on the @ewch of energy services in different types of buidg.
Specific objectives are (1) to develop an integrat@del for dynamic building simulation that enable
analyses of the energy demand in buildings andyaeslof demand flexibility on basis of real timeadand

(2) to develop a model to predict energy demantuiifiings in case of missing data. At this stagdhef
project real time data doesn’t refer to the energpsumption in real time, but rather to real energy
consumption data, e.g. the actual fuel consumpg@ryear. In a further step it is planned to extiedtools

by integrating real time values (load profile data)

Thus, the following different tools to analyse gddict/estimate the energy consumption in builgihgve
been developed:

e Tool Heat consumption:

The tool shows the buildings requirement for thdrneet incl. the amount of heat required for hotevand
compares the data with benchmarks. It calculatesh#éating costs as well as the CO2-emissions of the
different buildings.

e Tool Electricity consumption:

The tool shows the buildings requirement for eleityrincl. the amount of electricity required foot water
and compares the data with benchmarks. It calaitageelectricity costs as well as the &missions of the
different buildings.

e Tool Cooling demand:

The tool shows the buildings requirement for caplamd compares the data with benchmarks. It caézila
the cooling costs as well as the £fnissions of the different buildings.

+ Tool PV-Yield calculator:

The tool aims at a user-friendly and validated paiogfor different user groups. The tool determities
annual feed-in energy as accurately as possiblayidrconnected PV-systems and allows a quick and
precise estimation of the expected solar yield spgexific location. Based on the electricity conption and
load profiles of different building types, the tochn be used to determine the optimum design for PV
systems on building level.

e Tool Industrial buildings:

The tool shows the energy consumption, based ounalacionsumption data to integrate the energy
consumption of the building into the “Aggregatial’. It isn"t possible to predict the energy dechamall
types of buildings only based on calculations. €hare benchmark values for different types of lingd,

but most of them refer to the total energy consimmptand the waste heat potential is rarely exadiine
Especially for commercial as well as industriallthuigs realistic predictions without measuring dreergy
flows are practically impossible. The tool aimsfited an easy and economical way to integrate treditgu

and quantity of the demand of energy services ildings, where the energy demand cannot be assessed
with the aid of the other tools.

Furthermore, different Imputation tools will be ilemented that aim to complete missing data basdtieon
ratio between existing data and statistical dajamissing information about the year of constarctof a
certain building. The usage of these tools requiretandardised address code of each buildingpgore
that all existing input-data at the end of the ghtton are linked to the original building. Misgilata are
not ignored or replaced by random data, but ratheattempt is made to replace them with plausialees.

4.2.2 Required information and data gathering

For the above described tools, the different typeduildings to be examined (single family houses,
apartment buildings, multi-storey buildings, offidmiildings, supermarkets, schools, hotels, hospital
industrial and other buildings) were specified, dhd relevant data for these tools were defineavas$
determined, that the calculations will be donelmniasis of actual data (for the city of Weiz theamdata
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source is the GWR, or, if no data is available, assumptions (basedtatistical values) within the tools will
provide the required results. Where correspondiatp dvas obtained, these data were validated and
integrated into the tools. In addition to the assent of the energy- and g@missions in individual
buildings the results of the various tools aregraéed into the “Aggregation tool” which is used tbe
functionality of investigating the effects of fueudevelopments within a city.

4.3 Energy demand on system level

The main objective of the tools for the energy dednan system level is to develop a dynamic model fo
optimisation and operation analysis of distribuéeergy infrastructure at district level. Specifigjexrtives
are (1) to simulate the interaction between gridrafors, users and local infrastructure, (2) teegtigate
how improved predictions on the demand side wiluee the uncertainty and (3) to specify in whichywa
improved energy demand prediction leads to improxeelgy dispatch. Therefore, the following tooldl wi
be developed.

4.3.1 Electricity grid and dispatch tool

The purpose of the electricity grid and dispatail te in a first step to calculate the strain oe tlistribution
grid considered. Taking consumption and generathtm account the tool can facilitate both a DC amd
AC-loadflow (Zimmermann, R.D. et al, 2011) calcidat scheme. The grid tool will be used to define
whether the local electricity grid is capable ohdliing changes in the structure of the system, sagh
increases in PV-capacity, additional e-mobility, rem@lectrical power to heat components. The tool is
capable of doing both, single time-step calculatiand multi-time-step calculations regardless efdiven
resolution of data. When it comes to using loadfimalculation the quality of data is very importatfiis
refers to both the grid data itself as to the déaut consumption and generation.

In a second step the tool will be extended by @ctetity dispatch tool that will enable the useradd
information on the development and changes in tleggy system. Through the input of these changds an
developments the tool will be able to calculatedffects which occur as a result from these inpvish this
information at hand, the future dispatch of enargly be planned.

For the grid in Weiz detailed grid data was notagidble, only a digitalised map of the distributigmd
corridors is available. Using GIS to reference diféerent lines and by using avaiblabe statistitaia on

line types in distribution grids, a surrogate gnds created. For obtaining the data for consumpsioch
generation, the aforementioned tools will be usedcreate load profiles where measurements are not
available. The resulting loadflows will, in the easf Weiz, thus only be an estimation.

4.3.2 PV-cadastre

This tool aims at identifying suitable surfacesuiban areas for the installation of solar phot@iolpanels
(PV-panels) and should give an overview on the glaitaic potential in the city. The calculationg d&rased
on the building stock data, as only on-roof systaiitisbe considered. Thus, the surface area, tlentation
and inclination of the building’'s roofs are the isa® perform the calculations. Furthermore, th&arso
radiation data must be collected. The tool caleslgand maps) the potential at district and citellend
furthermore allows on the one hand public bodiesinicipalities, local authorities) to integrate emer
spatial planning in their policies and on the othand, the grid operators to assess how much P\ &&u
installed at secondary and primary cabin level. fite@@n important datasets for the city of Weiz dre t
cadastre map, the Solardachkataster Steiermartharmblar radiation data (Kreuzer, B., 2016).

4.4 Aggregation tool

The Aggregation tool will combine all results antables to predict future demand for various scesari
This tool aims at collecting all the available datad calculating the required results by callingtbe
different tools on building level. In addition, tmesults will be aggregated on different resolutievels,
depending on who the user is. Currently the regwist(1) pin-point (building level), (2) block otiddings,
(3) district and (4) city are being implementedrdiigh this aggregation tool the energy demandwitide

! Gebaude- und Wohnungsregister (GWR) is operatedthtistik Austria and contains site and buildinpaific
information of a municipality/city e.g. addresssite, buildings, building data (year of construntigurface area, etc.)
and information on construction measures.
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depicted and all current information on energy dadnaill be made visible. Through the modular appioa
and the unified data interfaces, the aggregatiohdan easily be modified for different cities.

5 SMART DECISION SUPPORT SYSTEM FOR URBAN ENERGY AND TRANSPORTATION

The objective of the decision support system iadsist city representatives and administrators resenthe
efficiency of the energy supply while improving @mmwnmental indicators. The planning toolbox willffu

the following functionalities that can be summed info three stages, providing different results and
insights:

(1) STEP 1 Acquisition of the current status: Tlalgf this step is to provide the current statiiereergy
and transport demand for different spatial resohgi(single user, building and city level). Missohata will

be imputed based on existing values and statisTios step thus provides the necessary information
single user basis that should inform citizens alkibeir energy performance via the usage of an app
(currently under development). In addition, on ritistor city level, based on the existing infrasture,
analyses regarding the actual energy demand, fpa tsed, C® emissions, etc. of the city can be
performed. This information will allow to highlighdreas within the city, which are the most relevant
contributors to the variable considered. This Wilthermore enable city planners and developetsedate
targets better for future changes in the city.
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Fig. 2: Structure and functioning of the “DESEN&mhing toolbox”

(2) STEP 2a System planning: Adapting the systeneach future climate/energy/city goals is challiegg
as changes in the system need to be directeds# stakeholders which cause a “problem” in the filsce.
For instance, if C@emissions through heating need to be reducedneads to know who is responsible for
the emissions. This information is obtained in STIEFh STEP 2a this information is used and thea# of
changing certain system parameters for theselisiti&eholders will be investigated, for instancehange
of the heating system. To do so the tools on singler and building level will be used to predict th
resulting changes. Recalculating the relevant pararm under the changed conditions will highlig t
effects of the parameter-change on the differeatiaipresolution levels. This will give the opparity to
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specifically intervene in the city’s energy andnsport system, by identifying the necessary chaimgéise
system, that will lead to the best results.

(3) STEP 2b Investigation of future effects: Inuatiier step, the planning toolbox will allow to @stigate
future effects regarding the urban energy systdmes@& are based on changes which can result froerajen
energy policy decisions, for instance, a substitutif a percentage of oil-fired heating systems wlistrict
heating within a city, or changes in the energyavabur, for example general increase in electricity
consumption. This will permit to investigate theuking effects on the overall system.

The overall structure and functioning of the demissupport system, comprising all models and tdsls,
shown in Figure 2.

6 CONCLUSION

One of the innovative insights of DESENT is, thepiementation of the developed tools in real citigsus,

an integrated approach and co-creation procesdbéms facilitated to achieve the planned goals and t
understand and address the various challengesectities involved (Weiz, Helmond and Steinkjer). As
expected, the early involvement and support oegiin helping to create the knowledge tools ana dat
collection can best ensure the delivery of goodityuavork. This process ensures the transformatma
sustainable and smart city and contributes to sohagor problems that come along with continuous
urbanisation.

So far, the conceptual tools to analyse and prexglietgy consumption on building level based on ahnu
data have been created. For this, comprehensieedlahe city of Weiz has been provided. The curren
results show that the data quality is often notigeht which usually requires the imputation otalaith the
help of statistical information. The results aranbmed with the grid models, that also considerVa P
cadaster tool. Moreover, Albatross is extendedcamdprises a traffic simulation model to predict sipatial
distribution of vehicles on a specific road segnadrthe city network by different times of day. @Gamtly all
data and tools are being linked together to aneaggion tool, allowing future scenario predictions.

Although still under development, we believe DESEdCision support tool offers a powerful platforon f
the modelling of urban energy systems. The capigsilipresented in this paper show that the planning
toolbox allows users on the one hand to evaluage #nergy consumption behaviour on single-user and
building level and on the other hand to evaluatisstio urban energy strategies from the early nragkan
stage through assessing the impacts of a spekific€) energy supply strategy.
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