
 

 
4ÈÉÓ ÐÒÏÊÅÃÔ ÈÁÓ ÒÅÃÅÉÖÅÄ ÆÕÎÄÉÎÇ ÆÒÏÍ ÔÈÅ %ÕÒÏÐÅÁÎ 5ÎÉÏÎȭÓ (ÏÒÉÚÏÎ ςπςπ ÒÅÓÅÁÒÃÈ and innovation 
programme under Grant Agreement No. 864242  
Topic: LC-SC3-SCC-1-2018 -2019 -2020: Smart Cities and Communities  

 

 

 

 

 

 

 

 

D2.1 Definition of SPARCS Holistic 
Impact Assessment Methodology 
and Key Performance Indicators 

 

 

 

31/03/2020 

 
Aristotelis Ntafalias1, Panagiotis Papadopoulos1, Sotirios Tsakanikas1, Konstantinos 
Menyktas1, Kyriakos Kentzoglanakis1, Georgios Kyriakopoulos1, Ioannis Courouclis1 

Georgios Papadopoulos2, Spyridon Kousouris2, Anastasios Tsitsanis2 

 
1 Elin VERD, 24 Adrianou str. 145 61, Athens, Greece 
2 Suite5 Data Intelligence Solutions, Alexandreias 2, 3013, Limassol, Cyprus 
 

 

 

 

 

Disclaimer 
The information in this document is provided as is and no guarantee or warranty 
is given that the information is fit for any particular purpose.  

The user thereof uses the information as its sole risk and liability.  

4ÈÅ ÄÏÃÕÍÅÎÔ ÒÅÆÌÅÃÔÓ ÏÎÌÙ ÔÈÅ ÁÕÔÈÏÒȭÓ ÖÉÅ×Ó Ánd the Community is not liable for any use that may  
be made of the information contained therein. 



PAGE 2 OF 87 

 
This project has received funding from the %ÕÒÏÐÅÁÎ 5ÎÉÏÎȭÓ (ÏÒÉÚÏÎ ςπςπ ÒÅÓÅÁÒÃÈ ÁÎÄ ÉÎÎÏÖÁÔÉÏÎ 
programme under Grant Agreement No. 864242  
Topic: LC-SC3-SCC-1-2018 -2019 -2020: Smart Cities and Communities  

 

Deliverable administration 
No & name 

D2.1 Definition of SPARCS Holistic Impact Assessment 
Methodology and Key Performance Indicators 

Status Released Due M6 Date 2020-03-31 

Author(s)  Aristotelis Ntafalias, Panagiotis Papadopoulos, Sotirios Tsakanikas, 
Konstantinos Menyktas, Kyriakos Kentzoglanakis, Georgios Kyriakopoulos, 
Ioannis Courouclis (VERD) 

Georgios Papadopoulos, Spyridon Kousouris, Anastasios Tsitsanis (SUITE5) 
Description of 

the related 
task and the 
deliverable. 
Extract from 

DoA 

T2.1: Demo Evaluation, Impact Assessment and Cost -Benefit Analysis 
Framework and Associated Key Performance Indicators (VERD) M1 -

M18 
The task develops an integrated framework for the holistic assessment of the 
SPARCS interventions in the demo sites (lighthouse and Fellow cities). The 
ÍÅÔÈÏÄÏÌÏÇÙ ×ÉÌÌ ÂÕÉÌÄ ÕÐÏÎ ÔÈÅ Ȱ-ÏÒÇÅÎÓÔÁÄÔ ÁÓÓÅÓÓÍÅÎÔ ÆÒÁÍÅ×ÏÒËȱ ÁÓ Á 
multidisciplinary approach for analysing complex urban systems and deriving 
applied, locally adapted smart city strategies and intervention roadmaps. The 
framework has already been tested as successfully applied to SCC1 Fellow 
#ÉÔÉÅÓ 0ÒÁÇÕÅȟ ,ÅÉÐÚÉÇ ÁÎÄ 3ÁÂÁÄÅÌÌ ×ÉÔÈÉÎ ÔÈÅ %5 3##ρ ÐÒÏÊÅÃÔ Ȱ4ÒÉÁÎÇÕÌÕÍȱȢ 
The SPARCS assessment framework will be enhanced with the city level KPIs 
from relevant projects and initiatives (CITYkeys; SCIS; CIVITAS) in order to 
investigate how these can be extended in order to perform a complete 
(quantitative and qualitative) assessment of the impact achieved by the 
different interventions and technologies deployed in the demos from an 
Energy Perspective (energy efficiency, RES integration, CO2 emissions 
reduction, air quality, electro mobility penetration, smart grid stability), 
Economic Perspective (energy costs reduction, revenue streams from market 
transactions, energy network investment deferral, business models viability, 
return on equity, incremental payback period, financial and economic net 
present value), Social Perspective (citizen engagement, user acceptance, 
comfort and air quality, security of supply, number of new jobs created, growth 
of SMEs, data security and privacy) and Technology Perspective (system 
interoperability, conformance with standards, ICT solutions performance, 
compliance of functionality to the user requirements). ɍȣɎ different types of 
indicators will be utilized to enable continuous monitoring (throughout the 
execution of the demos) and holistic assessment of the project impact, 
including a) Interventions Indicators (number of solutions, number of 
technological components installed,...), b) Impact Indicators (as described 
before) and c) Replication Indicators, enabling accurate projection of the 
Impact Indicators considering wide capability and deployment of 
interventions at the Lighthouse, Fellow and other cities. Finally, emphasis will 
be given on introducing an appropriate normalization methodology for the 
assessment of Impact Indicators, towards a) enabling the objective and 
accurate and normative baselining of the current situation/performance of the 
SPARCS demos, b) measuring and verifying the impact achieved by the 
different solutions deployed (individually and integrated), and c) adopting a 
cross-city approach when assessing the impact and replication potential of 
different solutions, thus enabling evidence-based deployment prioritization 
and objective evaluation of cost-effectiveness and sustainability in different 
city scales and contexts. 

Participants VTT, ESP, LPZ, CMM, RVK, KLD, KFS, LVIV, RIL, FHG, BABLE, SPI, NEW, 



SPARCS  D2.1 Definition of SPARCS Holistic Impact Assessment Methodology 
and Key Performance Indicators   

 
4ÈÉÓ ÐÒÏÊÅÃÔ ÈÁÓ ÒÅÃÅÉÖÅÄ ÆÕÎÄÉÎÇ ÆÒÏÍ ÔÈÅ %ÕÒÏÐÅÁÎ 5ÎÉÏÎȭÓ (ÏÒÉÚÏÎ ςπςπ ÒÅÓÅÁÒÃÈ ÁÎÄ ÉÎÎÏÖÁÔÉÏÎ 
programme under Grant Agreement No. 864242  
Topic: LC-SC3-SCC-1-2018 -2019 -2020: Smart Cities and Communities  

 

 

Dissemination level 
PU Public x 

CO Confidential  

  

CVUT, SUITE5, LCE, CiviESCo 

Comments  

V Date Authors Description 

0.1 21/10/2019  Aristotelis Ntafalias 
(VERD) 

First draft of ToC 

0.2 06/11/2019  Georgios 
Papadopoulos 

(Suite-5) 

Comments on ToC 

0.3 15/11/2019  
- 

03/02/2020  

A. Ntafalias, Sotirios 
Tsakanikas, 

Kyriakos 
Kentzoglanakis, 

Panagiotis 
Papadopoulos, 
Konstantinos 

Menyktas (VERD) 

Adaptation to SPARCS template and 
Contributing to Chapter2,3,4,5 

0.4 14/02/2020  A. Ntafalias (VERD) First draft of deliverable D2.1 uploaded on 
Teams 

0.5 21/02/2020  Aapo Huovila (VTT) Reviewing first draft of deliverable D2.1 

0.6 27/02/2020  
- 

06/03/2020  

K. Menyktas, 

 A.Ntafalias, 
P.Papadopoulos 

(VERD) 

Reviewing Chapter 4 and 5 

0.7 09/03/2020   Ioannis Courouclis 
Georgios 

Kyriakopoulos 
(VERD) 

Internal quality assurance review 

0.8 27/03/2020  WP leader Deliverable checked by WP leader and released 
to the Coordinator and the Quality Manager for 
quality check and subsequent submission to the 

EC. 

0.8 30/03/2020  VTT Deliverable checked by Coordinator and the 
Quality Manager for quality check. 

1 30/03/2020  VTT Coordinator submits the deliverable to the EC 



PAGE 4 OF 87 

 
This project has received funding from the %ÕÒÏÐÅÁÎ 5ÎÉÏÎȭÓ (ÏÒÉÚÏÎ ςπςπ ÒÅÓÅÁÒÃÈ ÁÎÄ ÉÎÎÏÖÁÔÉÏÎ 
programme under Grant Agreement No. 864242  
Topic: LC-SC3-SCC-1-2018 -2019 -2020: Smart Cities and Communities  

 

 

About SPARCS 

 

 

Partners 

  

Sustainable energy Positive & zero cARbon CommunitieS demonstrates and validates technically and 
socioeconomically viable and replicable, innovative solutions for rolling out smart, integrated positive energy 
systems for the transition to a citizen centred zero carbon & resource efficient economy. SPARCS facilitates the 
participation of buildings to the energy market enabling new services and a virtual power plant concept, 
creating Virtual Positive Energy communities as energy democratic playground (positive energy districts can 
exchange energy with energy entities located outside the district). Seven cities will demonstrate 100+ actions 
turning buildings, blocks, and districts into energy prosumers. Impacts span economic growth, improved quality 
of life, and environmental benefits towards the EC policy framework for climate and energy, the SET plan and 
UN Sustainable Development goals. SPARCS co-creation brings together citizens, companies, research 
organizations, city planning and decision-making entities, transforming cities to carbon-free inclusive 
communities. Lighthouse cities Espoo (FI) and Leipzig (DE) implement large demonstrations. Fellow cities 
Reykjavik (IS), Maia (PT), Lviv (UA), Kifissia (EL) and Kladno (CZ) prepare replication with hands-on feasibility 
studies. SPARCS identifies bankable actions to accelerate market uptake, pioneers innovative, exploitable 
governance and business models boosting the transformation processes, joint procurement procedures and 
citizen engaging mechanisms in an overarching city planning instrument toward the bold City Vision 2050. 
SPARCS engages 30 partners from 8 EU Member States (FI, DE, PT, CY, EL, BE, CZ, IT) and 2 non-EU countries 
(UA, IS), representing key stakeholders within the value chain of urban challenges and smart, sustainable cities 
bringing together three distinct but also overlapping knowledge areas: (i) City Energy Systems, (ii) ICT and 
Interoperability, (iii) Business Innovation and Market Knowledge. 



SPARCS  D2.1 Definition of SPARCS Holistic Impact Assessment Methodology 
and Key Performance Indicators   

 
4ÈÉÓ ÐÒÏÊÅÃÔ ÈÁÓ ÒÅÃÅÉÖÅÄ ÆÕÎÄÉÎÇ ÆÒÏÍ ÔÈÅ %ÕÒÏÐÅÁÎ 5ÎÉÏÎȭÓ (ÏÒÉÚÏÎ ςπςπ ÒÅÓÅÁÒÃÈ ÁÎÄ ÉÎÎÏÖÁÔÉÏÎ 
programme under Grant Agreement No. 864242  
Topic: LC-SC3-SCC-1-2018 -2019 -2020: Smart Cities and Communities  

 

TABLE OF CONTENTS 

Table  of Contents ......................................................................................................................... 5 

List of Figures  ............................................................................................................................... 7 

List of Tables  ................................................................................................................................. 8 

List of Abbreviations  .................................................................................................................. 9 

Executive Summary  .................................................................................................................. 10 

1.Introduction  ............................................................................................................................ 13 

1.1 Purpose of the document ...........................................................................................................................14 

1.2 Relation with other tasks ...........................................................................................................................15 

2.Smart City Indicators: From macroscopic Indicators to comprehensive low -level 
KPIs ............................................................................................................................................... 17 

2.1 Definition of KPIs ...........................................................................................................................................17 

2.2 General KPI related considerations for cities ..................................................................................19 

2.3 Specific KPI related considerations of SPARCS...............................................................................20 

3. Review of known assessment methodologies and key performance indicators for 
CITIES............................................................................................................................................ 25 

3.1 Analysis of Morgenstadt assessment methodology .....................................................................26 

3.2 Review of CITYkeys indicators for smart city projects and smart cities ...........................31 

3.3 Review of SCIS key performance indicators ....................................................................................34 

3.4 Review of CIVITAS process and impact evaluation framework.............................................36 

3.5 Review of Triangulum impact assessment methodology..........................................................38 

3.6 Summary .............................................................................................................................................................41 

4.SPARCS impact assessment methodology ....................................................................... 43 

4.1 SPARCS Top-down Impact Analysis and initial KPI definition ...............................................45 

4.2 SPARCS Bottom-up and Technical interventions analysis .......................................................50 

4.2.1 Bottom-up approach ...................................................................................................................... 50 
4.2.2 Technical intervention Analysis ................................................................................................. 54 

4.3 Holistic framework definition  .................................................................................................................55 

4.4 Data collection methodology....................................................................................................................56 

4.5 Normalisation methodology definition ..............................................................................................64 

4.6 Process Evaluation ........................................................................................................................................65 

5.Conclusions .............................................................................................................................. 67 

6.References ............................................................................................................................... 69 

7.Appendices .............................................................................................................................. 71 



PAGE 6 OF 87 

 
This project has received funding from the %ÕÒÏÐÅÁÎ 5ÎÉÏÎȭÓ (ÏÒÉÚÏÎ ςπςπ ÒÅÓÅÁÒÃÈ ÁÎÄ ÉÎÎÏÖÁÔÉÏÎ 
programme under Grant Agreement No. 864242  
Topic: LC-SC3-SCC-1-2018 -2019 -2020: Smart Cities and Communities  

 

A. Leipzig Bottom-up approach table ........................................................................................................71 

B. Technical intervation analysis .................................................................................................................73 

C. KPIs description and calculation ............................................................................................................74 
 



SPARCS  D2.1 Definition of SPARCS Holistic Impact Assessment Methodology 
and Key Performance Indicators   

 
4ÈÉÓ ÐÒÏÊÅÃÔ ÈÁÓ ÒÅÃÅÉÖÅÄ ÆÕÎÄÉÎÇ ÆÒÏÍ ÔÈÅ %ÕÒÏÐÅÁÎ 5ÎÉÏÎȭÓ (ÏÒÉÚÏÎ ςπςπ ÒÅÓÅÁÒÃÈ ÁÎÄ ÉÎÎÏÖÁÔÉÏÎ 
programme under Grant Agreement No. 864242  
Topic: LC-SC3-SCC-1-2018 -2019 -2020: Smart Cities and Communities  

 

LIST OF FIGURES 

&ÉÇÕÒÅ ρȡ Ȱ)ÎÉÔÉÁÌ 30!2#3 %ÖÁÌÕÁÔÉÏÎ ÁÎÄ !ÓÓÅÓÓÍÅÎÔ &ÒÁÍÅ×ÏÒËȱ ÒÏÁÄÍÁÐ .......................11 

Figure 2: SPARCS cities ......................................................................................................................................13 

&ÉÇÕÒÅ σȡ 30!2#3ȭ ÍÅÔÈÏÄÏÌÏÇÙ ÁÃÔÉÏÎ ÐÌÁÎ ...........................................................................................15 

Figure 4: Relation of T2.1 with other tasks of the SPARCS Project ..............................................15 

Figure 5: Types of indicators in a smart city context (Artley & Stroh, 2001) .........................19 

Figure 6: Demonstration actions in LHCs of SPARCS ..........................................................................22 

Figure 7: Allocation of SPARCS Smart Cities Demonstration Actions .........................................23 

&ÉÇÕÒÅ ψȡ -ÏÒÇÅÎÓÔÁÄÔȭÓ ÐÈÁÓÅ ) ÒÅÓÕÌÔÓ ....................................................................................................28 

Figure 9: Morgenstadt model .........................................................................................................................29 

&ÉÇÕÒÅ ρπȡ -ÏÒÇÅÎÓÔÁÄÔȭÓ ÇÅÎÅÒÉÃ ÁÃÔÉÏÎ ÍÏÄÅÌ ....................................................................................31 

Figure 11: Smart City in the context of CITYkeys .................................................................................32 

&ÉÇÕÒÅ ρςȡ #)49ËÅÙÓȭ ÔÈÒÅÅ ÂÏÔÔÏÍ ÌÉÎÅ ÁÐÐÒÏÁÃÈ ................................................................................33 

&ÉÇÕÒÅ ρσȡ #)49ËÅÙÓȭ ÁÄÄÉÔÉÏÎÁÌ ÁÐÐÒÏÁÃÈÅÓ...........................................................................................34 

Figure 14 SCIS activities ....................................................................................................................................35 

Figure 15: SCIS KPIs list ....................................................................................................................................36 

Figure 16: Civitas measures ............................................................................................................................37 

&ÉÇÕÒÅ ρχȡ #)6)4!3ȭ ÉÍÐÁÃÔ ÅÖÁÌÕÁÔÉÏÎ ......................................................................................................37 

&ÉÇÕÒÅ ρψȡ #)6)4!3ȭ ÐÒÏÃÅÓÓ ÅÖÁÌÕÁÔÉÏÎ ....................................................................................................38 

&ÉÇÕÒÅ ρωȡ 4ÒÉÁÎÇÕÌÕÍȭÓȭ ÓÅÖÅÎ ÓÔÅÐÓ ÍÅÔÈÏÄÏÌÏÇÙ ............................................................................40 

Figure 20: SPARCS seven steps Holistic Impact Assessment Methodology .............................44 

&ÉÇÕÒÅ ςρȡ 30!2#3ȭ +0)Ó ,ÅÖÅÌÓ .....................................................................................................................51 

 
 

file://///srv-kif-dc1/Users2/ps/Smart_Energy_Systems/1.%20H2020%20Projects/2.%20SPARCs%20Smart%20Cities/5.%20Deliverables/WP2/1.%20D2.1%20VERD/5.%20Drafts/2.%20D2.1%20draft/D2.1%20Definition%20of%20SPARCS%20Holistic%20Impact%20Assessment%20Methodology%20and%20Key%20Performance%20Indicators%20Final%20V1.1_ad.docx%23_Toc36132332
file://///srv-kif-dc1/Users2/ps/Smart_Energy_Systems/1.%20H2020%20Projects/2.%20SPARCs%20Smart%20Cities/5.%20Deliverables/WP2/1.%20D2.1%20VERD/5.%20Drafts/2.%20D2.1%20draft/D2.1%20Definition%20of%20SPARCS%20Holistic%20Impact%20Assessment%20Methodology%20and%20Key%20Performance%20Indicators%20Final%20V1.1_ad.docx%23_Toc36132334
file://///srv-kif-dc1/Users2/ps/Smart_Energy_Systems/1.%20H2020%20Projects/2.%20SPARCs%20Smart%20Cities/5.%20Deliverables/WP2/1.%20D2.1%20VERD/5.%20Drafts/2.%20D2.1%20draft/D2.1%20Definition%20of%20SPARCS%20Holistic%20Impact%20Assessment%20Methodology%20and%20Key%20Performance%20Indicators%20Final%20V1.1_ad.docx%23_Toc36132339
file://///srv-kif-dc1/Users2/ps/Smart_Energy_Systems/1.%20H2020%20Projects/2.%20SPARCs%20Smart%20Cities/5.%20Deliverables/WP2/1.%20D2.1%20VERD/5.%20Drafts/2.%20D2.1%20draft/D2.1%20Definition%20of%20SPARCS%20Holistic%20Impact%20Assessment%20Methodology%20and%20Key%20Performance%20Indicators%20Final%20V1.1_ad.docx%23_Toc36132340
file://///srv-kif-dc1/Users2/ps/Smart_Energy_Systems/1.%20H2020%20Projects/2.%20SPARCs%20Smart%20Cities/5.%20Deliverables/WP2/1.%20D2.1%20VERD/5.%20Drafts/2.%20D2.1%20draft/D2.1%20Definition%20of%20SPARCS%20Holistic%20Impact%20Assessment%20Methodology%20and%20Key%20Performance%20Indicators%20Final%20V1.1_ad.docx%23_Toc36132344
file://///srv-kif-dc1/Users2/ps/Smart_Energy_Systems/1.%20H2020%20Projects/2.%20SPARCs%20Smart%20Cities/5.%20Deliverables/WP2/1.%20D2.1%20VERD/5.%20Drafts/2.%20D2.1%20draft/D2.1%20Definition%20of%20SPARCS%20Holistic%20Impact%20Assessment%20Methodology%20and%20Key%20Performance%20Indicators%20Final%20V1.1_ad.docx%23_Toc36132346
file://///srv-kif-dc1/Users2/ps/Smart_Energy_Systems/1.%20H2020%20Projects/2.%20SPARCs%20Smart%20Cities/5.%20Deliverables/WP2/1.%20D2.1%20VERD/5.%20Drafts/2.%20D2.1%20draft/D2.1%20Definition%20of%20SPARCS%20Holistic%20Impact%20Assessment%20Methodology%20and%20Key%20Performance%20Indicators%20Final%20V1.1_ad.docx%23_Toc36132347
file://///srv-kif-dc1/Users2/ps/Smart_Energy_Systems/1.%20H2020%20Projects/2.%20SPARCs%20Smart%20Cities/5.%20Deliverables/WP2/1.%20D2.1%20VERD/5.%20Drafts/2.%20D2.1%20draft/D2.1%20Definition%20of%20SPARCS%20Holistic%20Impact%20Assessment%20Methodology%20and%20Key%20Performance%20Indicators%20Final%20V1.1_ad.docx%23_Toc36132348
file://///srv-kif-dc1/Users2/ps/Smart_Energy_Systems/1.%20H2020%20Projects/2.%20SPARCs%20Smart%20Cities/5.%20Deliverables/WP2/1.%20D2.1%20VERD/5.%20Drafts/2.%20D2.1%20draft/D2.1%20Definition%20of%20SPARCS%20Holistic%20Impact%20Assessment%20Methodology%20and%20Key%20Performance%20Indicators%20Final%20V1.1_ad.docx%23_Toc36132349
file://///srv-kif-dc1/Users2/ps/Smart_Energy_Systems/1.%20H2020%20Projects/2.%20SPARCs%20Smart%20Cities/5.%20Deliverables/WP2/1.%20D2.1%20VERD/5.%20Drafts/2.%20D2.1%20draft/D2.1%20Definition%20of%20SPARCS%20Holistic%20Impact%20Assessment%20Methodology%20and%20Key%20Performance%20Indicators%20Final%20V1.1_ad.docx%23_Toc36132350
file://///srv-kif-dc1/Users2/ps/Smart_Energy_Systems/1.%20H2020%20Projects/2.%20SPARCs%20Smart%20Cities/5.%20Deliverables/WP2/1.%20D2.1%20VERD/5.%20Drafts/2.%20D2.1%20draft/D2.1%20Definition%20of%20SPARCS%20Holistic%20Impact%20Assessment%20Methodology%20and%20Key%20Performance%20Indicators%20Final%20V1.1_ad.docx%23_Toc36132351


PAGE 8 OF 87 

 
This project has received funding from the %ÕÒÏÐÅÁÎ 5ÎÉÏÎȭÓ (ÏÒÉÚÏÎ ςπςπ ÒÅÓÅÁÒÃÈ ÁÎÄ ÉÎÎÏÖÁÔÉÏÎ 
programme under Grant Agreement No. 864242  
Topic: LC-SC3-SCC-1-2018 -2019 -2020: Smart Cities and Communities  

 

LIST OF TABLES 

Table 1: Morgenstadt framework indicators structure .....................................................................30 

Table 2: CITYkeys indicator framework structure ...............................................................................34 

Table 3: KPIs overview from relevant projects .....................................................................................42 

Table 4: Top ɀ $Ï×Î ÁÎÁÌÙÓÉÓȭ +0)Ó .............................................................................................................45 

Table 5: : KPIs derived from Impact Analysis .........................................................................................47 

Table 6: Initial SPARCS KPIs categorization ............................................................................................48 

Table 7: KPIS overview from analyzed frameworks ...........................................................................49 

Table 8: Espoo Bottom-ÕÐ ÁÎÁÌÙÓÉÓȭ +0)Ó .................................................................................................51 

Table 9: District allocation of Espoo KPIs .................................................................................................53 

Table 10: Espoo KPIs in Macro/City level ................................................................................................53 

Table 11: Espoo KPIs from technical analysis ........................................................................................54 

Table 12: Data related to KPIs from Impact analysis ..........................................................................57 

4ÁÂÌÅ ρσȡ )ÎÔÅÒÖÅÎÔÉÏÎÓȭ +0)Ó and data needed for their calculation ..........................................59 

4ÁÂÌÅ ρτȡ $ÁÔÁȭÓ ÁÖÁÉÌÁÂÉÌÉÔÙ ÔÅÍÐÌÁÔÅ ........................................................................................................64 

 
 
 



SPARCS  D2.1 Definition of SPARCS Holistic Impact Assessment Methodology 
and Key Performance Indicators   

 
4ÈÉÓ ÐÒÏÊÅÃÔ ÈÁÓ ÒÅÃÅÉÖÅÄ ÆÕÎÄÉÎÇ ÆÒÏÍ ÔÈÅ %ÕÒÏÐÅÁÎ 5ÎÉÏÎȭÓ (ÏÒÉÚÏÎ ςπςπ ÒÅÓÅÁÒÃÈ ÁÎÄ ÉÎÎÏÖÁÔÉÏÎ 
programme under Grant Agreement No. 864242  
Topic: LC-SC3-SCC-1-2018 -2019 -2020: Smart Cities and Communities  

 

LIST OF ABBREVIATIONS  

CIBSE  Chartered Institution of Building Services Engineers 
D Deliverable 
DoA Description of Actions 
EU European Union 
EC European Commission  
FC Fellow City 
GA Grant Agreement  
ICT Information and Communication Technologies  
KPI Key Performance Indicator  
LHC Light House City  
M:CI Morgenstadt: City Insights   
SCIS Smart Communities Information System  
SPARCS Sustainable Positive and zero cARbon CommunitieS 
T Task   
WP Work Package  



PAGE 10 OF 87 

 
This project has received funding from the %ÕÒÏÐÅÁÎ 5ÎÉÏÎȭÓ (ÏÒÉÚÏÎ ςπςπ ÒÅÓÅÁÒÃÈ ÁÎÄ ÉÎÎÏÖÁÔÉÏÎ 
programme under Grant Agreement No. 864242  
Topic: LC-SC3-SCC-1-2018 -2019 -2020: Smart Cities and Communities  

 

EXECUTIVE SUMMARY  

 

SPARCS develops a new form of smart cities framework with the ultimate goal of achieving 
zero carbon emissions in European cities by 2050. A multi-disciplinary 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 citizen-centered, 
environmentally friendly smart cities.  

The scope of Task 2.1 and the respective deliverable report D2.1, is the definition of a 
continuous monitoring and assessment process of the impact that will be achieved by the 
30!2#3 ÉÎÔÅÒÖÅÎÔÉÏÎÓ ÉÎ ÔÈÅ ÄÅÍÏ ÓÉÔÅÓ ÏÆ ,ÉÇÈÔÈÏÕÓÅȭÓ Cities, Espoo in Finland and 
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 Holistic Evaluation and Assessment 
Framework, there were three main steps followed.  

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

Subsequently, an in-depth analysis on SPARCS objectives was carried out using two 
approaches.  

¶ A top-down approach  was based on the overarching objectives of SPARCS and 
gathered 29 relevant KPIs; 22 were taken from the pool of the analysed prominent 
projects, while the remaining seven were defined by the SPARCS team.  

¶ A bottom -up approach , carried out by ÔÈÅ ÃÉÔÉÅÓȭ ÒÅÐÒÅÓÅÎÔÁÔÉÖÅÓ ÁÎÄ ÔÅÃÈÎÉÃÁÌ 
experts of SPARCS, was based on the planned SPARCS demo site actions and 
revealed a primary set of 10 additional KPIs. This is an ongoing process and the 
final list of KPIs will be provided in the updated version of this deliverable in March 
2021.  

As a final step, the availability of the required data linked to the outlined KPIs provided to 
the Lighthouse Cities and a seven steps methodology was proposed for the SPARCS 
Holistic Impact Assessment Framework. 
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Figure 1ȡ Ȱ)ÎÉÔÉÁÌ 30!2#3 %ÖÁÌÕÁÔÉÏÎ ÁÎÄ !ÓÓÅÓÓÍÅÎÔ &ÒÁÍÅ×ÏÒËȱ ÒÏÁÄÍÁÐ 
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The report of this deliverable is organized in five chapters that are presented below: 

 

 

 

 

 

 

 

 

 

 

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

Chapter 2  defines the criteria and the Key Performance Indicators (KPIs) as metrics of 
Smart City Evaluation frameworks. It further describes their importance in the 
evaluation process and presents the necessary criteria for an appropriate selection of 
ÔÈÅ ÍÏÓÔ ÒÅÌÅÖÁÎÔ +0)Ó ÏÖÅÒ Á ×ÉÄÅ ÌÉÓÔ ÏÆ ÓÍÁÒÔ ÃÉÔÉÅÓȭ ÒÅÌÁÔÅÄ ÍÅÔÒÉÃÓȢ -ÏÒÅÏÖÅÒȟ 
analysis is conducted and an association is provided regarding the selection of KPIs in 
the different levels of implementation.  

 

Chapter 3  has as a main target to present an overview of the-related to SPARCS- H2020 
projects that were used as basis for the proposed assessment framework. The 
methodology applied in each of the most prominent H2020 Smart Cities projects 
together with the KPIs used in their framework, is extensively analyzed.  

 

Chapter 4  presents the overall methodology that has been formulated for the SPARCS 
assessment framework, which emanated from an extensive review of past and parallel 
projects and passed through the SPARCS objectives prism. A mapping of appropriate 
KPIs is conducted in relation to SPARCS targets. Moreover, the evaluation of the 
appropriateness and soundness of available KPIs for the needs of SPARCS project is 
presented. 

 

Chapter 5  lays out the main conclusions of the holistic evaluation performed for the 
definition of the SPARCS assessment framework and summarizes the main lessons 
learnt through the process of derivation. Moreover, suggestions are provided 
concerning the next steps that could be undertaken to enhance the framework along 
with a normalization methodology approach. 
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Figure 2: SPARCS cities 

1. INTRODUCTION  

The transition of passive, reactively changing processes and infrastructure of existing 
European cities towards more citizen-centric, environmentally friendly Smart Cities 
ÃÏÍÐÒÉÓÅÓ Á ÈÉÇÈ ÐÒÉÏÒÉÔÙ ÉÎ ÔÈÅ %ÕÒÏÐÅÁÎȭÓ #ÏÍÍÉÓÓÉÏÎ ÁÇÅÎÄÁ ɉȰ-ÁÒËÅÔÐÌÁÃÅ ÏÆ ÔÈÅ 
%ÕÒÏÐÅÁÎ )ÎÎÏÖÁÔÉÏÎ 0ÁÒÔÎÅÒÓÈÉÐ ÏÎ 3ÍÁÒÔ #ÉÔÉÅÓ ÁÎÄ #ÏÍÍÕÎÉÔÉÅÓȟȱ ÎȢÄȢɊ. The SPARCS 
project works towards an ambitious target; to gather learnings from all previous 
prominent Smart Cities related projects and formulate an informed, robust and novel 
methodology for assessing and abetting the Smart City transformation in the SPARCS 
cities.  

This document focuses on the thorough 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 analysis in 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 application in Lighthouse Cities.  

The use of metrics and particularly Key Performance Indicators (KPIs) becomes more and 
more necessary in monitoring the progress of activities and evaluating the achieved 
impact. In order to ensure completeness of our work, a detailed understanding of four 
additional prominent methodologies from relevant projects (CITYkeys1; SCIS2; CIVITAS3, 
Triangulum4) was achieved and resulted in the evaluation of the appropriateness and 
soundness of the KPIs these projects proposed in their Smart City projects, which is 
presented herewith.  

The SPARCS project objectives have 
dictated the proposal of further KPIs; 
we have derived and present them in 
this document, in order to succeed in 
providing a holistic and robust 
qualitative and quantitative 
assessment of the impact achieved by 
the different interventions and 
technologies deployed in the demo 
sites from: 

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

in the SPARCS cities. 

                                            

1 CITYkeys is a H2020 project that started in 2015: http://www.citykeys -project.eu/ 

2 SCIS (Smart Cities Information Systems) is a knowledge platform: https://smartcities -infosystem.eu/ 

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

4 Triangulum is a H2020project stared in 2015: https://www.triangulum -project.eu/  

http://www.citykeys-project.eu/
https://smartcities-infosystem.eu/
https://civitas.eu/
https://www.triangulum-project.eu/
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1.1 Purpos e 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). The monitoring process ensures that the 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 targets. The 
impact assessment of the projectȭÓ interventions, against the established baselines, 
evaluates the replication potential of the proposed solutions at wider city scales. In this 
document, the SPARCS Deliverable 2.1 (D2.1), an initial version of the SPARCS framework 
which will be finalized in the next deliverable D2.2, is presented. A number of distinct 
steps were taken as a methodological approach to achieve this objective. 

Initially, an in-depth analysis of the SPARCS requirements, to understand its needs, is 
conducted. It is divided into two parts; the former is based on the general objectives of 
this innovation program and follows a top-down approach and the latter is based on 
specific actions to be implemented in cities and follows a bottom-up approach; as an 
outcome, the analysis results in indicators and data relevant to the realization of the 
interventions, that must be measured by LHCs.   

Thereafter, the Morgenstadt assessment framework was studied 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 Challenge, n.d.) as a multidisciplinary 
approach for the evaluation of sustainable urban development.  

Recent initiatives and projects on smart cities including CIVITAS, SCIS, CITYkeys 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 city objectives from LHCs are used to 
formulate 30!2#3ȭÓ framework. The informed choice of appropriate metrics is critical in 
achieving accuracy, robustness, applicability and scalability of our proposed method. 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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Figure 3: 30!2#3ȭ ÍÅÔÈÏÄÏÌÏÇÙ Áction plan 

1.2 Relation with other tasks   

Task 2.1 has strong inter-relations with seven other tasks from four different WPs within 
SPARCS. 

 

Figure 4: Relation of T2.1 with other tasks of the SPARCS Project  
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)Î 70ρ Ȱ5ÒÂÁÎ 4ÒÁÎÓÆÏÒÍÁÔÉÏÎ 3ÔÒÁÔÅÇÙȱȟ ÔÈÅÒÅ ÉÓ Á direct link  with four tasks: 

T1.1 develops a city diagnosis process allowing to accurately understand 
(qualitatively and quantitatively) the ground conditions of the LHCs in order to 
address current and forthcoming sustainability challenges. As part of the diagnosis 
process the task will focus on the preliminary data collection and analysis done in the 
present task. 

ɬρȢσ ÈÁÓ ÔÈÅ ÏÂÊÅÃÔÉÖÅ ÏÆ ÐÒÏÖÉÄÉÎÇ ÁÎ ÁÐÐÒÏÐÒÉÁÔÅ ÖÉÓÕÁÌÉÚÁÔÉÏÎ ÅÎÖÉÒÏÎÍÅÎÔ ÂÕÉÌÄÉÎÇ 
up on the methodology developed in T2.1; this will allow any city to measure the 
performance of 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. 

T1.5 settles a disruptive and customized 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. 

T1.6 targets to actively involve and empower citizens and relevant stakeholders in 
the process of conceiving developing and delivering the city vision, putting into 
practice the concepts of co-creation, co-development and co-implementation. 
Through that process customized KPIs presented in T2.1 will be used to evaluate the 
quality of the collaborative work and the impact of the solutions on the ground, 
assessing the feedback of the implemented strategies through solution-specific 
questionnaires.  

)Î 70σ Ȱ$ÅÍÏÎÓÔÒÁÔÉÏÎ ,ÉÇÈÔÈÏÕÓÅ #ÉÔÙ %ÓÐÏÏȱ ÁÎÄ 70τ Ȱ$ÅÍÏÎÓÔÒÁÔÉÏÎ ,ighthouse City 
,ÅÉÐÚÉÇȱ ÔÈÅÒÅ ÉÓ Á ÃÏÎÎÅÃÔÉÏÎ ×ÉÔÈ Ô×Ï ÔÁÓËÓȡ 

T3.1 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 via a participative 
and proactive process by the local Coordination Teams which among other actions 
they will provide the necessary data for the calculation of the KPIs as well as the will 
validate and apply the KPIs derived from T2.1 in order to ÍÏÎÉÔÏÒ ÔÈÅ ,ÉÇÈÔÈÏÕÓÅÓȭ 
project progress with SPARCS assessment framework.  

)Î 70υ Ȱ2ÅÐÌÉÃÁÔÉÏÎȱ ÔÈÅÒÅ ÉÓ Á link  with two tasks: 

T5.1 aims to create rich, expert curated, neutral interoperable solution packages, 
based on the Use Cases from the Lighthouse Cities, focused on helping cities implement 
and replicate these solutions under context specific circumstances. Replication 
indicators proposed in this deliverable will be used to evaluate the implemented 
actions. 

T5.3 provides an evidence base and in-depth understanding for key systems in the 
SPARCS Fellow Cities as a basis for the development of long-term 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. SMART CITY INDICATORS: FROM MACROSCOPIC INDICATORS TO 

COMPREHENSIVE LOW-LEVEL KPIS  

Espoo and Leipzig, the Lighthouse cities in the SPARCS project, aim to establish a strong 
presence at the front of the Smart City transition and transform into global lighthouse 
examples for other cities to follow. Innovative Smart City solutions planned, require a 
holistic monitoring  and assessment framework, allowing for both an immediate, as well 
as a long-term impact evaluation, through extrapolation of the SPARCs solutions at wider 
city scales in the Lighthouse, Fellow cities and beyond, evaluating their  replication 
potential.  

Indicators that are able to capture the key expected impacts across the demonstration 
activities, offer the required information  to perform a qualitative and quantitative analysis 
of the integrated solution into the ÃÉÔÙȭÓ infrastructure. They provide a way to effortlessly 
measure, comprehend and evaluate results and lead to more effective actions and 
informed decision making, by utilizing  the insights provided. In a smart city context, the 
usage of indicators contributes to the evaluation of specific targets calibrating the 
progress toward sustainable development goals. 

Yet, the identification of the appropriate indicators poses a huge challenge, since it 
requires a thorough analysis of the projectȭs high-level targets along with the intervent ion 
and action specifics. Hence, the utilization of best practices, in order to define the Key 
Performance Indicators serving as the basis of the monitoring and impact assessment 
Framework, is recommended.  

In the following sections, Key Performance indicators will be int roduced, along with 
proven methodologies to guide their  optimum identification , which will be utilized during 
the definition  of the SPARCS impact assessment methodology in Chapter 4. In addition, 
general consideration dealing with smart cities and their  challenges will be analysed, 
providing a first overview of macroscopic indicators to be considered in this context. 
Finally, the SPARCS project implementation plans, with a first analysis of the 
demonstration actions and the corresponding assessment levels will 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  

Key Performance Indicators (KPIs) are specific measurements used to gauge performance 
and evaluate the effectiveness of a process. They originate from business management, 
where they are typically used to evaluate performance and facilitate the decision-making. 
They can help incorporate physical and social science knowledge into decision-making 
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 results. Each KPI is a metric but not every metric is a KPI; the 
same metric may be a KPI on one level but not on another. That means that KPIs are a 
dynamic concept that changes according to the circumstances and need to be redefined in 
each case.  



PAGE 18 OF 87 

 
This project has received funding from the %ÕÒÏÐÅÁÎ 5ÎÉÏÎȭÓ (ÏÒÉÚÏÎ ςπςπ ÒÅÓÅÁÒÃÈ ÁÎÄ ÉÎÎÏÖÁÔÉÏÎ 
programme under Grant Agreement No. 864242  
Topic: LC-SC3-SCC-1-2018 -2019 -2020: Smart Cities and Communities  

 

The explosion of data nowadays leads to countless indicators and this can make their 
definition and usability problematic. So, there are different ways for experts to properly 
approach the KPIs and have a limited resources evaluation of a projecÔȭÓ actions. A very 
relevant and widespread approach is the adoption of SMART criteria, thus being, Specific, 
Measurable, Attainable, Relevant and Timely (Artley & Stroh, 2001). 

In addition to the SMART approach, a guide to the correct set of KPIs can be developed, by 
identifying specific needs and outcomes associated with the interventions that are 
implemented. The following questions are asked in this regard and help optimize the 
selection of KPIs for smart city implementations (Artley & Stroh, 2001).  

 

 

 

 

 

 

 

 

 

Another way of defining KPI´s is based on CIVITAS framework (Rooijen, T. van, Nesterova, 
2013), according to which each set of KPIs should be characterized by: 

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

¶ Completeness: the set of indicators should consider all aspects of the 
system/concept under evaluation 

¶ Availability: readil y 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 easy to understand 
¶ Non-redundancy: indicators should not measure the same aspect of an assessment 

criterion  
¶ Independence: small changes in the measurements of an indicator should not 

affect preferences assigned to other indicators of the evaluation model. 

Generally, the indicators in a smart city context are divided into five types according to 
(Artley & Stroh, 2001): 

Are we doing the right things?  

)ÔȭÓ ÔÈÅ ÅÆÆÅÃÔÉÖÅÎÅÓÓ ÔÈÁÔ ÉÎÄÉÃÁÔÅÓ ÔÈÅ ÄÅÇÒÅÅ ÔÏ ×ÈÉÃÈ ÔÈÅ ×ÏÒË ÐÒÏÄÕÃÔ ÃÏÎÆÏÒÍÓ ÔÏ 
requirements. Helps to understand if the outcome is the desirable one. 

 

Are we doing things right?  

It is the efficiency that indicates the degree to which the process produces the required 
output at minimum resource cost. 
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Figure 5: Types of indicators in a smart city context (Artley & Stroh, 2001) 

Smart city indicators are categorized in different aggregation levels such as city level and 
project level; but depending on the needs of the project, the categorization can be more 
specific, including single building, set of buildings and neighbourhood /district. As there 
are different types of indicators, it  is ÓÉÇÎÉÆÉÃÁÎÔ ÔÏ ÆÏÃÕÓ ÏÎ ÔÈÅ ȰËÅÙȱ ÏÐÅÒÁÔÉÖÅ ×ÏÒÄ that 
leads to instrumental measures for the assessment framework and helps to understand 
the current state of the cities and the desired level of performance that is planned to be 
achieved. 

The aforementioned approaches that aim to the valid definition of the KPIs, are taken into 

consideration for the needs of SPARCS, focusing into the main targets of the project and 

the desirable impacts. 

2.2 General KPI related considerations for cities  

According to the United Nations (UN-DESA, 2018), φψϷ ÏÆ ×ÏÒÌÄȭÓ ÐÏÐÕÌÁÔÉÏÎ is projected 
to live in urban areas by the year 2050; cities therefore are anticipated to face new 
challenges in integrating sustainably further populace. Cities will be required to transform 
their infrastructures in a smarter, more efficient and resilient way so that sustainable 
development to be a part of their long-term strategy and a better quality of life to be 
provided to their citizens. 

Ɇ Understand the human and capital resources used to produce the
outputs and outcomes

¶Input
Indicators

Understand the intermediate steps in producing a product or service.
In the area of training for example, a process measure could be the
number of training coursescompletedasscheduled

¶Process
Indicators

Measurethe product or serviceprovided by the systemor organization
and delivered to customers. An example of a training output would be
the number of people trained

¶Output
Indicators

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 a reducednumber of injuries and illnesses
in the workforce. Establishing a direct causeand effect relationship
between the output of the activity and its intended outcome, can be
difficult

¶Outcome
Indicators

Measurethe direct or indirect effects or consequencesresulting from
achievingprogram goals. An exampleof an impact is the comparison of
actual program outcomes with estimates of the outcomes that would
haveoccurred in the absenceof the program

¶Impact
Indicators
















































































































