ﬂ‘lm

1

Innovation Action

H2020-LC-SC3-SCC-1-2018

D5.4 - City impact evaluation
procedure

WP5, Task 5.1
November 2020 [M24]

Author(s): Cristina de Torre (CAR), Carla Rodriguez (CAR), Jussi Ronty (VTT)

@ O

www.makingcity.eu @MakingCity_EU

This project has received funding from the European Union’s Horizon 2020 research and innovation

programme under the Grant Agreement n°824418.




Disclaimer

The content of this deliverable reflects only the author’s view. The European Commission is not
responsible for any use that may be made of the information it contains.

Copyright notice

©2019 MAKING-CITY Consortium Partners. All rights reserved. MAKING-CITY is a HORIZON2020 Project
supported by the European Commission under contract No. 824418. For more information on the
project, its partners and contributors, please see the MAKING-CITY website (www.makingcity.eu/). You
are permitted to copy and distribute verbatim copies of this document, containing this copyright notice,
but modifying this document is not allowed. All contents are reserved by default and may not be
disclosed to third parties without the written consent of the MAKING-CITY partners, except as mandated
by the European Commission contract, for reviewing and dissemination purposes. All trademarks and
other rights on third party products mentioned in this document are acknowledged and owned by the
respective holders. The information contained in this document represents the views of MAKING-CITY
members as of the date they are published. The MAKING-CITY consortium does not guarantee that any
information contained herein is e-free, or up-to-date, nor makes warranties, express, implied, or
statutory, by publishing this document.

D5.4 City impact evaluation procedurev;
E Il
Making

City

MAKING-CITY GA n° 824418


http://www.makingcity.eu/

D5.4 City impact evaluation procedurevi"m
Clty

Document Information

824418

Energy efficient pathway for the city transformation: enabling a
positive future

MAKING-CITY

Cecilia Sanz-Montalvillo (cecsan@cartif.es)- Fundacion CARTIF
1t December 2018 — 30" November 2023 (60 Months)

WP 5 — EVALUATION FRAMEWORK AND SOCIAL INNOVATION
Task 5.1. Evaluation Framework

20-VTT

01-CAR, 03-GRO, 06-SEV, 07-WAM, 12-HUAS, 13-0OUK, 20-VTT
30" November 2020

25t November 2020

Public

History
--———
15/02/2020 Cristina de Torre
09/04/2020 0.2 VTT Jussi Ronty City level indicators
20/04/2020 0.3 CAR Cristina de Torre Updates in the
procedure
29/05/2020 0.4 VTT Jussi Ronty Review version
31/05/2020 1.0 CAR Cristina de Torre Initial version for
submission
15/09/2020 1.1 CAR Cristina de Torre Updated version

MAKING-CITY GA n° 824418



D5.4 City impact evaluation procedurevih
E Il
Making

City

30/10/2020 1.2 CAR Cristina de Torre  Requested information

for prioritization of

indicators
17/11/2020 1.3 CAR Cristina de Version for review

Torre/Cecilia Sanz process
30/11/2020 Final CAR Cristina de Torre / Final versién for
Cecilia Sanz submission

- MAKING-CITY GA n° 824418



D5.4 City impact evaluation procedure

Making

City
Table of content
EXECULIVE SUMIMAIY ..ottt sttt st st 11
KEYWOIAS ..ottt sttt sttt 11
T INTTOAUCTION .ot 12
1.1 PUrPOSE aNd target GrOUP ...t ssssssssssssssssssssssssssssssssssssssssssssssssssanses 12
1.2 CONLHDULION PAITNETS ...ttt 12
1.3 Relation to other activities iN the ProjJECt ... 12
2 Evaluation framework at City [EVEl ... e 14
3 Procedure for City @ValUatioN ...t sesssssssss st ssss s sssssssssssssanes 18
3.1 Step L City Level Indicators CalCulation ... isessesesenens 18
311 ENergy &L @NVIFONMENT ...ttt sssesseen 19
3.1.2 IMIODITIEY .ottt 20
313 GOVEINANCE ..ottt st s et 21
3.14 SOCIELY L CIIZENS ...t ssse et saseen 21
3.2 Step IL Indicators NOrmaliSation ... ssssssssssssssssssssssens 22
3.3  Step IIL Prioritisation of categories, application fields and indicators..........ccccccouvuunece. 26
3.4  Step IV: Aggregation to calculate the City iINAICES ... 29
4 Deployment of the methodology for evaluation at city level in MAKING CITY ......ccccocuuuee. 30
4.1  Step I Indicators Calculation by the eight project Citi€s........ccovvveeonrerrirneneiseireneirees 31
4.2  Step I Indicators Normalisation for impact evaluation & city characterization......... 34
4.3  Step III: Prioritisation of categories, application fields and indicators for city impact
AN City ChAraCTEMIZATION ....cuueee et 36
4.3.1 Prioritisation for impact evaluation............inrneeeise e 37
432 Prioritisation for city charaCterization ... senees 43
44  Step IV: Calculation of the City INAICES ... 46
441 Calculation of city indices for impact evaluation ..........coeeenenrineenersnisrinnis 46
442 Calculation of city indices for city characterization.............ccccoveneeoneineceonecneeneineens 48
CONCIUSIONS ...ttt bbb bbb 51
BIDIIOGIAPNY oo 52
Annex 1 — City [evel INAICATOrs VAlUES........o.ovirirrreee ettt sss e 54
Annex 2 — Example of prioritisation exercise: Energy and Environment prioritization ................ 57
Annex 3 — Pair-wise comparison carried out by MAKING-CITY @XPerts.......ccoeemermrrnrrrnreerernrenenen. 61
ANNEX 3.T = CARTIF ottt s s st 61
CategOry PriOrtiSAtION ..ottt ettt sttt ss s ssenses 61
Energy & Environment PrioritiZation ... creencenecineceeinesiecsiesssessesesssesssesssesssnesssessenessnes 62
MODIlity PrIOMITIZATION .....oceeeiriceicicectei ettt ssse s 63
GOVErNANCE PriOMTIZATION.....cucceeiicieeeiciecie ettt 64
Society & CItiZENS PrioritiZatiON.........c.ceuceerirereeicirerieeisesieesese s sssesesesssessssessssseesssesssnens 65
Lol MAKING-CITY GA n° 824418



D5.4 City impact evaluation procedure

Malgf\tg
ANNEX 3.2 = TECNALIA ...ttt 67
CategOry PriOrtiSAtiON ...ttt sttt s s ssenaes 67
Energy & Environment PriOMTIZAtION ... ssss s 67
MODIlitY PrIOFIIZAtION vttt sttt sss s st ssssaes 68
GOVEINANCE PriONtiZATION. ...t 68
Society & CItiZENS PrioritiZatioN.......oc.oieeeneieieeiese et ssse st ss s sssesssesssessssseses 69
ANNEX 3.3 = TN oottt bbb bbb 70
CategOrY PriOrTiISAtION ...ttt sttt st 70
Energy & Environment PriOrtiZAtION ...t ssssssssss s sssssesens 70
MODITITY PrIOFITIZATION oottt ss s 71
GOVErNANCE PriOMTIZATION .....cuiiieeiete ettt 71
Society & CItiZENS PriOritiZatiON.......oeieereinieeieeiecise et ssse st ssse s ss s ssss s ssseses 72
Annex 3.4 — STICHTING ENERGY VALLEY ...t sssesssse s ssss s s sssessans 73
CategOry PriOrtiSAtION . ...ttt 73
Energy & Environment PriortiZatioN .........ccoeeueineeneiscieeiecseiiseeseieeiesssesssesssesesssesssesssesaees 73
MODIIILY PrIOFITIZAtION oottt st ss s saes 74
GOVErNANCE PriONTIZATION .....cuiieciie ettt bbb 74
Society & CItiZENS PrIOMTIZATION. ..ottt saseas 75
Annex 3.5 — University of Groningen. Faculty of Spatial Sciences...........ccccooovernnineecnrirneerneens 76
CaAtegOrY PriOrTISAtION ...ttt 76
Energy & Environment PriOritiZAtION ...t sssesses s sassaeens 76
MODITITY PrIOFITIZATION ettt 77
GOVErNANCE PrIOMTIZATION. ...ttt 77
Society & CIiZENS PriOrtiZatioN........ocveeenieieceeiseseieeie et es e senen 78
Annex 3.6 — Hanze Univesity of Applied Sciences of Groningen.........c.ccccorrenrnsenseeneeneeresenenes 79
CaAtegOrY PriOrTISAtION ..cccueeeeeceeceecieee ettt b 79
Energy & Environment PriOrtiIZAtION ...t ssseaeens 79
MODIIITY PrIOFITIZATION ceceeiieeeeiecete ettt 80
GOVErNANCE PrIOMTIZATION.....cucveieeieecitecirecetie ettt 80
Society & CItiZeNS PriOrtiZatiON.......oc.vieeerereieeieiseiseeiseie et es e seees 81
Annex 3.7 — VTT Technical Research Centre of Finland............ccocovinneininneneneeseecneeenee 82
CategOry PriOrtiSAtION ...ttt ettt ns s 82
Energy & Environment PriOrTiZatioN .........ccoeeiecneiseiecieeiecseiseiseieessesssesssesssesesssesssesssssaes 82
MODIIILY PrIOFITIZAtION oottt sttt ettt ssssssaes 83
GOVErNANCE PriONTIZATION ....cuieeiete ettt 83
Society & CItiZENS PrOMTIZATION. ..ottt saseaes 84
Annex 3.10 - Slovak University of Technology in Bratislava............ccoccneceneceneceneeenns 85
CategOry PriOrtiSAtION ..ottt ettt es s ssesses 85
Energy & Environment PrioritiZation .........c.creencenerinenieeiesiecseesssessssesssessssesssesssnessssssnensnee 85
MODIIILY PrIOFIIZAtION oottt sttt ssss s st ssnsaes 86
GOVErNANCE PriONTIZATION .....oueeeiete ittt 86
Society & CitiZENS PriOMtIZAtION. ..ottt saseas 87
Lol MAKING-CITY GA n° 824418



D5.4 City impact evaluation procedure

Making

City

List of figures
Figure 1: MAKING-CITY Evaluation Framework (Source: D9.8)......c..coovrmrerrrnrrrnrrrnsnnsensssnssssssssenneens 14
Figure 2: The Logic-model describes the steps from input to iMmpact ..........cccccoeeverovrirnrionninnrins 15
Figure 3: Levels of MAKING-CITY evaluation framework at City leVel .......c.ccooevvrecrricnrrerrnrrninnnnn. 15
Figure 4: City level evaluation framework SChEME............cccoirinrirnrinse s 16
Figure 5: Classification of the City Level INAICAtOrS ... sessseees 18
Figure 6: Top down structure for MAKING-CITY iNdiCatOrS .......cocoevomrerrrrrrerrinsiesisesesssesssesessssssesnsens 19
Figure 7: Analytic Hierarchy Process (AHP) @apProach ...........nneneineinenesssesessssssesssseseenns 27
Figure 8: Pair-wise comparison defined within the structure of the MAKING-CITY indicators 27
Figure 9: Scheme of methodology for city level evaluation............crneneensinnneereeeenn, 30
Figure 10: Normalized values for Energy and Environment indicators (Groningen in green and

OUIU TN BIUB) oottt sttt s s sassnaes 34
Figure 11: Normalized values for Mobility indicators (Groningen in green and Oulu in blue).35
Figure 12: Normalized values for Governance indicators (Groningen in green and Oulu in blue)

.............................................................................................................................................................................. 35
Figure 13: Normalized values for Society and Citizens indicators (Groningen in green and Oulu

TN DIUB) oottt ettt et sttt et sttt ettt st as st st s asss st ee st as et st s s e st enanas 36
Figure 14: Evaluation of project impact at City |€Vel ... 38
Figure 15: Energy and environment prioritiSation .........c...cooeninrinrnsinseeneiesiesesssssssssssssssssssssseeens 41
Figure 16: MODility PrioritiSATION ...ttt ss s 42
Figure 17: GOVErnance PrioritiSAtION ... ...ttt ss bbb ssseens 42
Figure 18: Society and Citiz€Ns PrioritiSATION .......c.cccvcueeerierreeeiiecreiseiseise e ssseeens 43
Figure 19: City diagnosis CharaCteriSatioN...........coovirrinrinrineese s ssssssss s ssssssessssens 44
Figure 20: Radar view of Groningen and Oulu Indices per Category .......cmeneeeoneeeneeeneeeneeenees 47
Figure 21: Radar view of Groningen and Oulu Indices per Application Field........ccccoovrrrrrrreen. 48
Figure 22: Radar view of Groningen and Oulu Indices per Category .......cmneeoneeeneeeneeeneeinnes 49
Figure 23: Radar view of Groningen and Oulu Indices per Application Field........c.ccooevrrrrrrennecn. 50
Figure 25: Energy & ENVIrONMENTt STIUCTUIE .......ucvureumceeericeireciceieciceie e ssssseessssssesssssenens 57

K MAKING-CITY GA n° 824418



D5.4 City impact evaluation procedure E

Making

City

List of tables

Table 1: CoNtribULION OFf PArTNEIS ...ttt sttt 12
Table 2: Relation to other activities in the ProjECt ... 13
Table 3: City Energy Profile iINAICAtOrs ...ttt s sssssssnsens 19
Table 4: GHG EMISSIONS INAICATOTS. ...t ssse i ssssesssesssse e ssssssssesssssssnens 20
Table 5: Waste Management iNAICAtOS ...ttt sssssses st ssssssens 20
Table 6: City Mobility Profile iNdiCAtOrs ...t ss s sssesnes 20
Table 7: ECONOMY INAICATOIS.......ovieeeeeeriesiesse sttt sttt st sss st st s s s ssnsens 21
Table 8: Initiatives and Strategies of the Public Administration indicators...........ccccoecoerenrinnrinnnee 21
Table 9: PUblic ICT / Data iNAICATOIS ...t ss s 21
Table 10: Affordable HOUSING INAICATOIS ...ttt ssesens 21
Table 11: Citizen Engagement and Empowerment indiCators..........ccceneeneeecneeinecneeseenecisecinennne 22
Table 12: Urban Structure iNAICAtOrs........cc.veueeereecirecieerecisesie e sssse s s ssssssssesssssssnens 22
Table 13: Energy & Environment indicators normalisation methodology.........ccccoeevrrnrerriereinnenn. 24
Table 14: Heating degree-days classification and target values regarding DH-network ........... 24
Table 15: Cities clustering according to their heating degree-days ..........ccoeveenernrinrerneeneeereenennn. 24
Table 16: Mobility indicators normalisation methodology.........uneneenenecneneneeeecrecenne 25
Table 17: Governance indicators normalisation methodology ..., 25
Table 18: Society & Citizens indicators normalisation methodology ..., 26
Table 19: Scale of relative importance of the AHP method ..., 28
Table 20: Energy and environment indicators calculation ... 32
Table 21: Mobility indicators CalCUIAtioN ...t 32
Table 22: Governance INdicators CalCUlatioN...........cceiinereree e 33
Table 23: Society and citizens indicators CalCulation ... 33
Table 24: Normalized values for Energy & Environment indicators..........cocoeeeneeneeenecenneeneieneeins 34
Table 25: Normalized values for Mobility iNdiCators..........co.ovireenrinrirnesesese e 34
Table 26: Normalized values for Governance iNdiCators .........ooc.eceeneeenseeeneeisesiseeisessseesseeanees 35
Table 27: Normalized values for Society and Citizens iNdiCators........ocmeneeenecennecenecesnecsirecenns 36
Table 28: Experts involved in the prioritization ProCess ........nensinsisesssssssssesesssssssesens 37
Table 29: Category PrioritiSAtION ... sssesese s e s e s sssessassssessssssnens 38

K MAKING-CITY GA n° 824418



Table 30:
Table 31:
Table 32:
Table 33:
Table 34:
Table 35:
Table 36:
Table 37:
Table 38:
Table 39:
Table 40:
Table 41:
Table 42:
Table 43:
Table 44:
Table 45:
Table 46:
Table 47:
Table 48:
Table 45:

Table 46:
Table 47:
Table 48:
Table 49:
Table 50:
Table 51:
Table 52:

Table 53:

D5.4 City impact evaluation procedure

Prioritisation of Energy and Environment Application Fields...........ccoooeinrinnrionrinnri 39
Prioritisation of Energy and Environment INdicators........cccoeuvrenrieresiennrnsissississesssenenen. 39
Prioritisation of Mobility INAICAtOrS........cc.oerrirre e 39
Prioritisation of Governance Application Fields .........cooeinrinrieriinisesessesssessseenens 40
Prioritisation of Governance INAICAtOrs ... sesesenes 40
Prioritisation of Social and Citizens Application Fields ..., 40
Prioritisation of Social and Citizens INiCators.........oocveineeneenecreeseeeese e 41
Weighting per category and per Application field. Energy and environment............. 41
Weighting per category and per Application field. Mobility.........cccovrrrinricnrirninniennnnn. 42
Weighting per category and per Application field. Governance.........cccooeeevrnineennenn. 42
Weighting per category and per Application field. Society and citizens....................... 43
Weighting per category and per Application field. Energy and environment............. 44
Weighting per category and per Application field. Mobility ..., 45
Weighting per category and per Application field. Governance.........cccoovevrnenernnenn. 45
Weighting per category and per Application field. Society and citizens....................... 46
INAICES PO CALEGONY ..ottt sttt nses 47
Indices per ApPliCation FIld.......... e 47
INAICES PO CALEGONY ..ottt sttt e s s nes 48
Indices per APPlICation FI€ld..........oieieeereiee et ssseees 49
Example of the pair-wise comparison among Energy & Environment application fields
..................................................................................................................................................................... 57
Example of the pair-wise comparison among City Energy Profile indicators.............. 57
Example of the Energy & Environment application fields comparison MATRIX......... 58
Example of the City Energy Profile indicators comparison MATRIX.........cccooevomeinniun 58
Example of the categories normalised matrix and obtaining relative weights............ 59
Example of the categories normalised matrix and obtaining relative weights............ 59
Random Index (RI) for the different 7 mMatriX ... 59
Energy & Environment Indicators Weighting per Category and per Application field
..................................................................................................................................................................... 60
COMPATISON SCAIE ..ottt b 61

Makin
City

MAKING-CITY GA n° 824418



Abbreviations and acronyms

DAQ

DoA

EeB

GDPR

GHG

KPI

LH

PED

RTO

SCC

SCIS

WP

Data acquisition

Description of Action

Energy-efficient Buildings

General Data Protection Regulation
Greenhouse gas

Key Performance Indicator

Lighthouse cities (Groningen and Oulu)
Positive Energy District

Research and Technology Organisation
Smart Cities and Communities

Smart Cities Information System

Work Package

D5.4 City impact evaluation procedursﬂV’"
E I
Making

City

MAKING-CITY GA n° 824418



Executive Summary

WPS5 aims to monitor and evaluate the effectiveness of the project actions and interventions, compared
to the initial situation, initial objectives and expected results. The MAKING-CITY evaluation framework
considers two different but complementary levels for carrying out this evaluation: city and project level.

The main objective of this deliverable is to define the evaluation procedure to measure the impact of
the MAKING-CITY project at city level. The first step carried out within this framework was the definition
of a set of city level indicators that will allow measuring the impact of the project in each of the cities
that participate in it. The indicator definitions and the methodology to calculate them have been
reported in the D5.1 (City level indicators). Part of the defined indicators have been obtained through
the analysis of the existing city plans reported in the D1.2 (City diagnosis: analysis of existing plans).

The city level indicators will be used in the evaluation to show to what extent overall policy goals have
been reached in the project’s cities, whereas project indicators will be considered in the evaluation of
the technical and non-technical actions in technical, economic and social aspects. The project level
evaluation procedure for PED actions will be reported in the D5.3.

Keywords

Evaluation procedure, city level indicators, impact assessment
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D5.4 City impact evaluation procedure

1 Introduction

1.1 Purpose and target group

WP5 aims to monitor and evaluate the effectiveness of the project actions and interventions, compared
to the initial situation, initial objectives and expected results. The MAKING-CITY evaluation framework
considers two different but complementary levels for carrying out this evaluation: city and project level.

The main objective of this deliverable is to define the evaluation procedure to measure the impact of
the MAKING-CITY project at city level. The first step carried out within this framework was the definition
of a set of city level indicators that will allow measuring the impact of the project in each of the cities
that participate in it. It has been reported in the D5.1 (City level indicators) and part of the defined
indicators has been obtained through the analysing the existing city plans reported in the D1.2 (City
diagnosis: analysis of existing plans).

This set of city level indicators is key in the definition of this evaluation procedure but it has been needed
to establish not only the best way to measure these indicators, but also how the results can be compared
in order to identify correctly the impact of the implemented actions.

The defined procedure will also support cities in the establishment of strategic goals since the
methodology proposed will allow them to simulate different scenarios modifying the value of the
indicators that have been included in the framework

1.2 Contribution partners

The following Table 1 depicts the main contributions from participant partners in the development of
this deliverable.

Table 1: Contribution of partners

Partner n2 and short
name

Contribution

General structure. Main contributor on the description of the methodology followed.
01-CAR Synergies with city diagnosis and city level indicators. Coherence between evaluation
and planning at city level.

03 - GRO Feedback from Groningen city.

06 — SEV Feedback from Groningen city.
07 - WAM Feedback from Groningen city.

12 - HUAS Feedback from Groningen city.

13- 0OUK Feedback from Oulu city.

20-VTT Leading contributor. Feedback from Oulu city.

1.3 Relation to other activities in the project

The following Table 2 depicts the main relationship of this deliverable to other activities (or deliverables)
developed within the MAKING-CITY Project and that should be considered along with this document for
further understanding of its contents.

Makin
City
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D1.2

D1.5-D1.12 (D1.25 -
D1.32, Initial Versions)

D1.13-D1.20

D4.3 (D4.16 Initial
Version)

D5.1 (D5.13 initial
version)
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Table 2: Relation to other activities in the project

City Diagnosis: analysis of existing plans. The city level indicators defined in the
deliverable 5.1 were calculated by all project cities and they were presented in the
D1.2.

The evaluation procedure developed in this deliverable will provide mechanisms to
establish strategic objectives at city level and evaluate their achievement.

The evaluation procedure developed in this deliverable will provide mechanisms to
establish strategic objectives at city level and evaluate their achievement.

The evaluation procedure at city level presented in this deliverable will be useful for
the selection of candidate areas to become a PED in the follower cities

Definition of the city level indicators within D5.1

MAKING-CITY GA n° 824418



2 Evaluation framework at city level

WP5 “Evaluation framework and social innovation” aims to monitor and evaluate the effectiveness of
the project actions and interventions, compared to the initial situation, initial objectives and expected
results. The scope of the monitoring protocol is twofold, firstly in order to measure the performance of
the actions deployed to reach a validation of PED concept and secondly to evaluate the impact at city
level.

MONITORING PROTOCOL / EVALUATION

FRAMEWORK

PROJECT LEVEL CITY LEVEL

VALIDATION OF PED
CONCEPT

EVALUATION OF THE
IMPACT AT CITY LEVEL

Figure 1: MAKING-CITY Evaluation Framework (source: D9.8)

This deliverable is focused on proposed procedure for the evaluation at city level whose basis is the
definition of a set of key performance indicators. Despite the difficulties to standardize a methodology
and to select the most appropriate indicators, a good definition of the Evaluation Framework can be
very effective to obtain significant information for cities for improving their sustainability.

Demonstration projects enable the validation of the benefits and potential of the implementation of
integrated solutions to improve key parameters that affect overall quality of life in the city. Ranging from
the pure environmental ones, passing through those related with citizens’ comfort and leading to those
that allow a progress in the socioeconomic conditions as the promotion and attraction of talents, or
new businesses yielding to and intensive job creation. These projects, in general financed with extra
funds (with respect to conventional) should offer society an open pathway to the city transformation,
where citizens and stakeholders’ engagement is ensured and well structured.

However, inside this context, the weakness related with upscaling and replicability of the solutions
successfully deployed is commonly perceived. A real continuity of the urban transformation depends on
the city commitment. This commitment can be constrained by several factors that can delay this city
transformation and even in some cases, it can be jeopardised.

In order to define and establish the Smart City plans for the lighthouse and follower cities based on the
replication potential of the interventions implemented in MAKING-CITY, it is necessary to start analysing
the selected actions in an urban context in the earliest stage, i.e. identifying the opportunities and the
barriers to the implementation of these actions. This will make it possible to study the feasibility of their
implementation, but also to give priority to actions with a favourable context and to raise the barriers
for other actions. The actions with a difficult context can then be compared to similar actions set up in
partner cities and solutions can be sought to overcome the identified barriers. At this point, a strong
coordination with the lighthouse cities will be required to integrate useful information as open data e.g.
within the ICT-city Platforms.

The demand side vs. supply side scenarios assessment should be based on a multi-criteria methodology
evaluating the sustainability of the scenarios proposed under the three sustainable development
dimensions: the economic, social, and environmental impacts of the different scenarios generated.

MAKING-CITY GA n° 824418
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The reasoning for the impact-based evaluation in MAKING-CITY project is depicted by the Logic-model
(Figure 2), that describes the intended logic between the direct outputs and outcomes of the activities
and interventions of the project (PED) level (short term effects) and the incurred impact on the city level
(medium- or long-term effects).

E!“m City level

Indicators

Project
level
KPI'S Society

Figure 2: The Logic-model describes the steps from input to impact

Despite this intended logical methodology, the reality in some of the smart city projects - including
MAKING-CITY - is that the project level (PED area) represents just a demo-scale selection of mainly
energy related actions and technologies, and upscaling the outputs/outcomes from this level into city
level impacts, is not necessarily going to represent the real progress or even desired goals. It is of course
possible to generate simulations of what would it be like, but in real world, cities are much more
complex entities, and just aggregating the demonstration results up to the city level, would be
somewhat useless.

This is why in MAKING-CITY, the city level and project level evaluation (starting with indicators vs. KPls)
have intentionally been separated from each other. Only the main energy and environment related
indicators are similar (comparable) in both levels. The city level is more concentrated on overall city
level development targets (e.g. SECAP, long-term city strategies), whereas the project level aims to
introduce new technologies for producing renewable energies and saving energy as much as possible
and economically feasible. Both levels are important, but it is not that relevant to try to scale the PED
level outcomes up to city level in this case. However, what could be up-scaled, are the new technologies,
business models and social innovations that can rise successfully up from the demonstrations. This is
what cities could actually spread around in the planning of their smarter futures.

CITY LEVEL APPLICATION CATEGORIES
INDICATORS FIELDS

Sz
ENERGY &

)
5 INDICATORS 1 FIELD MOBILITY @Q
S—

4 INDICATORS 3 FIELDS GOVERNANCE ﬁ

=
o
g
-]
2
>
L
'_
(©]
&
=
>
=
(9]

SOCIETY & &8&
5 INDICATORS 3 FIELDS CITIZENS

Figure 3: Levels of MAKING-CITY evaluation framework at city level
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MAKING-CITY project has defined a set of city level indicators focuses on monitoring the evolution of a

city towards an even smarter city. The city level indicators were defined in the 5.1 “City Level Indicators”
and they are also presented in the section 3 of this deliverable.

A structure has been created where individual indicators have been grouped into different application
fields, and these, in turn, in categories, establishing three levels at which to make comparisons

Individual indicators are first step to stockpiling existing quantitative and qualitative information. These
indicators are normalized, weighted and aggregated to calculate the indices of upper levels. The
application fields are thematic indicators where individual indicators are grouped together around a
specific area. Categories are composite indicators formed when thematic indicators are compiled into
a synthetic index and presented as a single composite measure.

Once the city level indicators were selected and grouped, an evaluation procedure has been defined
taken into account two main objectives:

e Objective 1: City characterization. The methodology supports cities to identify their main needs
and priorities, considering targets identified in the existing city plans.

The methodology is adapted to each city and cities are in charge of organize hierarchically the
indicators, at their different levels, according to the priorities of the city and the objectives
established in their plans

e Objective 2: Impact evaluation at city level. The objective is to evaluate the impact that the
project actions are having on the city, so the weighting of the indicators will be common for all
cities. Experts have been in charge of carrying out the establishment the most proper weights
with a more global point of view not focused on the particularities of an only city.

CITY LEVEL EVALUATION FRAMEWORK

| City Level Indicators |

| NORMALISATION |

Indicators punctuation

| PONDERATED INDICATORS |

CITY DIAGNOSIS CHARACTERIZATION CITY IMPACT EVALUATION

| City needs and targets | | PED Concept |
| PRIORITISATION (AHP method) | | PRIORITISATION (AHP method) |
WEGHTING COMMON
ADAPTED WEGHTING
FOREACH — ) Applicati FORALL
| INDICATORS WEGHTING | | INDICATORS WEGHTING |
CITY CHARACTERISATION INDEXES CITY IMPACT INDEXES
ENERGY & SOCIETY & ENERGY & SOCIETY &
MOBILITY GOVERNANCE
ENVIRONMENT Mlz?:g(w GO\:II\T)I:QNCE CITIZENS ENVIRONMENT INDEX INDEX CITIZENS
INDEX INDEX INDEX INDEX

Figure 4: City level evaluation framework scheme
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As can be seen in the scheme presented in Figure 4, the defined procedure has a common part
independently of the objective sought. If the objective is to carry out a characterization of the city or if
it is to analyse the impact of the implementation of solutions associated with a PED, the first steps for
both cases are common and consist of calculating and normalizing a set of indicators defined and
grouped into 10 application fields and 4 categories.

After these first steps, if the objective is to characterize the city, we will work with the Analytic Hierarchy
Process method taking into account the priorities and needs of the city. Since the priorities and needs
of cities are different in each case and each one has different urban plans and characteristics;
prioritization will be adapted to those characteristics of the city and therefore will be different for each
city.

If, on the contrary, the procedure is used to know the impact of the project in each of the cities, we will
have a common weight system for all of them where a group of experts will be in charge of weighing
each of the indicators, also using the Analytic Hierarchy Process method.

In both cases the procedure to generate the necessary indices for the evaluation will be carried out
following these four steps:

e Step I: Indicators Calculation, where objective results are obtained.
e Step Il: Indicators Normalisation, where results are scored according to a scale (from 0 to 10).
e Step lll: Prioritisation of categories, application fields and indicators (through the AHP method).

e Step VI: Aggregation to calculate city indices, where final indices are obtained both per category
and per application field.
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3 Procedure for city evaluation

3.1 Step I: City Level Indicators Calculation

The foundation for the evaluation procedure presented in this document is the city level indicators that
were defined in the D5.1 “City Level Indicators”. Consequently, indicators are the lowest level variables
of the evaluation framework linked with particular characteristics of cities or projects. Indicators are
valuable to establish a diagnosis of starting points, to track progress towards defined goals, to
benchmark and to analyse the effect of some actions and assist on the decision-making process.

In task 5.1, indicators have been selected for tracking the overall progress of sustainability targets
(related to energy & environment, mobility) and other smart functions (related to governance, society
& citizens, ICT) in the project cities. Indicators are an essential part of the evaluation framework, which
provides guidelines for monitoring the evolution of a city towards a smarter city. In MAKING-CITY, the
city level indicators will be used to show to what extent overall policy goals have been reached in mid-
or long-term energy planning considering all project cities in the pursuit of emission neutral cities with
intelligent energy systems.

The four sectors or indicator categories selected for the project are energy & environment, mobility,
governance and society & citizens (Figure 5). They are further divided into more detailed application
fields (see Figure 6). The tables in the following subsections list and briefly describe the individual
indicators selected to be the metrics in the city level evaluation. More detailed descriptions and
calculation methodology with data needs can be found in D5.1 “City Level Indicators”. These indicators
have been calculated by all project cities (baseline calculation), and further utilized for city
characterization and diagnosis in D1.2. All values can be found in the Annex 1 of this document.

ENERGY & SOCIETY &
ENVIRONMENT CITIZENS

Figure 5: Classification of the City Level Indicators
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CATEGORIES

ENERGY &
ENVIRONMENT

MOBILITY

GOVERNANCE

SOCIETY &
CITIZENS

APPLICATION
FIELDS

City Energy
Profile

GHG Emissions
Waste
Management

City Mobility
Profile

Economy
Initiatives and
Strategies of the
Public Adm.
Public ICT/data

Affordable
Housing

Citizen
Engagement
Urban Structure

D5.4 City impact evaluation procedure vﬂium

INDICATORS

Final energy consumption
Primary energy consump.
Primary energy sources
Buildings connected to DH
GHG emissions

Recycling rate

Modal split

Fuel mix in mobility

Energy use for transport
Access to public transport
Public infrastructure for cyclist
mobility

uu

Unemployment rate

GDP (Gross Domestic Product)
Smart City factor in a
development strategy

Quality of open data

u

Development housing prices
Housing cost overburden rate
Citizen engagement to climate
conscious actions

Encouraging a healthy lifestyle
Inhabitants in dense areas

.

Figure 6: Top down structure for MAKING-CITY indicators

3.1.1 Energy & environment

Table 3: City Energy Profile indicators

City Energy Profile

Annual final energy consumption for all uses and forms of

energy. End users include residential, tertiary sector, public
lighting, industry and transport.

Final energy consumption per
capita

Primary energy consumption
per capita

Primary energy sources (shares)

Building connected to the DH-
network or renewable energy
grid

MWh/cap

MWh/cap

% and
MWh/cap

% of
buildings/city

The final energy consumption is divided by the number of
inhabitants in the city (total city population). This applies to
the other per-capita indicators.

This indicator corresponds with the primary energy
consumed in the city that is the energy forms found in
nature (e.g. coal, oil and gas) which have to be converted
(with subsequent losses) to useable forms of energy.

Shares of different fuel types used for energy generation
inside city boundaries [Solid fossil fuels, Natural gas, Oil and
petroleum, Renewables and biofuels, Electricity from the
grid].

Percentage of buildings connected to high-efficiency
district heating network or local renewable energy grid in
the city.

Makin
City
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GHG Emissions

GHG emissions per capita

Waste Management

Recycling rate

3.1.2 Mobility

City Mobility Profile

Modal split

Fuel mix in mobility

Energy use for transportation
per capita

Access to public transport

Public infrastructure promoting
low-carbon mobility

Table 4: GHG Emissions indicators

Tonnes
COz/cap

The CO2 emissions generated over a calendar year by all
activities including indirect emissions outside city
boundaries.

Table 5: Waste Management indicators

% of tonnes

Percentage of city's solid waste that is recycled.

Table 6: City Mobility Profile indicators

%

%

MWh/cap

% of people

km/100,000
people

Shares of different modes of transportation. The indicator
searches the total number but also to distinguish in inner-
city traffic and commuter-traffic (from outside) [Walk, bike,
public transport, car; private motor vehicle].

Percentage of the market share of transport fuel for each
type of fuel used [Gas oil and diesel oil, Gasoline, Blended
biodiesels, Liquefied Petroleum Gases, Electricity, Other
fuels].

Final energy consumption of the transport sector.

Share of population with access to a public transport stop
within 500 meters.

Length of lanes in the city for low-carbon mobility per
100,000 inhabitants: cycling lanes (including the length of
combined cycling and walking lanes, and streets with speed
limit <=30 km/h).

MAKING-CITY GA n° 824418
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3.1.3 Governance

Table 7: Economy indicators

Economy

% of active

Unemployment rate ) Percentage of the labour force unemployed.
population

GDP (Gross Domestic Product)  ¢/cap City’s Gross Domestic Product per capita.

Table 8: Initiatives and Strategies of the Public Administration indicators

Initiatives and Strategies of the Public Administration

Inclusion and level of detail of smart cities strategies in the
Likert scale urban strategic plans of the city. Likert scale:
Notatall-1—-2—-3—-4—-5—Very detailed

Smart city factor in a city
development strategy

Table 9: Public ICT / Data indicators

Public ICT / Data

The extent to which the quality of the open data produced
Quality of open data Likert scale by the city was increased. Likert scale:
Notatall-1-2-3-4-5—Excellent

3.1.4 Society & citizens

Table 10: Affordable Housing indicators

Affordable Housing

% of change or Development of average price for buying an apartment per
% of €/m? m? in the city.

Development of housing prices

The percentage of the population living in households
where the total housing costs ('net' of housing allowances)
represent more than 40 % of disposable income ('net' of
housing allowances).

Housing cost overburden rate %
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Table 11: Citizen Engagement and Empowerment indicators

Citizen Engagement and Empowerment

Appreciation of the benefits of city actions; Energy

Citizen
engagement/empowerment to Likert scale e.mpowerment at home, satisfaction, happiness of people.
climate conscious actions Likert scale:
No engagement —1 -2 — 3 —4 — 5 — High engagement
_ _ The extent to which policy efforts have been undertaken
Encouraging a healthy lifestyle Likert scale to encourage a healthy lifestyle. Likert scale:

Notatall-1—-2-3-4-5—Excellent

Table 12: Urban Structure indicators

Urban Structure

Inhabitants in dense areas % of people

Percentage of the population living in dense areas of the
city (over 20 inhabitants/ hectare).

3.2 Step II: Indicators Normalisation

Normalisation gives a score to each indicator, regarding some criteria, to be able to compare and
diagnose or understand at a glance the state of the city according to certain aspects.

Taking into account the commonly used methods of normalisation! the method chosen combines the
Standardisation method (or z-scores), the re-scaling, and the distance to a reference country.

1.

2.

Standardisation (or z-scores): for each indicator the average value and the standard deviation
across counties are calculated. The normalised indicator value for a city is then calculated as
the ratio of the difference between the raw indicator value and the average divided by the
standard deviation. This is the most common normalisation technique because it converts all
indicators to a common scale. With this approach, the range (minimum, maximum) differs
among the normalised indicators.

Re-scaling: each indicator for a given city at a given time is calculated as the ratio of the
difference between the raw indicator value and the minimum value divided by the range. This
method uses the range rather than the standard deviation. All normalised indicators have
identical range (0,1).

Distance to a reference country: this method divides the indicator value for a given country at
a given point in time with the value of a reference country at an initial time.

The method transforms the indicator values to have an identical range (0-10), where 10 is always the
best value, and 0 is the worst; and information regarding relative distances between indicators is
retained.

1 From the European Commission website: COIN (Competence Centre on Composite Indicators and Scoreboards), Step 5:
Normalisation, online: https://composite-indicators.jrc.ec.europa.eu/?q=10-step-guide/step-5-normalisation
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In first place, a target value was assigned to each indicator. This target or “ideal” value receives a score
of 10, which will be the score of all cities that reach or exceed it. This target was obtained for most of
the indicators from European plans or forecasts. For indicators that do not have a defined European
target, this is assigned to the best value among the eight project cities or to the average of the values
of the cities, as consider (the values of the indicators corresponding to the eight cities used for these
calculations can be found in the D1.2 and a summary has been included in the Annex 1). And finally,
qualitative indicators, which are those measured on Likert scale, have already a best value (target) which
would be 5 according to the scale.

Once having the target value, which may be the minimum or maximum, depending on the indicator, the
opposite value is calculated, that is, the worst value, to which the zero score will be assigned. This value
is calculated using the standard deviation and the average value of the project city figures in the
following way:

e If the worst value searched for will be the maximum value:
Max = Average + 2.5* Standard deviation

e |f the worst value searched will be the minimum value:
Min = Average — 2.5* Standard deviation

With the correspondent worst value for each indicator, the maximum or the minimum, or both in case
the that the target value is an average value, and they are inadvisable values above and below; the
indicators values of the cities are scored following the Min-Max method, consisting of calculating the
difference between the value of the indicator and maximum or minimum value depending of if target
value is maximum or minimum and dividing it by the difference between the maximum and minimum
value.

If target value is the maximum between target and worst values:

| X—min value |

Score of the indicator = ( ) x 10,

|Target value—Worst value|

If target value is the minimum between target and worst values

| X—max value |

Score of the indicator = ( ) x 10,

|Target value—Worst value|

where X is the value of the indicator, target value and worst value would be the maximum and the
minimum values or vice versa, depending on the indicator; and multiplied by 10 to have the score scaled
from 0 to 10.

The following tables Table 13 to

Table 18 show the values established as targets and those as worst for each indicator, calculated as
explained above. The source or way in which the target value has been obtained has also been included
in order to better understand and identify where it comes from for each indicator.
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Table 13: Energy & Environment indicators normalisation methodology

ENERGY & ENVIRONMENT INDICATORS

Final energy

MWh/cap 16.93 34.84 Covenant of Mayors [1]
consumption per capita
Primary er.1ergy . MWh/cap 33.73 48.04 EEA. (European
consumption per capita Environment Agency) [2]
City .Energy Primary energy sources % 20% 0% Eurostat [3]
Profile (renewables and
biofuels) MWh/cap 2.29 0.00 Covenant of Mayors [1]
Building connected to % of Values in Table 14
the DH-network or buildings/  according to the Euroheat [4]
renewable energy grid city Heating degree days
GH.G . GH(.; emissions per ST 411 9.76 Covenant of Mayors [1]
Emissions capita CO2/cap
Waste : % of . 0 EEA (European
Management sl e tonnes 0% A Environment Agency) [5]

As the cities are all European and have no substantial differences between them, they have not been
clustered, since the targets do not vary according to the circumstances of the cities. However, a
clustering for the indicator Building connected to the DH-network or renewable energy grid has been
carried out, since for this specific indicator the temperature of the city influences the greater or lesser
need to implement a DH system.

The classification that has been carried out to cluster the cities has been done according to the heating
degree-days, dividing it into 3 types of climate. In addition, Table 14 below also shows the
correspondence made of each type of climate established with the target percentage of buildings
connected to the District Heating network or renewable energy grid.

Table 14: Heating degree-days classification and target values regarding DH-network

Classification of cities according to the Heating Building connected to the DH-network or renewable
degree days energy grid

Cold climate > 3,000 50% 0%
Temperate climate 2,000 - 3,000 15% 0%

Warm climate < 2,000 2% 0%

The following Table 15 shows the assignment of each type of climate defined with each project city
according to their heating degree-days, so that according to the resulting climate type, the cities will
have different targets in this indicator.

Table 15: Cities clustering according to their heating degree-days

Classification of cities according to the Heating degree-days during the year 2018
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Temperate climate

Groningen

Oulu

2,235.0

4,655.0

Cold climate

Table 16: Mobility indicators normalisation methodology

MOBILITY INDICATORS

Kadikoy value (best value)
(30% target in Covenant of
Mayors [1] is exceeded by
almost all cities)

City Mobility
Profile

Modal split (use of non-
car transport: walk, bike
and public transport)

Fuel mix in mobility
(electric mobility)

Energy use for
transportation

Access to public
transport

Public infrastructure
promoting low-carbon
mobility

%

%
MWh/cap
% of

people

Km/
100.000
people

74%

10.00%

5.16

100%

217.00

21%

0.00%

11.08

64%

0.00

Eurostat [6]

Covenant of Mayors [1]

Value of: Groningen, Ledn,
Kadikoy and Vidin (best
value)

Average value of MAKING-
CITY cities

Table 17: Governance indicators normalisation methodology

GOVERNANCE INDICATORS

Economy

Initiatives and
Strategies of
the Public
Administration

Public ICT/
Data

Unemployment rate

GDP (Gross Domestic
Product)

Smart city factorin a
city development
strategy

Quality of open data

% of active
population

€/cap

Likert scale

Likert scale

5.00%

20.638

2 Data collected from Degree Days website: https://www.degreedays.net/

18.64%

0

Sustainable Development
Goal 8 [6]

Average value of MAKING-
CITY cities

Qualitative indicator

Qualitative indicator
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Table 18: Society & Citizens indicators normalisation methodology

SOCIETY & CITIZENS INDICATORS

Application Target Worst

field Indicator Unit value value Source of the Target value
The balance [8] (based on

Development of % of -20.07% / the. Jeize]l ERIP Gt
housing brices change 2.50% 26.47% which resembles the

Affo@able gp g % growth that housing

Housing should consequently have).
g::rst')’&f dc::trate % 6.60%  20.17%  Oulu value (best value)

- Citizen engagement to

Citizen climate conscious Likert scale 5 1 Qualitative indicator

Engagement actions

and E i health

Empowerment Ii:ecs(i;:lgmg ahealthy Likert scale 5 1 Qualitative indicator

Urban Inhabitants in dense % of o o Average value of MAKING-

Structure areas people 78.08% 10.62% CITY cities

3.3 Step lll: Prioritisation of categories, application fields and
indicators

Once the indicators have been calculated and their values normalized, the third step of the proposed
methodology consists in assigning different weights to every normalised indicator and group of
indicators.

There are several methods for weighting indicators [9] that can be categorized into groups:

e Equal weighting: it is a method itself, in which all variables are given the same weight. This
method could result in an unbalanced structure in the composite index when there are variables
grouped into dimensions and those are further aggregated into the composite (because the
dimensions grouping the larger number of variables will have higher weight).

e Statistic-based method: in this category PCA (Principal components analysis), Benefit of the
doubt approach (BOD), Regression Analysis (RA) and Unobserved component models (UCM)
would be included

e Public/expert opinion-based weighting: Budget allocation (BAL), Public opinion (PQ), Analytic
hierarchy process (AHP) and Conjoint analysis (CA) are in this third category.

The method adopted for this step is the Analytic hierarchy process (AHP), which is a multi-criteria
decision-making approach introduced by Saaty [10]. The AHP [11,12] is a decision support tool which
can be used to solve complex decision problems. It uses a multi-level hierarchical structure of objectives,
criteria, sub-criteria, and alternatives. The pertinent data are derived by using a set of pairwise
comparisons. These comparisons are used to obtain the weights of importance of the decision criteria,
and the relative performance measures of the alternatives in terms of each individual decision criterion.
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ANALYTIC HIERARCHY PROCESS (AHP) METHOD

| Prioritisation questionnaire (Excel Tool) —

| Pair-wise comparison Matrix

NORMALISED MATRIX
Priority vectors (Eigen value and eigen vector)

WEIGHTS

| Among Categories '
I Among Application fields .

T I Among Indicators

| Check for consistency

| WEIGHT calculation

Calculation of the Consistency
' Index (ClI) and Consistency
Ratio (CR)
YES
la
hal

PRIORITISATION
RESULTS

Figure 7: Analytic Hierarchy Process (AHP) approach

The method follows three steps:

e First step is to structure the indicators into a hierarchical framework with successive levels of
goal, criteria and alternatives; which are the categories and application fields to structure the

indicators as shown in Figure 6

e Second step is the comparison analysis, once the hierarchy has been structured, the ratio
priorities must be established for each node of the hierarchy. This is done through pair-wise

comparisons with respect to the importance of the item to the parent node.

The pair-wise comparison of the second step within the AHP is structured in the following parts,

according to the structure of the MAKING-CITY indicators:

CATEGORIES

ENERGY &
ENVIRONMENT

PRIORIZATION OF
CATEGORIES MOBILITY
Pair-wise

comparison

GOVERNANCE

SOCIETY &
CITIZENS

APPLICATION FIELDS

INDICATORS

Final energy consumption

* City Energy Profile A S b Pair-wise
Pair-wise *  Buildings connected ta DH comparison
comparison
* GHG emissions per capita ] * GHG emissions ]
* Waste Management ] * Recycling rate J
= Modal split
*  Fuel mix in mobility o
= City Mobility Profile : i::.':'::; E:izr::-:l:ﬂm Pa ir-wise
* Publicinfrastructure for cyclist comparison
y mobility
. * Unemployment rate Pair-wise
Econoiny *= GDP(Gross Domestic Product) J comparison
Pair-wise * Initiatives and Strategies of = Smart City factor in a development
comparison the Public Administration strategy
* Public ICT/data * Quality of open data J
= Affordable Housing * Development housing prices Pair-wise
* Housing cost overburden rate comparison
Pair-wise + Citizenen P
L Pair-wise
comparison = (Citizen Engagement :unlr.inu:a:tlnns X
= Encouraging a healthy lifestyle comparison
= Urban Structure l * Inhabitantsin dense areas ]

Figure 8: Pair-wise comparison defined within the structure of the MAKING-CITY indicators
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e Third step is aggregate the local weights into a composite priority. This final step is done by
multiplying local weights by the product of all higher-level priorities. Within the hierarchy, this
process transforms the local weights into global weights that measure the importance of each
node in the total hierarchy.

For the last step of the AHP methodology, the calculation of composite priority is done by using
a nine-point scale. The deployment of AHP involves successive comparisons between each
alternative, criterion by criterion, according to the fundamental scale of Saaty (1980), as
presented in Table 19.

Table 19: Scale of relative importance of the AHP method

The comparison scale

Scale Definition Comments
1 Equal importance Element A is just as important as element B
3 Moderate importance Experience and judgement slightly favour element A over B
5 Essential importance Experience and judgement strongly favour element A over B
7 Very strong importance  Element A is much more important than element B
9 Extreme importance The greater importance of element A over B is beyond doubt

2,4,6,8 |ntermediate values

From the comparison matrix, next step is to compute the priority vector, which is the normalised Eigen
vector of the matrix. The normalised principal Eigen vector can be obtained by averaging across the
rows, and it is also called priority vector, which shows the relative weights among the categories that
are being compared.

Aside from the relative weight, consistency needs to be checked. The comparison matrix is considered
to be adequately consistent if the corresponding consistency ratio (CR) is less than 10% (Saaty, 1980
[10]). The CR coefficient is calculated from the consistency index (Cl), which is estimated by adding the
rows in the comparison matrix and multiply the resulting vector of priorities obtained earlier. This yields
an approximation of the maximum Eigen value, denoted Amax. Then, the Cl value is calculated by using
the formula: Cl = (Amax—n) / (n - 1), where n is the matrix size. Next, the consistency ratio (CR) is obtained
by dividing the Cl value by the Random Index (RI): CR=CI /Rl

An example of this prioritization process has been included in Annex 2 — Example of prioritisation
exercise: Energy and Environment prioritization.

The AHP method is applied as is presented in Annex 2 to calculate the weights of the application fields
and indicators of the all the MAKING-CITY categories, obtaining the corresponding weights for all the
categories.

MAKING-CITY GA n° 824418
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D5.4 City impact evaluation procedure

3.4 Step IV: Aggregation to calculate the city indices

For this last step of the MAKING-CITY methodology, there are several aggregation techniques. The
purpose of this step is to aggregate the indicators and their weights to obtain a composite index. These
composite Indices will be calculated per categories and per application fields.

According to the European Commission 10 Step Guide [13] and to the OECD [14], the most common
aggregation techniques are as follows [15]:

e Additive methods: this method is consisting of sum up the normalised values of sub-indicators
to form a sustainability index. The simplest additive aggregation method entails the calculation
of the ranking of each city according to each individual indicator and summation of the resulting
rankings (it is based on ordinal information). The second method is based on the number of
indicators that are above and below a given benchmark; this uses nominal scores for each
indicator to calculate the difference between the number of indicators above and below and
arbitrarily defined threshold around the mean. By far, the most widespread linear aggregation
is the summation of weighted and normalised individual indicators.

e Geometric aggregation: it is a less compensatory approach. This method utilizes multiplicative
instead of additive functions. The compensability between is allowed with certain limitations.
These limitations exist because the ability of indicators with very low scores is limited to be fully
compensated for by indicators with high scores.

e Non compensatory multi-criteria approach (MCA): in both additive and geometric aggregations
the substitution rates among indicators are equal to the weights of the indicators up to a
multiplicative coefficient. For the weights to be interpreted as “importance coefficients”, non-
compensatory aggregation procedures must be used to construct the composite indicators. This
procedure is based on decision-maker preferences and is centred on the fact that a general
objective of most indices is to create rankings. Therefore, the core of this method is to construct
a ranking algorithm that is more consistent than the linear aggregation rule. This last method is
not compatible with the selected method AHP for weighting, since at least with the multi-
criteria methods require weights as importance coefficients.

The OECD [14] states that linear aggregation method is useful when all individual indicators have the
same measurement unit, provided that some mathematical properties are respected. Geometric
aggregation is better suited if the modeler wants some degree of non-compensability between
individual indicators or dimensions. Furthermore, linear aggregations reward base-indicators
proportionally to the weights, while geometric aggregations reward those cities with higher scores.

In addition, in both linear and geometric aggregation, weights express trade-offs between indicators. A
deficit in one dimension can thus be offset (compensated) by a surplus in another. The selected method
to construct the indices is the linear aggregation. This is because after normalisation step, all the
indicators are scored on the same scale, and it is also convenient for this diagnostic analysis that some
of them can be compensated by other better rated ones that fall within the same category or application
field (since they have been grouped together precisely because of the interrelation they have).

The aggregation is carried out in two ways, obtaining two types of diagnoses: one more general with
four indices of the categories; and another one more in detail or specific that includes the ten indices
for the application fields. This is in accordance with the previous obtaining of the weights by category
and application field, so that once the scoring in Step Il and the weighting in Step Ill are calculated, the
aggregation in this Step IV is done directly by multiplying each other and adding it into each category or
application field.

For each city, apart from the numerical obtaining of these indices, a graphic representation is also made
in the form of a radar diagram.

Malin
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4 Deployment of the methodology for evaluation at
city level in MAKING CITY

Since one of the main objectives of MAKING-CITY project is to achieve evidences about the actual
potential of the PED concept, it is important to evaluate the actions deployed in the lighthouse cities at
project level but also it is needed to know the impact of these actions in the city as a whole. Knowledge
about the final results and real impacts achieved will be very useful from the replicability point of view
but also the conclusions of the project after the evaluation procedure will be able to be considered for
the development of new and integrated strategies that will be defined to address the urban energy
system transformation towards low carbon cities, with the positive energy district approach as the core
of the urban energy transition,

As mentioned in previous sections, the MAKING-CITY evaluation methodology can be applied with two
different objectives. As can be seen in the Figure 9, the methodology can be used for the
characterization of the city and the establishment of its demand, and on the other hand, the
methodology allows evaluating the impact of the actions implemented in the project by comparing the
initial state with the final one, after the implementation of the project interventions.

METHODOLOGY FOR EVALUATION AT CITY LEVEL

CITY IMPACT EVALUATION

PROCEDURE . CITY CHARACTERIZATION PROCEDURE

City Level Indicators Calculation

| Values of the eight cities of the project

Indicators Normalisation

STEPII Use of European Targets and indicators values of the eight cities for the establishment of
thresholds
PED Experts Common framework Cities establish the Framework
establish the for PED evaluation at prioritisation considering adapted to
prioritisation city level their needs & priorities each city
Aggregation to calculate the city

STEP IV Aggregation to calculate the city indexes

indexes

INDEXES FOR IMPACT

EVALUATION INDEXES FOR CITY CHARACTERIZATION

Figure 9: Scheme of methodology for city level evaluation
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D5.4 City impact evaluation procedure

The first two steps of the methodology are common regardless of the objective that wants to be
achieved. The main difference is found in the third step of the methodology where the establishment
of the necessary weights for the prioritization of categories, fields of application and indicators is done.

When the objective is to characterize the city, it is needed to consider the existing city plans and the
particular conditions of each city, so the cities themselves have been in charge of establishing their
priorities and the necessary weights for the calculation of the final indices. This task has been carried
out by the eight cities of the project and the results have been presented in the D1.2.

If, on the contrary, the objective is to analyze the impact that MAKING-CITY actions have had on the city
in a global way, the establishment of the weights has to be common for all cities which want to evaluate
the impact of the Positive Energy District in the city. For this reason, the weighs have been established
by a group of experts who have taken into account the most relevant aspects of the implementation of
the PEDS and how these aspects can impact in the city.

This methodology has been applied to the two lighthouse cities and the results presented in this
deliverable will be considered as baseline to be compared with the status of these indicators at the end
of the project, after the implementation of the three Positive Energy Districts.

4.1 Step I: Indicators Calculation by the eight project cities

The indicators are calculated using available data, according to their definition and the formula
provided. One of the biggest problems at this step is related to the lack of certain data. Due to the
studied and careful selection of the indicators within the T5.1, this problem has been minimized in the
cities, being non-existent in most of them. For cases where it is not possible to obtain an indicator, data
is taken at regional or country level when available, what can be compared with the nearest neighbour
method among the methods suggested by the European Commission in the 10 Step guide3, Step 3:
Imputation of missing data.

For cases in which an indicator could not be calculated and the national (or preferably regional if
possible) did not work or did not exist, the estimate would be done by comparing the city with another
with similar characteristics in the terms of the purpose of the indicator.

The eight cities of the project have calculated the city level indicators and the results can be found in
D1.2. The units in which each indicator is measured and the disaggregation that had to be done in those
requiring more than one figure were fixed; with what they are well prepared to be compared and
normalised in a common way and between the different cities under the same criteria.

D5.4 is focused on the city impact evaluation procedure, so although the eight cities of the project have
calculated the city level indicators for their characterization (D1.2), in this deliverable only the results
related to the lighthouse cities are presented since the city impact evaluation is focused on the impact
assessment of the actions implemented in these cities.

The city level indicators of the two lighthouse cities are presented in the following tables (Table 20 to

Table 23):

3 From the European Commission website: COIN (Competence Centre on Composite Indicators and Scoreboards). Online:
https://composite-indicators.jrc.ec.europa.eu/?q=10-step-guide/, Step 3: Imputation of missing data, online:
https://composite-indicators.jrc.ec.europa.eu/?g=10-step-guide/step-3-imputation-missing-data
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Table 20: Energy and environment indicators calculation

ENERGY & ENVIRONMENT

Application . GRONINGEN

Final energy consumption per capita MWh/cap
Primary energy consumption per capita MWh/cap
Solid fossil fuels
Natural gas
Oil and petroleum %
Renewables and biofuels
City Energy Primary energy Electricity from the grid
Profile sources Solid fossil fuels
Natural gas
Oil and petroleum MWh/cap
Renewables and biofuels
Electricity from the grid
% of
Building connected to the DH-network or % c.) . .
. buildings/ci
renewable energy grid ty
GHG . . Tonnes of
Ermissions GHG emissions per capita CO2 /cap
Waste : % of
Recycling rate
Management tonnes

Table 21: Mobility indicators calculation

MOBILITY

Application . GRONINGEN
22%

24.60 23.00
30.60 26.00
0.00% 27.00%
51.80% 0.00%
24.00% 30.00%
4.30% 35.00%
19.90% 9.00%
0.00 6.67
15.85 0.00
7.34 7.19
1.32 8.56
6.09 211
1% 61%
5.40 5.50
78% 99%

Walk 15%
Bike 55% 21%
Modal split Public transport % 3% 1%
Non-car transport 73% 47%
Car (private motor
] 79 54
City Mobility vehicle) 2L o
Profile Gas oil and diesel oil 43.20% 52.00%
Gasoline 54.50% 32.00%
Fuel mix in mobility IR e S % 2.10% 0.00%
Gases
Electricity 0.20% 2.00%
Other fuels 0.00% 14.00%
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Application . GRONINGEN

Energy use for transportation MWh/cap 6.20 7.00
Access to public transport % of people 98% 70%
Publ|lc. infrastructure promoting low-carbon Km/100,000 275.00 1,000.00
mobility people

Table 22: Governance Indicators calculation

Application . GRONINGEN

Economy

Initiatives and
Strategies of
the Public
Administration
Public ICT/
Data

% of active

Unemployment rate ) 7.20% 9.60%
population

GDP (Gross Domestic Product) €/cap 44,800 31,300

Smart city factor in a city development Likert scale 4 4

strategy

Quality of open data Likert scale 3 4

Table 23: Society and citizens indicators calculation

SOCIETY & CITIZENS

Application \ GRONINGEN

Affordable
Housing

Citizen
Engagement
and
Empowerment
Urban
Structure

. . % of change
Development of housing prices or % of £/m? -4.00% 1.90%
Housing cost overburden rate % 9.40%* 6.60%
Cltllzen engagement to climate conscious Likert scale 4 4
actions
Encouraging a healthy lifestyle Likert scale 4 4
Inhabitants in dense areas % of people 95.30% 56.80%

4 Data at country level since Groningen data are not available
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4.2 Step II: Indicators Normalisation for impact evaluation &
city characterization
Taking into account the target and worst values established for each indicator and the indicators
calculated by the cities (Table 20 to Table 23) these were normalized and the results can be seen in the
following tables. For the establishment of the target values the results of all the cities collected in the
D1.2 were taken into account in order to obtain a better reference value.
Table 24: Normalized values for Energy & Environment indicators
ENERGY & ENVIRONMENT
GRONINGEN OouLyU
Application field Indicator NORMALIZED NORMALIZED
VALUES VALUES
Final energy consumption per capita 5.72 6.61
Primary energy consumption per capita 10.00 10.00
City Energy Profile
Primary energy sources (shares) 3.96 10.00
Building connected to the DH-network 0.67 10.00
GHG Emissions GHG emissions per capita 7.72 7.54
Waste Management  Recycling rate 10.00 10.00
Final energy consumption per Final energy consumption
capita (MWh/cap) per capita (MWh/cap)
Recycling rate (% of tonnes) Primary energy consumption Recycling rate (% of tonnes) — - conszfnn;::gne;:rrgcyapita

per capita (MWh/cap) (MWh/cap)

- ]
GHG emissions per capita /( 7 /\\ Primary energy sources GHG emissions per capita | |-
(Tonnes of CO2/cap) \ / (shares)% (Tonnes of COz /cap)

Buildil ted to th &;\\:/‘// Building connected to t
ok o ronewable o “Primary energy sources DH-network or renewable

network or renewable energy
grid (% buildings/city)

Primary energy sources
(shares) %

rimary energy sources
(shares) MWh/cap energy grid (% of buildings/ (shares) (MWh/cap)
city)

Figure 10: Normalized values for Energy and Environment indicators (Groningen in green and Oulu
in blue)

Table 25: Normalized values for Mobility indicators

GRONINGEN OuLU
Application field Indicator NORMALIZED NORMALIZED
VALUES VALUES
Modal split 9.81 494
City Mobility Profile
Fuel mix in mobility 0.20 2.00
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Public infrastructure
promoting low-carbon
mobility (km/100.000

people)

Access to public transport (%

Energy use for transportation

Access to public transport

Public infrastructure promoting low-
carbon mobility

Modal split (%)
10,00

Fuel mix in mobility (%

Energy use for

of people)

transportation (MWh/cap)
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8.24 6.89
9.44 1.59
10.00 10.00

Modal split (%)

Public infrastructure
promoting low-carbon
mobility (km/100.000
people)

Fuel mix in mobility (%)

Energy use for transportation
(MWh/cap)

Access to public transport (%
of people)

Figure 11: Normalized values for Mobility indicators (Groningen in green and Oulu in blue)

GOVERNANCE

Application field

Economy

Initiatives and
Strategies of the
Public Administration

Public ICT/ Data

Quality of open data (Likert
scale)

Table 26: Normalized values for Governance indicators

Indicator

Unemployment rate

GDP (Gross Domestic Product)

Smart city factor in a city development
strategy

Quality of open data

Unemployment rate (% of

active population)
10,00
9,00

GDP (Gross Domestic
Product) (€/cap)

Smart city factor in a city
development strategy (Likert
scale)

GRONINGEN OULU
NORMALIZED NORMALIZED
VALUES VALUES
8.39 6.63
10.00 10.00
7.50 7.50
5.00 7.50

Unemployment rate (% of
active population)
10,00
9,00

GDP (Gross Domestic
Product) (€/cap)

Quality of open data (Likert
scale)

Smart city factor in a city
development strategy (Likert
scale)

Figure 12: Normalized values for Governance indicators (Groningen in green and Oulu in blue)
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Table 27: Normalized values for Society and Citizens indicators

SOCIETY & CITIZENS
GRONINGEN OULU
Application field Indicator NORMALIZED NORMALIZED
VALUES VALUES
Development of housing prices 6.12 9.64
Affordable Housing
Housing cost overburden rate 7.94 10.00

Citizen engagement to climate conscious
Citizen Engagement  4ctions 7.50 7.50

and Empowerment

Encouraging a healthy lifestyle 7.50 7.50
Urban Structure Inhabitants in dense areas 10.00 6.85
Development of housing Development of housing
prices (% of change or prices (% of change or
% of €/m?) % of €/m?)

10,00

Inhabitants in dense areas (% Housing cost

Housing cost overburden  Inhabitants in dense
/ (%) areas (% of people)

of people) ' overburden rate (%,
\ _/// \\\ |
\\ '/, \ \ //
\ /] \ /
\ [ \ ./ Citizen engagement/

) \ Citizen engagement/ Encouraging a healthy empowerment to
Encouraging a healthy empowerment to climate lifestyle (Likert scale) climate conscious
lifestyle (Likert scale) conscious actions (Likert

actions (Likert scale)
scale)

Figure 13: Normalized values for Society and Citizens indicators (Groningen in green and Oulu in
blue)

4.3 Step lll: Prioritisation of categories, application fields and
indicators for city impact and city characterization

As it has been already mentioned, the prioritization process will be different depending on the objective
to be achieved. This section has been divided into two subsections to differentiate the two processes:
the first will prioritize the categories, application fields and indicators to evaluate the impact at city level
of the actions carried out in the project, and the second will be focused on the city characterization
considering the existing city plans, their needs and priorities.
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D5.4 City impact evaluation procedure

4.3.1 Prioritisation for impact evaluation

In order to evaluate the impact that the actions developed in the Project at city level, the indicators
defined in the evaluation framework have been analyzed, as well as the application fields and the
categories to which they belong, with the objective of prioritizing the most relevant from the point of
view of the Positive Energy districts concept.

This task has been carried out by several of the partners involved in the project and which are detailed
below:

Table 28: Experts involved in the prioritization process

PARTNER ORG.TYPE ROLE IN THE PROJECT
CARTIF RTO Project coordinator. LT Planning and PED method design
TECNALIA RTO Leader of planning Work Package. LT planning

methodology and City Visions 2050

Modelling of PEDs for fine design. Baseline definition

TN RT
0 © and monitoring in Groningen.

STICHTING ENERGY VALLEY RTO Capacity building, guidelines for PED design, business
models

UNIVERSITY OF GRONINGEN. UNIV Support city planning in Groningen and guidelines for

FACULTY OF SPATIAL SCIENCES PED design

HANZE UNIVERSITY OF APPLIED L . .

SCIENCES OF GRONINGEN UNIV Monitoring program and evaluation in Groningen demo

VTT TECHNICAL RESEARCH CENTRE RTO Leader of evaluation framework definition and Oulu PED

OF FINLAND design

SLOVAK UNIVERSITY OF UNIV Support follower city TN, social innovation and technical

TECHNOLOGY IN BRATISLAVA design of PED

The criteria of all experts involved in this prioritization process have been taken into account in order to
find the most suitable weights for the definition of the final indices that will be used for the comparison
between the city status before and after the interventions.

Considering the structure defined within the Evaluation Framework (Figure 8), several matrixes were
created in order to apply the Analytic Hierarchy Process doing a pair-wise comparison between the
different available options.

In this comparison analysis, the ratio priorities must be established for each node of the hierarchy
through pair-wise comparisons with respect to the importance of the item to the parent node. For this
comparison the scale presented in Table 19 has been used.

The weights proposed by each of the experts who have participated in the study are presented in Annex
3 and with that information the final weights have been calculated. On one hand it has been taken into
account which of the nodes had more relevance for the experts and on the other hand it has been
calculated the arithmetic means of the proposed scores for each of the parent nodes. For the calculation
of the final scores it was calculated a pondered mean considering the average score given to the most
relevant parent node but also taking into account the inverse one of the opposite node.

Makin
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Once all pairs have been compared, local weights are aggregated into a composite priority. This is done
multiplying local weights by the product of all higher-level priorities. In this way, the local weights are
transformed into global weights that measure the importance of each node in the total hierarchy.

EVALUATION OF PROJECT IMPACT AT CITY LEVEL

| PED Approach

City Level Indicators

| PRIORITISATION (AHP method) |

NORMALISATION

INDICATORS WEGHTING

PONDERATED INDICATORS

INDICES FOR EVALUATION AT CITY LEVEL

ENERGY &
ENVIRONMENT
INDEX

MOBILITY
INDEX

GOVERNANCE
INDEX

SOCIETY &
CITIZENS
INDEX

Figure 14: Evaluation of project impact at city level

More details about how the method has been applied can be found in the section 3.3, an example of
prioritisation exercise is presented in “Annex 2 — Example of prioritisation exercise: Energy and
Environment prioritization” and the results of the analysis done by each expert have been included in

the Annex 3.

The final prioritization calculated with the information provided by the experts and presented in Annex

3, can be found in following tables:

Table 29: Category prioritisation

CATEGORY PRIORITISATION

Mobility

Energy & Environment Governance

Society & Citizens

Governance
Mobility

Society & Citizens
Governance Society & Citizens

A

A

B

5
4
2
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Table 30: Prioritisation of Energy and Environment Application Fields

Energy & Environment prioritisation — Application Fields

GHG Emissions

City Energy Profile

GHG Emissions

Waste Management

Waste Management

A 2
A 3
A 3

Table 31: Prioritisation of Energy and Environment Indicators

Energy & Environment prioritisation — Indicators

Final energy consumption per
capita

Primary energy
consumption per capita

Primary energy sources
(shares)

Mobility — Indicators

Primary energy
consumption per capita

Primary energy sources
(shares)

Buildings connected to DH-
network or renewable
energy grid

Primary energy sources
(shares)

Buildings connected to DH-
network or renewable
energy grid

Buildings connected to DH-
network or renewable
energy grid

Fuel mix in mobility

Energy use for transportation

Modal split

Access to public transport

Public infrastructure promoting
low-carbon mobility

Energy use for transportation

Fuel mix in mobility

3
2
1
3
2
2
3
3
3
2
3

Access to public transport

B 3

Table 32: Prioritisation of Mobility Indicators
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Mobility — Indicators

Public infrastructure promoting . 5
low-carbon mobility
Access to public transport B 3
Energy use for
transportation Public infrastructure promoting . 5
low-carbon mobility
Access to public Public infrastructure promoting A 2
transport low-carbon mobility

Table 33: Prioritisation of Governance Application Fields

Governance prioritisation — Application Fields

4
5
4

Initiatives and strategies of the

Economy public administration

Public ICT/data A

Initiatives and
strategies of the public  Public ICT/data A
administration

Table 34: Prioritisation of Governance Indicators

Governance— Indicators

Unemployment rate  GPD (Gross Domestic Product) A

Table 35: Prioritisation of Social and Citizens Application Fields

Society & Citizens prioritisation — Application Fields

Citizen engagement and

Affordable housing empowerment

Urban Structure A

3
3
3

Citizen Engagement and

Urban Structure A
Empowerment
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Table 36: Prioritisation of Social and Citizens Indicators

Society & Citizens— Indicators

Development of

. . Housing cost overburden rate B 3
housing prices
Citizen
engagement/empo . :
Ees /emp Encouraging a healthy lifestyle A 3

werment to climate
conscious actions

Final weights per category and per application field calculated taking into account the contribution of
all experts can be found in Table 37:

Table 37: Weighting per category and per Application field. Energy and environment

ENERGY & ENVIRONMENT
Application field Indicator WEIGHT per Category | WEIGHT per App Field
Final energy consumption per capita 5.53% 10.54%
E:r?tz;ry energy consumption per 12.6% 24.02%
City Energy Profile & 100%
Primary energy sources (shares) 18.3% (G 34.89%
. . o
Building connected to the DH- 16.03% 30.55%
network
GHG Emissions GHG emissions per capita 33.38% 100% 100%
Waste Management  Recycling rate 14.16% 100% 100%
Energy & Environment Fields prioritisation Energy & Environment Indicators prioritisation
City Energy Profile
1o, Final energy

consumption per capita
1,0 -

Primary energy

Recycling rate = > ) )
ecycling rate <~ |consumption per capita

-|Primary energy sources
(shares)

GHG emissions per
capita

Waste Management = = GHG Emissions

Buildings connected to
DH-network or
renewable energy grid

Figure 15: Energy and environment prioritisation
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Table 38: Weighting per category and per Application field. Mobility

MOBILITY
Application field Indicator WEIGHT per App Field
Modal Split 12.73% 12.73%
Fuel mix in mobility 14.45% 14.45%
City Mobility Profile Energy use for transportation 7.96% 100% 7.96% 100%
Access to public transport 36.93% 36.93%

Public infrastructure promoting low-

carbon mobility 27.93% 27.93%

Mobility Indicators prioritisation

Modal split
1,0

promoting low-carbon

\M Fuel mix in mobility

mobility ///
Access to public N\ nergy use for
transport transportation

Figure 16: Mobility prioritisation

Table 39: Weighting per category and per Application field. Governance

GOVERNANCE
Application field WEIGHT per Category | WEIGHT per App Field

Unemployment rate 43.37% 66.66%

Economy 100%
GDP (Gross Domestic Product) 21.68% 33.33%

Initiatives and Smart city factor in a city 100% o

Strategies of the PA development strategy 25.43% 100% 100%

Public ICT / Data Quality of open data 9.52% 100% 100%

Governance Fields prioritisation Governance Indicators prioritisation

Unemployment rate
1,0

Economy

GDP (Gross Domestic

Quality of open data Product)

Initiatives and
* Strategies of the Public
Administration

Public ICT/data

Smart city factorin a city
development strategy

Figure 17: Governance prioritisation
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Table 40: Weighting per category and per Application field. Society and citizens

SOCIETY & CITIZENS

Application field WEIGHT per Category | WEIGHT per App Field

Development of housing prices 14.34%
Affordable Housing
Housing cost overburden rate 43.02%
. Citizen engagement/ empowerment 21.48%
C|t(|jzen Engagement 1 cjimate conscious actions e
and Empowerment
= Encouraging a healthy lifestyle 7.16%
Urban Structure Inhabitants in dense areas 13.99%

Society & Citizens Fields prioritisation

Affordable Housing
1.0

areas

-\ Citizen Engagement

/-
Urban Structure

and Empowe rment lifestyle

Inhabitants in dense -

25%
100%

75%

100% 75%
100%

25%
100% 100%

Society & Citizens Indicators prioritisatior

Development of

housing prices
1,0 1.

Housing cost

; overburden rate

\\ ]
v (itizen engagement/
~ empowerment to
climate conscious...

Figure 18: Society and citizens prioritisation

4.3.2 Prioritisation for city characterization

In this case the final purpose of the methodology is to obtain some city indices to be able to make an
own analysis of the cities, showing the categories and application fields that are strong in the city and
which of them need improvements and more attention, and also serves to fix future medium and long

term goals and objectives.

In this section percentages obtained for the city characterization have been included and as can be seen,
different values have been established for each of the lighthouse cities considering their needs and

priorities.

Complete information related to the prioritisation for city characterization was presented in the D1.2,

so all details can be found in that deliverable.
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CITY DIAGNOSIS CHARACTERISATION

Targets defined City needs and targets City Level Indicators

| Goals achieved | | PRIORITISATION (AHP method) | [ NORMALISATION |

-- - I WEIGHTED INDICATORS I I SCORED INDICATORS I

CITY CHARACTERISATION INDEXES

INDEXES PER
INDEXES PER CATEGORY APPLICATION FIELD

Figure 19: City diagnosis characterisation

Table 41: Weighting per category and per Application field. Energy and environment

ENERGY & ENVIRONMENT

Application
field

City Energy
Profile

GHG
Emissions

Waste
Management

GRONINGEN OuLU

Indicator
WEIGHT per WEIGHT per App WEIGHT per WEIGHT per App
Category Field Category Field

Final energy

consumption per 1.15% 11.38% 1.94% 9.28%

capita

Primary energy

consumption per 3.30% 32.76% 3.33% 15.97%

Capita 100% 100%
Primary e';]ergy 2.44% 24.19% 12.19% 58.38%

sources (shares) 100% 100%

Building connected o 0 0 0

t6 the DH-network 3.19% 31.66% 3.42% 16.37%

GHG emissions per

- 46.63% 100% 100% 70.77% 100% 100%
Recycling rate 43.30% 100% 100% 8.35% 100% 100%
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Application field

City Mobility Profile

Application field

Economy

Initiatives and

Strategies of the PA

Public ICT / Data

Indicator

Modal Split

Fuel mixin
mobility

Energy use for
transportation

Access to public
transport

Public
infrastructure
promoting low-
carbon mobility

Indicator

Unemployment
rate

GDP (Gross
Domestic
Product)

Smart city
factor in a city
development
strategy

Quality of open
data

GRONINGEN

WEIGHT per App WEIGHT per WEIGHT per App
Field Category Field

WEIGHT per
Category

47.12%

8.67%
5.12%

100%

29.31%

9.78%

WEIGHT per
Category
18,43%
2,63%
100%
54,85%
24,09%

47.12%

8.67%

5.12%

100%

29.31%

9.78%

WEIGHT per App
Field
87,50%
100%
12,50%
100,00%  100%
100,00%  100%
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13.88%

14.17%

14.14%

13.80%

44.01%

City

Table 42: Weighting per category and per Application field. Mobility

MOBILITY
ouLu

13.88%

14.17%

14.14%

100% 100%

13.80%

44.01%

Table 43: Weighting per category and per Application field. Governance

GOVERNANCE
GRONINGEN OuLU

WEIGHT per WEIGHT per App
Category Field
43,81% 87,50%
100%
6,26% 12,50%
100%
31,02% 100,00%  100%
18,90% 100,00%  100%
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Table 44: Weighting per category and per Application field. Society and citizens

SOCIETY & CITIZENS

Application field Indicator

Development of

. . 8,73% 16,67% 6,56% 20,00%
housing prices
Affordable Housing Hous! 100% 100%
ousing cost 43,64% 83,33% 26,22% 80,00%
overburden rate
Citizen
engagement/ ) .
Citi £ ; empowerment 15121% 100% 50,00% 13,70/) 100% 33,33/6
'tizen tngagemen to climate 100% 100%
and Empowerment
Encouraginga ;5 51 50,00% 27,41% 66,67%
healthy lifestyle
Urban Structure nhabitantsin 1751 100,00% 100% 26,11% 100,00%  100%

dense areas

4.4 Step IV: Calculation of the city indices

As it has been explained in the section 3.4 of this document, the indicators calculated by the cities have
been aggregated according to the linear aggregation method. This method was selected because all
indicators have been normalized and therefore they are scored on the same scale. This allows that one
indicator can be compensated by other better rated that fall within the same category or application
field.

On one hand the indicators have been aggregated for generating ten sub-indices, one for each of the
ten application fields defined in the evaluation framework and on the other hand, four more general
indices represent the aggregated value related to the four categories, energy and environment,
mobility, governance and society&citizens

4.4.1 Calculation of city indices for impact evaluation

The indicators of Groningen and Oulu have been aggregated according to the linear aggregation method
and the results are city indices per category and per application fields, collected within the following
Table 45 and Table 46 below.

The calculation of these indices has been carried out considering the same weights for both cities. This
allows comparing not only the results for each city before and after the interventions but also it is
possible to compare the results between the two lighthouse cities or use this methodology to compare
the status of different cities. This is the main different with the application of the evaluation at city level
for the city characterization. In that case, each city establishes their own priorities in order to evaluate
how the indices improve after the planned actions but it would not be correct to compare the results
of two different cities since each of them has used specific weights for the calculation of its indices.
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Table 45: Indices per Category

CATEGORIES INDICES

City Index

Category

GRONINGEN (0]V] RV}
Energy & Environment 6.4 8.19
Mobility 8.21 4.85
Governance 8.19 7.66
Society & Citizens 7.84 8.79

Energy &

Energy & Environment
Environment d
10,0 7

" Society & .

Society & o . Mobility

Mobility Citizens
Best Indexes Best Indexes
Average Indexes Average Indexes

Oulu Indexes
B Groningen a
Indexes
Governance Governance

Figure 20: Radar view of Groningen and Oulu Indices per Category

Figure 20 and Figure 21 show the graphical representation of the city indices per category and
application field for the two lighthouse cities. These are the baseline values calculated with the provided
data at the beginning of the project. The same indices will be calculated with the values of the indicators
at the end of the project, after the implementation of the actions. The comparison between the indices
before and after the interventions will allow measuring the real impact of the implemented actions in
the lighthouse cities but also will show how other complementary actions deployed during the
development of the project can improve the value of these indices.

For the normalization of the indicators, the values provided by all the project cities have been taken into
account in order to establish the thresholds most suitable for the project, nevertheless the average and
best values used as reference in the graphs have been calculated only with data of Oulu and Groningen
because the city indices for impact evaluation will only be calculated for the two lighthouse cities in
order to analyze the impact of the project actions.

In section 4.4.2, city indices for city characterization have been calculated. In that case, the average and
best values used as reference have taken into account the value of the indicators calculated by all the
project cities.

Table 46: Indices per Application Field

APPLICATION FIELDS INDICES

City Index

OuULU

ENERGY & City Energy Profile 2.41 2.02
ENVIRONMENT GHG Emissions 2.58 5.34
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Waste Management 1.42 0.84
MOBILITY City Mobility Profile 8.21 4.85
Economy 5.81 5.04
GOVERNANCE Initiatives and Strategies of the PA 191 191
Public ICT / Data 0.48 0.71
Affordable Housing 4.29 5.68
SOCIETY & CITIZENS  Citizen Engagement and Empowerment 2.15 2.15
Urban Structure 14 0.96

. |Waste Management ste Management

Citizen Engagement| / |

Citizen Engagement

Affordable Housing A /| city Mobility Profile Affordable Housing City Mobility Profile

Best Indexes Best Indexes

T~ 1 — — Average Indexes 1 Average Indexes
- e e, & Public ICT / Data | #
Public ICT / Data L D Groningen Indexes BI0ulu Indexes

Initiatives and
Initiatives and Strategies of the PA
Strategies of the PA

Figure 21: Radar view of Groningen and Oulu Indices per Application Field

4.4.2 Calculation of city indices for city characterization

In this section the indices calculated for city characterization are presented. These indices are the same
included in the previous section but in this case, they have been calculated with the weights established
according to the priorities and needs of each of the cities, so they will be used to compare the initial and
final results after the project's actions, but it is not possible to compare the results of the two cities. For
the comparison of two or more cities it is needed to apply the methodology proposed in previous
subsection where common weights are used for the calculation of the indices.

Table 47: Indices per Category

CATEGORIES INDICES

City Index
Category
Energy & Environment 8.49 8.19
Mobility 8.81 6.56
Governance 7.13 7.27
Society & Citizens 8.00 8.13
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Energy &

Energy & Environment

Environment 10,0
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Citizens

Society &

Mobility Citizens

-
4

Best Index Best Indexes
Average It Average Indexes
B Oulu Indexes
B Groninger
Indexes

Figure 22: Radar view of Groningen and Oulu Indices per Category

Table 48: Indices per Application Field

APPLICATION FIELDS INDICES

City Index

e lcaion el oy
GRONINGEN ouLu

City Energy Profile 5.61 9.69
EEE/TFES(;{N&MENT GHG Emissions 7.72 7.54
Waste Management 10.00 10.00
MOBILITY City Mobility Profile 8.81 6.56
Economy 8.59 7.05
GOVERNANCE Initiatives and Strategies of the PA 7.50 7.50
Public ICT / Data 5.00 7.50
Affordable Housing 7.63 9.93
SOCIETY & CITIZENS  Citizen Engagement and Empowerment 7.50 7.50
Urban Structure 10.00 6.85
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Strategies of the PA Indexes Strategies of the PA

Best Indexes
Average Indexes

B Oulu Indexes

Public ICT / Data

Figure 23: Radar view of Groningen and Oulu Indices per Application Field
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Conclusions

This deliverable presents the evaluation methodology at city level developed and applied in MAKING
CITY project with two main objectives, on the one hand it has been used for the characterization of the
eight cities of the project whose results can be found in detail in the D1.2 and on the other hand this
methodology will be applied for the impact evaluation within MAKING-CITY project.

The process consists of four steps based on the city-level indicators defined in the deliverable D5.1.
These indicators are normalized and weighted to develop indices that allow us to calculate impacts,
compare results and set objectives for cities.

For the establishment of the weights needed for the calculation of the indices two different procedures
have been applied. On one hand, for the calculation of the indices that will be used for the evaluation
of the project impact at city level, common weights have been established considering the opinion of
several experts based on their experience. These weights are common for all cities which want to apply
the methodology and therefore it is possible to compare the results of different cities.

On the other hand, the methodology of evaluation at city level can be also used for the characterization
of the city. In that case each city establishes its own weights considering their needs and priorities and
the information included in its city plans. Since the prioritization is specific for each city, it can be used
for the evaluation of the evolution of the city but it is not possible to compare the results of different
cities.

The baseline calculated and presented in this deliverable will be used to compare it to the results at the
end of the project and thus know the impact on the lighthouse cities of the actions implemented in the
project.
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Annex 1 - City level indicators values

ENERGY & ENVIRONMENT

Application
field

City Energy
Profile

GHG
Emissions

Waste
Management

Indicator

Final energy consumption per capita
Primary energy consumption per capita
Solid fossil fuels

Natural gas
Qil and petroleum
Renewables and biofuels

Primary Electricity from the grid
energy

Sources Solid fossil fuels

Natural gas
Qil and petroleum
Renewables and biofuels

Electricity from the grid

Building connected to the DH-network
or renewable energy grid

GHG emissions per capita

Recycling rate

MWh/cap
MWh/cap

%

MWh/cap

% of
buildings/cit
y

Tonnes of
CO2 /cap

% of tonnes

GRONINGEN

24.60
30.60

0.00%
51.80%
24.00%
4.30%
19.90%

0.00
15.85
7.34
1.32
6.09

1%

5.40

78%

OuULU

23.00
26.00
27.00%
0.00%
30.00%
35.00%
9.00%
6.67
0.00
7.19
8.56
211

61%

5.50

99%

BASSANO

DEL
GRAPPA

18,54
29,62
8,00%
38,50%
22,10%
12,00%
19,40%
1,52
7,35
4,22
2,29
3,70

17%

4,90

76%
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25,66
36,62
0,00%
28,18%
51,29%
0,19%
20,34%
0,00
7,23
13,16
0,05
5,22

0%

6,62

21%

KADIKOY

14,05
19,05
0,00%
20,00%
0,00%
1,00%
79,00%
0,00
0,67
0,00
0,06
2,68

0%

3,34

6%

TRENCIN

19,25
32,69
20,00%
24,00%
22,00%
11,00%
23,00%
3,85
4,62
4,24
2,12
4,43

19%

5,66

40%

VIDIN

7,50
13,20
14,00%
1,00%
16,00%
14,00%
55,00%
1,51
0,10
1,76
1,55
6,08

0%

3,07

40%

% [

Makin
City

LUBLIN

9,50
11,78
4,52%

31,17%
0,19%
36,13%
27,99%

0,53

3,67

0,02

4,25

3,30

75%

8,56

94%
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Application
field

City Mobility
Profile

Indicator

Walk
Bike
Mgdal Public transport
split
Non-car transport
Car (private motor vehicle)
Gas oil and diesel oil
) Gasoline
Fuel mix
in Liquefied Petroleum Gases
ety Electricity
Other fuels

Energy use for transportation
Access to public transport

Public infrastructure promoting low-
carbon mobility

%

%

MWh/cap
% of people

Km/100,000
people

GRONINGEN

15%
55%
3%
73%
27%
43.20%
54.50%
2.10%
0.20%
0.00%
6.20

98%

275.00

ouLu

22%
21%
4%
47%
54%
52.00%
32.00%
0.00%
2.00%
14.00%
7.00
70%

1,000.00

BASSANO
DEL
GRAPPA

12%
10%
6%
28%
72%
71,00%
20,00%
8,00%
0,00%
1,00%
7,32
97%

112,00
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MOBILITY

64%
1%
6%

71%
29%

85,45%
14,43%

0,10%

0,02%

0,00%
7,69
100%

24,86

KADIKOY

49%
1%
24%
74%
26%
64,00%
10,00%
25,00%
1,00%
0,00%
3,57
100%

3,31

TRENCIN

34%
7%
17%
58%
42%
68,80%
28,60%
0,30%
2,30%
0,00%
5,78

95%

55,61
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VIDIN

40%
10%
20%
70%
30%
66,00%
27,00%
6,00%
0,00%
1,00%
1,37
100%

112,00

LUBLIN

24%
11%
33%
68%
32%
36,30%
47,20%
14,30%
0,00%
2,20%
6,56
80%

51,20

Malin
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GOVERNANCE

Application field

Economy

Initiatives and Strategies

of the Public

Administration

Public ICT / Data

SOCIETY AND CITIZENS

Application field

Affordable Housing

Citizen Engagement and
Empowerment

Urban Structure

Indicator

Unemployment rate

GDP (Gross Domestic
Product)

Smart city factor in a city
development strategy

Quality of open data

Indicator

Development of housing
prices

Housing cost overburden
rate

Citizen engagement/
empowerment to climate
conscious actions

Encouraging a healthy
lifestyle

Inhabitants in dense areas

% of active
population
€/cap

Likert scale

Likert scale

% of change
or
% of €/m?
%

Likert scale

Likert scale

% of people

GRONINGEN

7,20%

44.800

GRONINGEN

-4,00%

9,40%

95,30%

ouLu

9,60%

31.300

OuLU

1,90%

6,60%

56,80%

BASSANO

DEL

GRAPPA

6,30%

30.800

BASSANO

DEL

GRAPPA

-9,00%

8,20%

94,00%
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LEON

14,10%

21.700

5,32%

8,90%

87,52%

KADIKOY

13,80%

11.500

KADIKOY

-3,41%

9,50%

100,00%

% [

Makin
City

TRENCIN VIDIN LUBLIN

5,50% 11,30% 3,70%
13.400 3.900 7.700
3 2 4
3 2 3

TRENCIN LUBLIN

7,86% 5,50% 8,00%
8,40% 19,70% 6,70%
3 4 4
2 3 4
20,00% 90,00% 81,00%

MAKING-CITY G.A. n°824418



Annex 2 - Example of prioritisation exercise: Energy
and Environment prioritization

In order to better understand the pair-wise comparison, below there is an example of how this exercise
was developed through an Excel tool.

First, experts or cities depending of the methodology (evaluation of impacts or city characterization)
decide which of both categories in the comparison consider most important (A or B) and then, scale the
importance of the selection (from 1 to 9 based on the criteria in Table 19).

To obtain all the weights of
a category, more than one
Matrix will have to be
solved. First, one to
compare the different
application fields of the
corresponding category
(there are three in the case
of Energy & Environment),
and secondly, comparisons
of the indicators will be
established within each
application field.

ENERGY &
ENVIRONMENT

category

Final energy consumption per capita J
) Primary energy consumption per capita ]
City Energy
Profile .

Primary energy sources (shares)

Building connected to the DH-network ]
H
9 G GHG emissions per capita ]
_ Emissions

Waste
_ Management

Recycling rate

—

Figure 24: Energy & Environment structure

In the case of Energy & Environment category, only one of the application fields has more than one
indicator (as shown in Figure 24), so for the other two fields, the weight of its single indicator will be
100%. This first comparison exercise, done through the Excel tool, is shown in tables Table 49 and Table

50 below.

Table 49: Example of the pair-wise comparison among Energy & Environment application fields

ENERGY & ENVIRONMENT application fields

>|

GHG Emissions

City Energy Profile

Waste Management

GHG Emissions

Waste Management

More important (A/B)

>>UJI
U-IN-bI

Comparison

Scale (1-9)

Table 50: Example of the pair-wise comparison among City Energy Profile indicators

CITY ENERGY PROFILE indicators

>|

Primary energy

Final energy
consumption per capita

Primary energy sources

consumption per cap

More important (A/B)

| | I
N N I

Comparison

Scale (1-9)
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Buildings connected to DH-

A 6
network
] Primary energy sources A 1
Primary energy
consumption per capita  Buildings connected to DH- A 4
network
Primary energy sources Buildings connected to DH- A 5

network

The results of these pair-wise comparison are represented in comparison matrix (tables Table 51 and
Table 52), to obtain the weights of each element.

Table 51: Example of the Energy & Environment application fields comparison MATRIX

COMPARISON MATRIX of the Energy & Environment application fields

APPLICATION FIELDS City Energy Profile GHG Emissions Waste Management

City Energy Profile 1 1/4

GHG Emissions 4 1

Waste Management 1/2 1/5

Table 52: Example of the City Energy Profile indicators comparison MATRIX

IH | NI

COMPARISON MATRIX of the City Energy Profile indicators

Final energy Primary energy Primary ener Buildings
INDICATORS consumption consumption v gy connected to
sources
per cap per cap DH-network

Final energy consumption per cap

Primary energy consumption per cap

Primary energy sources 1/2

Buildings connected to DH-network 1/6 1/4 1/5 1
From the comparison matrix, next step is to compute the priority vector, which is the normalised Eigen
vector of the matrix. The normalised matrices below (tables Table 53 and Table 54) are an
approximation of Eigen vector (and Eigen value). This approximation works well for small matrix, and it
is easy to compute since all that is needed is to normalise each column of the matrix. The normalised

principal Eigen vector can be obtained by averaging across the rows, and it is also called priority vector,
which shows the relative weights among the categories that are being compared.
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Table 53: Example of the categories normalised matrix and obtaining relative weights

NORMALISED MATRIX of the Energy & Environment application fields

WEIGHT
APPLICATION FIELDS

.20

Table 54: Example of the categories normalised matrix and obtaining relative weights

NORMALISED MATRIX of the City Energy Profile indicators

Final energy Primary energy WEIGHT

INDICATORS consumption consumption Primary energy SO.CI.Ety -
sources Citizens
per cap per cap

Final energy
consumption per cap

Primary energy
consumption per cap

0.23 0.24 0.24 0.31 0.25

Buildings connected to
DH-network

08 0.06 0.05 0.06 0.06
Aside from the relative weight, consistency needs to be checked. The comparison matrix is considered
to be adequately consistent if the corresponding consistency ratio (CR) is less than 10% (Saaty, 1980
[10]). The CR coefficient is calculated from the consistency index (Cl), which is estimated by adding the
rows in the comparison matrix and multiply the resulting vector of priorities obtained earlier. This yields
an approximation of the maximum Eigen value, denoted Auax. Then, the Cl value is calculated by using

the formula: Cl = (Amax—n) / (n - 1), where n is the matrix size. Next, the consistency ratio (CR) is obtained
by dividing the Cl value by the Random Index (RI): CR = Cl / RI, as given in the following Table 55.

0.25

0.24 0.24

0.24

0.

Table 55: Random Index (RI) for the different n matrix

RANDOM INDEX (RI)

2 3 4 5 6 7 8 9 10

- 0 0.58 0.90 1.12 1.24 1.32 141 1.45 1.51
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For the Energy & Environment application fields: Cl = 0.01; and Rl = 0.58; so CR = 0.02; what meets CR
< 0.1; and therefore the matrix and prioritization is consistent.

For the City Energy Profile indicators: Cl = 0.01; and Rl = 0.90; so CR = 0.01; what meets CR < 0.1; and
therefore the matrix and prioritization is consistent.

Final weights per category and per application field within the Energy & Environment category would
be as follows (Table 56).

Table 56: Energy & Environment Indicators Weighting per Category and per Application field

ENERGY & ENVIRONMENT

Final energy consumption per capita 8.98% 44.58%
City Energy Primary energy consumption per capita 4.80% 23.85% T
Profile Primary energy sources (shares) 5.12% 25.42%

Building connected to the DH-network 1.24% 100% 6.15%
GHG Emissions GHG emissions per capita 68.06% 100% 100%
Waste Recycling rate 11.79% 100% 100%
Management

As in the example, the AHP method is applied in the same way to calculate the weights of the application
fields and indicators of the rest of the MAKING-CITY categories, obtaining the corresponding weights as
reflected in previous Table 56 for all the categories.
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Annex 3 - Pair-wise comparison carried out by
MAKING-CITY experts

The comparison scale used has been included in Table 57

Table 57: Comparison scale

1 Equal importance Element A is just as important as element B
. Experience and judgement slightly favour
3 Moderate importance P Jude gntly
element A over B
- Experience and judgement strongly favour
5 Essential importance P Jude g
element A over B
: Element A is much more important than
7 Very strong importance
element B
. The greater importance of element A over
9 Extreme importance .
B is beyond doubt
2,4,6,8 Intermediate values

Annex 3.1 - CARTIF

Category Prioritisation

CATEGORY PRIORITISATION
Mobility A 7
Energy & Environment Governance A 3
Society & Citizens B 2
Governance A 1
Mobility
Society & Citizens B 3
Governance Society & Citizens A 1

CATEGORY PRIORITISATION
Mobility A 8
Energy & Environment Governance A S
Society & Citizens A 4
Mobility Governance B 5

MAKING-CITY G.A. n°824418
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Society & Citizens B 7

Governance Society & Citizens B 2

Energy & Environment Prioritization

Energy & Environment prioritisation — Application Fields

GHG Emissions

City Energy Profile
Waste Management A 3

GHG Emissions Waste Management A 1

Energy & Environment prioritisation — Indicators

Primary energy
consumption per capita

Primary energy sources

Fingl energy consumption per (shares) B 3
capita
Buildings connected to DH-
network or renewable B 5
energy grid
Primary energy sources
A 1
. (shares)
Primary energy
network or renewable B 5
energy grid
Primary enerey sources Buildings connected to DH-
4 &Y network or renewable A 1

{elnees] energy grid

Energy & Environment prioritisation — Application Fields

GHG Emissions

City Energy Profile
Waste Management A 7

GHG Emissions Waste Management B 2

Energy & Environment prioritisation — Indicators

- MAKING-CITY G.A. n°824418




Final energy consumption per
capita

Primary energy
consumption per capita

Primary energy sources
(shares)

Primary energy
consumption per capita

Primary energy sources
(shares)

Buildings connected to DH-
network or renewable
energy grid

Primary energy sources
(shares)

Buildings connected to DH-
network or renewable
energy grid

Buildings connected to DH-
network or renewable
energy grid

Mobility Prioritization

Mobility — Indicators

D5.4. City impact evaluation procedure 6 H;"E
Making
City

Fuel mix in mobility

Energy use for transportation

Modal split

Access to public transport

Public infrastructure promoting
low-carbon mobility

Energy use for transportation

Fuel mix in mobility

Access to public transport

Public infrastructure promoting
low-carbon mobility

Access to public transport

Energy use for
transportation

Public infrastructure promoting

low-carbon mobility

Access to public

Public infrastructure promoting

transport low-carbon mobility

Mobility — Indicators

Modal split Fuel mix in mobility

MAKING-CITY G.A. n°824418
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Energy use for transportation B 6
Access to public transport A 1
Public infrastructure promoting 9 5
low-carbon mobility
Energy use for transportation B 5
el e i el g Access to public transport A 4
Public infrastructure promoting . 5
low-carbon mobility
Access to public transport A 6
Energy use for
transportation Public infrastructure promoting A .
low-carbon mobility
Access to public Public infrastructure promoting . A
transport low-carbon mobility

Governance Prioritization

Governance prioritisation — Application Fields

Initiatives and strategies of the

Economy public administration

Public ICT/data A

Initiatives and
strategies of the public ~ Public ICT/data A
administration

7
2
7

Governance— Indicators

UJI

Unemployment rate  GPD (Gross Domestic Product) B

Governance prioritisation — Application Fields

6
7

Initiatives and strategies of the
Economy public administration

Public ICT/data A

MAKING-CITY G.A. n°824418
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Initiatives and
strategies of the public  Public ICT/data A 5
administration

Governance— Indicators

Unemployment rate  GPD (Gross Domestic Product) B

Society & Citizens Prioritization

Society & Citizens prioritisation — Application Fields

Citizen engagement and
empowerment

A
Affordable housing

Urban Structure B

Citizen Engagement and
Empowerment

1
2
2

Urban Structure A

Society & Citizens— Indicators

Development of

. . Housing cost overburden rate B
housing prices

Citizen
engagement/empo
werment to climate
conscious actions

U-I w I

Encouraging a healthy lifestyle A

Society & Citizens prioritisation — Application Fields

Citizen engagement and
empowerment

Affordable housing

6
7

Urban Structure B
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Citizen Engagement and
Empowerment

Society & Citizens— Indicators

Urban Structure A 7

Development of

. . Housing cost overburden rate B 5
housing prices
Citizen
engagement/empo . )
g8 ez Encouraging a healthy lifestyle A 2

werment to climate
conscious actions

MAKING-CITY G.A. n°824418




D5.4. City impact evaluation procedure 6 H;"E
Making
City

Annex 3.2 - TECNALIA

Category Prioritisation

CATEGORY PRIORITISATION

Mobility A 7
Energy & Environment Governance A 7

Society & Citizens A 7

Governance B 3
Mobility

Society & Citizens B 3
Governance Society & Citizens A 2

Energy & Environment Prioritization

Energy & Environment prioritisation — Application Fields

GHG Emissions

City Energy Profile
Waste Management A 5

GHG Emissions Waste Management A 7

Energy & Environment prioritisation — Indicators

Primary energy
consumption per capita

Primary energy sources

Fingl energy consumption per (shares) A 7
capita
Buildings connected to DH-
network or renewable A 7
energy grid
Primary energy sources
A 3
. (shares)
Primary energy
network or renewable B 5
energy grid
Primary enerey sources Buildings connected to DH-
4 &Y network or renewable B 7

(shares)

energy grid

MAKING-CITY G.A. n°824418
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Mobility Prioritization

Mobility — Indicators

Modal split

Fuel mix in mobility

Energy use for
transportation

Access to public
transport

Fuel mix in mobility

Energy use for transportation B 3
Access to public transport B 9
Public infrastructure promoting . 5
low-carbon mobility

Energy use for transportation B 5
Access to public transport B 2
Public infrastructure promoting . S
low-carbon mobility

Access to public transport A 5
Public infrastructure promoting A =
low-carbon mobility

Public infrastructure promoting . S

low-carbon mobility

Governance Prioritization

Governance prioritisation — Application Fields

Initiatives and strategies of the
public administration

Economy
Public ICT/data A 5
Initiatives and
strategies of the public  Public ICT/data B 9

administration

Governance— Indicators

Unemployment rate

8

GPD (Gross Domestic Product) B

MAKING-CITY G.A. n°824418



Society & Citizens Prioritization

Society & Citizens prioritisation — Application Fields
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Citizen engagement and
empowerment

Affordable housing

Citizen Engagement and
Empowerment

Urban Structure

Urban Structure

Society & Citizens— Indicators

Development of
housing prices

Citizen
engagement/empo
werment to climate
conscious actions

Housing cost overburden rate

Encouraging a healthy lifestyle

3
7

MAKING-CITY G.A. n°824418
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Annex 3.3 - TNO

Category Prioritisation

CATEGORY PRIORITISATION

Mobility A 5
Energy & Environment Governance B 1

Society & Citizens B 1

Governance B 5
Mobility

Society & Citizens B 3
Governance Society & Citizens A 4

Energy & Environment Prioritization

Energy & Environment prioritisation — Application Fields

GHG Emissions

City Energy Profile
Waste Management A 3

GHG Emissions Waste Management A 3

Energy & Environment prioritisation — Indicators

Primary energy
consumption per capita

Primary energy sources

Fingl energy consumption per (shares) A 3
caplta
Buildings connected to DH-
network or renewable B 4
energy grid
Primary energy sources
A 3
. (shares)
Primary energy
network or renewable B 4
energy grid
Primary enerey sources Buildings connected to DH-
4 &Y network or renewable B 1

(shares)

energy grid
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Mobility Prioritization

Mobility — Indicators

Fuel mix in mobility B 2
Energy use for transportation A 2
Modal split .
Access to public transport B 1
Public infrastructure promoting 9 .
low-carbon mobility
Energy use for transportation A 3
el s i el i Access to public transport B 2
Public infrastructure promoting A c
low-carbon mobility
Access to public transport B 3
Energy use for
transportation Public infrastructure promoting A 5
low-carbon mobility
Access to public Public infrastructure promoting A .
transport low-carbon mobility

Governance Prioritization

Governance prioritisation — Application Fields

Initiatives and strategies of the

Economy public administration

Public ICT/data A 5

Initiatives and
strategies of the public  Public ICT/data A 3
administration

Governance— Indicators

Unemployment rate  GPD (Gross Domestic Product)

MAKING-CITY G.A. n°824418




Society & Citizens Prioritization

Society & Citizens prioritisation — Application Fields

D5.4. City impact evaluation procedure B n!llm
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City

Citizen engagement and
empowerment

Affordable housing

Citizen Engagement and
Empowerment

Urban Structure

Urban Structure

Society & Citizens— Indicators

Development of
housing prices

Citizen
engagement/empo
werment to climate
conscious actions

Housing cost overburden rate

Encouraging a healthy lifestyle

1
1

MAKING-CITY G.A. n°824418
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Annex 3.4 - STICHTING ENERGY VALLEY

Category Prioritisation

CATEGORY PRIORITISATION

Mobility A 3
Energy & Environment Governance A 7

Society & Citizens B 4

Governance A 3
Mobility

Society & Citizens B 7
Governance Society & Citizens B 8

Energy & Environment Prioritization

Energy & Environment prioritisation — Application Fields

GHG Emissions

City Energy Profile
Waste Management B 5

GHG Emissions Waste Management A 5

Energy & Environment prioritisation — Indicators

Primary energy
consumption per capita

Primary energy sources

Fingl energy consumption per (shares) A 2
capita
Buildings connected to DH-
network or renewable B 2
energy grid
Primary energy sources
B 4
. (shares)
Primary energy
network or renewable B 7
energy grid
Primary enerey sources Buildings connected to DH-
4 &Y network or renewable B 7

(shares)

energy grid
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Mobility Prioritization

Mobility — Indicators

Fuel mix in mobility

Energy use for transportation B 4
Modal split .
Access to public transport B 7
Public infrastructure promoting . 5
low-carbon mobility
Energy use for transportation A 1
el e A b i Access to public transport B 3
Public infrastructure promoting . >
low-carbon mobility
Access to public transport B 2
Energy use for
transportation Public infrastructure promoting . >
low-carbon mobility
Access to public Public infrastructure promoting A i
transport low-carbon mobility

Governance Prioritization

Governance prioritisation — Application Fields

Initiatives and strategies of the
public administration

Economy

Public ICT/data A 5

Initiatives and
strategies of the public  Public ICT/data A 4
administration

Governance— Indicators
3

Unemployment rate  GPD (Gross Domestic Product) A
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Society & Citizens Prioritization

Society & Citizens prioritisation — Application Fields
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Citizen engagement and
empowerment

Affordable housing

Citizen Engagement and
Empowerment

Urban Structure

Urban Structure

Society & Citizens— Indicators

Development of
housing prices

Citizen
engagement/empo
werment to climate
conscious actions

Housing cost overburden rate

Encouraging a healthy lifestyle

9
3

MAKING-CITY G.A. n°824418
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Annex 3.5 - University of Groningen. Faculty of Spatial
Sciences

Category Prioritisation

CATEGORY PRIORITISATION

Mobility A 3
Energy & Environment Governance A 5

Society & Citizens B 2

Governance A 3
Mobility

Society & Citizens B 4
Governance Society & Citizens B 3

Energy & Environment Prioritization

Energy & Environment prioritisation — Application Fields

GHG Emissions

City Energy Profile
Waste Management A 2

GHG Emissions Waste Management A 5

Energy & Environment prioritisation — Indicators

Primary energy
consumption per capita

Primary energy sources

Final energy consumption per
< I (shares)

capita
Buildings connected to DH-
network or renewable A 3
energy grid

Primary energy sources

. (shares)
Primary energy

consumption per capita Buildings connected to DH-
network or renewable A 4
energy grid
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Primary energy sources

(shares)
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Buildings connected to DH-
network or renewable A 3
energy grid

Mobility Prioritization

Mobility — Indicators

Fuel mix in mobility

Modal split

Fuel mix in mobility

Energy use for
transportation

Access to public
transport

Energy use for transportation A 5

Access to public transport A 4

Public infrastructure promoting

low-carbon mobility A 4
Energy use for transportation B 3
Access to public transport A 1
Public infrastructure promoting A 0
low-carbon mobility

Access to public transport B 4
Public infrastructure promoting . 5
low-carbon mobility

Public infrastructure promoting A 4

low-carbon mobility

Governance Prioritization

Governance prioritisation

— Application Fields

Economy

Initiatives and
strategies of the public
administration

Governance— Indicators

Initiatives and strategies of the
public administration

Public ICT/data A 4

Public ICT/data A 3

MAKING-CITY G.A. n°824418
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Unemployment rate  GPD (Gross Domestic Product) A 7

Society & Citizens Prioritization

Society & Citizens prioritisation — Application Fields

Citizen engagement and
Affordable housing empowerment

Urban Structure A

Citizen Engagement and
Empowerment

3
5
2

Urban Structure A

Society & Citizens— Indicators

5
1

Development of

. ) Housing cost overburden rate B
housing prices

Citizen
engagement/empo
werment to climate
conscious actions

Encouraging a healthy lifestyle A

MAKING-CITY G.A. n°824418
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Annex 3.6 - Hanze Univesity of Applied Sciences of
Groningen

Category Prioritisation

CATEGORY PRIORITISATION
Mobility A 5
Energy & Environment Governance B 1
Society & Citizens B 5
Governance B 1
Mobility
Society & Citizens B 5
Governance Society & Citizens B 3

Energy & Environment Prioritization

Energy & Environment prioritisation — Application Fields

GHG Emissions

City Energy Profile
Waste Management B 5

GHG Emissions Waste Management A 1

Energy & Environment prioritisation — Indicators

Primary energy
consumption per capita

Primary energy sources

Final energy consumption per
< I (shares)

capita
Buildings connected to DH-
network or renewable B 3
energy grid

Primary energy sources

. (shares)
Primary energy

network or renewable B 3
energy grid
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Buildings connected to DH-
network or renewable B 3
energy grid

Primary energy sources
(shares)

Mobility Prioritization

Mobility — Indicators

Fuel mix in mobility

Energy use for transportation A 5

Modal split .
Access to public transport B 5

Public infrastructure promoting

. B 5
low-carbon mobility
Energy use for transportation A 5
el s i el i Access to public transport B 5
Public infrastructure promoting . 5
low-carbon mobility
Access to public transport B 3
Energy use for
transportation Public infrastructure promoting . c
low-carbon mobility
Access to public Public infrastructure promoting A 5
transport low-carbon mobility

Governance Prioritization

Governance prioritisation — Application Fields

Initiatives and strategies of the

Economy public administration

Public ICT/data A 5

Initiatives and
strategies of the public ~ Public ICT/data A 5
administration

Governance— Indicators
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Unemployment rate  GPD (Gross Domestic Product) B 3

Society & Citizens Prioritization

Society & Citizens prioritisation — Application Fields

Citizen engagement and
Affordable housing empowerment

Urban Structure B

Citizen Engagement and
Empowerment

5
5
3

Urban Structure A

Society & Citizens— Indicators

1
1

Development of

. ) Housing cost overburden rate B
housing prices

Citizen
engagement/empo
werment to climate
conscious actions

Encouraging a healthy lifestyle A
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Annex 3.7 - VTT Technical Research Centre of Finland

Category Prioritisation

CATEGORY PRIORITISATION

Mobility A 5
Energy & Environment Governance A 5

Society & Citizens A 1

Governance B 3
Mobility

Society & Citizens B 4
Governance Society & Citizens B 1

Energy & Environment Prioritization

Energy & Environment prioritisation — Application Fields

GHG Emissions

City Energy Profile
Waste Management A 3

GHG Emissions Waste Management A 3

Energy & Environment prioritisation — Indicators

Primary energy
consumption per capita

Primary energy sources

Fingl energy consumption per (shares) B 2
capita
Buildings connected to DH-
network or renewable B 3
energy grid
Primary energy sources
A 1
. (shares)
Primary energy
network or renewable B 5
energy grid
Primary enerey sources Buildings connected to DH-
4 &Y network or renewable A 1

(shares)

energy grid
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Mobility Prioritization

Mobility — Indicators

Fuel mix in mobility

Energy use for transportation A 3
Modal split .
Access to public transport B 3
Public infrastructure promoting . 0
low-carbon mobility
Energy use for transportation A 3
el s i el g Access to public transport B 3
Public infrastructure promoting A >
low-carbon mobility
Access to public transport B 3
Energy use for
transportation Public infrastructure promoting A >
low-carbon mobility
Access to public Public infrastructure promoting A =
transport low-carbon mobility

Governance Prioritization

Governance prioritisation — Application Fields

Initiatives and strategies of the
public administration

Economy

Public ICT/data A 5

Initiatives and
strategies of the public  Public ICT/data A 4
administration

Governance— Indicators

Unemployment rate  GPD (Gross Domestic Product)

MAKING-CITY G.A. n°824418
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Society & Citizens Prioritization

Society & Citizens prioritisation — Application Fields

Citizen engagement and

Affordable housing empowerment
Urban Structure A 3
iti E
Citizen Engagement and Urban Structure B 2

Empowerment

Society & Citizens— Indicators

3
1

Development of

. . Housing cost overburden rate B
housing prices

Citizen
engagement/empo
werment to climate
conscious actions

Encouraging a healthy lifestyle A
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Annex 3.10 - Slovak University of Technology in Bratislava

Category Prioritisation

CATEGORY PRIORITISATION

Mobility A 3
Energy & Environment Governance A 7

Society & Citizens A 5

Governance A 7
Mobility

Society & Citizens B 5
Governance Society & Citizens B 5

Energy & Environment Prioritization

Energy & Environment prioritisation — Application Fields

GHG Emissions

City Energy Profile
Waste Management A 5

GHG Emissions Waste Management B 5

Energy & Environment prioritisation — Indicators

Primary energy
consumption per capita

Primary energy sources

Finaﬂ energy consumption per (shares) B 5
capita
Buildings connected to DH-
network or renewable A 5
energy grid
Primary energy sources 5 -
. (shares)
Primary energy
consumption per capita Buildings connected to DH-
network or renewable A 5
energy grid
PTTEIR ERETE) SEUTEEs Buildings connected to DH-
network or renewable A 7

(shares)

energy grid
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Mobility Prioritization

Mobility — Indicators

Modal split

Fuel mix in mobility

Energy use for
transportation

Access to public
transport

Fuel mix in mobility

Energy use for transportation A 5
Access to public transport B 3
Public infrastructure promoting . .
low-carbon mobility

Energy use for transportation A 3
Access to public transport B 5
Public infrastructure promoting . 5
low-carbon mobility

Access to public transport B 5
Public infrastructure promoting . 5
low-carbon mobility

Public infrastructure promoting . S

low-carbon mobility

Governance Prioritization

Governance prioritisation — Application Fields

Initiatives and strategies of the
public administration

Economy
Public ICT/data A 7
Initiatives and
strategies of the public  Public ICT/data A 5

administration

Governance— Indicators

Unemployment rate

5

GPD (Gross Domestic Product) A
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Society & Citizens Prioritization

Society & Citizens prioritisation — Application Fields
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Citizen engagement and
empowerment

Affordable housing

Citizen Engagement and
Empowerment

Urban Structure

Urban Structure

Society & Citizens— Indicators

Development of
housing prices

Citizen
engagement/empo
werment to climate
conscious actions

Housing cost overburden rate

Encouraging a healthy lifestyle

5
7
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