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Executive Summary

¢KS LINBaSyid R20dzySyid Aa GKS 5SftAGSNIOGES 5dpdn ¢
KFNXY2yAaSR RIFEGF 3FGKSNAYy3IsS Fylrftearaa FyR NBLRZ2NIA
OF NNASR 2dzi gAGKAY GKS ¢ &1 ddramewoskyoiarinonSdd ddtad ¢ 9 & (
JFGKSNAY3IS Fylfeaia YR NBLRNIAYy3IED ¢KS YIFAY F20
and evaluation framework that will allow smooth and integrated data gathering from dllighehouse

(LB cities, enalkihg the monitoring, posprocessing, visualisation and permitting easy sharing and
cooperation between the consortium partners.

Based on the work done in tasks 9.1 and 9.2 (presented in D9.2 and D9.3), the deliverable uses as input
the data model and man&gnent plan created in D9.3 to create a unified methodology for KPIs related
data collection, analysis and visualisation. Apart from the unified monitoring framework, D9.4 presents
the IRIS KPIs tool that processes the collected data and calculatéeytierformance Indicators

(KPI$. Moreover, the tool produces meaningful visualisations, which allow the evaluation of IRIS
solutions and the comparison of different implementations within LH city as well as at a project level.

D9.4 analyses the data colle&ty LINPOSaasSa Ay GKS LwL{ &az2fdziixzy:
mobility, ICT, and citizen engagement). The heterogeneous nature of those fields implies that data
sources and means of data collection and storage might differ. In some cases, data ey

systems that include smart meters, which automatically collect data and upload it to a repository. In
20KSN) OrasSazx GKS@ NBaARS Ay Fy2GKSNJ aeadisSyqQa NB
also be collected by other methods such as gisestaires, interviews, direct observations, etc. and

their results are registered in forms (electronic or paper).

The first part of the framework covers the data collection process. The deliverable presents the
methodology for the collection of the varisuypes of data required for the calculation of the KPlIs in
the IRIS LH cities. The data collection framework, wiveaicreated through a collaborative process
within the IRIS LH citiespecifiesthe data requirements for each KRi.includes templatedor
collecting the required information for the monitoring devices, the automatically generated data, and
the manualy collected data.The framework also contains the methodology for the KPIs that will be
evaluated through data collected in the form of ggiennaires. Finally, it presents the proceddioe
assessinghe quality of the collected data.

The second part of the framework covers the calculation and visualisation of KPIs. It presents how the
collected data will be analysed to produce each KPIraleyant visualisations. The data analysis and
visualisation framework contains three layers: 1) The data acquisition layer, which contains the
mechanisms that reliably record all related raw data in a valid format commonly agreed and
standardised withinlie consortium, 2) the data analysis layer, which contains the tools able to filter
and fuse data from heterogeneous sources and process them in an efficient and methodologically
sound way, and 3) the dashboard layer, which produces the most appropriatdiséion diagrams

for each KPI for meaningful representation of results. The implementation of data analysis and
visualisation utilises the-6tep methodology that is presented through an example KPI.

The IRIS KPIs toal/gilable ahttp://monitoring.irissmartcities.el implements the unified monitoring

TN YSE2N)] |yR dzaSa GKS O2fftSOGSR Y2yAUu2NAy3 RI
results. It interacts with the City Innovation Ptath, which is the primary tool for data gathering from

the IRIS demonstrations, to automatically collect monitoring data. Moreover, it supports the manual

data entry of monitoring data and other static data that are required for KPIs calculations (i.e.
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reference data, offline data and data collected using surveys). The tool includes interactive dashboards
that allow users to monitor and evaluate their measures, and to compare the performance and impact

of different demonstrations. The tool also supports thablishing of selected data to the City
Innovation Platforms of LH cities and the SCISrgptirting tool. The design and development of the

tool are based on the analysis of similar tools created by CITYKeys and SCIS EU projects and on the
latest develpments in the fields of data visualisation and dashboard design.

The unified monitoring framework that is presented in this deliverable will be deployed during task 9.4
(Deployment of monitoring framework in LH cities) to all LHs with support from theniesl partners

from each LH. During that task, all the information that is required from the unified monitoring
framework (i.e. data for the KPIs variables, measurement details, survey planning, etc.) will be
collected in the three IRIS LH cities. Theualcperformance data collection and reporting will be
carried out in task T9.5 (Overall evaluation and impact analysis for impact enhancement) starting
month M25. During that task the unified framework and the KIPs tool will be evaluated and tested for
eay/ maintenance to identify and restore flaws in data collection, ensuring performance, robustness
and validity also after the end of the project so that future data can quickly be introduced into the SCIS.
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List of Acronyms and Abbreviations

API
CIP
CITYkeys

DOM

DSO
ESCO
FC
HTML

HTML5 CANVAS

Application Programming Interface

City InnovatiorPlatform

Research project funded by the EU HORIZON 2020 programme. CI
developed and validated, with the aid of cities, key performance indicators
data collection procedures for the common and transparent monitoring as
as the compaability of smart city solutions across European cities.
Document Object Model. The HTML DOM is an Object Model for HT}
defines a) HTML elements as objects, b) properties for all HTML elemel
methods for all HTML elements, and d) evelotsall HTML elements.
Distributed System Operator

Energy Service Company

Follower City

Hypertext Markup Language

JavasScript charting library, which is pikeked. The Canvas element is sim
a large XY grid gfixels and gives the developer freedom to decide everytt
else. Canvas is good for high performance 2D graphics like games.

IS IntegratedSolution

ISO International Standards Organization

ICT Information and Communication Technology

JS JavaScript

KPI Key Performance Indicator

LH Lighthouse

RES Renewable Energy Sources

ROI Return on Investment

SC Smart City
Smart Cities Information System. Launched with support from the Euro

SCIS Commission, SCIS project focusegoergy, mobility & transport and ICT. S¢
allows for individual publishing of KPIs, best practices and lessons leartr
the SCIS website.

SCIS SRT SCIS Self Reporting Tool
Scalable Vector Graphics. SVG is a JavaScript charting library, WD{@N i

SVG based. In SVG every object is part of the DOM. SVG is good for applic
which draw objects like boxes, lines etc.

TT Transition Track
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Integrated and Replicable Solutions
for Co-Creation in Sustainable Cities

1. Introduction

1.1. Scope, objectives and expected impact

Thescope of this deliverable is to describe the unifietnework for harmonised datgathering, analysis

and reporting for all the IRIS demonstrations. This monitoring framework will allow smooth and integrated
data gathering from all theighthousdLH cities, enabling the monitoring, pegrocessing, visualisation

and permitting easy sring and cooperation between the consortium partners. Apart from the unified
monitoring framework, D9.4 presents the IRI8y Performance Indicat¢KP)s tool that processes the
collected data and calculates the KPIs. Moreover, the tool produces meahiigyfalisations, which allow

the evaluation of IRIS solutions and the comparison of different implementations within LH city as well as
at a project level.

The IRIS KPIs tool will be connectiebugh City Innovation Platforn{CIP to the online systemshat
automaticallycollect measurementfrom the IRIS demonstrationgo retrieve data required for KPls
calculations Moreover, the tool allows manual data entiy case that the value of a variable is not
captured automatically by a smart meter or is ttesult of a survey.

The unified monitoring framework will eployed during task 9.4 (Deployment of monitoring framework

in LH cities) to all LHs with support from the technical partners from each LH. During that task, all the
information that is requied from the unified monitoring framework (i.e. data for the KPIs variables,
measurement details, survey planning, etc.) will be collected in the three IRIS LH cities.

1.2. Contributions of partners

The main project partners in task T9.2 &entre for Researck TechnologyQERT)1Utrecht University

(UU) and Research Institutes of SwedeRISE CERTH, as the leader in T9.3, was responsible for
coordinating the activities related to the creation of the unified monitoring framework and for designing
and develojng the IRIS KPIs tool. RISE as the WP9 leader ensures that all activities are in line with the
other tasks of WP9. Both UU and RISE worked with LH cities of Utrecht and Nice to define the data
collection framework Civity CI\j was involved in the connection of KPIs tool with the City Innovation
Platform.

1.3. Relation to other activities

D9.3 is relying on information collecting from LH cities during the launch of the activities on each
Transition TracKI(l). Itis also relatedotthe development of CIP, as CIP is the main tool for data gathering
in LH cities, in which data from some fields (i.e. building retrofitting, district heating, smart grid and smart
mobility) will be collected and stored. Finally, &% integrated withthe other activities of WP9 and
especially to D9.Report on data model and management plan for integrated solutions and D9.5 Report
on monitoring framework in LH cities and established baseline.

Tablel depicts the relation 0oD9.4 to other activities (deliverables) developed within the IRIS project.
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Tablel Relation 0D9.4with other activitiegdeliverables)

Number ‘ Title Relation(Input/Output) ‘

D4.4 [M12] | Document with technical Input used to connect the KPIs tool to the City
solution reference architecture| Innovation Platform.
for CIRcomponents

D4.6 [M30] | Integration of CIP in LH Cities | Output used to connect to the CIP, in each LH ci

the monitoring equipment that is required to
collect real time, high resolution data.

D5,6,7. Launch of the activities on eacl Input used for the creation of the data collection

3,4,5,6,7 TT in Utrecht, Nic&3othenburg | methodology

[M24]

D9.2 [M12] | Report on monitoring and Input used for the creation of the data collection
evaluation schemes for and data analysis methodologies.
integrated solutions

D9.3 [M12] | Report on data model and Input used for the creation of the data collection
management plan for methodology.
integrated solutions Input used for the design of the KPIs tool.

D9.5 (M24) | Report on monitoring Output used to implement the unified framework
framework in LH cities and in the three IRIS LH cities
established baseline

D9.6: (M38) | Intermediate report after one | Output, as theactual performance data collection
year of measurement and reporting will be carried oun this deliverable

Moreover, he KPI tool will be used to calculate
and visualize the KPIs in each LH city.

D9.6: (M60) | Report on evaluation and Output, as the actual performance data collectiol
impact analysis for integrated | andreporting will be carried out in this deliverable
solutions Moreover, the KPI tool will be used to calculate

and visualize the KPIs in each LH city.

1.4. Structure of the deliverable
The structure of this deliverable is as follows:

Chapter 1is the introduction.

Chapter 2presents the methodology followed tocreate the unified monitoring framework and the IRIS
methodology for collecting indicators data, 2) the

KPIs tool. The methodology consists Of the

methodology for calculating KPIs aBdthe methodology for KPIs tool design and development.

Chapter 3presents the data collection framewarKhs framework specifies the data requirements for

each KPI and the methodology for data collection. It includes template collecting the requird
information for the monitoring deviceshe automatically generated datand the manual collected data

The framework also contains the methodology for the KPIs that will be evaluated through data collected
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in the form of questionnaires. Finally, it g@nts the procedure to evaluate the quality of the collected
data.

Chapter 4presents the data analysis and visualisation framework. This framework specifies how the
collected data will be analysed to produce each KPI and relevant visualisations. Thaeantptéon of
data analysis and visualisation utilises thst€p methodology that is presented through an example KPI.

Chapter 5presents the IRIS KPIs tool thaiplements the unified monitoring framework and uses the
collected monitoring datatocalcutit G KS Yt LaQ @I fdzSa FyR G2 LINBaSyi

Chapter6 provides an overview of how D9.4 is linked with the forthcoming activities in the rest of WPs.
Chapter7 presents the conclusions.
Chapter8 contains the references to external sources used in the document.

Chapter8 containsfour Annexes. Annex dhows the form that is used in LH cities to interpreter each KPI.
Annex 2 presents the IRIS KPIs to be used as a reference. Annexes S8hamdsdme screenshots of
similar tools, CITYKeys and Sftekspectively.
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2. Methodology

2.1. Methodology for collecting indicators data

The assessment of the different IRIS demonstrations within the LH cities will be undertaken through the
inspection of various indicate showing the effectiveness of the implementations. To retrieve these
defined KPIs for each demonstrator project, several parameters are of relevant importance to be
measured. Monitoring of these measurements will take place during the operation ohtbhgrated
solutions. Cornerstone of the measurement procedure is the data colledbata collection is the
process of gathering information on specific variables following a systematic method that enables
measuring and evaluating outcomeBhe emphasisn the data collection process iput on ensuring
accurate data collection.

InIRISdata collection processés heterogeneous fields (energy, mobilitg T, anditizen engagement)

need to be analysedlhe heterogeneous nature of those fields implieattata sources and means of
data collection and storage might differ. In some cases, data will be provided by systems that include
smart meters, whictautomatically collect data and upload it to a repository. In other cabes,reside

AY y2GKSNJ 423aGSyYQa NBLRAaAAG2NE | YR &lfocdlécted by SSRaA
other methods such as questionnaires, interviews, direct observatetnsand their results are registered
in forms €lectronicor paper).

In some cases,data transformation isrequired so that theinformation can be used iranalysis and
evaluation.For example, instant data about electrical consumption provided by a smart meter might not
be easy to interpret but the electrical energy consumed lppidding during one month is relevant. This
second value can be calculated from the information of several smart meters like the first one providing
information during a whole month.

In thissection the methodology for the collection of the various typefsdata required for the calculation
of the KPIs in the IRIS LH cities, will be presented. The collected data will be stored in the City Innovation
Platform (CIP) and they will used by the IRIS KPI tool to calculate and visualise the KPlIs.

2.1.1. Main concept

The feedbackrom the workshops as described in chapter 2 of D&rgl workshops ismaller groups in
Utrecht haveled to a guidelinethat supports the partners of the integrated solutioimssetting up their
projectssuch that
T YtLQa GKI G I Nfewel®hdeystBodY S+ a dzZNB R
f YtLQa 3IADS | YSFyAy3ITdAg NBadz i
1 Theright data is being measured to calculate tregjuired Y t ld@idg implementation of the
integrated solutions

An important part of this processistohav®d 2 8 S 22 1 éardprojeckeSforedchntOgiated K I {
solution, the calculation metho@ ¥ (i K, 8nd the expéted result8y doing so:
1 Yt lar@definedand calculatedsuch thatanonly one way of interpretation is possible. Thiay
results from different projects and ciieare homogenized.
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9 Itis well understood what result thmeasuremenof a KPI leasio.

Figurel gives a schematic representation of the process of interpretinglandLJt € Ay 3 (G KS Yt LC
integrated solutions.

YtLQa Fa R Adaptation of KPI Feedback to RISE to
D9.2 - —»| 1SSLJ YtLQa
> -KPI description for IRIS project
g -KPI calculation
. method ——-
KPI cards @anized per :
Integrated Solution (IS -Adding new KPI Adap.taFlon of KPI
description for IRIS
. Aggregation of KP!I tg project

Transition track level
Analyses of KPI per IS |

means of KPI
Interpretation form Abandonment of KP
N ForTT

,' - Information about

Smooth > | required datafor KPI
calculation

v

interpretation?

Figurel Schematic representation of KPI interpretation process

Theinterpretation starts with the KPIs as described in D3 facilitate the workfor each integrated
solution (IS)the KPlIghat are projected to be measured are organized in a separate foldmnthe IS
and the KPIs are analysed by means of thaérif@pretation form.An example of this form is provided in
the Annex 1¢ Formfor interpretation KPIs

In case of a smooth interpretation of a KPI folategratedSoluion (19, the interpretation form leads to
a list of information which is required © I f Odzf  §S (KS Yt LQ& Rdz2NAYy3I GKS LN

When interpretation does not happen smoothtifferent options are possible:

9 Adaptation of the KPIThis could either mean that the KPI description or the KPI calculation
method will be changedAdjustment of the KPI will happen in close contact with RISEBate®
adzNB GKF G Yt L Q afor Bdsheitythrgughkiul the2l A Spyfofecliternatively, anew
KPI could be added the database
1 Aggregation ofthe KPI to transition track (TT) leveln somecasesjntegrated solutions arso
YdzOK Ay 0S3INI GSR Ay |G NIoyndeaningledsftaidiingdis@lie Effect K I G A U
of the IS separately In this casahe KPI will be calculatetbr more solutions combined, at
transition track level.
1 Abandonment of KPIIn case &Pl cannot be measured both at IS and TT leveheasurement
of the KPI is possible, but givesneaningless result. Abandoning the Willbe requested.
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After adaptation of the KPI or aggregation of the KPI to transition track linesinterpretation form leads
2F AYTF2NXYIGAZ2Y 6KAOK A&

G2 | tArad

2.1.2. Automati

¢ data collection

GA#T774199

NB lj dzA NB R

G2 Ol f

Part of the data collection in the IRIS demonstratiarnk be done using real time monitoring systems.
These gstems will usermart metersand other equipment t@utomaticallycollect measurementselated

g2

0KS RSY2yaidNIXdA2yQa

ALISOATAO

I OUADGAUASAE

6So3Id

and to produce the datasets that are needed fbe cadculation of specific indicatorsThe datasets are
usually stored in the monitoring backend of the company that operates the monitoring system.

In the energy related demonstratiomata are automatically collected at three different levels:

9 At District level, information related to the districcanbe collected through the District energy
management system (DEMS).
1 AtBuilding level informationwill be collected through the Building Energy Management System

(BEMS).

1 At Home leve| information will be codicted by home devices, such as electrical smart meters,
heat meters, thermostats, valves and other high efficiency smart appliantes data are
available through the Home Energy Management System (HEMS)

In the mobility related demonstrationghe calcudtion of the KPIivolves specific data collection, such

as the final number of casharing users, the number of deployed vehicles in the respective area as well
as the amount of yearly distance covered by arae shared vehicle in comparison to a privately owned
one.Allaforementioned collected data consist of the actual raw data which will be gathered and retrieved
through various sensors situated either within the vehicles, such as the trip computers which record and
display useful information, or within the Chargin@ti®ns. Furthermore, information retrieved from
digital libraries and database of the demonstrations contribute to this collection of raw data. The latter
will be processed in order for the required indicators to be established and finally evaluated.

Table2 An example of data that cae collected automatically for the mobility related demonstrations.

Data Name Description Unit Data Source
Final users involved Final number of car # Membership Database
sharing users
Driven Distance Amount of travelled Km Trip Computer

distance by car sharing
fleet

Powered V2G Chargin
Stations

solar powered V2G
charging stations
deployed in the area

Vehicle deployment Number of vehicles # of Vehicles / Kin Database
deployed per area
Total EV & Solar Number of EVs and Stations / Kr Database

%

Average Speed

Showing traffic and

road congestion

Km/h

Trip Computer

D1.7
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Range Remaining range at Km Trip Computer
pickup and return
showing efficiency
Driven Time Amount of time the XXH. xxM Trip Computer
vehicle was driven

In the ICT related demonstrationthe applications keep log files that can be used to extract the
information needed to calculate the related KPlIs.

In order to define a monitoring plan for each solution, a comndata collection structure between the
[1 OAGASAE ySSRa (2 06S RSTAYSR FyR Ffaz O2yTAIdNE
described in this chapter and further in detail later as well as in D1.1.

2.1.3. Data collect ion using surveys

In order to have an effective feedback rate from the surveys without exhausting the target audience, the
IRIS surveys must be combined with already planned surveys to as large extent as possible. They can be
combined both regarding differei€Pls and tasks in the IRIS project, but also with other ongoing projects

or annual surveys that have the same target group. It is preferable that the IRIS survey questions are
integrated into the already planned everyday work to as large extent as pes$ie surveys could be

carried out through different channels depending on the solution evaluated, e.g. questions in apps
developed in the project, annual surveys to residents etc. Therefore, planning when, with whom, and how
the surveys will be carriedud throughout the project is necessary. Finding out if any of the involved
partners are already doing or planning surveys or other interaction with the target group is necessary and
support from IRIS horizontal partners to plan and execute the survepscisic

Creating surveys

Before designing the questions in a survey, it must be decided how the answers will be used and for what
purpose. For instance, a survey on energy consumption relating to changes could be designed differently
depending on whethertte change is associatedliehaviourabr technical issues. The target group should

also be considered when formulating the questions and answer alternatives. The purpose and use of
results from the survey should set the questions.

Choosing method

Surveysare a useful tool to collect data from a broad crowd. Surveys can be collected by phone, internet,
email, handed out paper, among other methods. The most common surveys have a fixed questionnaire
with prespecified questions and a fixed set of responseratitives. Other methods that can be used are

for example observation, in depth interviews, focus groups, panels and experiments. These methods can
be chosen to collect data instead of surveys but are also a useful complement to surveys, to be able to
acheve a deeper understanding of the result from a survey or answer faljpwuestions that might

arise. Complementing methods can also be of useful when planning a survegxdrople,In-depth
interviews can be used to uncover issues that are importamdade in the questionnaire, learn how
potential respondents think about the topic, develop response alternatives and learn how the population
might react to survey procedures. This can be especially useful when the population and/or topic are not
familiar to the researchel(Czaja, 2005)
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In-depth interviews are good for getting deep, detailed, complex information that does not work well in
a survey. For example, if you want to know how residentials integrate with a new iceettiat should
support them to lower their energy consumption, thendapth interviews with a small number of
residentials could be useful. But if you want to know if all residents are using the tool and know what
behaviourto ask about, a survey will raore useful. InTable3 some methods and their strengths and
weaknesses in relation to surveys are described.

Table3. Summary of how surveys rédato other data collection method€zaja, 2005)

Method Strength vs surveys Weakness vs surveys

Observations Not subject to reporting bias  / | y Qi Y S & dzNB
not efficient for measuring
infrequent behaviors

Depth interviews Can probe freely and go int Expensive, poor population
depth coverage
Focus groups Can probe freely and go int Expensive, poor population
depth; can see social dynamic coverage
Panels Shows change over time Expensive; a limited number ¢
people will participate
Experiments Strong test if causation Difficult to do outside lab

Examples of survey questions

Below are a few sources that chie used when looking for questions or inspiration on how to shape
guestions and answers with Likert scale. These questions might not be the exact form that will be used in
the IRIS project but can be of use when designing questions. There are many madrexgawples that

can be found. The important thing is that the questions are easy to understand and that the answers will
be relevant for the purpose of the survey.

European Social Survey

European Social Survey has examples of questions that are welll tastl can be copied if suitable or

just used as inspiratio(European Social Survey, 2019) the suggested questions are also examples of
answers to choose from. There are different themes to look for inspiration fromxmple concerning
climate change. It also provides examples on how to formulate Likert scale question answers, as shown in
Figure2.

Very

Figure2. Example of survey question answer alternatives from European Social Survey; Likert scale in six steps, in
FRRAGAZ2Y S 2LJiA2ya wSTFdzalfts 52yQi 1y26 2Nl b2 |
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World Values Survey

Another source that can be used for inspiration is Wordugs survey, which also has well tested
questions within different themes and several examples of how to frame answers according to the Likert

scale.

Now, I would like to read some statements and ask how much you agree or disagree with each of these
statements. For these questions, a 1 means that you “completely disagree” and a 10 means that you
“completely agree.” (Code one number for each statement):

V192, Science and technology are making our lives healthier, easier, and more comfortable.
Completely disagree Completely agree
1 2 3 4 35 6 7 8 9 10

V193. Because of science and technology, there will be more opportunities for the next generation.
Completely disagree Completely agree
1 2 3 4 5 6 7 8 9 10

V194. We depend too much on science and not enough on faith.

Completely disagree Completely agree

1 2 3 4 5 6 7 8 9 10
V195, One of the bad effects of science is that it breaks down people’s ideas of right and wrong.
Completely disagree Completely agree

1 2 3 4 5 6 7 8 9 10

V196. It is not important for me to know about science in my daily life.
Completely disagree Completely agree
1 2 3 4 5 6 7 8 9 10

Figure3 Example of questions from world value survey with answers daogto the Likert scale with numbers

from 1 to 10(World Value Survey, 2019)

Monash University

Likert scale can be framed in many walgure4 presentsanother example, a survey from Monash
University where they use different answering examples, involving not only your own perception but also

how you perceive other groups awareness.
1. Stormwater Quality Management for Waterway Health

This section is focused on stormwater quality management from an environmental protection
perspective.

1. In YOUR opinion, how important is advancing stormwater quality management practices across
Melbourne to the following groups for protection of the receiving waterways?
Very Low Low Average High Very High | I don't know

You

Your Organisation
The Community
Current State
Politicians

Figure4 Example of one of many surveys from Monash Unive(stgnash University Online Questionnaire

Survey, 2019)
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2.1.4. Collection of reference data

Apart from data collectedautomatically and through surveys, reference data are necessary for the
calculation of some KPIs. These data fall into the following two categories:

1 Building characteristicsuch as number of inhabitants, total gross floor aredal heated net
floor area total cooled net floor area, etc.
9 Financial datasuch as total investment costs, total operating costs, grants and subsidies, etc.
f Financial parametersuch as localrgief SO G NRA OA (i @and i@ 35 BIKK QS Kde Kk | 2 K

For a more concrete and robusissessment of the respective demonstratiotiat will allow the

comparison between the different IRIS LH citiest,only datali K+ & ' NB& ySOSaal NB F2NJ
are important, but alsalataregarding conditions through which the demonstratectigities were held

or undertaken.This information can be retrieved through data referring toddy weather conditions

which in turn can be collected through historical weather data or even database libraries of weather
forecast websitesThe followingclimate parameters are required for each LH @@0ONCERTO Premium,

2013)

1 Heating Degree Days (HR2s): The severity of the cold in a specific time period taking into
consideration outdoor temperature and average room temperature (in other words the need for
heating).For normalizing heating energy consumption in different climate conditions, the so
called"heating degree days" (HDD) are used and well established. The calculation of HDD relies
on the base temperature, defined as the lowest daily mean air temperature not leading to indoor
heating. The value of the base temperature depends in principle onraefaetors associated
with the building and the surrounding environment. By using a general climatological approach,
GKS o0laS GSYLISNIGdzNBE Aa asSd a2 | Ozyadlyd @Ifd

1 Cooling Degree Days (CBky): The severity of the heah a specific time period taking into
consideration outdoor temperature and average room temperature (in other words the need for
cooling). For normalizing cooling energy consumption in different climate conditions, the so
called 'toolingdegree days"@DD) are usedThe calculation is analogue to the HDD and as it is
applied to airconditioning systems very often there is no distinction between ambient air
temperature and room set temperature. The supply air with a specific set temperature has to be
cooled down exactly at the time when the temperature of the ambient air temperature exceeds
that value. According to the common use, the base temperature is defined°@s 18

1 Global solar radiation (GSRThe total solar irradiation that hits a horizontal sw#ais called
global radiation and it consists of the direct radiation and the diffuse radiation. The diffuse
radiation emerges from reflection by clouds and dust or water particles. Solar radiation is a factor
that influences the heating energy consumptias well as the ambient temperature. The unit is
kWh/m?2for radiation energy in a time period.

Furthermore, connected to the weather conditions are also information regarding traffic congestion,
which can also be retrieved through online platforms and tdase such as Google Maps or other live
traffic status platforms. Graphs or other schematically depicted information can assist in the presentation
of these useful data, which in this case as well need to be collected by all LH cities.
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2.2. Methodology for calc ulating KPIs

The general framework that is used for calculating KPIs can be summarizedriguheb below.

Definition of Objectives

Description of Results

Identification of
Measures

Measurements

Data Processing

Visualizationsand

Interpretation of Results

Figure5 Steps for calculating KPIs
In more detail, each of the steps is described below.

STEP 1 Definition of ObjectivasPIs are based on objectives and they should exist solely to contribute to
an objective. Taking an example with respect to mobility from D1.1, an objective could be the adoption of
efficient vehicles in an area.

STEP 2 Description of the resuliBhe objetive that was defined before should be operationalized in
tangible results. Furthermore, several issues need to be taken into consideration for the description of
the results. Firstly, the results should be meaningful to the involved stakeholders. Moydbue
important to consider and differentiate between monetary and sesnvironmental results, while
consideringthe entire area of interest beyond the one the service was implemented at. Thus, realistic
behaviours will emerge that will provide insigtinto the impact of the services.

Continuing the example from step 1, the objective can be achieved if a percentage (a specific number) of
the vehicles that circulate in an area belongs to the proposed service (it is efficient).

STEP 3 Identification of easures:Hence, the results that were described before, should be further
RSFTAYSR a GFNAIoftSa GKIFIG Oy ©6S YSI&adaNBR® Ly GKA.
that use efficient vehicles per day. In case no concrete variables cagfiped| then the analyst should

return either to the objectives or to the results anddefine them.
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STEP 4 Measurements:includes the collection of data of the appropriate variables. In general, the main
components that are used in this step are tioidwing:

9 Sensors: They describe the set of instruments and tools that will measure the appropriate values
that will be used for the calculation of the KPIs

1 Records: They describe the actual values that will be measured/recorded by the sensors

1 Databases: ey describe the components that will be used for storing the measurements

STEP 5 Processing the Datdnis step contains fusion and processing of the data that were collected in
the previous step, probably from various sources. In additioathodologies for calculating the KPIs
should be harmonized across LH and FL cities. Finally, there is a strong need for harmonization of the
conditions surrounding the measurements in order to obtain comparable results. Regarding these
comparisons, additinal issues need to be considered when analysing the data. These can be summarized
into two groups: sameity and differentcities comparisons. These issues are:

i Samecity comparisons:
1 Comparisons should be performed for the same vehicle and driver §ftpey Thus, the
real impact of the service can be measured
1 Comparisons should be done for the same periods of the day
9 Differentcities comparisons:
1 The above apply for comparisons among different cities
1 Data should be normalized across the differentesitin order to have meaningful
comparisons on the same level of measurement
1 Common data formats should be used across the different cities.

For example, the aggregate number of users that circulate ®ithironmentally friendlywehicles is the
measure of he adoption of the proposed service in the area. To normalize the results across different
areas, these variables can be further refined by calculating the number of circulating efficient vehicles per
the total number of efficient vehicles per day.

STEP &isualization and Interpretation of the Result®ata analysis results should be visualized in an
intuitive and meaningful way, as to convey without complications the meaning of the results.

The results should be compared based on a-gefined limit, whith could either be a comparison
baseline, a filter or a specific level of data aggregation. For example, an applied limit could include the
results from a different period, or the ones generated from another area. Finally, these results should be
interpreted qualitatively and if necessary, the whole process could start over.

Concrete examples of the above methodology are presented in section 4 of the present deliverable.
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2.3. Methodology for KPI s tool design and development

For the calculation and visualisatiof KPls, a new tool will be developed that will integrate the monitoring
data collected for the various IRIS demonstrations, calculate the KPIs and present the results to the local
LINEP2SO00GQa LI NIYSNRER | yAyurési KSNJ adlk { SK2f RSNAQ 3INEP dzLJa

Figure6 IRIKPstool lifecycle

The KPIs tool will implemetite steps 5 (processing the data) and 6 (Visualization and Interpretation of
the Results) of the methodology for calculating the KPIs, which was presented in e2tiowill partially
address the step 4 (Measurements), as the primary toaffonitoringdata gathering will be the ClPhe

KPIs tool will have manudl.e. reference data, offline measurements, and data from survays)
automatic(i.e. highresolution data from smart metershput modes.

TheKPIgool will include a dashboard and pestocessor for visualization, permitting easy sharing and
cooperation between the consortium partners responsible for the evaluation of the IRIS solutions and
communication purposes for the general publitie desigrmand development of the tool will be based on

the analysis of similar toolssed in other EU projectdon the latest developments in the fietdf data
visualisation andlashboard desigrin addition, to decide on the specific functionality of the tablee

use cases will be analysélhe first concerning a KPI in which the required data collected automatically
through CIP, the second concerning a KPI in which the requiredsdai@nually entered into the tool,

and the third concerning a KPI in whittetrequired data comethrough usersurveys
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2.3.1. Dashboards and data visualisation

Dashboardsre analytics tools that give users a unified view of the most important data. They consolidate
reaktime information in a simple, eagp-understand, and dynamicfmat (Logi Analytics, 2015A
dashboard is a visual display of the most important information needed to achieve one or more objectives;
consolidated and arranged on a single screen so the information can be monitored ateEkam, 2007)
Dashboards are especially useful when the aim is to compare multiple datasets at dliene.are two
maintypes of dashboardéBakusevych, 2018)

1. Operational dashboard: They provide the users a digital control room designed to help users be
quick, proactive, and efficient. Operational dashboards aim to impart critical information quickly
to users as they are engaged in tisensitive tasksTheir main goals are to presérdata
deviations to the user quickly and clearly, show current resources, their s{&igare 7).

O

5 Time-sensitive

v
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Digital control room

Figure7 Operational dashboar(Bakusevych, 2018)

2. Analytical dashboardsTheyprovide the useswith at-a-glance information used for analysis
and decisiommaking andhre less time sensitive and not focused on immediate actoalytical
dashboards ainto help users make the best sense of the data, aalsends and drive decision
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making(Figure8).
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Figure8 Analytical dashboar@Bakusevych, 2018)
The IRIS KPI towill provide an analytical dashboard

Literaure review offers the fundamentals of the dashboard design. Many of these fundamentals are
related to successful data visualisatidine design of the IRIS KPIs tool will be based on the folletgpg
/ guidelineqJuice, 2009)Bakusevych, 2018Few, 2007)

Step 1:Define your audienceln the beginning of the process, the different types of users must be
defined. The differentiatiorof the user groups is related tdeir different needs and consequently the
different ways that will want to use the tool. IRIS KPIs tool users fall into two main categories:
1 Information consumers:These users prefer to work with a predefined dashboard experience
where they can regularly view, interact with, and personalize a preconfigured asset.
1 Content creators:These users want the ability to choose the data they need and supplement
those existilg dashboards and reports with their own metrics.

The users of the IRIS KPIs tool will be deftheough anumber of usecasesEach use case will produce
a number of user requirements.

Step 2: Chose the right representation for the dal@ata visua$iations are graphical representations of
dataand are used to simplify thenderstandingof sometimes complex informatiort is a complicated
task, especially othe IRIS caseheremultiple types oKPIs must be presente@ihe wrong choice of the
charttype or inconsistencie$o the most common type of data visustion could confuse users or lead
to data misinterpretation.The following chart selection guidEigure9) has been used for the selection
of the most appropriate chart types for the IRIS KPIs visualisation.
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Figure9 Chart Selector Guid@bela, 2013)

For the IRIS KPIs tool, the focus will be on theparison charts and performance charts. Comparison
charts are used to compare values against each other. They show the differences in values, such as the
difference between categories, or how values are changing over time. Performance charts provide a quic
view of a performance measure. Looking at a performance chart, a user can quickly identify the measure
value and whether the results are as expected or able4 presents the most common types oharts

that will be used for KPIs tool dashbodfithe Data Visualisation Catalogue , n{f\jhen to use what type

of visualization, 2019)

Table4 Chart types for the IRIS KPIs tool dashboard

Bar Chart Multi -set (or Grouped) Bar Chart

The bar chart is suitable for comparing multiy
values. One axis of the chart shows the spet
categories being compared and tlo¢gher axis

5 represents a discrete value scale.
The multiset bar chart is variation oflzar
chartthat is used when two or more data
series are plotted sidby-side and grouped
54 together under categories, all on the same
I I I axis. Like a Bar Chart, the lengtheach bar is
0 i used to show discrete, numerical compariso

amongst categories. Each data series is
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assigned an individual colour or a varying
shade of the same colour, in order to
distinguish themThe nulti-setbar chart is
usually to compare grouped vakles or

categories to other groups with those same
‘ u u h variables or category types.

Line Chart

The line chart is used to show trends a
analyse how the data has changed over tir
Typically, the yaxis has a quantitative valu
while the xaxis is dimescale or a sequence ¢
intervals. Negative values can be display
below the xaxis.

MMV When grouped with other lines (other data
R series), individual lines can be compared to

"""""""""""""" one another.
Radar (or Spider) Chart

The radar chart is used tmmpare multiple
guantitative variables. This makes it useful fi
seeing which variables have similar values ¢
there are any outliers amongst each variable
The radar chart is also useful for seeing whi
variables are scoring high or low within a
dataset, making them ideal for displaying
performance.

Each variable value is plotted along its
individual axiend all axes are arranged
radially, with equal distances between each
other, while maintaining the same scaldl A
the variables in a datasetre connected to
form a polygon.

Gauge Chart

The gauge chart is used to show a single
measure value and visualize how to interpre
that value. The value together with
segmenting and colour coding gsan instant
indication of the performance within an area
It is important to set relevant max and min
values to support the interpretation of the
value. A reference line can be used to provic
50.6% additional context.

41%

D1.7 Dissemination LevePublic Page26 of 86



/2

-3 T
Y ¥ Integrated and Replicable Solutions
V¥ s 0 for Co-Creation in Sustainable Cities

.

5k 7z RIS GA#T74199

Apart from the charts mention ifable4, tables will also be used to present detailed data and precise
values in addition to the visualizations of values. A table is excellent for presenting exact values rather
than trends or patterns. The tables allow the users to compare individual valugsn\ilimited screen
space, the user can drill down to the next level of detail and analyse the updated measure values.
Moreover, they can be filtered and sorted in different ways.

Step 3:Build a Solid LayouiA goodlayout design enhanée (i K Soveiiaft faricti@réalityeffectiveness
Composition, ypography andcolours are the building blocks afjoodlayout design.

Camposition

A grid will be usedo supportthe composition of the various componentghe grid system helps align
web page elements based on sequenced columns and rows. This ctlasea structurewill facilitate

the placeament of text, KPIs chartsand functions in a consistent way throughout the desi@ncewe

know whatinformation the usersof the tool need, the related datawill be groupednext to each other.
Thevisualizationsvill be tieredby size and position to highlight the most importgi¢ces of information.
Qonsistent sizesvill be usedfor similar elementsFinally, special attention will be paid to decide on the
most appropriate amount of data included in each web page; otherwise the users will be confused, and
0 KS LJ2 ¢ S NdightFwillbelest Qa Ay

Typography

Typography helgto create a visual hierarchy with all the content displaired dashboardEmphasis can

be added using bold type an accent colourA Sansserif font will be used for the body text while a Serif
font will be used for the headlines. This combination is the most used in the webpages. Moreover, no
more than three sizes of the selected font will be used in each webpage.

Colaurs

Colouris used in adlashboard to serve a particular communication goal. For instatechighlighting

somethingor to differentiatingmeaning Sq each colour should serve a purpose and should serve it
effectively.Figurel0 presents an effective use of coloksy’ Yt LA Q G KRZ2dAYy BSBERATE (K
understanding.

Scoring of KPls
based on target values

Fulfillment of the target
95 % -100 %
66 % -95 %
33%-65%
0%-33%

Not available

Figurel09 TFSOG A BS dzaS 2 F O@#aS5azNdited jor SharlSastaindble EigedzA01RR Sa A Iy
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2.3.2. JavaScript chart and visualisation libraries

¢KS NJILAR RS@GSt2LIVSyYyd 2F GKS LwL{ YtLa (22t Qa Ayd
chart or visualisation lilary. There are many libraries available that can be used. In order to understand
which one (or a combination of them) would work best for the visualisation of the IRIS KPlIs, the following
factors will be taken into consideratidivMajorek, 2019)
1 Is the library available as an open source project or is it offered for free fopruafit or research
organisations?
9 Does the library support the chart presented in sec208.1(i.e. bar charts, mukset (or grouped)
bar charts, line charts, radar (or spider) charts, and gauge charts)?
1 Can the library handle large datasets? In general, libraries bas8dadable Vector Graphi(SVG
are usually better for smaller to medium datasets whigpertext Markup LanguagédTMLD5
CANVABSBased tools are more suitable for large datasets.

9 Can the library be used for Web, mobile, or both?
126 LRLMzE NI Aa GKS fAONIFNB |Y2y3d (KS RS@St 2 LISNE

The following libraries fulfil to some extent the abaventioned requirement¢Saring, 2018)

D3.js bttps://d3js.org/)

D3.jsis the most popular (84K stars in GitHub) JavaScript library for visualizing data using web standards.
D3 helps you bring data to life using SVG, Canvas and HTML. D3 combines powerful visualization and
interaction techniques with a datdriven approach tdbocument Object ModefDOM) manipulation,

giving user the full capabilities of modern browsers and the freedom to design the right visual interface
for his data.Figure 11 presents some examples of D3.js charts. More examples are available at

https://qgithub.com/d3/d3/wiki/Gallery
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Radial Boxplot
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Multi-Series Line Chart Bar chart with tooltips  Dual-scale Bar Chart

i Ll :thllllll

Timeseries

Sunburst

Stacked Bars ngble Chart

Grouped Bar Chart

M" m JJJJJJ

Figurell Example of charts created using D3.js library

The popularity of D3.js led to the development of libraries that extent the charting capabilities of D3.js.

NVD3 [fttp://nvd3.org/ ) offers high customizable, resable charts ad chart components for d3.js.

Figure 12 presents some chart components of NVD3. More examples are available at
http://nvd3.org/ghpages/examples.html
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Figurel2 Examples of NVD3 chart components

C3.js http://c3js.orq) offers also Ddased reusable components that enable deeper integration of charts
into web applicationsFigurel3 presents some chart components of NVD3. More examples are available
at https://c3js.org/examples.html

Timeseries Chart

700

&0

500

400

200

T T T T T n
30101 20120102 20130103 20130104 20120108 20130

M datal W data? M data3

Slacked Bar Chart Gauge Chart

800

600

. I I 75.0%

400

20

8

o

200

200

800

data

T T T
0 1 2

M datal M data2 M data3 M data4

Figurel3 Examples of C3js chart components

ChartJSHttps://www.chartjs.org/ )

ChartJS is another very pdpr (43K stars in GitHub) library of open source HTML 5 charts for responsive
web applications using the canvas element. It includes bar charts, line charts, area charts, linear scale,
radar charts, and scatter charts. V.2 provides mixed etypets, newchart axis types, and beautiful
animations. Designs are simple and elegant with 8 basic chart types. Moreover, the developers can
combine the library with moment.jittps://momentjs.com)/) for time axisFigurel4 presents some chart
components of ChartJS. More examples are availabiiéas://www.chartjs.org/samples/latest/
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Figurel4 Examples of ChartJS chart components

Highcharts (https://www.highcharts.com/products/highcharts/)

Highcharts is a JavaScripVGbased, multiplatform charting library thahas been actively developed since
2009. It makes it easy to add interactive, mokmlatimized charts to web and mobile projectsighcharts

is a commercial solution which is offered for free f@n-profit companies and organisations. Th&vkrsion

of SCS tool uses thelighcharts libraryFigurel5 presents some chart components igighcharts

Solar Employment Growth by Sector, 2010-2016 Monthly Average Temperature

stimated Worldwide Population Growth by =
Region

- o
" "
™ e e ek
"
 Tobve -+ Lodon O hin @M © Fwmee ® America @ Oceanis
Basic line Line with data labels Stacked area Bubble chart
Monthly Average Rainfall - Total fruit consumtion, geouped by gender = bination ch = Speedometer =
O Tive @ MewYok © loaden ® Sartm Sl @k @ hane B T
Basic column Stacked and grouped column Column, line and pie

Highchasts Polar Chart

Budget vs spending -

8‘(” Q% : | O

Solid gauge Polar (radar) chart Spiderweb Sunburst

Figurel5 Examples of charts created usiHgghcharts (https://www.highcharts.com/demo)
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amCharts lfttps://www.amcharts.com)

amChartsis another very popular commercial JavaScdharting library, which is also available for free
non-profit companies and organisations. amCharts offers a simple yet powerful and flexiblncitata
visualization solution, which includes both chaatsd geographical mapBEigurel6 presents some chart
types supported by amChartslore examples are available latps://w ww.amcharts.com/demos/

o

an

e

s

s

o

2

S

i IIl..
i [ B W B Bn e e Wve o @

AT Chous & (S R gy o e

Braie Hiaws <=2eta  wbred

Tl

lff'f:Illi-}1l-

Stacked and Clustered Column Combined bullet/column and line

Simple Column Chart Chart graphs with multiple value axes

Mul

B
N /.
A/
Doy
SN
v A L]
oo s - et -
tiple Value Axes Radial line graph Zoomable radar

Polar Chart Angular Gauge Multi-part Gauge

Figurel6 Examples of charts created using amCharts
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2.3.3. Analysis of similar tools

The analysis dadimilar tools forCITYKeyand SClS$rojectsoffers very useful input for the design and
development of the IRIS KPIs tool. The following twesadtions present the main characteristics of each
tool.

CITYKeys KPI Tool

The CITYkeys projeittp://www .citykeysproject.eu/) created a concrete concept of @erformance
measurement systerfor smart cities that can operate either on project level or on a city level. The main

idea in CITYkeys to offer both automatic and manual data collection methods for city and project level
indicator valuesFor the manual mode, supported by web page interface, the values are stored to existing
open data portal. On the automatic mode for CITYkeys ddtaction, the datasets are read via existing
Application Programming Interface®\R13 and related indicator values are calculated by CITYkeys
algorithms. Typically, these data collection APIs are REST based web services which CITYkeys dataset
readers coud read automatically without user interactiofCITYKeys Project, 201B)gurel? presents

an overview of the CITYkeys performance measurdragstem.

Cities
Rotterdam Tampere Vienna Zagreb Zaragoza

Visualize
KPls

Collect data
manually

Build environment, traffic etc.

Indicalgrs added and
Automatic reading of datasets visugfized by user

e.g. via REST APIs (WFS) etc.

Visualized KPIs

A
CITYkeys KPI Tool insert/delete | CITYkeys APIs |CITYkeys backend
- KPlinput form Query KPI |- query KPI value - Frameworks (e.g. CITYkeys)
- KPI visualizing engine - insert KPI value - CITYkeys projects
value - delete KPI value - CITYkeys datasets
CITYkeys automatic data reading - GET "Framework” - CITYkeys KPI values
- Read open datasets and calculate KPIs Insert ) Sj;iggtna:et'
- Save KPIs to CITYkeys backend ) CITYkeys performance
Onlvd ‘ e KPI value - GET projects, etc.
= IICHoNmpiStemanc] measurement system
A
REST APIs (csv etc.) M _
. Possible to query, insert and delete
Other open data services CITYkeys KPI values via third party software

Figurel7 Overview of the CITYkeys performance measurement sy&idKeys Project, 2016)

The CITYkeys project developed a prototype where only the manual collection method wasemtgliém
CITYkeys prototype platform is available for testinghtips://ba.vtt.fi/lkeystone/kpitool/ using the
following credentials: username: deme password: demo. The prototype provides a veggod
understanding of how a KPIs tool can present individual KPIs and the comparisons between different KPIs.
Figure0-18 and Figure 19 present two different visualisations produced by the tool, while Anf3ex
presents screenshots the tool.
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Figure0-18 CITYKeys water consumption KPI visualisation.
[ Indicators [ | Compared to
CybersSEcurity
4.5
Multilevel government Data privacy

Smart city policy Access to educational resources

in the admini: ion

' Preservation of cultural heritage

Availability of government data ) .Cﬂ:.== depar

Monitoring and evaluation

Figure19 CITYKeys Visualisation and comparison of KPIs with-$dledetvalues

SCIS SeReporting Tool

TheSCIS projechttps://www.smartcitiesinfosystem.eureated atool that producesKPI visualisation

based on data from European smart cities projects. The data available for the different projects were
gathered and presented in a comprehensive way to understand the state of the art of the projects
financed by the EU. The data is presented per demo it a colour and a label that clearly states the
name of the demo site and the project. Different KPIs are available to be visualised. The tools is available
at https://www.smartcitiesinfosystem.eu/kpivisualisation The following KPIs are supported:

{1 Final energy consumptidn kWh/m?aand MWh/year
1 Primary energy reductioim MWh/a andkWh/m?year
! CO2 emissions reductioirstonnes C@a andkg CQ/m?year
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9 Costofsavingse K | Zyedrande K | Aydar

¢2GFrf 9/ TFdzyRAYy3 06€0

{LISOATAO Ay@SadyYSyid d6exkYuo

Investment:’™> 9/ Fdzy RAy3 O2YLI NBR (2 G2a0ltf Ay@SadySyl
Financial performance payback period (years)

=A =4 =4 =4

The availablelatacan be grouped in different clusters in orde be better analyse@Climatic zoneHDD,

Country, Type of intervention, and Programmé&he user mustedect the category that will be used to
INRdzL) GKS RIFGF 6 F 2nhinStslclYstaftHe BserdnOsbeleyt ioyih® Fréupsdhat

hewantsii 2 @AadzZ f A4S 6 F2 N SEcbuntiids &155 %Y L& famCiiniaticéaohedzd G NA | €
HDD. Moreover, the user canse advanced filters to select only the projects or demo giewants to

visualise Figure0-20 shows an example of a KPI visualisation.

Step 1: Select KPl and clustering options Step 2: Cenerate graph

Final energy consumption
KPI
Final energy consumption (kWh/m2a)

Group *

Climatic zone - HDD

Climatic Zone

<1000
1000-2000
2000-3000
+ Advanced filters
Select type
O none
O Projecs
O Demo sites

1000-2000
GENERATE GRAPH RESET

© Bolzano - Sinfonia @ Cesena — School of the future Istanbul — NEED4B
@ Paris - Beem-up Stambruges - NEED4E @ Valladolid - Direction
Istanbul - R2CITIES @ Kortrijk — New - Eco-life @ Valladolid - R2CITIES

Figure0-20 Example of visualisatigoroduced from SCIS KPI visualisation tool

A new, improved version of the tool is under developmigain the SCIS proje¢8CIS Project, 2018)he

SCIS seleportingwebbaseR 122t FAYa (2 LINRPOGARS | G22f F2N LINP
relevant outputs and information and populate the SCIS database. The users of thepeetihg tool

(project coordinators, for example), will use this tool to upload the raeiwaformation on the different
interventions carried out on his/her project: new and refurbished buildings, energy supphf{amitsheir
integration)as well as mobility and ICT actions. The information reported by the user will be stored in the
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SCIS database. This information will be visualised as KPIs and it will be also available for stakeholders to
be exported.The data entry is done at two levels:

1. At Demo Site level where the user provides general data about the demo site and create the
GCREt2F ! OGA2yé¢ HKAOK INB NBtSOIryd F2NJ GKS RSY
At Field of Action level where the user provides a) design data and b) monitoring data for all the

GCASEtRa 2F ! OGA2Yy¢

GKAOK $SNB ONBFGSR AY

The tool supports the visualisation of CIS KPTIBable5) (SCIS Project, 2018)

Table5 ¢ KPIS supported by the SCISregbrting tool

General technical performance indicators

General environmental performance indicators

Energy demand and consumption

Greenhouse Gas Emissions

Energy savings

Primary Energy Demand a@bnsumption

Degree of energetic sefupply by RES

Carbon dioxide Emission Reduction

General economic performance indicators

Total Investments

Payback period

Grants

Return on Investment (ROI)

Total Annual costs

General performancendicators for ICT related technologies

Increased reliability

Increased system flexibility for energy players

Increased Power Quality and Quality of Sup
(DSO+TSO)

Reduction of energy price by ICT relat
technologies

Peak load reduction

Consumers engagement

Increased hosting capacity for RES, electric ve

hicles and other new loads

General performance indicator

s for mobility related technologies

Energy consumption data aggregated by sec
fuel

Kilometres of high capacity publicransport
system per 100 000 population

Passengekilometres public transport and privat
vehicle

Number of efficient and clean (biofuel ar
hydrogen) vehicles deployed in the area

Impact of ICT apps into mobility

Carpooling locations

Cleanmobility utilization

Modal split

Number of echarging stations deployed in the area

The SCIS tool supports different levels of aggregation (city, district, neighbourhood, implementation

I NJB thesugh thefollowing combinations

=

Building

Set of buildings

Energy supply unit

Set of energy supply units

Buildings + energy supply units

ICT meaures at the building level

ICT measures at the energy supply unit |

Mobility measures at the building level
Mobility measures at the neighbourhood

=4 =4 =4 =4 -4 -4 -8 -8 -9

evel

ICT measures at the neighbourhood / city level

/ city level
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Figure21shows a screen of the SCIS segorting tool. Annex 3presentsmore screenshots of the tool
@ General data
Technology used Flease sclect v
Dusscription of this inberisntion
Diatie o COMIMESSHONTY
& KPIs
Mumber of biofuel/electric/hydrogen vehicles deployed in the area
Title Wit Baseline situation Aftes intervention Improverment (%)
Nurniner of cars ——
MNurnber of buses number
Blues nimbr
Ouners nimbr
Clean mobility utilization
Title Wit Baseline situation After intervention Improverment (%)
Nurmiter of kms Jonvia
Nurniter af trips e
Modal split
Title Wit Baseline situation Aftes intervention Impravement (%)
Public and collective transpart %
Private vehicles .
Biking and walking .
ANErage O0CUpancy %
Figure21 Example of data entry in the SCIS-seplorting tool
D1.7
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3. Data Collection Framework

¢ KA&a OKIFLIISNI LINBaSyiada Ay RSGIFAT K2bgcolledes fromlthé I NB |j d
demonstrationslt presents the same examplesgisen in D9.3, but this time with additional information
for data gathering.

3.1. KPI data requirements

This section will continue the work doneD@.3 chapters 4.%2. Table6 will be usedwvhich extent the table
used in 9.3 by adding the data source.

Table6 KPIdata requirements

Name of indicator Unit Formula Data Source ‘
(17)Increased Likert 1 Smart meter
awareness of energy 9 Survey
usage/Increased 9 Simulation/
environmental theoretical
awareness calculation

9 Other source

3.1.1. KPI data requirements Utrecht examples

Table7 KPI data requirements for LH city Utrecht

Name of indicator i Formula Data Source
Increased awareness (¢ Likert Not atallg1¢2¢3¢4¢ | Survey
energy 5 ¢ very much
usage/Ilncreased
environmental
awarenesg17)
Energy savings (13) | (kWh/(n? year); oY p e Smart meter
MWHh/(year)) 0¥
‘O = Thermal energy
savings

“Y© = Thermal energy
consumption  of the
demonstrationsite
[KWh/(m? year)]

OY = Thermal energy
reference demand o
consumption (simulatec
or monitored) of
demonstrationsite
[KWh/(m? year)].
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870
on Y
g P 0¥
O% = Electric energy
savings

“Y© = Electric energy
consumption  of the
demonstrationsite
[KWh/(m? year)]

OY = Eéctric energy
reference demand o1
consumption (simulatec
or monitored) of

demonstrationsite

[KWh/(m? year)].
Carbon dioxide tonnesCQl/year The emitted mass of GG Smart meter
Emission Reduction (5 is calculated from the

delivered and exportec
energy for each energ
carrier:

Co o o dia

Coa aip
Qyga = the delivered
energy for energy carrier
Qe = the exported
energy for energy carrier
U o gig= the CQ@coefficient
for delivered energy

carrier i
Uq e the CQ@coefficient
for exported energy
carrier i
Reduced energy cos| Euro/n¥ 0 0 "Yovs vos o Smart meter
for consumers (34) 00 Yo¥ 00 Yoy
6 G Yy

COST = the electricit
price at a given period 0

time
CQ reduction cost| Euro/ton CQ saved per| This indicator is Smart meter
efficiency (7) year calculated on an annug

basis, taking the annug
reduction in Co
emissions, and the
annual costs of the
project (which is the
annualised investmen
plus current
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expenditures for &
year).

Note: Only the
additional costs for
energy/CQ related
measures (to the exten
discernible) are taker
into account in the tota
cost) Ol f Odz

Degree of energeti¢ %
selfsupply by RES (10

$ 0% 0 %
4 %

DET = Degree ¢
thermal energy self
supply based on RES
LPET = Locally produc
thermal energy
[kWh/month;
kWhlyear]
TEC = Thermal ener
consumption
(monitored)
[kwWh/(month);
kwWh/(year)]

$% - 0 %

4 %

DEE Degree of electric
energy selsupply
based on RES
LPEE Locally produce
electrical energy
[kWh/month;
kWhlyear]
EEC Electrical energ
consumption
(monitored)
[kWh/(month);
kWh/(year)]

Smart meter
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3.2. Monitoring Equipment  and other sources of
information

The tables described in D9.3 are adaptedrtdude additional information about the measurements.
Three new columns ardefined:

1 Expected availability For the availabilitythe following valuesare possibleopen data, public,
confidential, nodata available.

9 Data accessibilityData accessibilitys divided into three categories: 1) Data is available over
common networking protocols without access constraints, 2) data is available online, but requires
authentication, and, 3) data is not accessible online, or requires manual work to get datarout fro
internal systems. Open data mostly satisfies the first category requirement, as it is also part of the
open data definition that data should be accessible in machine readable format, at machine
findable location.

1 Expected reliability The reliability othe datais divided into three categories: 1) High 2) Medium
3) Low

For those KPIs that will use data automatically cofléctable8 will be used to colleatletails about the
monitoring equipment and the expected measurements.

Table8 Monitoring equipment for KPIs

KPl  Variable Definition Meter | Location Expected Collection Expected  Expected

# (Datatype) availability interval  reliability —accessibility

A similar table will be use in case ttdsta camefrom other sources (norautomatically) such as energy
bills or statistical databases.

Table9 Other sources of informatiocior KPIs

Expected Collection Expected Expected

Variable Definition Source Type

availability interval reliability accessibility

3.2.1. Monitoring equipment  Utrecht examples

Tablel0 presents the details of monitoring equipment that will be used in Utrecht.
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Table10 Monitoring equipmentused in Utrecht (example)

Expected

Collection Expected

(S/;;:?%i) Definition Location availability interval reliability acEc):?sesﬁt)?l(ijty
Solar_Toon | Actual HEMS_ 1 Enec| In every| Confidential| Yearly High 2
energy Toon apartment
solar house, in
energy the living
production. room
CO2_Toon | Actual COZ HEMS_1 Enec| In every| Confidential| Yearly High 2
level Toon apartment
house, in
the living
room
Bat_storage| Actual 2. Battery| In 2 | Confidential Yearly High 2
energy Management | apartment
storage System buildings,
in the
garage
box
Solar_house Energy 3a. Electricity In  every| Confidential| Yearly Low 3
generated | meter in fuse| apartment
by solar| box (DINrail) house, in
energy the fuse
(input from box
the
invertor)
Energy Electricity In  every Open Yearly High 1
generated | meter in | apartment
by  solar| invertor house, in
energy the
electricity
cabinet
Heat_distr | Heat District heating| In  every| Confidential| Yearly High 2
power/flow | meter apartment
house, in
the
central
heating
cabinet
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3.3. KPIs based on Surveys

Tablell to Tablel3 presents theKPls whichwill be evaluatedhrough data collected in the form of
guestionnaires

Tablell. Solutions that will be evaluated using surveys in Utrecht.

Solutions using When to

measure

surveys as data Data point Related KPI Source
source

V2G ecarsharing Surveys/interviews  concernin Improved access to vehicl LOM + Date to be set

a2 a0SY W accessto vehicle sharing solutio sharing solutions UTR (First before M38)

{2t NRo ¢

Community Environmental awareness Increased environments BOEX  Date to be set

building (TT5) awareness (First before M38)
Satisfaction of involvement fron Local community BOEX Date to be set
the tenants involvement in planning/ (First before M38)

implementation phase
Feeling of involvement in the Evaluation and coreation BOEX  Date to be set
community/ Social cohesion (First before M38)

Evaluation and = Satisfaction of implementation ¢ Evaluation and coreation BOEX  Date to be set

co-creation (TT5) the EMS TOON (First before M38)
Environmental awareness k Increased environmentsa BOEX  Date to be set
using EMS TOON awareness (First before M38)
Advantages of EMS TOON for € Advantages for end users BOEX  Date to be set
users (Likert or lowered enerc (First before M38)
bills)
Satisfaction of tenants/ How th Ease of use for end users BOEX  Date to be set
home EMS TOON is perceived the solution (First before M38)
easy or difficult to understand an
use
Campaign using Environmental awareness L Increased environmenta UTR Date to be set
Smart lamp posts Campaign using Smart lamp pos awareness (First beforeM38)
(TT5)
Campaign District Satisfaction of involvement i Local community UTR Date to be set
school campaign from the students involvement in planning/ (First before M38)
involvement implementation phase
(TT5)
New Home & Satisfaction from tenants usin Ease of use for end users BOEX Date to be set
District the virtual reality platform the solution (First before M38)

Experience (TT5)
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Tablel2. Solutions that will be evaluated using surveys in Nice.

Solutionsusing

surveys as data
source

Data point

Related KPI Source

When to
EESIE

LEM (TT2)

The freefloating
project (TT3)

SERVICE BLEU
(TT5)

Smart
Management of
Peak Pollution
(TT5)

CIVOCRACY (TT

Awareness of energy usage

Surveys/interviews  concernin
access to vehicle sharing solutio
Survey concerning ease of use !
end users of the solution
Satisfaction from users of SERV
BLEU, how the app is perceived
easy or difficult to understand an
use

Satisfaction from users of Sme
Management of Peak Pollution

Environmental awareness by usil
Smart Management of Pee
Pollution

Satisfaction  from
CIVOCRACY (Likert)

users C

Increased awareness ¢ EDF
energy usage

Improved access to vehicl
sharing solutions

Ease of use for end users
the solution

Ease of use for end users
the solution

VULOG

VULOG

NCA

Ease of use for end users VEOLIA

the solution

Increased environmenta VEOLIA

awareness
Ease of use for end users NCA
the solution

Tablel3. Solutions that wilbe evaluated using surveys in Gothenburg.

Solutions using

surveys as data
source

Data point

Related KPI

Date to be set
(First before M38)
Date to be set
(First before M38)
Date to be set
(First before M38)
Date to be set
(First before M38)

Date to be set
(First before M38)

Date to be set
(First before M38)

Date to be set
(First before M38)

When to
measure

EC2B (TT3) Survey concerning ease of u Ease of use for end users ' TRIV Date to be set
for end users of the solution (First before M38)
Surveys/interviews concernin Improved access to vehicl TRIV Date to be set
access to vehicle sharir sharing (First before M38)
solutions

Spatial planning Satisfaction of the involvemer Local community GOT Date to be set

design contest for  in the Minecraft competition involvement in planning (First before M38)

children and youths phase

(TT5)

Citizen engagement Satisfaction of the open data Accessibility of open data GOT Date to be set

(smart city hub) (First before M38)

(TT5)

Citizen engagement Satisfaction of citizer Trialability GOT Date to be set

(Inclusive Life engagement challenge (First before M38)

Competition) (TT5)

BIM (TT5) Environmental awareness Increased environmental HSB Date to be set

awareness (First before M38)
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Personal Energy Environmental awareness Increased environmenta HSB Date to be set
Threshold (PET) awareness (First before M38)
(TT5)
Satisfaction from the tenant: Local community HSB Date to be set
using PET involvement in (First before M38)

implementation phase

3.4. Data quality assessment

This section presents the procedure to evaluate the quality of data. Accordiffskinam, et al., 2013)

there are six dimensions of data quality; completeness, uniqueness, timeliness, validity, accuracy and
consistency. Depending on the type of data, different quality dimensions apply. The different dimensions
of data quality assessment are presented belgith a suggested approach to measure the quality.

The procedure to assess the data quality will be to:

1 Identify critical data sets for each KPI, the required quality of data may differ between KPIs

1 Determine what data quality dimensions are useful to asgbe quality for each data set (see
dimensions below)

91 Define the range that indicates good or bad quality data for the chosen dimensions, this range
may differ for different KPIs using the same data set depending on the data requirements of the
KPI

1 Applythe criteria to the data sets evaluated

1 Review the results and decide whether the data quality is sufficiently good

9 If possible, correct data of insufficient quality

3.4.1. Completeness

Completeness of data refers to the proportion of accessible data comparéuetpotential of 100%
complete data. Depending on the data requirements of the KPI to be calculated, the data set could either
be left as it is or corrected through imputation of data. Missing values can in some cases be corrected
through interpolation.

3.4.2. Uniqueness
The dimension uniqueness refers to that the same data point should not be repeated more than once. If
duplicates are discovered these need to be removed from the data set.

3.4.3. Timeliness

Timeliness refers to the degree to which data represent rediiiyn the required point in time. For
example, timeliness can in IRIS refer to that the energy use reported for a certain time period corresponds
to the actual energy use for that period. The timeliness can be ensured through time stamps on the data
receied.
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3.4.4. Validity

Data of the right format, type and range is considered valid. Depending on the type of data, allowed
format and data range (minimum, maximum) can be decided. The validity of the data can be assessed
through comparing the metadata or documetitsn of the data to the requirements. A percentage of
valid to invalid data items can be used as a measurement of the data validity.

Another aspect of the validity is whether the data compliesltata Cataloge Vocabulary DCAT
standards. The DCAT standard facilitates interoperability between adtdoguespublished onlineby
describing a standard for metadat&dVhen describing datase through DCAT, the data is more easily
discovered and enable applications to combine or search across multiple data catalogues. This aspect of
data quality is not necessary for the evaluation of the project but is of value to the City Innovation
Platform

3.4.5. Accuracy
¢KS | OOdzaN}¥ 0é 2F GKS RFEGF aSi RSAONROSE K2g oSt f
event. This can be assessed for example by comparing the data to data from a reliable Boairce.

accuracy relates very much to the validity oéttata, data that is out of range could be inaccurate and
should be further analysed.

3.4.6. Consistency

Consistency refers to that data describing the same object or event should not be different. The datasets
should be compatible to previous data and presentethe same format.
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4. Data Analysis and Visualisation
Framework

This chapter presents how the collected data will be analysed to produce each KPI and relevant
visualizations. The main workflow is as folldwgure22):

9 Data acquisition layer: develop the mechanisms that reliably record all related raw data in a valid
format commonly agreed and standardized within the consortium

91 Data analysis layer: defiribe tools able to filter and fuse data from heterogeneous sources and
process them in an efficient and methodologically sound way

91 Dashboard layer: produce the most appropriate visualisation diagrams for each KPI for meaningful
representation of results

Data Generation Raw Data
Mechanisms

KPls

Number of trips
Trip distance

Total energy
consumption &
emissions

Floating
Vehicle Data

Energy

consumption
Back office

systems Fleet

management
& Operation

Application
log files

Data Analysis Layza’
Filters and fuse ata from ¥ eterogenecus sources and proce:ss them
Interactive Dashboard

Produces the most appropriate visualisation diagrams for each KPI
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o
= >
=
> 6
© E
— c
c

c S
£ 5
v £
2 %
T 5
Q T
< =z
mﬂ!
gL
[{+ ]
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o
w
<
=
v
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=
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Local
statistical
services

User data
(demographics,
feedback, etc.
Correlation of
system utilisation
to weather
conditions, etc.

Weather
data, traffic
flows, etc.

External data
sources

Figure22 Workflow from generation of raw data to the production of visualizations

The implementation of data analysis and visualization utilizes iste® methodology defined in section
2.2. An example is presented below, concerning the KPI related to the yearly km made througtathe e
sharing system instead of private conventional cars.

4.1. Data analysis

This sectionconsistsof$h FA PSS FANRG adsSLla 2F (KS YSiGK2Rz2f23& |
aeaf

a
theeOl NJ &K NA y 3 234GSY AyadSIFR 2F LINAGEF(GS 02y @Sy daAz

STEP 1 Definition of ObjectiveEhe objective of this indicator is to monitor the extent to which the EV
shalting system is utilized. Obviously, this indicator is relative tesggcific measures like its total area,
transportation network size, population and number of EVs offered to the public.
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STEP 2 Description of the resuli®he level of adoption of theesvice is indeed critical for the involved
stakeholders, with both financial and environmental impacts. It is important to accurately estimate the
monetary effects on the end users and measure the environmental footprint of the EV sharing service in
compaison to traditional mobility with privately owned vehicles.

STEP 3 Identification of measureBhe specific variable to be calculated for this objective is the total
kilometres covered with EVs from the sharing system instead of private conventionakithiis,a year.

STEP 4 Measurements and storage of the dddata recorded from different sources will be fused to

extract the desired measui@igure22). The main sourcis the Global Navigation Satellite System (GNSS)
enabled orboard sensors which accurately log vehicle kinematics data with high temporal frequency. At

I YAYAYdzy £t S@Sts GK2aS aSyaz2zNha NBO2NR | @SKAOf SQa
orientation) and corresponding timestamps. Such datasets are commonly known as Floating Car Data
(FCD). The second source is the mobility service provider. The operator monitors the EV fleet for
operational and management purposes, consequently its bafikeotan serve as a complementary
database.

The high logging frequency of FCD is known to produce data with great granularity;timee@lelocity)

and volume directly proportional to the number of electric vehicles. Those two are the most common

OKI N} OGSNRaGAOa 2F HKIHG Qpa cKBgNMREASA NBE AT SRSWI ¥R N
FCD is to utilize databases optimized for huge volumes of structured data or adopt Big Data technologies
utilizing cloudbased services, known for thiescalability.

STEP 5 Processing the daféis step is implemented after the database is populated with trip records
from all the EVs that belong to the car sharing system. For each vehicle and each completed trip, the
distance is derived by processingthequence of GNSS pulses of the vehicles (which include timestamps
and vehicle coordinates).

The results of this procedure continuously populate a table, where each row corresponds to one EV
completed trip. The vehicle ID, user ID, IRIS test site, aatéemgth of trip are recorded. Such details are
crucial for the analysts who need to perform customized aggregation of records according to specific
needs, for example temporal aggregation of trips within specific time periods or aggregation of trips from
a certain type of EV. Each city can design the mechanisms to gather trip data into this structure, all
following commonly agreed specifications.

Furthermore, the derived indicators can be normalizedardingspecific information of each test city.
Thisway, comparisons of results among different cities, time periods and type of vehicles are meaningful
and straightforward. For example, the total km travelled with EVs in each city should be normalized by
the total number of available EVs to derive an iathe of total km per EV. In a similar fashion, the total

km can be normalized by the total number of people with access to the system to formulate an indicator
describing travelled distance per person.

This normalization should be also done at city lefai,example by dividing the total distance by the

average distance travelled in the city by conventional vehicles, in which case will generate a dimensionless
indicator (a pure number without measurement units) and therefore comparable among differed. citi

LY FTRRAGAZ2YSEZ 204KSNJ YSIFada2NBEa OFy 6S dzaSR F2NJ y2NXI -
the number of inhabitants, the car ownership, the modal share of Put and many others.
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4.2. Data visualisation

This section consists of the final stepthe methodology, concerning visualizing and interpreting the
results of data analysis.

STEP 6 Visualization and Interpretation of the results:this step, the results of data processing are
visualized. A first graph is a simple bar chart with the-normalised total km of distance travelled with

EVs from the sharing system per city, which provides with an initial, general view of the comparative
adoption of the system. This plot can be used for large periods and therefore see the evolution of the
usage of the system, or for averaging the values per day and showing the usage of the system within the
week (it will be interesting to see if the system is mostly used during weekdays fowvatrdehome trips

or during the weekends for loAgisure trips).A pie chart can be also created, with each slice
corresponding to a test city and its size proportionate to the percentage of km travelled to this city.
Furthermore, the normalized indicators can be used to generate the same visualizations for relative
comparisons amongst the km per EV and km per citizen of the involved cities.

More diagrams are created to present results at city level. The dates of the trips are recorded, therefore
the distribution of distance travelled with respect to time provides withights on the evolution of the
system in time. In the case of different types of EVs offered within a city, a pie chart demonstrates the
percentage share of each typegardingdistance travelled.

A huge advantage of the visualization tool is its intaxdtgt The user can define certain parameters to
produce customized visualizations. As an example,-fingined distribution plots can be generated with
results grouped by hour, weekday, month or even season to uncover the association between driven
distance and specific time periods. Moreover, the user can filter the data according to the IRIS site, date
periods, types of EV etc., before the graphs are produced.

Finally, for the mobility use case it will be interesting to identify from the data colleosiddhe indicators
estimated the different user profiles in each city making use of thesharing and electric vehicles
services. These profiles will consist of seetonomic characteristics as well as service usage indicators,
consisting of number ofrips per week (differentiating between weekdays and weekends), the average
distance and duration, the piekp and dropoff locations and many others. In order to illustrate how a
profile will look like, two possible profiles are provided bel@ablel4):

Tablel4 User profile characteristics for the mobility TT

Characteristics User profile 1 User profile 2
Gender Non-relevant Non-relevant
Age 20-30 30-45
Number of trips per week 10 (2 every weekday) 1 (during the weekend)
Average distance 5 km 200 km
One way or round trips? One way Round trip

From the above results it can be concluded that in the IRIS city x there are two types of users, one using
the system for going every day from home to work and back, and one using the service for a long trip
during the weekend, most probably with the famil
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Some visualization examples are presented in the following figures and gfaghse23 presents the
volume of traffic flows between 8 locations, aRiyure24 is a heatmap designating the busiest road
network spots.

. location 1
location 1

location 2
location 2
location 3
location 3

location 4

L ‘\ I» - J location 5
%/ /\ /
R location 6

locmou 7
ocation 8

location 4 &8

location 5

location 6

location 7
location 8

Figure23 Data flows examp@ diagram

Figure24 Heatmap exampléeiagram

Figure25 shows the number of trips that started and ended from the same station lka sharing
platform, and thebikesbalance.
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Figure25 ExampleDiagrampresenting tips starts, ends and balancelike sharing station
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Figure26 Summary of main trip indicators

User feedback will also be recorded from surveys, Eigdre27 provides a presentation of results from a
5-point scale Likert type questionnaire.

Answers Overview

answer percentage

ar ato Qi1 Q2 o3 Q14
M Notatall msm Slightty === Moderately =W Considerably — mmm Cump!stely]

&
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5. IRIS KPIs Tool

5.1. Overview

The IRIS KPI toisl available abttp://monitoring.irissmartcities.eu The toolis a platform that carstore,
manage, process, visualise and share project monitoring fiema the three LH citiesThe tool capture
monitoring data from veous sourcesand uses these data to calculate the KPIs that have been selected
in each demonstration.

The monitoring data from the IRIS demonstrations are captured through an automated or manual way.
The automated procesgivolvesa connection betweerthe KP$ tool and the online backend of the
organisation that collectand stores the monitoring data in each demonstrai@P| data owner)This
connection is facilitated by the IRIS City Innovation Platform (CIP). The manual process allows certified
usess to login and upload a file with monitoring data. The KPI tool backend analyses and models the
collected datacalculates the KPIs and visualises theran interactiveveb-basedMonitoring Dashboard

to indicate the measured performance of an intervemticompared to the targeted impact. The IRIS
partners,as well aghe general publiccan access the dashboaiid order to view, monitor and compare

the performanceof the three LH citiedMoreover, the calculated KPIs can berst in the CIP of each LH

city. The collected data can be also used to feedShsart Cities Information Syste®elf Reporting Tool
(SCISRT).

Automatic data collection

S

IRIS Demonstrations
UTR, NCA, GOT

Operators back end

(BOEX, STED, LOM, QBUZZ, EDF,
VULOG, RS, etc.)

-
~

acy
DataMarket = mm e throygh d

-
-
-
-

Permanent
data storage

—

Data Management Framework

STORAGE PROCESSING COLLECTION

City Innova io.1 Platform
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~
|
o, IRIS City Innovation Platform @

e
=
T
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&
&
Ei
3
H
3
o
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4
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Figure28{ OKSYI GAO RAFINI Y LINBaSyidAy3d (GKS 02y dembéathys 2 F GKS

The current version of the K§tbol is a prototype that calculates and visualises all KPIs. There is an ongoing
collaborative process with the KPI data owners and the other project partnecsistomise the tool

according to their prefereres and requirements. This process will ensure that the KPIs tool will effectively
adzLIL2 NI GKS LINRP2SO0Qa Y2yAG2NAYy3A:T SGLtdz GA2Yy | YR
subsectiongresent the KPIs tool in detail.
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5.2. Use Cases teCore Functionality

The IRISKPIs toaldzLJLJ2 NIia G KS LINE 2 S Oi Q averall avyluktioreaiAmyagt anah@is A G A G A
of the interventions in the LH cities. It presents to the KPIs at different levels of detail, i.e. measure (demonstrator),
Transition Track, LHtgiand finally, IRIS projectThe functionality of the tool emerged from the needs and
requirements of the usersihere are three types of users:

(1) Theadministrator: The administratohas full access to all components, configg@®d managethem

and perfornsall the required technical actions ensuring smooth operations of the tool. Regarding the KPI
Monitoring Dashboardhe administrator creatsthe different views that present the KPIs and sed¢iae

chart that is the most suitablor each KPI.

(2) ThelRISuser. The IRIS useepresents three types of IRIS partners:

1. Partners that are involved in the interventiois LH citiegLH cities Site Managers, TT leaders and
local partners in generallhese partners want to monitor and evaladheir measures, and also
to compare the performance and impact of their implementations against similar measures
implemented in the other LH cities.

2. Partners from Fellow cities These partners want to identify interventions with the most
significant impat in order to replicate them in their cities.

3. Partners that are involved in the horizontal WPs (monitoring and evaluation, business modelling,
project management). These partners want data so that to evaluate the results, create bankable
business modeldgpllow the project implementation, etc.

The IRIS user is the typical user of the tool. (S)he can see the numerical values of the KPIs but also
performance data (i.e. the numerical values of the variables that are used in the calculation of each KPI).
Moreover, the IRIS user can see the numerical values of KPIs at different levels of spatial agdiiegation
IRIS project, LH city, Transition Track, Measure, Building / District / SyStesmfollowing views are
available for the IRIS user:

A IRISProject View
A KPIs athe RIS level (consolidated)
A KPIs per LH city (consolidated at the city level)
A KPIs per TT (and city)
A LHCity View
A KPIs athe city level (consolidated)
A KPlIs athe TT level (consolidated)
A Transition Track View
A KPIs athe TTlevel (consolidated)
A KPIs athe Measure (Demonstrator) level
A Measure View
A KPlIs of the measure
A Building / District / System View
A KPIs for the Building / District / System
A KPI View
A Value atiRIS Level
A Value atLH CityLevel
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A Value at Transition Track Level
A Value atMeasureLevel
A Building

To be able to evaluate each measure against the ebgaeimpact, for each KPI apart from the numerical
value, the tool also displays thargetvalue.

The IRIS us@anaccess the KPI Monitoring Dashboard using a usernama padsword.

(3) General PublicThis type of user represents anyone interesting inbsults of thelRIS projectThe
visitor of http://monitoring.irissmartcities.etcanuse theKPI toolithout auseraccountbut with limited
functionality compared to the IRIS user. The following views are available for the public user:

A IRIS Project View

A LH City View

A Transition Track View
A Measure View

Apart from the limitations in the level of spatial detail, the public usiraxperience similar functionality
with the IRIS user.

Based on the neexbf the specific userghe following capabilities are required frothe IRIS KPIs tool

1 Collect monitoring data automatically and manuallf¥he tool must colleainonitoring data fom
the demonstrations in the IRIS LH citi#&e tool should collect data automatically from the
databases of the organisations that hold the monitoring data. Moreover, a manual way should be
available for the LH cities to post data, in case that monigpdata are not available onlind.he
CIP Data Market component automatic facilitates the automatic collection of data.

9 Calculate KPIs values for various aggregation levele tool must calculate the KPIs not only at
the measure level but also for theffdirent aggregation levels (i.e. TT, LH city, IRIS project). The
calculation follows the KPIs formulas available in the KPIs cardswayhehat the KPIss
aggregated in the different levelspsesented in D9.5

1 Present KPIs values amdonitoring data The toolmust facilitateusers to evaluate the impact of
the IRIS solutionsThus,various dashboards should be available, presenting KPIs values at
different levels of spatial aggregation, their evolution over time, and the contributioeach
measure in the KPI value.

1 Export KPIs values and monitoring daftBhe tool must export data to the CIP of each LHtoity
be available to the local ecosystetiloreover, it should supporthe process of adding IRIS
monitoring data in SCIS Self RepugtTool
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5.3. High -level architecture

To support the required functionality, the IRIS KPIsigdevelopediround five componentthat collect,
store, analyse, present and export monitoring data from the IRIS demonstrafimse29 presents the

GA#T774199

highlevel architecture of the KPIs todlhe components are presented in detail in sectob

IRIS Demonstrations
UTR, NCA, GOT

Data Acquisition
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Online forms for manual upload
of monitoring data

g | £

ao. g APIs for automated collection
b ] © of monitoring data
sk | &

= Q o
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$d

1‘; =

T

c

) Data Export
z Component
&

Export KPl values

Open Data (CKAN)

Publish KPls as open data

Prepare monitoring data for
SCIS SRT

Y

SCIs
Self Reporting Tool

Figure29 ¢ IRIS KPIs tool higavel architecture
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5.4. Data Model s

A set KPlhasbeen definedoy the consortiumfor the evaluation othe LH cities performance in terms

of technical, environmental, economic, social and ICT aspects. For the calculation, visualization and
monitoring of those KPIs in accordance to the different project levels (City, Transitioné&icgck set of

data malels as well as a relational modélave been defined.

The relational moddbetween the IRIS defined entitiegas builtaccording to D9.2 and the ongoing work
of D9.5. An exampleof the relational model of Nice, withn emphasis in TT1s given in thedllowing

figure.

Project IRIS Project

ciy :/ —

Transition
Tracks

Lo

ﬁ.i%;% ﬁ%%%

Building 5 Palazzo
IMREDD Meridia

Storage capacity Storage capacity
Measure installed Peak load installed
ments Annual Local Renewable Annual Local Renewable
Electricity Generation Electricity Generation
Electric Energy Electric Energy
Consumption costs Consumption costs

Figure30- Relational model: TT1 Nice example

Integrated
Solution

Measure
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The respective structure in the KPI Tool is as follows. The sighathe Buildingsthe Measures and
the Integrated Solutionthat belong to the TTaf Nice

B »—:-::_ RIS —
@ cmvt Site: "TT_1_N' [PR_IRIS]
B @ cu
Q TN
9 TT2N Name
Q —

g - e UNS-IMREDD
o Palazzo Meridia

y e

o Site: ' TT_1_N'[PR_IRIS]

Q TN

o T2 Name ’f‘

Q 113

Qs o IS 11N

Qs
o 15.12.N
o 1S_13_N
o M_L1N
° M_12 N
o M_13N
o M_14.N

Figure31 Relational model in the KPI tool

Twotypes ofdata models have been specified for the lowest level entities of the relational data model.
Onetype is assigned to the entities that gvide the raw measurements for the KPIs calculati@hich
could bea Building, a District or a System, in general. The seypeads assigned to the KPIs aspkcifies

the different aggregation levels for whithey should be calculatedlhetwo-modeltype can be seen in

the following figure.

Building/District/System

- Measures of the
Building/District/System

e.g.
{
"el_con":{
"unit": "kWh/month",
"aggregated": "true",
"friendlyName": "Electric
Energy Consumption”

}

}

Level + Number/Name
(+ City)
Levels:
Building(B)
Measure (M)

Integrated Solution
(1s)

Transition Track (TT)
City (City)

Project (PR)

e.g. B_HSB Living Lab_G,
M 11 G, IS 1.1 G,
TT 1 G, City_G, PR_IRIS

Figure32 The two types of data models
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In the KPI Toplve have specified different models for the different types of Building according to the

measurements that each one provides. The same principle applies for the KPls. For eaeh h&we
specified a different data model, which specifies the differenjgebentities for which the KPI applies.

For example, the specificatidior the type of Buildings in TT1 of Gothenburg describes a number of
measures that they provide for the calculation of the KPIs that they support.

Edit Specification

GEMERAL SPECS

+

Measurement

Measurement Unit

Friendly Name
Electric Energy Consumption

Measurement Type

kwh/month

Electricity M

Figure33 Specifications of the data model of Buildings in Gothenburg
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5.5. Implementation of the  Technical Components

The five different components that comprise the KPI Tool architecture will be described in detail, under
this section.

55.1. KPI Tool Server

The KPI To@Iserver is thecentral component of the systenitis responsible fothe handlingof all data,
like the measuremerd coming from the LH citie)e calculated KPlsnd the structure of the different
IRIS project level§ he serveis based ora platformthat hasbeendevelopedby CERTH I, primarily for
the purposes ofoT applications, the pragma.loT platfotriihe pragma.loT platform offers frontend and
backend apabilities, exploitindeatures fromanother opensource 10T platformcalledSiteWheré. The
basic SiteWhere functionality that is usisdthe RESTful services, which allow an external etttityeate,
view, update, or delete entities in the system

ThelRISentities have been mapped to tHaiteWhereentities, in order to convert the platform to a KPI
monitoring toolfor the IRIS LH cities and potentially the follower citiebloSQldatabase MongoDB, is
used to store those entities and their relafis, that basically refer to the Data Models that have been
described in section 5.3sfor examplethe relation between the Measures of an Integrated Solution that
belongs to a specific Transition Track gkaticularCity. On the other handhe raw measurements from
the LH cities as well as the calculated KPIs for all the different levels of tieetpaog storedn an open
source, SQlike, timeseries database (TSDB), InfluxDBhich is optimized for fast, higgvailability
storage.

In order to access the IRIS entities and their values, the tool offers, as previously mentioned, a set of
RESTful AR,with basic authentication and a Swagsdie documentation page, thatlow the basic CRUD
operations (create, read, update, delete)the respective entities. The APIs are used by all the following
components which are described in sections 5525, in order to read or store information to the
databases.

5.5.2. KPIs calculation engine

This component, as its hame suggests, is responsible for the calculation of the values of th@a&PlIs.
cycle of calculation includes the following steps for the diffétemelsof calculationof each KPI:

# define year
for each KPI:
for each level of calculation:

! pragma.loThttps://pragma-iot.com/
2 SiteWherehttps://sitewhere.io/en/

3 MongoDBhttps://www.mongodb.com/

4InfluxDB https://www.influxdata.com/
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V retrieve the lowest levegntitiesthat participate in this level

V retrieve theraw measurementshatare needS R F2 NJ 0 KS VYt ledeofti@|
lowest levelentities, for the specific year of calculation

V performthe calculation according to the prelefined formula

V save the result tdhe appropriate level of the KPI

The above procedure is implemented in Python scripting language and intthedespective calls to the
RESTTful APIs that were described in se&ibri. Moreover, the KPIs calculation has bderther grouped
according to the type of the KPI.ge the calculation othe KPIs which have percentaf¥) unit require

the aggregation of thendividualmeasuremensg of each buildindgor the numeratorand the denominator,

before performing the divisiorin order to calculatéhe aggregated KPI value fan upper level e.g. the

city level. On the other hand, there are KPIs that their aggregate value could be a simple sum of the values
of the KPIs from the lower levels. In general, we have identified the following groups:

V Percentagee.g. energy savingsepk load reduction, people reached
V Likertscalg e.g. increased awareness of energy usage, advantages fersemd
V sumse.g. CO2 emission reduction

The above categorization also affects the way that they are visualized in charts, as itdeiicbibded in
the following section.

5.5.3.  KPI Monitoring Dashboard

The KPI Monitoringnterfaceis the main component that can be accessed by the consortium as well as
the externals, in order to view, monitor and compare the performance from the three LH tifeea.web

interface implemented irHTML CS8JavaScripfAngularJS) and is based on the pragmalldfTl i F 2 N Q&

interface, which provides the related functionality for the communication with the backend. It works in a
modularized way, which allows the administrator to create different views (dashboards) which can be
filled with different types of widgetso that it is fully customizable according to needs.

The interface allows a plenty of widgets, as line, bar, doughnut, pie and many more types of charts, as
well as numeric widget$:or the course of this task, we have implemented three extra types afatsdn
order to address the needs for KPIs visualization. More specifically, we have added the ability to add:

V customizable text widgets with title and paragraph section, in order to allow the grouping of the
KPIs in each dashboard (Technical, EnvironadgriEconomic, Social, ICT) and give some
information for each group

V combined bailine charsin order to visualizand comparghe actual KPI valuesith the target
values

V and horizontal bar charts for the visualization of Likert scale KPls

For the visuafiation of the KP|sve have used dummy data in order to demonstrate the capabilities of

the KPIs monitoring interface. In the following figure, the dashboard for KPIs that are aggregated in the
LINE 2S00 Qa fS@St A& RAA&LIX |cdnbiRet badide chard forhk yisualizatiod S Sy
of the KPI per year in comparison to its yearly targets and a gause chart for displaying its latest value
O2YLI NAy3 (2 GKS &SINna GFNBSG® Ly OF aSihebakl G I
chart and the numeric widget could be used instead as it can be sdégure34.
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HOME  EXPLORE  ADMINISTRATION

IRIS Project a My Dashboards -

Technical

KPIs in Technical Domain measure the effectiveness of a given solution with respect to the operating parameters and technical constraints acting on electricity/thermal grid and active/passive users, as well as the effectiveness of
technology solutions concerning heating/cooling, electrification and mobility, on both a building and a district level. They identify and quantify the benefits that IRIS architecture offers to existing assets and on the quality of service

B RIS Project
RIS Project
provided to customers. H

KPI 13 Energy Savings (per year) KP! 13 Energy Savings (latesy

42

Target: 43.0 %

[ Proiect RIS ] ; Project IRIS

Environmental

KPls in the Environmental Domain are important for understanding and evaluating the impact of energy smart grid heating/cooling and mobility related solutions and are important for a smart
system planning and operation

Figure34IRIS Project KPIs

KPI 20-Increase in Local Renewable Energy production (latest)

N
),
78 %

Project IRIS
2018

KPI 5-Carben dioxide Emission Reduction (latest)

g
\J,
4340 tones/year

Project IRIS
2018

Figure35 Numeric Widget

The KPIDashboardallows the user to navigate through differedashboardsfrom the main menu,
presenting the different set d{Plggrouped undeB maincategoriesas of

V ThelRISProjectas a whole
V per Transition Track
V Perdifferent Lighthouse City
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so that the user can easily navigate to the part that he/she is mostly interested to monitor. In the following
figure, the Transition Tracks dashboard is displayed, where the user can view the contribution of each

transition trackfor a KPI.

Transition Tracks

Technical

KPI 13 Energy Savings (per year)

: Hﬂﬁﬂr

Environmental

=3

KPI 5-Carbon dioxide Emission Reduction [per year)

HOME  EXPLORE  ADMINISTRATION

& My Dashboards +

KPI 13 Energy Savings (latest)

BE Transiton Track

wy ¢

e B

KPI 5 Carbon dioxide Emission Reduction (latest)

Y

oy

Figure36 KPIs per TT

In the next figurethe Transition Track 1 dashboard is displayed. Here the user can see the KPIs which are
aggregated for this level and observe the contribution of each city in this track. A palette of colours based

2y S OK OAleQsa

P IRIS
'-‘M;' Smart cities
Transition Track 1

Technical

KPI 13 Energy Savings (per year)

o [

Environmental

KP1 5-Carbon dioxide Emissian

Reduction (per year]

o0l &A 0 (Geadbleadadprigiersivecc@onAppidzapsrRityA y 2 NR S

. ! R~

HOME  EXPLORE  ADMINISTRATION

a My Dashboards >

KP1 13 Energy Savings (latest]

—

Figure37 KPIs for TT1
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A § raminuser 30

HOME  EXPLORE  ADMINISTRATION

Cities é
Technical User Preference ¥
-
KPI 13 Energy Savings (per year) KPI 13 Energy Savings (latest) =
-
@ 60 SR
40 4 -
H

“
20 2
- ]
-

" =i
208 i o H

Utrecht Nics Gothenburg
[ Uvecht [ Nice [ Gothenburg M Urecht N Nic: N Gothenbu

Environmental

KPI 5 Carbon dioxide Emission Reduction (per year) KPI 5 Carbon dioxide Emission Reduction (latest]

Figure38 KPIs per City

RIS A § rmnuse R~

HOME  EXPLORE  ADMINISTRATION

Gothenburg a
Environmental User Preference =
=
KP1 5-Carbon dioxide Emission Reduction (per year) KP1 5 Carbon dioxide Emission Reduction (latest) =
=
00 B i
100
=
1000 L
£ w0
E .
e L
T e
=
0 L
! 2 P . M TT1_Gothenburg TT2_Gothenburg 3
[ T71_Gothenburg [N TT2 Gothenburg [T TT3_Gothenburg TT3_Gothenburg
L
ICT =R+
L
KP131-Peak load reduction (per year) KP1 31 Peak load reduction (latest]
C 60

f —— C

Figure39KPIs for Gothenburg City

D1.7 Dissemination LevePublic Paget3of 86



1’? .
et
‘\ ’él'

IRIS GA#T74199

Integrated and Replicable Solutions
for Co-Creation in Sustainable Cities

Measures TT5 Gothenburg

Measure 5.6, 5.7 KPI 19 Increased environmental awareness

—
_—

Figure40 Horizontal chart for Likert scalePls

55.4. Provision of Data

There are twdifferent ways to support therovision of data from the lovievel entities tothe KPI Tool,
referring tothe databeing measured or extracted #te Buildings, Districts or Systeesel Suchdata
could vary from energy measurements, coste answersretrieved through structuredlkert-scale
guestionnairesetc. and they can bprovidedto the tool either:

V Automaticaly through API integration with the Data Marketof the CIP.In this case,
measurementsavailable to the CIP will be forwarded to the KPI Platform (throughCiata
Market) and storelintheYt L ¢ 22t & S NBUSHNRESTIURAPTINis prbcadire @
be performed in a monthly or yearly basis be eventdriven (to be detailed within WP4
activities)

V Manually be the Smart City Coordinatots order to allow the provision of data in an iffe
manner, a set of templates will be createtke(g. in anExcel or tabular format), so that the LH

cities can provide data that cannot be provided automatically (through the CIP). The filled forms
will then be uploaded to the KPI Platform (in a monthly or yearly basis), so that they can be parsed

by the applicatn and storeNB & LISOG A @S @ f dzSa Ay GKS YtlL

5.5.5. Data export

The KPI Tool will also support thgportation of the KPIs values in suitable forsi@.g. CSYXML), in
order to support open data access for the IRIS project. A web apphcaiith a simple Ul will be

implemented in order to allow people from any domain to select the KPIs they would like to export as

well as the format they will be presented.
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6. Output to other work packages

Tablel4 presents the way that the other work packages will use the outcomes of the D9.4

Tablel5 ¢ Use ofD9.4outcomes to other work packages

WP Deliverable Use ofD9.4output |
WP4 D4.6(M30) Integration of CIP in LH | The monitoring equipmenit each LH citjhat is
Cities required to collect real time, high resolution data

will be accessed througthe CIP. The relevant dat;
will become available to KPIs tool through the
platform. Moreover, the static data that are
required for calculating the KPIs will be stored in
the platform.

WP9 D9.5(M24)Report on monitoring All the information that is required from the

framework in LH cities and unified monitoring framework (i.e. data for the

established baseline KPIs variables, measurement details, survey
planning, etc.) will be collected in the three IRIS
cities

D9.6:(M38) Intermediate report The actual performance data collection and

after one year of measurement reporting will be carried out. The KPI tool will be
used to calculate and visualize the KPIs in each
city.

D9.7:(M60)Report on evaluation | The actual performance data collection and

and impact analysifor integrated reporting will be carried out. The KPI tool will be
solutions used to calculate and visualize the KPIs in each
city.
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/. Conclusions

This deliverable provides tHRISunified monitoring and evaluation framewoshd the IRIS KPls tool. The
current version of the deliverable presents the unified framework and the methodology for the design
and development of the IRIS KPIs tool. The final version of D9.4 that is due to month 24 (September 2019)
will present the IR8 KPIs toollheunified monitoring and evaluation frameworombined with theKPls

tool will allow smooth and integrated data gathering from all the LH cities, enabling the monitoring, post
processing, visualisation and permitting easy sharing and cotpetiaetween the consortium partners.

Based on thavork done in tasks 9.1 and 9.2 (presented in D9.2 and D9.3), the deliveradlasisgut

the data model and management pldrom D9.3 It analyses the data collection processes in the IRIS

a 2 f dzii kePogehe@us Ke®is (energy, mobility, ICT, and citizen engagemmasithe heterogeneous

nature of those fields implies that data sources and means of data collection and storage might differ. In

some cases, data are provided by systems that include smeters, which automatically collect data and

dzLJX 2F R AG (2 | NBLRAAG2NRSO® LYy 20KSNJ OFasSazx (GKSe& NI
or copied. Data can also be collected by other methods such as questionnaires, interviews, direct
obsewations, etc. and their results are registered in forms (electronic or paphe.analysis led to the

creationof aunified methodology for KPIs related data collection, analysis and visualisation.

The first part of themonitoring and evaluatiorframewolk covers the data collection process. The
deliverable presents the methodology for the collection of the various types of data required for the
calculation of the KPIs in the IRIS LH cifidés methodologywhich created through a collaborative
process vthin the IRIS LH cities, specifies the data requirements for eachdtiilateswere createdo
collect the required information for the monitoring devices, the automatically generated data, and the
manualy collected data. The framework also contains thethodology for the KPIs that will be evaluated
through data collected in the form of questionnaires. Finally, it presents the procedure to evaluate the
guality of the collected data.

The second part of the framework covers the calculation and vistialisaf KPIs. lis based on a sistep
process in whiclthe collected data will be analysed to produce each KPI and relevant visualisations. The
data analysis and visualisation framework contains three layers: 1) The data acquisition layer, which
containsthe mechanisms that reliably record all related raw data in a valid format commonly agreed and
standardised within the consortium, 2) the data analysis layer, which contains the tools able to filter and
fuse data from heterogeneous sources and procesmtirean efficient and methodologically sound way,

and 3) the dashboard layer, which produces the most appropriate visualisation diagrams for each KPI for
meaningful representation of results. The implementation of data analysis and visualisation is pdesent
through anindicativeKPI.

The IRIS KPIs to@lvailable alhttp://monitorinq irissmartcities.ey implements the unified monitoring

FNI YSG2N)] FyR dzaSa GKS O2ftf SOGSR VYiadpfesdnaaidlestis. R G i
It interacts with the City Innovation Platform, which is the primary tool for data gathering from the IRIS
demonstations, to automaticallgollectmonitoring data Moreover, i supports the manual data entry of

monitoring data and othestatic data that are required for KPIs calculations (i.e. reference data, offline

data and data collected using survey$he toolincludes interactive dadioards that allow users to

monitor and evaluate their measures, and to compare the performance and impact of different
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demonstrationsThe tool also supports the publishing of selected data to the City Innovation Platforms of

LH cites and the SCIS sedfporting tool.The design and development of the t@skbased on the analysis

of similar tools created by CITYKeys and SCIS EU projects and on the latest developments in the fields of
data visualisation and dashboard design.

The unfied monitoring framework that is presented in this deliverable will be deployed during task 9.4
(Deployment of monitoring framework in LH cities) to all LHs with support from the technical partners
from each LH. During that task, all the information tisatequired from the unified monitoring framework

(i.e. data for the KPIs variables, measurement details, survey planning, etc.) will be collected in the three
IRIS LH cities. The actual performance data collection and reporting will be carried okfTlif.&agOverall
evaluation and impact analysis for impact enhancement) starting month M25. During that task the unified
framework and the KIPs tool will be evaluated and tested for easy maintenance to identify and restore
flaws in data collection, ensuringerformance, robustness and validity also after the end of the project

so that future data can quickly be introduced into the SCIS.
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9. Annexes

9.1. Annex 1 teForm for interpretation KPIs
INSTRUCTIONS:

1 Open the file of theransition track This file describes which KPIs belong to whit¢grated
solutionin this transition track.

1 Open the KPtard file and read the description of this KPI.

9 For the interpretation, take thintegrated solutioras referere.

1 To interpret the KPI, fill out this table. Note: It is not necessary to answer the question in the
given order. Feel free to jump around in the table. Use the table as a means to help in the
interpretation of the KPI.

Step | Question Answer

1. Whichintegrated solutioris focussed on’

2. Which KPI is focussed on?

3. Does the description of the KPI fitto th ¢ Yes, gotostep5
integrated solutiof?
¢ No,gotostep 4

4, Adjust the description of the KPI

5. At what timescale do we want to kno
this KPI?

Per second
Per hour
Per day
Per week
Per month
Per year

hiKSNBAEASS XXXX

(ST « SR « SR « Y o Y o VY o O
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6. At what spatial scale do we want to kng ¢ Per individual
this KPI? o
¢, Per group of individuals
¢, Perdwelling(s)
¢ Per apartment building(s)
¢, Perdistrict
¢ hiKSNBAAST XXXX
7. Describe the delineation in space al
time of this KPI
8. Is the KPI formula correct? ¢ Yes, gotostep 10
¢ No,gotostep9
9. Adjust the KPI formula
10. | Remarks about the KPI formula
11. | What is the baseline of this KPI?
Tip: Baseline is described deliverable
D5.1 for all integrated solutions
12. | Which type of measurement is needed| ¢ Data or measurements of an existing meter
determine the KPI?
¢, Data or measurements of a new meter
¢, Data from databases
¢ Survey
¢ hiKSNBAEAST XXX
D1.7 Dissemination LevePublic Page70of 86
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13. | Describe the type ofmeasurements
needed for the KPI

14. | Where is measured for this KPI? Tip: {
the monitoring schedule and name th
meter and whose meter it is

15. | When is measured for this KPI1?

16. | Who can provide the data?

17. | Are there restrictions to unlock the data

18. | In what format is the data available?

19. |Is it easy to link to the City Innovatig
Platform?

20. | Who is responsible for KPI1?

21. | Who calculates the KPI?

22. | Do a trial calculation of the KPI based | Describe in words what the outcome of the KPI says:
the project plan. Save your calculation!
Explanation: Assume that 100% of t
project plan is implemented and calcula
the KPI based on that implementation.
Is the result of the calculation a usef
outcome? Is it realistic?

23. Remarks

D1.7 Dissemination LevePublic Page’1of 86




:':. | RIS GA#TT4199

', Integrated and Replicable Solutions

9, :‘ L4 for Co-Creation in Sustainable Cities
-

9.2. Annex 2 teKPI Numbering
KPW#_KPlmame  _ KPW KPlname

1 Accessibility of open data 24  NOx emission
2 | Access to vehicle sharing solutions 1 25| Number of connected urban objects
city travel
3  Advantages for endisers 26 Number of echargingstations deployed ir
the area
4 | Battery Degradation Rate 27 | Number of efficient vehicles deployed in tt
area
5 | Carbon dioxide Emission Reduction 28 Number of Fred-loating subscribers
6 | Carbon monoxide emission reduction 29 | Open databasedsolutions
7  CO2 reduction cost efficiency 30 Participatory governance
8 | Data loss prevention 31 | Peak load reduction
9 Data safety 32  People reached
10 | Degree of energy sefupply by RES 33 | Platform downtime
11 Developer engagement 34 Reducecenergy cost for costumers
12 | Ease of use for end users of the solutic 35 | Reduced energy curtailment of RES and |
13 Energy savings 37 Reduction in annual final enerc
consumption by street lighting
14 Expiration date of open data 38 | Reduction in car ownership among tenant
15 Fine particulate matter emission 39 Reduction in driven km by tenants at

employees in the district
16 | Improved access to vehicle sharii 41 Share of RES in ICT power supply
solutions
17 Increasedawareness of energy usage 42 Storage capacity installed

18 | Increased consciousness of citizenshij 43 | Trialability

19 Increased environmental awareness 44 | Usage of open source software
20 | Increase in Local Renewable Ene 45 Userengagement
production

21 Increased system flexibility for ener¢ 46 Yearly km driven in-ear sharing systems
players/stakeholders

22 | Local community involvement in th 47  Quality of open data
implementation phase

23 Local community involvement in th
planning phase
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9.3. Annex 3 teCITYKeys KPI Tool teScreenshots
The following screeshots present the functionality of CITYKeys KPI(©dlYKeys Project, 2016)

B ool [ ofall

e e B

kpitool/

9 - io“'@ClTVkeys

B nx

La

(e

Cities
s Test city 1: Input KPL g

Projects

File Edit View Favorites Tools Help

* Test project 1: Input values -
* Test project 2: Input values -

#Cs - Visualize results -

Visualize results - Download as Excel
Visualize results - Download as Excel

+ Cities and

*+ Projects

you have access rights
are shown

Main functions

— Input KPI values

— * Visudlize results

— * Download KPI values
| as Excel file

.\

4

Main page: Select
"Input KPI values™

Projects
o

City KPIs page:
Select "Input values”

Screenshot CITYkeys KPI tool: main page

Back to the

General

= Elg

e‘\}”@ hitps:/baviti/keysion=/cties/256e4 O + @ © || Keystone - Testciy1  x

. File Edit View Favorites Tools Help
main page \ }
iT&SIGINI

Back to KFI tool

General information

information

b
Ll

Key performance indicators

CITYkeys Framework
based navigation

Se | e PEOPLE PLANET PROSPERITY GOVERNANCE
Heath reray — Organisation
- i ity -

Re’rum

PEOPLE

oaltn

Access to basic

Safaty

Traffic sccidents
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ol 55

(<]©

@ nttpsy//vattfi O ~ @ & " (22 Keystone - Indicator in... * m

General information

= norm

Complete description

Cive time and date of the
data (not the input date)

| Give assesment status

| Unit

Cive the Indicator value
- Likert or/and quantitative

Give additional information
like data sources (optional)

Assessment

Assessment status
Time of the data
Year: Montn v Times | 0:00:00

Day:

GMT v

® Assmszed
© Will be sszeszad Ister

O Indicator nct spplicable
Q Indicator not relevant

© Needed dsta not svailable

Quantitative assessment
Value

Performapce laswed

® 1o azsmssment

O 1. Nt t all: no messures wers taken to encoursgs @ hesithy ifestyle

© 2. Poor: thers was littis encoursgement of = hesithy Efestyie

© 3. Somewhat: thers was same encouragement of & heaithy lifzstyls with the implementation of some messures

© 4. Geod: & zufli
facilities) and on

t enczursgement of & by
(i.=. app reminders) in

iy ifestyle was transisted into seversl offline (biking facilites, public sperts

tives

O 5. Bxcelient: = hesithy Bfestyie was sxtensively sncoursged offline (biking facilities, public sports faciltis, pedestrisn
netwerks) and onfine (i.e. sxerses sppz)

Additional information
Dats source ete.

"Save” the data by pushing
"submit assessment” button

Submit

"Delete” assesment by
pushing the button

Submit sssessment

Previous assessments

Timestamp

Tue, 1Mar0l6  Assames 3. Someunat: e was S SRagLer 3 neanny ]
10:00:00 GMT tfestyle with the implementation of same meas PR
Sun, 16802016 Agsemen 4. Gooa:  sumaent encouragement of & hameny ifest/e was @

20:00:00 GMT transistad Ints several cfing (Eiking faciities, public serts

~
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=)

Hierarchy Tags

Economic performance
Innovation
Attractiveness & competitivene:
Governance

Transportation
o] 1cT

Built environment

Organisation

Community involvement

Multi-level governance
Propagation

Scalability & replicability

Aspects of success

Select which indicators will be

visualized (only for Likert scale KPlIs)

* Only relevant Tags are shown

* Multiple Tags can be selected by
holding down the Ctrl key and
left-click mouse button

Current filter: Health, Safety, Access to (othg
resilience, Pollution & waste, Ecosystem,
& Org

ervices, Educaj
Floyment, Equit
sation, C 4

Latest assesments

Possible to visualize by assesment
date (last value before the date
will be used)

Possible to compare KPIs by
assesment dates (last value before
the date will be used)

Trend graph based visualization.
Select which indicators will be
visualized by clicking the KPI
related row (for all KPls)

See more detailed on the next slide

6@1@ https://ba.vtt.fi/keystone/kpitool/in ,O ~ 8 G " @ CITYkeys - Test project 1 % ‘_I GD 7;3 {é:j

Assessed before

2016-10-21

Compare to assesments before

2016-08-21

, Energy & Mitigation, Materials water and land, Climate
reen economy, Economic performance, Innovation,
| governance

Quaiity of public transport
Improved sccess to vehicle sharing solutions.

Extending the bike route network

® Access to public smenities
access to commercisl smenes
Improved Nexidilly in delivery services

“improved sccess to ducstions! resources

Reduction of embotied energy of products and services used in the project

Latest assesment

22.8.2016 15:58:11

Incressed envronmentsl swsrene
Seif-sufficiency - Weter Reduction in ife cyce energy use
Share of renewabie materists Reduction in anmusi Tl energy consumpion
DTS 5
b 1L Lo of ressurtP @B PPt
Indicators
Indicator name Assesments (#)
Improved access to basic health care services 2
D ing S ik restyle i

13.6.2016 12:26:20

Screenshod Visualizing KPIs (1/2)
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e@l@ hitps;//bavitfi/keystone/kpitool/ir O ~ @ & ]l @ arvkeys - Water consu... % | i ﬂb * {é}

| Water consumption |
Total water consumption per capita per day
Related city Test city 1
Assesment method Calculated annually with data from the water supply companies
Tags City, Planet, Materials water and land
Calculation Formula (City's total water in litres per day
Unit litres/cap/day

Select which indicators will be
visualized by clicking the KPI
related row (for all KPlIs)

Performance level 1 description

Performance level 2 desc

Performance level 3 description

Performance level 4 description

| Trend graph Performance level 5 description

Water consumption must b in harmany with water resources to ba sustainable (ISO/DIS 37120, 2013). This harmany may be achieved through
| Numeric values improvements in water supply systems and changes in water consumption patterns. The main driver for water consumption indicator is the increased
concern of water scarcity and decreased water quality. Water management and supply of safe drinking water have become a global issue. Due to
changes in the climate, there has been an increase of either extreme dry and warm seasons in some countries or rainy seasons connected with floods.
N\ i other areas. Water scarcity varies greatly between countries, even between regions inside the country. This indicator vill nesd to be measured in
tarms of changes from year to yaar within a eity vithin a range of rates due to the variability ameng cities.

N dicator assesments.

I
Iftors
!
ndesorrame paseamens (21 e ssseament Table of assesments

e D Timestamp status assessment level Comments
- — > 7.8.2015 9:49:12  Assessed 336 litres/cap/day Randomly generated test data to
N s ) create dense timeseries.
oo . mans e £.5.2015 9:49:12  Assessed 309 litres/cap/day Randomly generated test data to
e scramre - 52108 menise create dense timeseries.
I
9.9.20159:49:12  Assessed 337 litres/cap/day Randomly generated test data to )

Screenshaob Visualizing KPIs (2/2)

Screenshob Comparison of the assessments
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