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About SPARCS

Sustainable energy Positive & zero cARbon CommunitieS demonstrates and validates technically 3
socioeconomically viable and replicable, innovative solutions for rolling out smart, integrated po$ie energy
systems for the transition to a citizen centred zero carbon & resource efficient economy. SPARCS facilitates
participation of buildings to the energy market enabling new services and a virtual power plant concep
creating Virtual Positive Energy communities as energy democratic playground (positive energy districts ca:l
exchange energy with energy entities located outside the district). Seven cities will demonstrate 100+ actio
turning buildings, blocks, and districts into energy prosumersimpacts span economic growth, improved quality
of life, and environmental benefits towards the EC policy framework for climate and energy, the SET plan al
UN Sustainable Development goals. SPARCScmmation brings together citizens, companies, research
organizations, city planning and decisioamaking entities, transforming cities to carbonfree inclusive
communities. Lighthouse cities Espoo (FI) and Leipzig (DE) implement large demonstrations. Fellow citig
Reykjavik (1S), Maia (PT), Lviv (UA), KifissiagFL) and Kladno (CZ) prepare replication with handon feasibility
studies. SPARCS identifies bankable actions to accelerate market uptake, pioneers innovative, exploitg
governance and business models boosting the transformation processes, joint procurent procedures and
citizen engaging mechanisms in an overarching city planning instrument toward the bold City Vision 205(
SPARCS engages 30 partners from 8 EU Member States (FI, DE, PT, CY, EL, BE, CZ, IT) afitl2coantries
(UA, IS), representing kg stakeholders within the value chain of urban challenges and smart, sustainable citie
bringing together three distinct but also overlapping knowledge areas: (i) City Energy Systen(d) ICT and
Interoperability, (iii) Business Innovation and Market Knowledge.

Partners
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EXECUTIVESUMMARY

SPARCS develops a new form of smart cities framework with th#imate goal of achieving
zero carbon emissiors in European cities by 2050. A mukdisciplinary consortium of over

30 European partners has been formed to define strategic methodologies, actions and
evaluation processes with the aim to transform European cities into citizegentered,
environmentally friendly smart cities.

The scope of Task 2.1 and the respective deliverable report D2i4 the definition of a

continuous monitoring and assessment process of the impact that will be achieved by the
30!2#3 ET OAOOAT OET 1 O ET Odcitis, Bsgob in Fidndd&nd 1 £
Leipzig in Germany, as well as the support of the replication model for the SPARCS Fellow

cities, Kifissia (Greece), Kladno (Czech Republic), Lviv (Ukraine), Maia (Portugal) and
Reykjavik (Iceland).

In order to define the initial version of SPARCS Holisti€valuation and Assessment
Framework, there were three main steps followed.

As a first step, an extensive review dive prominent projects , relevant to our scopewas
performed. The outcome of this analysis was theollectio n of more than 350 Key
Performance Indicators (KPIs) that have been usedwithin smart city evaluation
frameworks as well as the evaluation of four prominent methodologies regarding the
process and impact evaluation.

Subsequently, an irdepth analysis on $ARCS objectivesvas carried out using two
approaches.

1 A top-down approach was based on the overarching objectives of SPARCS and
gathered 29relevant KPIs; 22 were taken from the pool of thanalysedprominent
projects, while the remaining seven were defied by the SPARC&am.

f A bottom -up approach, carried out by OEA AEOEAO8 OADPOAOGAT OAOD
experts of SPARCSvas based on theplanned SPARCSlemo site actions and
revealed a primary set of 10 additional KPIs. This is an ongoing process and &h
final list of KPIs will be provided in the updated version of this deliverable iMarch
2021.

As a final step, the availability of the required data linked to the outlined KPIs providdgd
the Lighthouse Cities and a seven steps methodology was proposém the SPARCS
Holistic Impact Assessment Framework.
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The report of this deliverableis organized in five chapters that are presented below

Chapter 1 summarizes the objectives of Task 2.1 introducing the purpose of t
deliverable as well as the correlation with other tasks bSPARCS Work Packages.
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1. INTRODUCTION

The transition of passive, reactively changing processes and infrastructure of existing
European cities towards more citizencentric, environmentally friendly Smart Cities

Al Il POEOAO A EECE DOEI OEOU ET j OEAOBDOPPAARGS O
%OOT PAAT )T 11 OAOETT O0AOOT AOOEED [The SPARESO # E (
project works towards an ambtious target; to gather learnings from all previous

prominent Smart Cities related projects and formulate an informed, robust and novel
methodology for assessing andabetting the Smart City transformation in the SPARCS

cities.

This document focuses on théhorough analysis and critical review of relevant European
projects and initiatives, towards proposing a novel evaluation framework to be used in
the SPARCS project. The Morgenstadt framework is considered as a reference framework
for integrated analysisin assessing the sustainable urban development of any city; it has
been studied as the basis for the SPARCS impact assessment methodology as it
encompasses learnings from a number of European Cities transformation processes and
has evolved through its appkation in Lighthouse Cities.

The use of metrics and particularly Key Performance Indicators (KPIs) becosmore and
more necessaryin monitoring the progress of activities and evaluating the achieved
impact. In order to ensure completeness of our work, detailed understanding of four
additional prominent methodologies from relevant projects (CITYkeys SCI$ CIVITAS,
Triangulum4) was achieved and resulted in the evaluation of the appropriateness and
soundness of the KPIs these projects proposed in threBmart City projects, which is
presented herewith.

The SPARCS project objectives have =

dictated the proposal of further KPIs; WHERE WE
we have derived and present them in AIMTO

this document,in order to succeed in IMPLEMENT
providing a holistic and robust e
gualitative and quantitative

assessment of the impact achieved by L 4

the different interventions and REYKIAVIK

technologies deployed in the demo
sites from:

- an Energy perspective,
- an Economic perspective,
- a Social perspective and

™

MAI
- aTechnological perspectve, A' ( KIFISSIA
in the SPARCS cities.

Figure 2: SPARCS cities

1 CITYkeys is a H2020 project that started in 201531ttp://www.citykeys -project.eu/

2 SCIS (Smart Cities Information System& a knowledge platform:https://smatrtcities -infosystem.eu/

3 Civitas is an initiative for sustainable transport that started in 2002https://civitas.eu/

4 Triangulum is a H2020project stared in 2015https://www.triangulum -project.eu/
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1.1 Purpose of the document

The main objective of Task 2.1 is to analyze, evaluate and define a robust and valid
methodology for the holistic assessment of SPARCS interventions in Lighthouse Cities
(LHCs) and Fellow Cities (FCs)'lhe monitoring process ensures thathe goals and the
long-term strategy are reviewed on a regular basis, it measures and keeps track of their
progress, and it reveals potential shortcomings and deviations related to the targefBhe
impact assessment of the proje& @iterventions, against the established baselines,
evaluates the replication potential of the proposed solutions at wider city scaletn this
document, the SPARCS Deliverable 2.1 (D2.1), an initial versiorited SPARCS framework
which will be finalized in the next deliverable D2.2, is presented. A number of distinct
stepswere taken as a methodological approach to achieve this objective.

Initially, an in-depth analysis of the SPARCS requirement® understand its needsjs
conducted. It is divided into two parts; the former isbased on the general objectives of
this innovation program and follows a topdown approach and the latter is based on
specific actions to be implemented in cities and follows a bottornp approach; as an
outcome, the analysis results in indicators and dataelevant to the realization of the
interventions, that must be measured by LHCs.

Thereafter, the Morgenstadt assessment framework wastudied as the reference model
for the definition of the SPARCS impact assessment methodology; this is due to the wide
acceptance of this framework(Morgenstadt City Challengen.d.)as a multidisciplinary
approach for the evaluation of sustainable urban development.

Recent initiatives and projects on smart cities including CIVITAS, SCETYkeys and
Triangulum were studied rigorously, in order to define the basis of SPARCS assessment
framework for the complete qualitative and quantitative assessment definition. The
metrics used in each initiative were studied and categorized based on their relevance to
SPARCS objectives.

The set of metrics and standards related to smart gitobjectives from LHCs are used to
formulate 3 0 | 2 #r&r@wWork. The informed choice of appropriate metrics is critical in
achieving accuracy, robustness, applicability and scalability of our proposedeathod. In
SPARCS, indicators related to social, economic, energy and technologic aspects are
fundamental in assessing sustainability, efficiency, security and scalability for
transforming European cities into smart cities.
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1.2 Relation with other tasks

Task 2.1 has strong inteirelations with seven other tasks from four different WPs within

SPARCS.

WP3 “Demonstration Lighthouse City Espoo”
WP4 “Demonstration Lighthouse City Leipzig”

WP1: Urban Transformation Strategy

« T1.1 Information to provide a full description of
interventions. KPIs for measurements and Values
from LHC Use Cases 2

« T1.3 KPI definition and tools for Data collection / Task 2.1

+ T1.5and T1.6 Intervention, Impact, replication Demo Evaluation, Impact
Assessment and Cost-

Indicators | 4 |
 Benefit Analysis Framework

. and Associated Key

Performance Indicators

WP5: Replication

« T5.1 Replication indicators to evaluate
the actions

« T5.3: Adapt and apply the Framework to
FCs

Figure 4: Relation of T2.1 with other tasks of the SPARCS Project
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YT 70p O50AAT 4 0AT OAI OdikdIbk vith BubtesksOACU6 h OEAO
QO T1.1 devdops a city diagnosis process allowing to accurately understand
(qualitatively and quantitatively) the ground conditions of the LHCsin order to
address current and forthcoming sustainability challenges. As part of the diagnosis
process the task will focuon the preliminary data collection and analysis done in the
present task.
Q@ +p8c EAO OEA T AEAAOCEOA T £ POT OEAET C Al ADPD(
up on the methodology developed in T2.1this will allow any city to measure the
performance d its Positive Energy Districts/Blocks, and, in the long term, to track its

own progress in its urban transformation pathway and corresponding
implementation process of the underlying measures to achieving the city vision.

QO T1.5 settles a disruptive and catomized business model as a horizontal synergic
synthesis coming from several sources, especially from WPs and tasks related to the
acceptance, acknowledgement, involvement of the stakeholders.

QO T1.6 targets to actively involve and empower citizens and tevant stakeholders in
the process of conceivingdeveloping and delivering the city vision, putting into
practice the concepts of ceareation, codevelopment and ceimplementation.
Through that process customized KPIs presented ifi2.1 will be used to evéuate the
quality of the collaborative work and the impact of the solutions on the ground,
assessing the feedback of the implemented strategies through soluti@pecific
guestionnaires.

)T 700 O$Ai 11 OO0OAOEIT , ECEOQE

, AEPUECO OEAOA EO A A1‘TAAO"T xEOE Oxi1 OAOE

QOT3.1 and T4.1 ensure the achievement of the objectives, the coordination and- co
operation within Espoo and Leipzig demonstrations, with parallel work packages as
well as other interest groups.The project management is carried out viaparticipative
and proactive process by the local Coordination Teams which among other actions
they will provide the necessarydata for the calculation of the KPIs as well as the will
validate and apply the KPIs @rived from T2.1inordertol T T EOQOT O OEA , ECEC
project progress with SPARCS assessment framework.

)T 70uv O02ADPI E Ak@ihiwoaskOEAOA EO A

QOT5.1 aims to create rich, expert curated, neutrainteroperable solution packages,
based on thedJse Cases from the Lighthouse Cities, focused on helping cities implement
and replicate these solutions undercontext specific circumstances. Replication

indicators proposed in this deliverable will be used to evaluate the implemented
actions.

| O OAightheusd CitpoOD T T 6

QOT5.3 provides an evidence base and idepth understanding for key systems in the
SPARCS Fellow Cities asbasis for the development of longierm visions, smart city
strategies and the development of locally adapted interventions in the area of positive
energy blocks To this end Work Package leaders and partners will adapt and apply
the joint assessment framework as lined out in T2.1 to each Fellow City.
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2. SVART ATY INDICATORS FROM MACROSCOPIANDICATORS TO
COMPREHENSIVE LOVWEVELKPIS

Espoo and Leipzig, e Lighthousecities in the SPARCS projecaim to establisha strong
presence at the front ofthe Smart City transition and transform into global lighthouse
examples for other cities to follow.Innovative Smart Gty solutions planned, require a
holistic monitoring and assessment frameworkallowing for both an immediate, as well
as along-term impact evaluation, through extrapolation ofthe SPARCs solutions at wider
city scales in thelLighthouse, Fellow cities and beyond, evaluating thie replication
potential.

Indicators that are able to capture the key expectedmpacts across the demonstration
activities, offer the required information to perform a qualitative andquantitative analysis
of the integrated solution into the A E Oniftd@st@ucture. They provide away to effortlessly
measure, comprehend and evaluateesults and lead to more effective actions and
informed decision making by utilizing the insights provided. In a smart city context,the
usage ofindicators contributes to the evaluation of specific targetscalibrating the

progress toward sustainable development goals

Yet, the identification of the appropriate indicators poses ahuge challenge, since it

requires a thorough analysisof the project® high-level targets along with the intervention

and action gecifics. Hence the utilization of best practices in order to define the Key
Performance Indicatorsserving as the basis of thenonitoring and impact assessment
Framework, is recommended

In the following sections,Key Performance indicatorswill be introduced, along with
proven methodologies toguide ther optimum identification, which will be utilized during

the definition of the SPARCS impact assessment methodology in Chapteindaddition,
general considerationdealing with smart cities and their challengeswill be analysed,
providing a first overview of macroscopic indicatorsto be considered in this context.
Finally, the SPARCSproject implementation plans, with a first analysis of the
demonstration actions and the corresponding assessment levelswill be covered,
demonstrating clearly the need to introduce low-level and comprehensive indicators
leading to valuable conclusions regarding impact achieved, effectiveness of actions and
replicability potential in other contexts.

2.1 Definition of KPIs

KeyPerformance Indicators (KPIs) are specific measurements used to gauge performance
and evaluate the effectiveness ad process. They originate frombusiness management,
where they are typically used toevaluate performanceand facilitate the decisionr-making.
They can help incorporate physical and social science knowledge into decistamaking
and they provide an early warning to prevent setbacks

The definition of KPIs is complex and is often confused with other business metrics. The
main difference is that KPIs are associated with a critical goal or a specific target that leads
in accurate and measurable resultd€achKPI is a metric but not every metric is a KPI; the
same metric may be a KPbn one level but noton another. That means that KPIs area
dynamic concept that changes according to the circumstancesd need to be redefinedn
each case.
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The explosion of data nowadays leads to countless indicators and this can make their
definition and usability problematic. So, there are different ways for expertso properly
approach the KPIs anchave a limited resources evaluationof a projecd @dions. A very
relevant and widespread approad isthe adoption of SMART criteria, thus being, Specific,
Measurable, Attainable, Relevant and TimelfArtley & Stroh, 2001).

In addition to the SMART approachaguide to the correct set of KPIsan be developed, by
identifying specific needs and outcoms associated with the interventionsthat are
implemented. The following questions are asked in this regard and help optimize the
selection of KPIs for smart city implementationgArtley & Stroh, 2001).

Are we doing things right?

It is the efficiency that indicates the degree to which t process produces the required
output at minimum resource cost.

Are we doing the right things’>

requirements. Helps to understand if the outcome is the desirable one

Another way of defining KPI"ds based on CIVITAS frameworkRooijen, T. van, Nesterova,
2013), according to which each set of KPIs should be characterizeg:b

1 Relevance: each indicator should represent an assessment criterion, i.e. have a
significant importance for the evaluation process

1 Completeness: the set of indicators should consider all aspects of the

system/concept under evaluation

Availability: readily available for entry into the monitoring system

Measurability: the identified indicators should be capable of being measured

objectively or subjectively

Reliability: clarity of definition and ease of aggregation

Familiarity: the indicators should be easyto understand

Non-redundancy: indicators should not measure the same aspect of an assessment

criterion

1 Independence: small changes in the measurements of an indicator should not
affectpreferences assigned to other indicators of the evaluation model

= =

= =4 =4

Genenlly, the indicatorsin a smart city contextare divided into five types according to
(Artley & Stroh, 2001):
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finput ‘ Understand the human and capital resources used to produce the
'Indicators outputs and outcomes

Understand the intermediate stepsin producing a product or service.
In the area of training for example, a process measure could be the
number of training coursescompleted asscheduled

Measurethe product or service provided by the systemor organization
and delivered to customers. An example of a training output would be
the number of peopletrained

Evaluate the expected,desired, or actual result to which the outputs
of the activities of a service or organization have an intended effect.
For example,the outcome of safety training might be improved safety
performance asreflected in areduced number of injuries and illnesses
in the workforce. Establishing a direct cause and effect relationship
between the output of the activity and its intended outcome, can be
difficult

Measurethe direct or indirect effects or consequencegesulting from
achieving program goals An example of an impact is the comparison of
actual program outcomes with estimates of the outcomes that would
have occurred in the absenceof the program

Figure 5: Types of indicatorsin a smart city context(Artley & Stroh, 2001)

Smart city indicatorsare categorized in different aggregation levels such as city level and
project level; but depending on the needs of the proje¢the categorization can be more

specific, including single building, set of buildings and neighbourhood /districtAs there

are different types of indicators,itisOECT EAEAAT O O &I AOO thai OEA
leads to instrumental measures for the assessment framework and helps to understand

the current state of the cities and the desired level of performance thas plannedto be

achieved.

The aforementionedapproachesthat aim to the valid definition of the KPIs are taken into
consideration for the needs of SPARC#®cusinginto the main targets ofthe project and
the desirableimpacts.

2.2 General KPI related considerations for cities

According to the United NationUN-DESA, 2018)p b T £ x 1 Ol Adp@jecietl DO AOE

to live in urban areas by the year 2050; citiegsherefore are anticipated to face new
challenges inintegrating sustainably further populace Gties will be required to transform
their infrastructures in a smarter, more efficient and resilient way so that sustainable
development to be a part of theirlong-term strategy and a better quality of life to be
provided to their citizens.
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