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Executive Summary
To ensure consistent and accurate and reliable data analysis over, and beyond, the five year
life cycle of the +CityxChange project, it is important to have an established methodology
for monitoring and evaluation (M&E) of project data measured from the implementation of
project interventions.
The data to be monitored is generated at the source of the planned intervention
implemented in the project area, and can be monitored using sensors, online data
collection systems, surveying or other monitoring mechanisms suitable to the intervention.
The Key Performance Indicator (KPI) framework refined in Deliverable 7.1 - Approach and
Methodology for Monitoring and Evaluation, is used to guide KPI and data owners on the
parameters and variables to consider in the calculation of the indicator, when data is to be
reported, and the spatial scale at which the data is to be reported. These parameters were
used in the setup of the M&E Reporting Tool (MERT) to determine the calculations required
for each KPI. The MERT forms part of the Information and Communication Technology (ICT)
Ecosystem of the +CityxChange project, and provides a repository for monitoring data
captured by KPI and data owners, from where the data is modelled, displayed and made
available for further dissemination.
KPI and data owners are responsible to manage the monitoring data captured in their own
repositories or active monitoring systems. Here, the data will be prepared for submittal to
the monitoring tools. If required, and dependent on the indicator, the KPI/data owner will
process the captured data to the format required for the calculation before it is submitted.
The submission of data can then take place through a manual process (submitting data
through the online KPI interface of the MERT or an automated process (sharing data
between the partner’s data portal and the MERT through API connection). The availability of
data for monitoring and display in the MERT is however dependent on the implementation
of interventions, and will be informed by the KPI/data owners. To promote wider data
dissemination, monitoring data for six KPIs will also be reported to the Smart Cities
Information System (SCIS) Self-Reporting Tool (SRT).
In support of the monitoring data captured in the MERT, partners will have the option of
uploading documents that provide further information on the data that is captured. The
supporting documentation can include detailed calculations or processing applied to the
data captured, more granular levels of data, links to other deliverables describing the
interventions for which data is captured and other supporting information that does not
include any personal information.
The data that
download to
comply with
Management

is captured, modelled and displayed in the MERT, but also made available for
enable external use. The data is made available to the public domain to
the European Commission (EC) regulations and +CityxChange Data
Plan (DMP) of open access to data, and making data Findable, Accessible,
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Interoperable, and Re-usable (FAIR). The data that is made available for download from the
MERT and is shared under Creative Commons Licensing conditions to ensure data
dissemination with the necessary attribution. The MERT will only allow accredited users
(KPI/data owners) access to modify (add and edit) data and download of all the data
available. Public users will have access to monitoring data, being able to download the
aggregated data for the KPI, and a ‘.pdf’ summary report, whilst not able to modify any of
the captured data. The data displayed in the MERT’s individual KPI interface will include the
KPI number, description, expected or targeted impact, unit of measurement, frequency of
reporting, annual performance of the KPI presented as a percentage, visual representation
of data (graphs), and other key information relevant to each KPI. From this interface, the
accredited users will be able to modify data, and accredited and public users alike will be
able to generate the summary report.
As it is still unclear when monitoring data will be available for many KPIs, the development
of the MERT employs a flexible structure approach to allow for future integration and
possible alterations. The MongoDB NoSQL database management structure on which the
MERT is based, accommodates a variety (and large volumes) of data and allows easy
scalability. The two methods of submitting data to the MERT further enhances its long term
and ease of usability. To promote the use of the automated process of data sharing, the
APIs were structured using the FIWARE guidelines for KPIs in smart city projects, making the
later integration and use of this method by partners easier and more efficient.
As the project progresses, it is of critical importance to receive partner’s feedback on the
use of the MERT, and to engage on ways to improve the efficiency and use of the tool to
assist partners in achieving project goals. Although this deliverable sets the foundation on
which M&E in the tool is built, the continuous improvement of the tool is dependent on a
collaborative effort between all the partners involved.
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1 Introduction
This deliverable describes the data collation, management and analysis methodology
applied in the development of the Monitoring and Evaluation Reporting Tool (MERT)
developed for the +CityxChange project. The task was given to develop an interactive
Monitoring and Evaluation (M&E) platform where project monitoring data is stored,
managed, modelled in order to represent the performance of interventions implemented in
the project. In accordance with the task description, a web-based analysis platform was
developed to capture KPI monitoring data submitted by KPI/data owners. The captured
data is then modelled according to each KPI’s defined parameters in the KPI framework,
from where different interfaces (pages) in the MERT is generated to display the data. The
ICT Ecosystem of the project does not have a central data repository, but provides a
decentralised mapping of various ICT systems and data portals that interact to distribute
data and information. As such, the MERT is part of the decentralised system by connecting
with various data sources through various ways, consolidating the inputs received, and
being able to share the data back to systems or partners in the ecosystem. The figures
below provide a display of home page and KPI interface example of the MERT.

Figure 1: MERT dashboard ‘Home Page’
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Figure 2: Individual interface for KPI 1

The measurement of the interventions are done using the KPI framework developed in
Deliverable 7.1: Approach and Methodology for Monitoring and Evaluation1, and used to inform
the back-end calculations performed by the MERT.
The purpose of this deliverable is to detail the way data is sourced from the KPI and data
owners using a manual and automated process, and describe the modelling that will be
applied that enables adequate analysis and display of data in the MERT interfaces. Further
detail is also provided on the setup of the MERT, the database structure, user interface
design approach, and the various features and functionalities that the MERT provides to the
user. A critical feature discussed in this deliverable is the process and guidelines according
to which data is shared, and the relevant measures taken to ensure that data is managed
and protected to provide data as openly as possible, but as closed as necessary so as to
avoid leaking of personal information, and attributing acknowledgement of external data
usage to the relevant partners. More detail on the functionalities, navigation and interfaces
of the MERT are available in D
 eliverable 7.4: Monitoring and Evaluation Dashboard2
As the MERT is only one of multiple Information and CommunicationTechnologies (ICT)
developments within the +CityxChange project, the deliverable also describes how the
MERT forms part of the ICT Ecosystem and the various standards and processes applied in
the development of the MERT to ensure that interoperability is optimised and the later
integration of other ICT systems, alterations to MERT features, connections to data portals
and other necessary updates can be applied without disrupting the functionality and
stability of the tools and systems.

D7.1 available at:
https://cityxchange.eu/knowledge-base/approach-and-methodology-for-monitoring-and-evaluation/
2
D7.4 available at:
1
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2 Data Collation of KPI Monitoring Data
This section describes the architecture and software design and development approaches
followed to develop the MERT, as well as the processes of collecting data and information in
the MERT.

2.1 Data Collation Defined
Data collation is described as the process of assembling and summarising data points from
a single or multiple data sources over a period of time (Macueve, 2007). Collation of data is
important as it provides a structure in which data points are arranged according to themes,
type, source, value or other criteria used in the analysis and evaluation of the data.
+CityxChange project data will be reported by various partners through measuring the
impact of interventions implemented using the Key Performance Indicator (KPI) framework
developed for the project, and refined in D7.1.
The KPI data will be collated (summarised) according to the ‘KPI Type’ as defined in the
development and refinement of the KPI framework. This summarisation will group
monitoring data from the KPIs into the themes as defined for the project:
1. Integrated Planning and Design
2. Common Energy Market
3. CommunityxChange
Each KPIs monitoring data will be grouped in the above mentioned themes, and as shown
in the table below.
Table 1: KPI Overview
Theme
Integrated
Planning
and Design

KPI
ID

KPI Type

KPI Definition

1

Decision/planning
support

No. of APIs connected to the Decision
Support Tool (DST)

2

Decision/planning
support

Number of use case stories in the
Information, Communication Technology
(ICT) Ecosystem repository

3

Training and skills
development

No. of municipal staff trained to use the DST

4

Enabling DPEB/DPEDs

No. of new DPEB/DPED-enabling prototypes

5

Enabling DPEB/DPEDs

No. of study visits by regulatory authorities

6

Enabling DPEB/DPEDs

No. of politically approved Bold City Visions
with guidelines, roadmaps, and action plans

7

Impact on regulation

No. of changes in regulation

This project has received funding from the European Union’s Horizon 2020 research and
innovation programme under Grant Agreement No. 824260.
D7.3: D
 ata Collation, Management and Analysis Methodology Framework, v.05

10

October 31, 2019

Common
Energy
Market

Community
xChange

8

Greenhouse gas (GHG)
emissions

Tonnes of CO₂-equivalent emission
reduction per year

9

Air quality

Tonnes per year Nitrogen Oxides (NOX)
emissions reduction

10

RES share

The percentage of total Renewable Energy
Sources self-supply

11

RES Integration

Increase in new renewable energy system
integration

12

District level optimized
self-consumption

Percentage district level production versus
total energy consumption

13

Replication

No. of new DPEBs realised

14

Energy efficiency

kWh/m² (UFA) per year improved energy
efficiency (final energy demand)

15

RES efficiency

Net useful thermal recovery/year (GWh)

16

Reduction in energy
grid investment

€M reduction compared to planned
investment

17

RES curtailment

Percentage of energy grid failures

18

RES traded

Percentage of the total Distributed Energy
Resources capacity traded

19

RES flexibility

Percentage of peak load reduction (<30
hours)

20

RES storage

Increase in installed RES storage capacity

21

Increased uptake of
e-mobility solutions

Percentage modal shift from fossil-fuel
vehicles to eMaaS (vehicles/bikes)

22

Replication

No. of new or existing buildings participating
in the energy markets

23

Investment

Total new investments generated (€M)

24

Investment

Percentage reduction in simple payback
periods (years)

25

Investment

Annual return on investment (%)

26

Investment

No. of new jobs created

27

Community participation

No. community participation events
organized across all +CityxChange cities

28

Community participation

No. citizen observatories established

29

Community participation

No. of community participation
events/actions

30

Innovation

No. of innovation labs/playgrounds
contributing to the creation of DPEB
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31

Training and skills
development

No. of Positive Energy Champions trained

32

Behaviour influence

No. of organisations with new sustainable
energy approaches

33

Replication

No. of demonstration projects implemented
in Follower Cities

The monitoring data for each KPI will be collated within the M&E Reporting Tool (MERT),
whether the data is captured automatically through the use of connected APIs, or manually,
using data capturing sheets built into the KPI interface of each indicator in the MERT. The
data and information captured for each KPI includes:
● Full KPI description (as detailed for each KPI in D7.1).
● Calculation methodology references.
● Actual performance of the intervention compared to expected impact or target
● Reported data records at set reporting intervals, and at the spatial scale required for
the measurement of the indicator.
○ The data captured is dependent on the level of granularity required for the
KPI calculation. The granularity could be building level, sub-city district level,
city level or project level (highest aggregation level, conforms to overall
expected impact per KPI), and then aggregated to the level necessary for
reporting (further detailed in Section 4.3).
● Analysis, summaries, and visualisation of data.
● The option to submit supporting documentation for the monitoring data reported
(further discussed in Section 2.2.2).

2.2 Sources of Monitoring Data
Project monitoring data is the data collected through the monitoring of interventions using
the KPI framework (e.g. number of Positive Energy Champions trained, tonnes of CO2
emission reduction, etc.). This data will be generated at the source of the intervention in
various ways:
● Where a physical installation of an intervention (or a group of multiple interventions)
is required, which is monitored through the use of sensors or other monitoring
mechanisms that monitor the impact of a wider intervention network of multiple
interventions that are monitored together, like multiple PV installations monitored
as a whole (then later processed for capturing in the MERT).
● Physical interventions may report data to online systems that can connect to the
reporting tool(s) and share data through APIs.
● Where the performance of an indicator can not be measured through sensors or
monitoring mechanisms, a manual process of data collection such as surveying or
manual data submittal to the MERT would be more suitable (such as planned and
executed as community centred events, training, or otherwise calculated results).
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The M&E of project interventions will entail the flow of data between various parties
involved in the process. The deployment of planned interventions will lead to the
generation of data resulting from the impact the intervention has on its environment or
other direct applications. The data is then captured by the KPI and data owners at intervals
needed to report on the status of the intervention. The monitoring data captured by the
KPI/data owners is managed and processed to provide data in the format required (as
specified in Deliverable 7.1) for calculation and reporting of project data through the MERT
and the Smart Cities Information System’s (SCIS) Self Reporting Tool (SRT).
The spatial scale at which these interventions are implemented and the unit to be analysed
during the Monitoring and Evaluation (M&E) process determines the values and parameters
that will be used in the calculation of a particular indicator. KPI and/or data owners involved
in each intervention are the administrators of raw project data, and thus responsible for
the initial management of data.

2.2.1 Data Flow from Intervention to Reporting Tools
Data flow from the indicator will be controlled and managed by the KPI and/or data owner
of the specific KPI. As monitoring data is generated at different spatial scales and at
different frequencies, the KPI and data owners will be required to manage data in their
repositories or active systems until it needs to be reported to the MERT, i.e. at the relevant
reporting frequency determined for each KPI. Depending on the particular indicator, the
data that is captured by the KPI/data owners could require further processing (such as
format changes, aggregation, breaking data down into more variables, initial calculations,
etc.) to prepare the data according to the input (i.e. variable) required for the calculation of
the indicator in the MERT. This initial processing will be conducted by the KPI/data owner
prior to the submittal of data into the MERT repository. It is therefore the responsibility of
each KPI/data owner to ensure that monitoring data is captured, processed and managed
for the initial period until submitted to the MERT. The calculations that are set up in the
MERT will be reviewed periodically, or when it is highlighted that the proposed calculation is
not in line with the data (variables) monitored by the KPI/data owners. The first review of
proposed calculations will be conducted once the prototype MERT is functional, and
KPI/data owners will be engaged continually to ensure alignment on the calculations used.
Reporting data to the MERT can take place in two ways — manual data collection and
automated data collection.

2.2.1.1 Manual Data Collection
Due to the variable nature of project data to be reported, KPI and data owners of a number
of KPIs will need to provide monitoring data through a manual data input process. This
method of data collection will entail the KPI or data owners to submit the required KPI
metadata at the time of first submitting monitoring data, whether using the manual or
automated data capturing process.. The metadata for each indicator will be captured at the
onset of monitoring of the intervention and only changed or updated if and when
necessary, while monitoring data will be captured at the required intervals stated for each
This project has received funding from the European Union’s Horizon 2020 research and
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KPI. The data capturing fields of the MERT were designed to provide fields of input for each
variable required in the calculation of the indicator.
The data capturing fields for each KPI will be made available to KPI/data owners through
controlled and designated access to the MERT indicator interface. When logged into the
MERT, the KPI/data owner(s) will have access to an interface that was developed for each
indicator. The interface will present all the key information of the indicator, show current
performance compared to expected impact or targets and visualise the data in several
formats. The KPI/data owner will have the option to add data points to the repository by
being prompted to select the required variables and manually input the relevant data
points into the related fields. When the input is complete, the data will be saved to the
repository and be displayed on the indicator’s interface. Where required, the MERT will
perform background calculations using the variables submitted by the KPI/data owner and
display the results as defined for the indicator.

2.2.1.2 Automated Data Collection
Data collection of project monitoring data is automated through the use of Application
Programming Interfaces (API). As the developer of the web-based MERT, FAC requested
data providers (KPI and data owners) to provide API endpoints (with details on accessing
the RESTful JSON APIs) that will enable a link between the MERT and live systems or online
project data repositories specified by project partners. The MERT will request the API
endpoints from the KPI owner’s data repository informed by the reporting frequency
defined for the KPI, and by the KPI/data owner needing to ensure that the data is ready and
available to be shared with the MERT. As a fall-back option in cases where KPI/data owners
are able to use the manual or fully automated data submittal options, a JSON format ‘.csv’
template can be developed together with the KPI/data owner for the data collection and
read this into the MERT after completed by the partner.
Automated collection of data provides a simple, quick and effective way of capturing project
data at specified intervals with very little manual input required.

2.2.1.3 Availability of Data
Due to the scale and variety of project interventions it is difficult to determine the trajectory
of when data will be available. Monitoring data required for the calculation of each
intervention will not be available at the same time or rate and is dependent on the type,
scale, and planned timing of the intervention’s implementation. The availability of data can
be classified into three categories (as stated in D7.1):
1. Short term data availability
○ Data is generated from the onset of the project and generated by initial
interventions implemented. The data indicates an immediate deviation from
the baseline and is available in a relatively consistent (linear) trajectory over
time.
2. Medium term data availability
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Project monitoring data is only available in the mid-term of the project due to
the planning and development of the interventions during the initial term,
and execution of the interventions in the mid term.
3. Long term data availability
○ Interventions to generate data will only be implemented in the latter stages
of the project, and therefore data for the indicators measuring the
interventions will only be captured and processed towards the end of the
project.
○

The availability of data influences the results depicted in the MERT or SRT. Up to the point
that an intervention is implemented and monitorable, data will not be collected or
displayed in the relevant reporting tools, and will indicate non-performance of the KPI. As
soon as data does become available, it will be submitted to the MERT (through automated
or manual process) and will be available for interpretation in the tool.
In an effort to ensure a structured flow of data from KPI and data owners, an agreed data
provision specification for data sharing will be developed with support from Task 1.2. The
strategy will stipulate all the requirements and details regarding the when, how, and why
data will be shared. The parties involved will agree on the format and specifications of data
sharing, aggregation levels, indicator specifications, how data will be modelled and in which
platform it will be used, and how it will be made accessible to other partners and the public
domain.

2.2.1.4 Monitoring Data Reported to the SCIS SRT
As part of data dissemination, the KPI data monitored has to be reported to the SCIS.
Reporting to the SCIS is done through the SRT, that has been set up with a range of Fields
of Action (FoA - i.e. data input fields in the SRT’s online platform for data collection) where
partner data can be submitted. As detailed in Deliverable 7.2 - Reporting to the SCIS
System, the SRT was developed by the SCIS as a central platform for the collection and
analysis of data from a variety of smart city projects that use the SCIS as a data repository.
The SRT framework has a rigid structure that captures data in common smart city initiative
themes, such as ICT, mobility, Renewable Energy Source (RES) and building interventions.
Through ongoing refinement of the data capturing process with KPI/data owners and the
SCIS, it has been determined that data for six KPIs can potentially be reported to the SRT.
These KPIs are listed in the table below.
Table 2: KPIs potentially able to report to the SRT
Theme
Common
Energy
Market

KPI
ID

KPI Type

KPI Definition

12

District level optimized
self-consumption

Percentage district level production versus total energy
consumption

14

Energy efficiency

kWh/m² (UFA) per year improved energy efficiency (final
energy demand)

17

RES curtailment

Percentage of energy grid failures
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19

RES flexibility

Percentage of peak load reduction (<30 hours)

20

RES storage

Increase in installed RES storage capacity

21

Increased uptake of
e-mobility solutions

Percentage modal shift from fossil-fuel vehicles to eMaaS
(vehicles/bikes)

Due to the rigid structure of the SRT, not all the +CityxChange KPIs can be adapted to suit
the specific calculation requirements of the SRT. To get data reported to the SRT, the MERT
data input fields have been setup according to the SRT’s requirements. Partners will then
provide the data, either manually or through the automated process, to the MERT from
where it will be reported to the SRT. The SRT framework allows only for annual reporting,
which requires that partners only submit monitoring data measured at annual frequency.
The specific structure of the SRT does not allow automated data sharing, which means that
the data shared to the MERT will be uploaded manually to the SRT, where it will be
modelled and displayed in the ‘Project Data Visualisation’ section of the SCIS website.

2.2.2 Supporting Information
The monitoring and evaluation process will realise not only quantitative, but also qualitative
data related to the planning, execution, determining factors, expected impact, overall
performance, and other informative data. Supporting evidence, whether quantitative or
qualitative, in this sense, can be used as an aid to validate and substantiate the KPI data
points provided by the KPI/data owner. The supporting evidence importantly provides an
additional and alternative view of the quantitative data measured by the KPIs, offering a
qualitative insight into the origin and rationale behind the numbers captured.
The MERT has a functionality that provides partners with the option to upload
documentation to its repository in support of data inputs used in the calculation of KPIs. As
the supporting documentation submitted to the MERT will be public facing, partners are
required to scrutinize the information and insure that it does not contain any personally
identifiable information that might compromise the personal privacy or security of any
organisations or persons. Partners are advised to upload supporting documentation in
‘.pdf’ format to ensure size limitations, compatibility and limit the risk of malware transfers
to the MERT repository through other file formats. The intention of being able to add
supporting documents is to provide the public or partners using the KPI monitoring data to
better understand the origin or any processing uniquely applied to the captured data,
which would assist the user in interpreting the results displayed. In general, supporting
evidence may include, inter alia, the following:
● Complex calculations/processing/modelling applied to the data captured for the KPI.
● Data sheets with a higher level of granularity from which the data displayed in the
MERT is derived
● Information regarding applied standards or best-practice according to which data is
formatted (e.g. ISO standards).
● A link to +CityxChange public deliverables that describe an intervention related to
the data captured.
This project has received funding from the European Union’s Horizon 2020 research and
innovation programme under Grant Agreement No. 824260.
D7.3: D
 ata Collation, Management and Analysis Methodology Framework, v.05

16

October 31, 2019

●
●

Descriptions of the data capturing methodologies
Published media (e.g. social media, print media) highlighting project activities related
to the captured data.

In the project’s, and KPI framework, context examples of supporting evidence may include:
● KPI 1 – Number of APIs connected to the Decision Support Tool (DST)
○ Breakdown of API structure applied
○ Documentation on accessing the API
● KPI 2 – Number of use case stories in the ICT Ecosystem repository
○ Log of which DPs or deliverables the use case stories connect to
● KPI 3 – Number of municipal staff trained to use the DST
○ Information on the DST, why training is required, how the DST will be used
● KPI 10 – The percentage of total Renewable Energy Sources self-supply
○ Description and breakdown of the baseline of locally produced and
consumed thermal/electrical RES
● KPI 14 – kWh/m² (UFA) per year improved energy efficiency (final energy demand)
○ Detailed information regarding the building types and building uses that
attribute to the improved energy efficiency to be provided by KPI owners
● KPI 16 – €M reduction compared to planned investment
○ Description and breakdown of the initial budgeted investment figure for
energy grid investment for each investment area
● KPI 24 – Percentage reduction in simple payback periods (years)
○ The budgeted investment payback period
○ The country specific reference baseline payback period figures for project
category
● KPI 26 – Number of new jobs created
○ If possible, organisation name/type should be captured
● KPI 30 – Number of innovation labs/playgrounds contributing to the creation of
DPEBs
○ List of all solutions (un-approved, approved and operational
solutions/innovations) from each innovation lab
● KPI 32 – Number of organisations with new sustainable energy approaches
○ List of possible interventions that can be applied to / adopted by
buildings/organisations.
● KPI 33 – Number of demonstration projects implemented in Follower Cities
○ WP and DP status reports, solutions catalogues, monitoring and evaluation
reports.
○ Technical feasibility studies and documentation of potential replication of
DPEB solutions for each FC.
○ 2050 Bold City Vision and Guidelines for FCs.
The abovementioned, derived from the refinement of the KPI framework in D7.1, is not an
exhaustive list of supporting evidence, and partners are encouraged to submit detailed
documentation that would support findings from interventions and validation of the data
captured. During the course of the project, partners will have the option to submit
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additional supporting documentation as more data is captured and other insights are
derived from the data. The submitted supporting documentation could also be reviewed
periodically in conjunction with the captured data to determine the lessons learned from
the intervention. The insight gained from this process would also support further project
reporting such as the annual Data Collection and Management Guideline Reports
(associated to Task 7.4) where practical recommendations and guideline reports are based
on +CityxChange results.

2.2.3 +CityxChange MERT as part of the ICT Ecosystem
The task was given to provide an interactive web-based dashboard that will store, manage,
visualise and publish KPI monitoring data. The primary function of the MERT will be to
capture, manage and visualise KPI monitoring data as it becomes available when
interventions are executed, and will track the progress through the measure of the
interventions performance compared to the expected or targeted impact. This data,
together with other informative data captions, will be summarised in an interface for each
KPI.
The MERT therefore provides a summary of each KPI’s progress through the project
lifecycle, which then activates a secondary function of the MERT — to share data. As seen in
the figure below, the ICT Ecosystem does not have a data repository, but provides a
decentralised orchestration of various systems and data portals that can connect to share
data and information. The MERT then forms part of the ICT Ecosystem as it connects to
various data sources, while its functionalities perform analysis that can be shared back to
portals in the Ecosystem. The processed data is also made available to the public through
the MERT’s interfaces, which have additional links to partners’ webpages and repositories
where further detailed data and information is available. The sharing of data to the public
adheres to the aim of making project data as Findable, Accessible, Interoperable and
Re-usable (FAIR) according to the European Commission’s guidelines on management and
sharing of data (discussed in further detail in the following section).
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Figure 3: Simple representation of the MERT as part of the ICT Ecosystem

As the project progresses, the data captured in the MERT can be shared back to other
portals or repositories in the ICT Ecosystem for extraction and use by partners in any
further processing and analysis. If this is required or requested by a partner, API
connections using JSON format (similar to the APIs used in the automated data collection
process), will be established between the MERT and the partner’s repository to enable data
sharing. To increase security, a token with annual validity will be provided for each partner
accessing MERT data through the portal. Further, it is up to the partner to set the frequency
of data request3 to the MERT. The data shared from the MERT will be in the same format as
it is received, with basic identifiers (metadata) and all the monitoring data captured for the
particular KPI(s). By being able to represent monitoring data in a summarised and visualised
format adds value to the use of data as it allows not only the public, but also other project
partners to track their own and fellow municipalities’ intervention performance against
expected outcomes and use data to assess the success factors of specific interventions.

3

Data request – Data requested by partner for use within their internal systems or usage.
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2.3 MERT Database Structure
The MERT database (DB) was designed using the MongoDB NoSQL cross-platform
document-oriented database program. The following points provide a description of the
various elements that make up the database (DB) structure used in the development of the
MERT.
●
●

●

●

●

Partners: This table (schema in NoSQL) consist of partner details. Partners stand at
the top of the hierarchy.
Users: This table consist of each user unique details such as name, contact
information, login credentials, etc. Users belong to only one Partner and can sign
into the tool with their email address and login credentials that each user can create
for themselves.
Indicator: This table consist of indicator details like indicator type, definition,
description, target etc. Indicators are associated with Partners as KPI owners or Data
owners.
indicator_meta: This table holds any additional meta information for all 33 KPI.
They are linked with indicator_id. The meta information captured for KPIs generally
includes: iso applied, quality issues, lineage etc.
kpi_records: This table consist of kpi data inserted by KPI owners based on their
reporting frequency. It contains fields like month, value, data_source. Value is
subdivided in an array of object with title and value where data is more complex.
Data source will have values API, Form, File Upload. Below is an example for complex
KPI data records.

{
month: "1",
value: [
{
"title": "LCCC",
"value: "1"
},
{
"title": "TK",
"value: "1"
}
]
}
●
●
●

uploads: This table consist of any links to files uploaded by KPI owners as part of
kpi_records table to be kept as proof of data source.
change_logs: This table records information for any kpi_records data operations
like addition / modification / deletion.
indicator_pull_logs: This table records information for all API calls made by the
MERT tool to the Partner API endpoint or vice-versa. This is just a log to see if the
cron jobs set within the application are working and if the request/response for
This project has received funding from the European Union’s Horizon 2020 research and
innovation programme under Grant Agreement No. 824260.
D7.3: D
 ata Collation, Management and Analysis Methodology Framework, v.05

20

October 31, 2019

these data pull request were successful or not and the reasons behind it. A ‘cron
job’ is then scheduled to pull data periodically (at fixed times, dates or intervals)
from the KPI/data owners’ repositories to the MERT to populate the data capturing
fields for the relevant KPI. As is the case with the manual data collection process, the
data pulled from the KPI/data owners’ repository will be saved in the MERT
repository and displayed in the indicator’s interface.
The rationale behind the design and use of this particular structure is to promote more
flexibility in terms of the way data is collected and stored. Moreover, the nature of every KPI
and its data demands flexibility within the DB structure to accommodate different types of
data being captured at KPI level. As data becomes available later on the project, and
partners are able to start sharing, there would potentially be alterations in the data formats,
calculations needed, or the way the data is sourced. The benefit then of having a NoSQL DB
structure, is that it allows changes to particular DB entities, without having to change or
causing resultant change to other parts of data contained within the DB. For instance,
partner contact details can be contained within a string “abc@partner.com; 0123456789”
which can later be converted into an object with its appropriate mapping of the details as
depicted below:
{
"email": "abc@partner.com",
"tel: "0123456789"
}
Herewith, the contact details can be altered separately, without having to amend other
related sections in the DB. If, in the future, there are requirements to make changes to the
DB, a basic 5-step process will be followed:
Step 1: Analysis of the changes required based on the integration or alterations needed.
Step 2: Determine the process required to make the changes with the least possible side
effects on other DB elements
Step 3: Implementation of changes
Step 4: Perform thorough testing to ensure full functionality of the MERT is retained
Step 5: Documenting analysis and changes made
The following figure provides a view of the DB structure and its various elements.

This project has received funding from the European Union’s Horizon 2020 research and
innovation programme under Grant Agreement No. 824260.
D7.3: D
 ata Collation, Management and Analysis Methodology Framework, v.05

21

October 31, 2019

Figure 4: MERT NoSQL database structure

2.4 API Structure
The structure of the APIs developed for the MERT starts with an ‘array’. The API is designed
to have more than one object. Each object has KPI details distinguished between meta
information and KPI values. The meta information part of the API consists of details such as
KPI_id, data provider etc., while the data part has values submitted by each partner to the
MERT. An example of how a typical array would be set up for KPIs to capture multiple inputs
for calculation is captured as Annex 8.1 in this document.
The API structure was developed by first assessing the needs for all KPIs. Based on the
needs assessment, all the common properties between the KPIs were factored out. Next,
the data collection method of each KPI was investigated and a structure of how data can be
collected in the most efficient way was created. Thus, a solution was created to support
single input-based data points and multiple parameter-based data points within a single API
structure. This particular structure was adapted from the FIWARE standard on smart city
KPI monitoring, in order to support interoperability and compatibility with other available
ICT systems. This adaption will also enable easier integration of changes and adaptations to
APIs later in the project as the structure has been defined by the particular standard. The
structure developed requires minimal input while providing the most relevant information
with respect to the KPI for all partners.
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In order to get data from KPI/data owners’ repositories using the APIs, the MERT will provide
API access tokens, called ‘API Keys’ to the KPI/data owner that will be supplying the data.
The API key will authenticate the data source before any data is shared. These API access
tokens will be made available to the KPI/data owners through the user's profile page. The
tokens contain information such as Partner Name; username and validity. A schema based
on the RFC 4627 standard and closely developed in conjunction with the FIWARE standard
is defined. This schema also addresses the needs of KPIs that have a complex structure and
is being developed for all KPIs that will be required by the KPI owners to enable data
sharing at their end.

2.5 MERT Interface Development
The architecture of the MERT is depicted in the following figure.

Figure 5: MERT architecture

The MERT comprises of 3 servers – client server, web service server and database server.
As depicted in the figure, the web page renders data provided by the client server. Users
and partners can access the MERT via the web page, from where partners are able to
provide data to or access data in the MERT via the web service server directly with secured
data exchange methodologies described later on. The client server communicates with the
web service server to request web page information requested by the user or partner.
The web service server is responsible to provide communication between the client server
and the database. The client server acts upon requests received via web page through the
user or partner. An additional responsibility of the web service server is to provide RESTful
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API based data access to the partners who are authenticated at the web service server
level. Database Server – is responsible to hold all data for the MERT. Database holds data
for all KPI, Users and Partners. Client server is responsible for processing request from
user/partner through webpage and retrieving the exact information from Web Service
Server. The client server also makes appropriate checks before passing on the request to
web service server. The web page as a component renders the page provided by the client
server along with data requested, as well as taking in requests from users/partners.
In the development of the MERT interfaces, different programmes and software were used
to develop certain sections. The software used in the development includes:
● Front-end
○ ReactJS
■ ReactJS4 is a JavaScript framework that allows to create interactive UIs,
simple views for each state in the application. React efficiently
renders the components when new data is available.
○ HTML5
■ HTML5 is a stack that defines the properties and behaviour of the
webpage. ReactJS translates business requirements into browser
understandable language. HTML 5 is the 5th major version of HTML
and subsumes XHTML.
○ CSS3
■ CSS6 provides styling to the webpage. CSS3 is the latest evolution in
Style sheets. It brings more added features like grid or flexible box
layouts, transitions or animations, rounded corners etc.
● BackEnd
○ NodeJS
■ It is one of the most widely used asynchronous event-driven
JavaScript runtime that helps in building scalable applications. NodeJS
has the ability to handle concurrent connections with agility by going
to sleep if no work is to be done on request from each connection.
(https://nodejs.org/en/about/)
● MongoDB (NoSQL Database)
○ MongoDB is an open source database (DB) management system. Please
refer to Section 3.1.2 of this document for more details of this DB.
The approach used to develop the various interfaces of the MERT can be described as
‘hooks’ based on the functional component methodology. In this method, every single page
is created as an independent functional component. These functional components, or
‘hooks’, are developed individually, and then used by individual pages to perform
operations like processing for adding, modifying or displaying data. The advantage of hooks
is that they can be reused in different parts of the website.
ReactJS detail available at: h
 ttps://reactjs.org/
HTML5 detail available at: https://developer.mozilla.org/en-US/docs/Web/Guide/HTML/HTML5
6
CSS3 detail available at: h
 ttps://developer.mozilla.org/en-US/docs/Archive/CSS3
4
5
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3 KPI Data Management in +CityxChange and the
MERT
3.1 Data Management in +CityxChange
The +CityxChange project strives to provide maximum access to data by being ‘open by
default’ whilst applying data management measures according to the European
Commission’s Open Research Data (ORD) Pilot principle of ‘as open as possible, as closed as
necessary’. The primary aim of adhering to the principles prescribed by the ORD pilot is to
provide access to project data that validates the results of planned actions published for
the project (European Commission, n.d.). This is detailed in the project’s Data Management
Plan (DMP)7.
The MERT is therefore used as one channel through which +CityxChange endeavours to
manage, evaluate, present, and disseminate data internally and externally.

3.1.1 FAIR Data Handling
Through the use of a Data Management Plan (DMP) for +CityxChange (Ahlers, Wibe, Driscoll
& Wyckmans, 2019) the European Commission (EC) prescribes that project data should be
handled in a FAIR manner (EC, 2016). In a research article, The FAIR Guiding Principles for
scientific data management and stewardship, Wilkinson et al. (2016, as cited from
FORCE11.org, n.d.) describes the principles as follows:
● To be Findable
○ Metadata and data is assigned unique identifiers and registered in a
searchable resource or repository where it can be easily found.
○ For each KPI a set of basic metadata will be captured. The metadata will
describe the unique identifiers such as building or demonstration site
location, KPI/data owners, unit of measurement, etc., that will identify the
data points captured.
● To be Accessible
○ Metadata and data should be made universally accessible through an open
and free protocol. The protocol should however include authentication and
authorization procedures where certain data should be available only
through controlled access.
○ The MERT’s KPI interfaces will be open to the public, from which summarised
monitoring data will be exportable.
● To be Interoperable
○ Metadata and data should be presented in a format that can be used in
multiple other representations and applications

7

DMP available at:https://cityxchange.eu/knowledge-base/data-management-plan-initial-version/
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Data can be downloaded from the MERT dashboard in ‘.csv’ and JSON
format, which enables further processing and analysis in other platforms.
To be Reusable
○ The metadata and data that is shared should be checked to ensure accuracy
and a high level of detail (description of attributes) as well as adherence to
universal standards (such as FIWARE, further detailed in Section 2.4). The use
of data should be clearly licensed and indicate user permissions.
○ Creative Commons licenses are applied to allow the use of data and creation
of derivative works, while prescribing the necessary acknowledgement of
such use.
○

●

3.1.2 Data Security
The +CityxChange DMP prescribes that all data management systems developed for use in
the project will adhere to a relevant level of data security such as ISO/IEC 27001 and 27002
(Code of practice for information security management), to ensure confidentiality, integrity,
and availability. The DMP further states that each partner is ultimately responsible for their
own data security, and that partners will have to ensure and document that the cloud
infrastructure used complies with the applicable regulations and data security standards.
To ensure data security within the MERT, the tool is built with a role-based access
management, which allows users to access and/or modify data based on their role. The
MERT makes use of the MongoDB Atlas cloud database that implements additional data
security standards at its own level. At API level, the MERT makes use of API tokens while
sharing data with partners. If any API request is not fulfilled with an API access token, the
request will be discarded. In the event that any access token is tampered with, the MERT
has a built-in ability to validate the tokens issued to all users, and prevent access from
unauthorised attempts to access.
The automation of data capturing does, however, present some risks, which are listed
below with mitigating actions that are applied to limit the associated risks:
● Security
○ Risk: Divulging sensitive project data to the public domain
○ Mitigation: Use of a token-based API, which allows a fetch request to securely
pull data from the data provider’s repository to the MERT. This token is
issued once-off by the data provider’s database to authenticate the
exchange of data between servers, and can be renewed in case of security
issues.
● Server
○ Risk: (1) Server downtime where data cannot be imported, processed, saved,
visualised or downloaded. (2) Server monitoring to determine when servers
are down.
○ Mitigation: (1) Duplication of data on multiple servers that are balanced by a
load balancer will allow multiple partners to access and process data
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simultaneously. (2) To track server operability the MERT will be able to raise
an alert if server issues arise.

3.1.3 Data Accessibility
In line with the +CityxChange DMP for project data, the data that is available for extraction
from the MERT will be subject to use under an open license. In line with other licenses for
other project documents and data, it was agreed to use the open license of Creative
Commons 4.0 (CC), in its most open form, Attribution:
● CC-BY4.0 Creative Commons Attribution: Licensees may copy, distribute, display and
perform the work and make derivative works and remixes based on it only if they
give the author or licensor the credits (attribution) in the manner specified by these8
The license applied will require that users give adequate acknowledgement to the data
sources (+CityxChange) if they wish to copy, reproduce, make derivatives of, and share the
data. The KPI monitoring data that is uploaded to the SRT will be managed and visualised by
the SCIS, who will also make the data available in a downloadable format. SCIS is currently
examining their data licenses, but we expect that our licence of CC-BY4.0 will be
compatible.

3.2 Data Management in the M&E Process
Through the refinement of the KPIs as part of Deliverable 7.19, a calculation method was
developed for each KPI. The KPI and/or data owner responsible for capturing the
monitoring data has to capture data points according to the variables required in the
calculation of the KPI. The KPI and/or data owners are responsible for the management of
project monitoring data until the data is reported in the project’s reporting tool. Depending
on the complexity and the need for multiple variables in the calculation of a particular KPI,
the KPI and/or data owner will either need to capture individual data points (variables) for
each calculation, or capture a single data point that informs the performance of the KPI.
Where complex calculations are required, it is the responsibility of the KPI and/or data
owner to process the data and prepare the variables required before reporting the data
points to the MERT.
Data management in the M&E process will primarily be handled by the web-based MERT.
The tool will provide the following functionalities in the data management process:
● Data acquisition and storage
○ The MERT will allow approved users to capture project monitoring data for
each KPI
○ Data will be stored in a cloud-based platform with restricted access

https://creativecommons.org/licenses/by/4.0/
D7.1 available at:
https://cityxchange.eu/knowledge-base/approach-and-methodology-for-monitoring-and-evaluation/
8
9
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The acquisition and storage process will be automated where possible to
reduce reporting overhead for KPI and data owners and/or data collection
overhead for the M&E operator
Data protection
○ Data is stored in a cloud-based platform that is protected by the use of
secure systems such as SSL based applications
○ Project data is protected by limiting access to approved users (partners that
input/access/download data). Users will be required to authenticate their
login to the MERT using ‘username’ and ‘password’ protection.
○ Sensitive project data is only available to approved users. The MERT has two
access account levels: (1) ‘Administrator’ and (2) ‘Editor’.
■ Administrators will have full access to add and edit project data,
supporting evidence, and metadata for the KPIs they take ownership
of. Administrators will have the ability to download project data from
the MERT for offline use and further processing.
■ Editors will have limited access to project data and will only be able to
add data to KPI data capturing fields and download data from the
repository for offline use and further processing.
○ Sensitive information is only available to certain users
○ Back-up system to secure data from any disasters.
Data validation and support
○ Data captured in the MERT will be supported by the detailed description and
review of interventions in deliverables under each WP, and by any supporting
documentation that partners would like to submit to the MERT.
Data processing
○ Data captured through the MERT will be used for processing in the
calculation of the KPI. The data will also be available to approved partners for
download and offline processing.
○

●

●

●

3.2.1 Data Storage / Repositories
Data storage in the MERT has been setup through the use of MongoDB, an open source
database (DB) management system. MongoDB is a non-relational NoSQL DB technology
with an architecture made up of collections and documents. Rouse, Botelho & Vaughan
(2014) describe the data structure of MongoDB:
“MongoDB documents are similar to JavaScript Object Notation objects but use
a variant called Binary JSON (BSON) that accommodates more data types. The
fields in documents are akin to the columns in a relational database, and the
values they contain can be a variety of data types, including other documents,
arrays and arrays of documents… The BSON document storage and data
interchange format used in MongoDB provides a binary representation of
JSON-like documents. Automatic sharding is another key feature that enables
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data in a MongoDB collection to be distributed across multiple systems for
horizontal scalability as data volumes and throughput requirements increase.”
Tutorialspoint.com list the following advantages of using MongoDB:
● The DB structure is schema-less, which accommodates a documents varying in the
number of fields, content, and size.
● Single objects have a clear structure
● The DB allows easy scalability to accommodate large data volumes
● The DB makes use of a device’s internal memory for storing the working set,
whereby the speed of access to data is improved
The points listed above provide reasoning behind the choice to use MongoDB as the
preferred, and applied, DB management system of the MERT.

3.2.2 Interoperability
Interoperability has been defined by the Institute of Electrical and Electronic Engineers
(IEEE) as the “ability of two or more systems or components to exchange information and to
use the information that has been exchanged” (IEEE, 1990). Similarly, the Federal
Communications Commission (FCC) of the United States describes interoperability as a link
between systems allowing interaction and exchange of data “according to a prescribed
method in order to achieve predictable results” (FCC, 2002). Hence, it can be deduced that
interoperability in the +CityxChange project, refers to the exchange and use of project data
between multiple systems developed for data capturing, management and decision making.
APIs are used to establish connections for seamless interoperability and data exchange
between systems developed for the project. The Representational State Transfer (REST)-ful
design of the API uses standard verbs like ‘get’, ‘post’, ‘put’, and ‘delete’ to retrieve and send
data between servers and databases (Rand-Hendriksen, n.d.). The API connection between
the servers then requests or pushes data between the servers in the JavaScript Object
Notation (JSON) format, which is a standard format that allows for data to be shared in
attribute-value pairs. The JSON format is also applied in the +CityxChange data sharing
setup as it has smaller content sizes allowing for quicker transfers and reduced storage
space requirements, as well as being widely accepted between different applications.
To assist in the management of the data sharing process an API catalogue is being
developed as part of Task 1.2. This catalogue will contain detailed documentation for the
use of each interface - what the API is used for, parties involved in the data sharing, data
being shared, API specifications (protocol, format, openness, etc.), maintenance
requirements of the API, and other important information that users should take into
account when opting to make use of the API. Documenting the details in this way will
ensure that all partners have access to the option of using APIs, and have the necessary
details at their disposal to use it efficiently.
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In order to accommodate later integration between data portals, monitoring tools, and
other systems developed for the project, the FIWARE API structure has been applied in the
development of APIs for the collection of KPI information. The FIWARE platform has been
developed by a community of independent contributors “to build an open sustainable
ecosystem around public, royalty-free and implementation-driven software platform
standards that will ease the development of new Smart Applications in multiple sectors”
(FIWARE, n.d.). The FIWARE platform provides developers with free access to a curated set
of API structures designed for use in specific themed areas such as buildings, energy,
environment, KPI, points of interest, urban mobility and others related to smart city data
and initiatives. As project lead in the development of an M&E system, FAC have adopted the
proposed KPI API standard proposed by FIWARE, while making the necessary adjustments
to have the API structured in a way that would allow efficient capturing of data in the MERT
(as detailed in Section 2.4). An API has been designed according to the data requirements
of each KPI, and the structure will be described and noted in the API catalogue to be
developed in T1.2.
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4 Data Analysis Process
The following section provides more detail regarding the various analysis and modelling
approaches that will be applied to project monitoring data when submitted to the MERT.

4.1 Data Appropriateness
Due to the nature of the project and the various interventions planned for implementation,
the monitoring data generated and captured for analysis and modelling is disparate in
format, availability and volume. To mitigate the potential difficulties of sourcing the correct
data to use in the measurement of KPIs, the KPI information tables in Deliverable 7.1 were
used in the refinement of data requirements. These tables provide the data requirements
needed in the calculation of each KPI, whether a single data input or multiple variables
used in a more complex calculation.
The format of data inputs required in the calculation of KPIs includes general singular
number inputs, and specific measurement values in the calculation of environmental,
energy and financial related indicators. Data availability for M&E is influenced by the date of
implementation of interventions as well as the frequency of reporting on the particular
indicator. Implementation of project interventions and demonstrations are staggered
throughout the project timeline and would only be monitorable at the time of
implementation or execution. Therefore, data will only be available once the intervention is
executed and data can be reported consistently and at the required frequency.

4.2 Data Modelling and KPI Calculations
Once data has been submitted to the MERT repository, the data is processed to be
displayed in the relevant KPI interface. Through a back-end process, the data is checked for
conformance (i.e. accuracy of input format), after which it is processed for calculation of the
KPI. The calculation of the KPI consists of basic addition of data points to measure a
cumulative value, to more complex calculations involving multiple variables to calculate
required numbers. The examples below describe two different data processing sequences.
1. KPI 1 – Number of APIs connected to the Decision Support Tool (DST)
○ Data is deposited in the MERT repository, either through the automated or
manual data sharing process as discussed in Section 1.2.
○ The data points required for this KPI are integer numbers.
○ Each month’s data points are captured in the MERT repository, and summed
to display the total number of APIs connected at each monthly reporting
interval.
○ The reporting month and data points are then used to generate a graph,
calculate the overall performance versus target and track annual progression
of the KPI. This is all displayed in the KPI’s interface.
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2. KPI 18 – Percentage of the total Distributed Energy Resources capacity utilized
○ Data is deposited in the MERT repository, either through the automated or
manual data sharing process as discussed in Section 1.2.
○ This KPI requires two data points (variables) for its calculation - (1)
Distributed Energy Resource (DER) capacity traded and (2) total DER capacity.
The variables are captured in the ‘kWh’ unit allowing decimal points.
○ Each month’s data points are captured according to the variables. The
calculation performed by the MERT divides variable 1 by variable 2 and
calculates the percentage value of DER capacity traded. This calculation is
performed monthly, after new data is submitted or polled.
○ All the monthly percentage of DER capacity traded data points from different
demo areas are averaged to compare the KPIs performance against the
targeted percentage.
○ The DER capacity traded calculation is performed for each building in the
SCD demonstration area, where results are aggregated by calculating the
average DER capacity traded monthly across all buildings.
○ The monthly DER capacity traded values (at SCD level) are used to generate a
graph and track the KPIs performance annually, which is displayed on the KPI
interface.
For KPIs that need to be reported to the SCIS SRT, data will be captured according to the
format requirements set by the SRT. As the SRT performs its own specified calculations, the
MERT will not perform any processing or calculations on the data received from the
KPI/data owners. As the SCIS SRT is set up to only report monitoring data at an annual
frequency, the KPI/data owners will only need to provide the monitoring data on an annual
basis. The data points provided by the KPI/data owners will then be values aggregated to
city level as measured over a 12-month period.
In order to make the variety of different KPIs and its associated data points comparable, the
MERT will employ a data standardisation process where disparate data inputs are
processed to a standard or common denominator that would enable the comparison of
these different datasets. The process of standardisation transforms data into a consistent
format that simplifies the analysis and comparison of interventions’ performance, impact
and progress (status). The application of standardised data in the MERT is in the creation of
an ‘early warning system’ (EWS). The EWS system is developed to track KPI performance
against the expected or targeted impact of the indicator at a specific period in the project
lifecycle, with the main aim of providing a visual aid to stakeholders to highlight when the
actual performance of an intervention slips below the mark it is expected to perform at.
Due to the inability to accurately determine data trajectories, it is not possible to calibrate
the EWS at this point. Only once data trajectories become clear it will be possible to
determine what the expected performance of a KPI at a certain point in time will be. At that
time, the calibration of the EWS is possible and enables visual tracking of actual
performance against expected/targeted performance. When able to calibrate, the function
This project has received funding from the European Union’s Horizon 2020 research and
innovation programme under Grant Agreement No. 824260.
D7.3: D
 ata Collation, Management and Analysis Methodology Framework, v.05

32

October 31, 2019

is integrated into the MERT as part of the individual interface for each indicator, where a
visible sliding scale uses an appropriate colour scheme to indicate actual vs expected
performance. The figure below shows an example of such a sliding scale.

Figure 6: Sliding scale example on which actual and expected impact is visually tracked

Having the ability to track KPI performance against certain targets over the project cycle can
trigger further inspection and review of actions that provide certain score, which can be
used to identify shortcomings and success factors to inform future execution of
interventions that would ensure the expected or targeted impact is met. An estimated data
trajectory for each KPI (for at least a 12 month monitoring period) will be discussed and
formulated with each KPI/data owner in advance of monitoring data being measured and
submitted. The KPI progress will be tracked and processed to calculate its performance
relative to the expected impact over the minimum 12 month period. If the data trajectory
changes, the function is built with the flexibility to allow for periodic updates.

4.3 Data Aggregation
As KPI owners are directly involved in the implementation or execution of planned
interventions, the effect of which they need to measure, the KPI owners (and data owners
involved) will have access to different granular levels of project monitoring data. In an effort
to make data more user-friendly and usable data aggregation is applied to datasets with a
high degree of complexity and granularity. The process of data aggregation entails the
rolling-up or summation of data through various complex mathematical or simple
cumulative calculations to provide a summarised and broader view of what the data is
about. The aggregation of data facilitates an enhanced and more efficient process of
analysis on various levels, indicating the difference in the effect of project interventions
implemented at a specific spatial level.
As mentioned in Section 2.1, project monitoring data will be available at different levels of
granularity. The granularity can either be at building level, sub-city district (SCD) level, city
level, and project level. The calculations associated with the aggregation of data will take
place as a back-end process in the MERT. Depending on the KPI, the variables required in
its calculation, and the spatial scale of reporting defined for the KPI, the MERT will aggregate
data from a higher level of granularity (e.g. building level) to a lower level of granularity (e.g.
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city level). Aggregation will therefore be applied to roll-up data from building level, to either
of the other levels in a hierarchical way, as demonstrated in the figure below.

Figure 7: Levels of data aggregation within cities

Similarly, data is then aggregated from city level, to project level as shown in the following
figure. The project level provides a view of each KPI where the contributions from each city
or partner, representing the LHCs, the FCs, or other partners, depending on the ownership
of the KPI.

Figure 8: Level of aggregation within the project

To make sense of, and interpret the measured effect of an intervention, the M&E process
uses aggregation of project monitoring data to view and analyse the data at a level that is
relevant to the KPI. Users of the data are then able to compare the aggregated monitoring
data to the expected or targeted impact as measured by the indicator. As monitoring data
for the project interventions will be generated in many different formats and levels of
granularity, it is the responsibility of the KPI and/or data owner to process the data for its
requirements in use. Therefore, the KPI and/or data owners need to ensure that the data is
processed and aggregated to the necessary level required as a variable in the calculation of
the KPI. Details will be discussed as part of testing the system.
For example, KPI 20 measuring the increase in installed RES storage capacity will have
different levels of aggregation. The implementation of energy storage systems will take
place at ‘building’ level (the lowest level of granularity), where the capacity of each storage
system is measured separately. The capacity of multiple storage systems in various parts of
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the city will then be aggregated to SCD level. The expected impact of the KPI is to reach 1.65
MWh increase in installed RES storage capacity. The KPI owners, Tronderenergi and Smart
M Power each represent the LHCs of Trondheim and Limerick, respectively. The capacity of
the clusters of storage systems are then combined to present the RES storage capacity at a
city level, which are then combined again to measure the achieved increase compared to
the expected (targeted) increase in RES storage capacity.
As such, each partner involved in the data capturing and data management for the KPIs
they take ownership of, will be responsible for a level of data aggregation. Depending on
the KPI and the level at which monitoring data is generated, the KPI/data owner will need to
aggregate data to a level where the data can be used for the calculation of the indicator.
The calculation methodology and spatial scale of reporting and data collection of each
indicator as set out in Deliverable 7.1, serves as the basis on which data aggregation
requirements are based. If an indicator requires data points at SCD level for calculation,
while data is generated at building level, KPI/data owner will be required to aggregate the
data from building to SCD level before reporting the data to the MERT. The data points at
SCD level are then used in the calculation of the KPI and results of this calculation are
displayed in the interface of each KPI. The data available for download will also be at SCD
level, or whatever the lowest level of aggregation required for the calculation of the
indicator.

4.4 M&E Data Displays
With reference to Section 3.1 and the DMP, the MERT will endeavour to share project
monitoring data as openly as possible and as necessary, while ensuring that the integrity
and accuracy of the data is upheld. In support of the open data policy of the +CityxChange
project, the MERT will disseminate project data through visual representations, aggregated
data calculations, and summary or detailed data reports available for extraction and
external use.
Data will be displayed through the MERT in the following ways:

4.1.1 KPI Summary Dashboards
The MERT will use two types of dashboard displays to show an overview of the measured
indicator performance:
1. Overall KPI Summary Dashboard
○ The overall summary dashboard displays all 33 KPIs on a single page in the
MERT, indicating the KPI definition and current performance compared to
expected of targeted impact.
2. KPI Theme Summary Dashboards
○ A KPI theme summary dashboard was developed for each of the three KPI
themes, displaying the KPI definition and current performance compared to
expected of targeted impact for each KPI in the particular theme.
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○

Each KPI icon in this dashboard will be a link to the relevant individual KPI
interface.

4.1.2 Individual KPI Interface
An individual KPI interface has been developed for each of the 33 KPIs. The interface
includes the following information:
● KPI number and definition
● KPI description
● The expected or targeted impact
● Unit of measurement
● Share of the KPI attributed to each KPI owner
● Frequency of reporting
● Spatial scale at which data is reported
● The SCIS classification (if applicable)
● The DPs related to the KPI
● Current performance of the KPI as an achieved percentage of the target
● Coloured sliding scale showing the current performance versus where the KPI
performance should be at a particular point in the project lifecycle
● Graph(s) visually portraying the KPI data submitted
● Summary of the annual performance of the KPI presented as a percentage
The data captured for each KPI will be used to generate appropriate graphs that provide a
visual representation of the captured data. The user will be able to apply various filters to
only view a selection of the data applicable to the user.

4.1.3 KPI Summary Report
A summary report will be available for download for each KPI. This report will contain the
same set of information as listed for the KPI interface, and additionally include a table of
aggregated monitoring data as captured for the KPI. The report will be available for
download as a ‘.pdf’ file from the individual KPI interface through a dedicated button on the
page. The filters applied on the KPI interface prior to requesting a summary report
download will also reflect in the downloaded report.

4.1.4 KPI Data Extraction
KPI and data owners who have logged in to the MERT will be able to access detailed
monitoring data to the level of granularity at which the data was submitted to the MERT.
This data will be available for download in ‘.csv’ format through a dedicated page in the
MERT. The logged in user will be able to select multiple data sets, across various KPIs and
KPI themes, and perform a large data extraction.
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5 Future Integration
Due to the long term nature of the +CityxChange project, and phased approach to which
interventions are planned, designed and executed, there is uncertainty regarding the
availability and extent of monitoring data. As many of the DPs in the LHCs are still planned
for implementation later on in the project, KPI and data owners have confirmed that data
generated by the interventions are subject to change. Uncertainty in the availability and
extent of monitoring data has a subsequent effect on the development of monitoring tools
such as the MERT.
To create a functional prototype of the MERT, FAC are required to use the KPI description
and proposed calculation method as defined in the KPI information tables refined in D 7.1.
This allows the design and setup of a database structure that enables the various
functionalities required in the dashboard. But, due to the uncertain nature of the KPI data
to be shared and captured in the MERT, the structure of development is flexible and it is
therefore possible to accommodate changes to the system at a later stage. In order to
efficiently integrate changes to the format, calculation, description or other key data relating
to a KPI, the database has been developed in a format which allows the different
components that make up the interface, to be altered independently. This enables relatively
small programming adjustments to be made without the need to adjust all the dependent
coding in the database structure. The development of the database in this way enables FAC
to integrate necessary changes in the format or calculation of a KPI when a need for such
adjustments arise at the time of implementation and data generation.
To further assist in the later accommodation of changes and integration of different
systems, development of the database and functionalities in the tool are done according to
various standards. The standards used in the development, as described in Sections 2.3,
2.4, and 3.2.2, include the RESTful JSON API structure and the FIWARE standard for the
setup of APIs for data sharing in smart cities. The application of these standards from the
onset of development enable later integration of changes and systems by following the
framework and prescriptions set out by the standards. By doing so, the integration will be
efficient and seamless, and decrease downtime of functionalities of the MERT dashboard
and other tools or platforms.

This project has received funding from the European Union’s Horizon 2020 research and
innovation programme under Grant Agreement No. 824260.
D7.3: D
 ata Collation, Management and Analysis Methodology Framework, v.05

37

October 31, 2019

6 Conclusion
The MERT forms part of the larger ICT Ecosystem of the project, by providing a web-based
platform where KPI monitoring data and supporting information can be stored, and from
where it is modelled, displayed and made available for dissemination. The refinement of the
KPI framework in D7.1 set the principles which informed the development of KPI
calculations and modelling in the MERT. The data flowing from the KPI/data owners will be
managed by the owners before it is submitted to the MERT. The submittal of data through
the automated process using API connections between the MERT and KPI/data owner data
portals would be ideal, but for cases where this functionality is not needed, or not available
at the time of data submission, the partner would be able to upload data manually. The
supporting information uploaded by the KPI/data owners will be public facing, hence
partners are urged to confirm to the guideline of information to be uploaded and ensure
that any information uploaded has sufficiently been anonymised to limit risk of personal
data exposure.
The data displayed in the MERT will provide users with an overview of the KPI performance
in each KPI theme, and will also provide an easier way to interpret the KPI data for the
different factors considered in the calculation of the individual indicator. Users will be able
to filter through the captured data in the individual KPI interfaces to only view data of
particular interest and relevance. The export of data for public use will be according to the
filters applied in the KPI interface and provided in ‘.pdf’ format, while logged in partners will
have the additional ability to export all the data captured for the KPI in ‘.csv’ format.
As the MERT is an interactive public facing deliverable, data management standards
prescribed by the EC and the +CityxChange DMP are adhered to, and data is made
available under a suitable license to protect the data sources. Through the specific
MongoDB database structure and the use of API access tokens, the MERT will ensure
secure data protection for data capturing and storage by blocking any unauthorised
attempts to access data. The back-end structure in which the MERT was developed also
provides the benefit of simplifying the future integration of features, the ability to
accommodate automated data sharing, connection to data portals to push and pull data,
necessary updates and alterations to KPI details and calculation parameters.
As the M&E process will evolve over time when more data becomes available and KPI/data
owners have a clearer understanding of the data generated by the interventions
implemented, it will become more efficient and streamlined. At this early stage in the
project, there are however open points of discussion to still be finalised and agreed
between the stakeholders involved. The following table provides a summary of the points
that are currently being addressed to ensure alignment between KPI/data owners, the M&E
process and what M&E is expected to deliver.
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Table 3: Points to be addressed

Topic

Points to be addressed

Actions needed

Data
granularity

Level of granularity at which
data is to be reported to the
MERT; level of data granularity
when data is captured; level of
data granularity to be reported
by the MERT

Ongoing engagement with KPI/data owners to
determine the granularity at which they will
capture data.
Confirmation from partners on KPI
calculations to understand the level of
granularity needed to perform the calculation.
Investigation on how different granularities
should be handled in the MERT.
Confirmation from partners on the level of
granularity that can be shared openly in the
MERT.

Data
aggregation

Aggregation also related to
granularity; uncertainty
regarding the level to which
data should be aggregated in
the calculation of some KPIs;
aggregation of data before data
is submitted to the MERT;
changes in aggregation levels
for KPIs reporting to the SCIS
SRT

Level of aggregation needed to measure each
KPI to be confirmed
Confirmation Level of aggregation at which
data should be processed to calculate KPI
performance.
Level of aggregation applied to data captured
for each KPI to be confirmed, considering the
level of granularity of the data captured and
how aggregation should be applied within and
externally from the MERT.
Need to confirm with partners on the default
level of aggregation for each KPI as displayed
in the MERT.

Supporting
documentatio
n repository in
the MERT

Type of supporting documents
that partners would want/need
to submit; would partners want
all the documents to be open
for public view; GDPR to be
considered when accepting
supporting documentation;
who will be at risk?

Discussion with KPI/data owners on the type
of documentation they want to have stored in
the repository.
Discussion with KPI/data owners regarding
open or restricted access to the repository.
Development of guidelines on how to prepare
documents for submittal to the repository to
avoid GDPR issues.
Integration of the repository in the adequate
MERT interfaces.

Data
availability

Difficulty of determining exact
data trajectories

Ongoing engagement with KPI/data owners to
review expected data availability.
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(trajectories)

Early warning
system

KPI metadata

Ongoing engagement with KPI/data owners to
determine data trajectories for use in KPI
calculation and performance comparison.
The configuration and
calibration of the early warning
system's dependence on clear
data trajectories

Ongoing engagement with KPI/data owners to
review expected data availability.

Description of the metadata
that is required; how the
metadata is to be captured;
how the metadata will be
shared

Discussion with KPI/data owners regarding the
necessary metadata points to be captured.

Ongoing engagement with KPI/data owners to
determine data trajectories for use in KPI
calculation and performance comparison.

Finding the best way in collaboration with
KPI/data owners to capture the required
metadata.
Exploring ways to make metadata available
through the MERT that is best suited for
partners and the public to use.

KPI calculation

Uncertainty regarding the
suitability of some KPI
calculations proposed in D7.1

Ongoing engagement with KPI/data owners to
refine KPI calculations according to the data
that will be available.
Ongoing engagement with KPI/data owners to
configure the agreed calculations in the MERT
to ensure accurate modelling and display of
calculated results in the MERT.
Ongoing engagement with KPI/data owners
regarding the change in KPI calculation for
KPIs reported to the SRT. Will need to
configure new modelling in the MERT as well.
Allowing a test phase using mock data to test
KPI calculations in the MERT.
Developing a periodic review of calculations
together with KPI/data owners.
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8 Annex
8.1 API Structure
Example of a typical array used in the API structure for automated KPI data collection as
referred to in Section 2.4 of this document.
[
{
"meta": {
"kpi_id": "16",
"location": "LCCC",
"unit_of_measurement": "currency",
"aggregation_data_resources": [
{
"type": "level",
"value": "City Level"
},
{
"...": "..."
}
],
"calculation_period": "Annual"
},
"data": [
{
"month": 6,
"value": [
{
"label":"Infrastructure",
"title":"Budget",
"value":""
},
{
"label":"Infrastructure",
"title":"Actual",
"value":""
},
{
"label":"Operations",
"title":"Budget",
"value":""
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},
{
"label":"Operations",
"title":"Actual",
"value":""
},
{
"label":"Maintenance",
"title":"Budget",
"value":""
},
{
"label":"Maintenance",
"title":"Actual",
"value":""
},
{
"label":"ICT",
"title":"Budget",
"value":""
},
{
"label":"ICT",
"title":"Actual",
"value":""
},
{
"label":"Human Resource",
"title":"Budget",
"value":""
},
{
"label":"Human Resource",
"title":"Actual",
"value":""
},
{
"label":"Other",
"title":"Budget",
"value":""
},
{
"label":"Other",
"title":"Actual",
"value":""
This project has received funding from the European Union’s Horizon 2020 research and
innovation programme under Grant Agreement No. 824260.
D7.3: D
 ata Collation, Management and Analysis Methodology Framework, v.05

44

October 31, 2019

}
]
},
{
"...": "..."
}
]
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