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Executive Summary 

This report defines a consistent and standardised methodological framework for establishing the criteria, 

metrics, and indexes of most appropriate KPIs in the scope of the project for the Smart City development, 

sustainability and governance. This framework helps to collect data and information (in technical, 

policy/regulatory, social, economic/business, and environmental domains), to assess and evaluate the 

progress and the performance of the energy transition in the two LH cities and beyond. This formulation and 

selection is conducted at various levels of granularity (e.g. building, block, district and city level; timeframe: 

yearly, throughout the project duration, post-project duration). Tailored KPIs are selected, and an aggregation 

methodology on the level of Transformation Axis (TA) and City level is designed and implemented per domain. 

This methodology also helps cities to perform self-assessments and benchmark their performance to other 

cities by carrying out analysis and sharing this information for disseminating best practices and setting 

standards for progress, in meeting the Sustainable Development Goals (SDGs). The RESPONSE KPI Framework 

also describes the methodology for the calculation of the indicators investigating also sectorial services (e.g. 

energy, environment, mobility, ICT, health & safety, citizen engagement and City Governance).  
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Chapter 1 – Introduction 

1. Introduction 

1.1 Scope, objectives, and expected impact 

Europe plans to become a global example in terms of integrated, innovative solutions for the planning, 

deployment, and replication of PEDs. SET-Plan ACTION 3.21 highlights the key research fields of technological 

innovations needed to develop, at large scale across Europe, while the European Green Deal2 provides an 

action plan to boost the efficient use of resources by moving to a clean, circular economy, restore biodiversity 

and cut pollution. Key fields to achieve these goals include: 

• Energy saving measures (highly efficient building envelope, well-insulated windows, highly efficient 

appliances and HVAC, air-and ground-source heat pumps, integrated PVs and solar-thermal façade);  

• Centralized and/or Distributed (DERs) Renewable energy sources (RES) (local PV, renewable thermal, 

wind energy, waste-to-power/heat);  

• Storage of heat and electricity (effective batteries, H2, phase change materials, high thermal inertia of 

buildings, EV, power-to-gas); 

• Optimized energy infrastructure and load control of power and heat (smart urban energy networks, 

microgrids, ICT and mobility, building interlinkage) and  

• Optimized operation and periodic maintenance of buildings, equipment and infrastructure.  

These technological advances offer an excellent opportunity for smart city projects to build upon a solid basis, 

to implement their transformation strategy. RESPONSE aims to turn energy sustainability into a do-able vision 

by solving the energy trilemma (security, equity/affordability, environmental sustainability) at building, block,  

district and city levels in smart cities. RESPONSE builds upon intelligent integrated and interconnected energy 

systems coupled with demand-oriented city infrastructures, governance models and services that foster 

energy sustainability. RESPONSE will inject locally produced renewable energy in the energy mix of the LHs 

(Dijon, Turku), while optimising the operations of the energy systems by integrating storage technologies and 

smart grid solutions along with advanced monitoring, control and automation. Its partners will also establish 

an open and collaborative ecosystem allowing the deployment of citizen-centric design and co-creation 

initiatives for energy sustainability, taking lessons from the LHs and forwarding them to the selected Fellow 

ones, i.e. Brussels, Zaragoza, Botosani, Ptolemaida, Gabrovo and Severdonetsk. The generated solutions will 

be turned into successful business cases through demonstration and will eventually be replicated through 

 
1 https://www.eera-sc.eu/external-ccollaboration/set-plan-action-3-2.html 
2 https://ec.europa.eu/info/strategy/priorities-2019-2024/european-green-deal_en 
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sustainable business models and novel financing schemes at EU-wide scale. This way, RESPONSE acts locally 

to generate a global positive impact on energy sustainability and climate change.  

Several initiatives suggest various KPI monitoring and evaluation frameworks for smart city solutions, 

encouraging smart city collaboration and knowledge exchange. However, choosing the best KPIs for smart city 

projects is difficult because it necessitates expert knowledge3 and appropriate fitting of them, according to 

their needs and requirements. As the number of available KPIs ranges in the thousands, selecting the most 

appropriate ones in each case can become difficult. As the smart city concept encompasses a number of 

interconnected dimensions, evaluating it using KPIs is difficult as, on the one hand, it must meet city 

requirements, whilst also allowing for successful comparisons on a national or international level with other 

cities and/or other finished or on-going smart city projects. 

Due to the breadth of RESPONSE, only unique and customized KPIs, which must be specified according to the 

scope of the specific lighthouse initiatives and the needs of the stakeholders, can be used to assess project 

progress while at the same time providing comparability through existing assessment processes and 

monitoring databases. Moreover, through this process, the KPIs need to be fully defined, including formulas, 

recommendations for data sources and collection methods, requirements, and spatiotemporal levels of 

assessment. These KPIs need to be inclusive, specific, transparent to misinterpretations and assess all levels 

of interest for a smart city. As a result of this process, the KPI list will function as a basis for RESPONSE's 

monitoring and evaluation activities, in terms of technical success, of social interaction, acceptance, and 

dissemination of scalable and replicable technologies. 

Thus, this report defines a consistent and standardised methodological framework for establishing the criteria, 

metrics, and indexes of most appropriate KPIs for the Smart City development, sustainability and governance. 

This framework helps to collect data and information (in technical, policy/regulatory, social, 

economic/business, and environmental domains), to assess and evaluate the progress and the performance 

of the energy transition in the two LH cities and beyond. This formulation and selection is conducted at various 

levels of granularity (e.g. building, block, district and city level; timeframe: yearly, throughout the project 

duration, post-project duration). Tailored KPIs are selected, and an aggregation methodology on the level of 

Transformation Axis and City level is designed and implemented per domain. This methodology also helps 

cities to perform self-assessments and benchmark their performance to other cities by carrying out analysis 

and sharing this information for disseminating best practices and setting standards for progress, in meeting 

the Sustainable Development Goals (SDGs). The RESPONSE KPI Framework also describes the methodology for 

 
3 Huovila A., Bosch P. and Airaksinen M. (2019) Comparative analysis of standardized indicators for Smart sustainable cities: What 
indicators and standards to use and when?, Cities, 89, 141-153. 
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the calculation of the indicators investigating also sectorial services (e.g. energy, environment, mobility, ICT, 

health & safety, citizen engagement and City Governance).  

1.2 Relation to other activities in RESPONSE 

WP2 defines, plans, conducts and coordinates project monitoring activities for TA#1-TA#5 implementation 

based on WP1 results. A detailed monitoring framework is elaborated including a) specification of relevant 

multidomain KPIs that are relevant to Smart Cities growth, sustainability and City Governance, b) Smart City 

performance monitoring framework and c) development of a KPI Online Monitoring Platform featuring 

powerful visual analytics. Data collected in WP2 feed a methodology for validating and assessing the impact 

of the deployed (WP6, WP7) solutions in WP9. Moreover, T1.1 provides the list of RESPONSE stakeholders, 

which is used in D2.1, towards an inclusive evaluation of the indicators in relation to relevant stakeholders. 

Based on the KPI framework Task 2.2 delivers an elaborated evaluation plan, which is followed by the 

remaining tasks of WP2. As the KPIs defined here incorporate social, governance and economic dimensions a 

link with activities in WP4 and WP5 is implicitly made, while a link also exists with WP8 and the associated 

replication plans by the Fellow Cities. 

1.3 Structure of the deliverable 

Deliverable D2.1 follows the following structure: 

➢ Chapter 2 “Methodology”: The methodology towards the definition of the KPI list is presented. 

➢ Chapter 3 – “Definition and Selection process of appropriate KPI’s”: The chapter provides detailed 

information on the definition process of the KPI’s, as well as the review of several existing KPI 

frameworks that have been used as the initial pool for the KPI selection. The dimensions that are 

relevant and their correlation to various stakeholders is described, followed by the evaluation of the 

initial KPI pool as to provide the finalized KPI list and the clustering and aggregation in evaluation 

levels. 

➢ Chapter 4 – “RESPONSE KPIs”: The chapter provides the complete finalized list of KPI cards per 

dimension as well as the definition of RESPONSE’s success indicators. 

➢ Chapter 5 – “Conclusions”: A conclusive summary is included in this section 

➢ Appendices  
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Chapter 2 – Methodology 

2. Methodology 

Before defining the KPIs for RESPONSE, a detailed methodological framework was set up, taking into 

consideration the Smart Grid Architecture Model (SGAM)4 consisting of nine (9) steps, in collaboration with 

key partners from the two Lighthouse Cities incorporating their previous experiences and actual needs of the 

cities’ ecosystems. This is also done, to foster the Replicability and Scalability of the Integrated Solutions (ISs) 

to be demonstrated, in accordance with the guidelines currently under definition by the SRA Task Force (TF) 

of BRIDGE5. To that end RESPONSE’s approach differentiates from most of other similar frameworks, used in 

similar projects, due to five key reasons:  

1. Utilization of the SGAM architecture from the initial stage of the project, 

2. specific emphasis is given on satisfying relevant stakeholder points of view concerning the deployment 

of smart city solutions, 

3. an extensive KPI pool has been developed after an extensive review of relevant KPI frameworks, 

whereas the final KPIs have been selected based on a clear evaluation procedure for increasing 

transparency of results, 

4. an out-of-the box thinking is adopted through the inclusion of targeted technological, mobility, 

governance (incl. legal) and propagation KPI dimensions, in addition to the standard (economic, 

environmental, social, ICT) ones usually applied and  

5. various levels of granularity and KPIs grouping are defined.  

In the following paragraphs the methodology is further articulated.  

2.1 Methodological Approach 

The steps followed in the methodological framework are the following: 

Step 1: Analysing solutions from Grant Agreement Form (GAF) and WP12 collected data  

The KPI selection process is based on the solutions included in RESPONSE to assure proper monitoring and 

impact linkage. Thus, before proceeding to the KPI selection and definition, there is a need to understand and 

clarify all intervention actions to be conducted in LHs (also in connection with multiple WP’s). This facilitates 

 
4 CEN-CENELEC-ETSI, S. G. C. (2012). CEN-CENELEC-ETSI Smart Grid Coordination Group Smart Grid Information Security. http://ec. 
europa. eu/energy/gas_electricity/smartgrida/doc/xpert_groupl_security. pdf. 
5 https://www.h2020-bridge.eu/wp-content/uploads/2019/12/20191112_Minutes-TF-SRA-meeting_VF.pdf 
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the better interconnection of solutions and selected KPIs as it is of the outmost importance that the KPIs 

should serve first the needs of the project. The specific step is described in detail in Chapter 3.1. 

Step 2: Definition of KERs and association with IS and IE 

In this step the Key Objectives (KO) of the project are associated with representative Key Exploitable Results 

(KERs). The KERs are mapped based on the Smart Grid Architecture Model (SGAM) introduced by BRIDGE and 

are associated with the project’s Integrated Solutions (IS) and Innovative Elements (IE).  The specific step is 

described in detail in Chapter 3.2 (Appendix A). 

Step 3: Collecting background information on existing KPIs framework – Review and assessment 

This step aims at examining and assessing the existing KPI frameworks relevant to smart cities, valuable ideas, 

lessons learned and suggestions and extract what can be applied in RESPONSE, while at the same time 

developing an extensive pool of potential KPIs to be utilized building upon the recommendations of these 

frameworks. Potential KPIs for RESPONSE were extracted from Smart Cities Information System (SCIS) and 

CITYkeys to support uniformity among SCC projects, while at the same time capitalizing the outcomes and 

lessons learned from similar SCC Lighthouse projects, as well from International and European standards (e.g. 

ISO 37120:2018, ISO 37123:2019, ETSI) and strategic plans and initiatives (e.g. UN’s Sustainable Development 

Goals, U4SSC). Finally, a literature review of assessment frameworks in that attempt to evaluate smart city 

performance on different levels was performed and the results were also utilized. The specific Step is 

described in detail in Chapter 3.3. 

Step 4: Definition of KPIs dimensions in relation with stakeholders’ perspectives 

As several different stakeholders are interested in smart city projects, in this step generic “dimensions” – 

parameters were defined to efficiently assess and monitor smart city solutions. This ensured that relevant KPIs 

were selected covering all aspects affecting the sustainability of smart city projects. The specific Step is 

described in detail in Chapter 3.4. 

Step 5: Development of a KPI pool based on Steps 3 and 4  

The combination of Steps 3 and 4 will lead to an extensive KPI pool (list) including various potential KPIs that 

can serve RESPONSE’s needs, separated per defined dimension. This serves as a first step to initiate discussions 

with the other partners and LH managers in RESPONSE for the selection of the final KPIs.  

Step 6: Selection of KPIs based on pre-defined criteria  

Step 5 lead to a vast amount of KPIs (in the order of hundreds) and as such there was a need to define a clear 

selection procedure to identify the most appropriate KPIs. To do so, RESPONSE adopted the eight (8) selection 

criteria (relevance, availability, measurability, reliability, familiarity, completeness, non-redundancy, 
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independence) proposed by the CIVITAS framework6. Every indicator included in the pool was assessed using 

a Likert Scale (0-2 points) which allowed the development of a shortlist. The specific Step is described in detail 

in Chapter 3.5. 

Step 7: Iterate with partners towards finalized KPI list 

KPIs to be included in the final repository should also reflect the opinion and needs of the RESPONSE 

ecosystem, especially the LH cities. To ensure this, a continuous iteration process (through e-mail and 

teleconferences) was performed to develop the finalized KPI list with partners from the LH ecosystems. In this 

way, indicators that presented a particular interest for the LHs were integrated while others have been 

excluded due to monitoring associated risks (unavailability of data, etc.). This Step is described in detail in 

Chapter 3.5.2. 

Step 8: Group KPIs  

Once the final repository of KPIs has been defined, the KPIs were grouped in several categories based on their 

key attributes and applicability (from IS to TA, from a building to the city level, from a present evaluation 

timeframe to a future/post-project one, from interventions effectiveness to project impact). This will facilitate 

the monitoring procedure and increase transparency of the assessment to be performed. In case it is observed 

that some levels of granularity are not adequately covered with the proposed KPIs, steps 4-6 will be re-

examined, and all necessary adaptations will be made to ensure that RESPONSE’s KPI framework is sufficiently 

addressing all issues. The specific Step is described in detail in Chapter 3.6. 

Step 9: Finalization of KPIs cards and definition of Success Indicators 

The implementation of the above steps leads to a finalized list of KPIs including all necessary information for 

their assessment (including evaluation metrics and guidelines, formulas, potential thresholds of performance, 

grouping in categories) in the form of KPI cards (available in Chapter 4). Metrics, data collection guidelines and 

thresholds/baselines will be further assessed in respective deliverables. Furthermore, a set of indicators 

related to broad RESPONSE impact are also proposed (Success Indicators –SIs). These indicators are required 

to be assessed towards some specific Impact Objectives of RESPONSE and SCC projects. Although some of 

these PSIs can be directly linked to the defined KPIs, a large set need to be defined separately.  

2.2 Methodological Implementation Plan 

The above-mentioned methodological framework is concluded through an iterative approach based on the 

continuous interaction between the defined steps and partners involved. Figure 1 summarizes the 

implementation plan of the methodology described in Chapter 2.1. 

 
6 https://civitas.eu/ 
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Figure 1- Methodology implementation plan 

The implementation plan is divided into three (3) stages: 

• Stage 1 includes Steps 1, 2and 3. In this stage the foundations for the implementation are set by linking 

the ISs and IEs that will be deployed in the LHs and some of replicated in Fellow Cities, with the 

objectives of this deliverable, as well as capitalizing already available information (proposed KPIs, 

dimensions, practical recommendations, etc.) from other relevant KPI frameworks. Through the careful 

definition of RESPONSE dimensions, it is ensured that KPIs for all important aspects of smart cities will 

be considered. 

• Stage 2 includes Steps 4, 5, and 6. This stage includes all the necessary evaluation procedures towards 

formulating the final KPIs repository. A key characteristic of this stage is that it requires the active 

involvement of key partners from RESPONSE ecosystem and a continuous interaction to ensure all LH 

and project needs will be addressed. 

• Stage 3 includes Steps 7, 8 and 9. This stage is the result of the previous Steps and stages with a view 

to present them in a meaningful and concise way, supporting the efficient monitoring and decision 

making. 
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Chapter 3 – Definition and Selection process of appropriate KPI’s 

3. Definition and Selection process of appropriate KPI’s 

3.1 Overview of intervention activities in LHs 

For the evaluation of RESPONSE impact, an assessment of the extent to which it serves the cities and respective 

citizens needs and meets the project objectives is necessary. Monitoring of this success can be performed in 

various hierarchical levels of evaluation, but the definition of proper metrics must always comply with the 

envisaged cities framework and intervention activities therein. These intervention actions, or innovative 

elements in RESPONSE’s case, form the innovative background on which cities will build, towards meeting 

their goals and progressing to a more intelligent future. It is subsequently significant for any indicator defined 

to be able to monitor the advancement and viability of implemented solutions in addition to monitoring and 

evaluating the project’s impact.  

RESPONSE adopts a City Transformation Strategy comprising of five (5) complimentary Transformation Axes 

(TA#1 - TA#5). The TAs are used to group ten (10) interdisciplinary Integrated Solutions (IS), according to the 

need they address, under a common umbrella. ISs represent a set of complementary Elements (tools, 

methods, technologies) serving a common goal, which implementation maximizes the impact. RESPONSE 

seeks to enable, demonstrate, replicate, and accelerate the roll out of ISs consisting of both mature and 

innovative elements. The performance of these ISs should be monitored with tailored, when necessary, KPIs 

that can provide the required evaluation output data. Each of the Integrated Solutions target specific focus 

areas to address cities aimed transformation to safer, greener, and more responsive ecosystems. 

Solutions included in TA#1 (Positive Energy Building Systems) focus on a) achieving significant energy savings 

on a building level, b) increasing the smart-readiness of buildings in line with the new smart readiness indicator 

introduced by the new EPBD, c) enabling the connection and integration of buildings, d) maximizing self-

consumption through building integrated RES, e) achieving faster renovation rates, divided into two IS, IS 1.1 

addresses Increased RES Generation on a Building Level, while IS 1.2 Energy-Efficient and Smart-Ready Building 

Construction/Retrofitting.  Solutions in TA#2: Local Energy Supply – Low Carbon & High Share of Renewables 

focus on: a) enabling a high share of locally produced/consumed renewable energy on a district level, b) 

offering viable solutions for the decarbonization of the electricity grid and district heating/cooling methods, 

c) facilitating the transformation of the power networks, further supporting fossil-based regions in transition, 

d) help consumers to become ‘prosumers’ by supporting the development of energy communities. The end-

goal of TA#2 is to enable the deployment of 100% RES power networks, divided into two IS, IS 2.1 focusing on 

Decarbonization and Smartification of Electricity Grid Networks, and IS 2.2 on Decarbonization and 

Smartification of District Heating/Cooling Networks. 
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Solutions included in TA#3 focus on a) reducing grid stress and avoid load and generation curtailment, b) 

supporting self-consumption over grid export, c) enabling the penetration of higher share of RES without 

affecting system stability. The end-goal of TA#3 is to provide more flexibility to the energy systems, divided 

into two IS, IS 3.1 focusing on Novel Electricity Storage providing flexibility to the energy system, and IS 3.2 on 

Novel Heat Storage providing flexibility to the energy system. ICT can be deployed to create new intelligent 

ways of making urban centres more efficient and interconnected. Solutions included in TA#4 focus on a) 

integrating ultra-modern ICT solutions with existing CIPs, b) enabling big data management and monitoring, 

c) enabling the digitalization for the provision of new services for the citizens and relevant stakeholders, d) 

reducing the impact of electro-mobility on the energy system, e) promoting decarbonization of mobility 

sector. The end-goal of TA#4 is to foster innovative systems integration, complementing and optimizing the 

wider energy system divided into two IS, IS 4.1 focusing on Integrated and Interconnected City Ecosystems, 

and IS 4.2 on e-mobility Grid Integration and City Planning. 

As a smart city should be safe for everyone and resilient (especially regarding impacts of climate change), 

solutions included in TA#5 focus on: a) incentivizing citizens for co-creating value, b) creating an open 

innovation ecosystem for citizens to be actively involved in co-creation, c) increasing safety and quality of life, 

d) facilitating the development and implementation of climate adaptation plans. The end-goal of TA#5 is to 

ensure that demonstrated solutions are co-created by citizens, serving their needs, and are socially just divided 

into two IS, IS 5.1 focusing on Enhanced Citizen Participation, Empowerment and Awareness-Rising, and IS 5.2 

on Enhanced City Resilience, Air Quality monitoring, Social Justice and Safety. Figure 2 summarizes all ISs and 

TAs of RESPONSE.  

 

Figure 2 - Summary of all ISs and TAs of RESPONSE 

The innovative elements to be demonstrated in LHs under each IS (and TA) are (mostly) technologies with a 

high innovative component (element), which contribute towards RESPONSE objectives and envisaged impact. 
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By monitoring and evaluating their progress and performance, RESPONSE impact can be also assessed via 

proper aggregation methods (on a spatial and temporal scale). As each technology is quite unique, very 

detailed indicators can be defined to assess every aspect of the technological performance (e.g. durability, 

integrability, operability, etc.). This would lead to a very large number of indicators, rendering the monitoring 

process cumbersome. Instead, a robust and concise set of indicators should focus on the intervention activities 

focus areas, keeping in mind the RESPONSE objectives. By examining though each innovative element, its 

characteristics, technological aspects, and envisaged implementation details, a first assessment of the 

evaluation focal points can be performed.  

This first assessment is the basis for choosing appropriate KPI frameworks in the following sub-section, 

defining the KPIs Dimensions relevant to RESPONSE and smart cities projects and finally extracting relevant 

KPIs that are included in the initial and preliminary KPI pool. In collaboration with the LHs ecosystems, this 

preliminary and basic analysis needs to be refined and detailed, building upon the stakeholders’ perspective, 

cities and project needs, counting on precise KPI selection criteria, which are detailed in the following sub-

sections.  To this respect, a deep review of the technologies to be implemented has been performed. This 

work serves as an interlinkage between the specific technologies, the integrated solutions focus areas and a 

preliminary assessment of the evaluation focal points. A thorough description of the innovative 

elements/technologies is outside the scope of this deliverable and the reader is referred to future Deliverables 

under WP1, WP3 and WP4.  

3.2 Definition of Key Exploitable Results and association with IS and IE 

As discussed in Chapter 2 the next step tries to associate the Key Objectives (KO) of the project with its Key 

Exploitable Results (KERs). According to the EC a KER is identified as a “main interesting result which has been 

selected and prioritised due to its high potential to be ‘exploited’ downstream the value chain of a product, 

process or solution, or act as an important input to policy, further research or education”, while result is 

defined as “Any tangible or intangible output of the action, such as data, knowledge and information whatever 

their form or nature, whether or not they can be protected, which are generated in the action as well as any 

attached rights, including intellectual property rights”7.  

RESPONSE sets 11 Key Objectives (KOs) that are carefully designed to fully address the key research fields of 

technological innovation proposed by SET-Plan Action 3.2. RESPONSE is also strongly committed to actively 

contribute to all 6 ‘Action Clusters’ set by the European Innovation Partnership on Smart Cities and 

Communities (EIP-SCC), (Figure 3). These KOs refer to so-called Transformation Axis (TA), which represent a 

 
7 https://era.gv.at/news-items/ec-launches-new-tool-on-horizon-2020-results-platform/ 
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set of complementary Elements (tools, methods, technologies), whose combined implementation maximizes 

impact. 

 

Figure 3 - EIPs’ 6 Action Clusters on SCC and relevance to RESPONSE KOs 

The KERs are mapped based on the Smart Grid Architecture Model (SGAM)8 introduced by BRIDGE and are 

associated with the project’s Integrated Solutions (IS) and Innovative Elements (IE). Based on the degree of 

innovation, exploitability and expected impact, five (5) main KERs were defined as presented in Table 1. These 

are defined appropriately, so that on one hand RESPONSE can manage a reasonable number of KERs and on 

the other being able to embrace the 10 ISs and 93 IEs, it will demonstrate, respectively. 

Table 1 - RESPONSE KERs 

# KER Name of KER Short description 

KER #1 
Novel solutions transforming the building 

stock into energy efficient and resilient 

All the innovative hardware which will be 
demonstrated during the project period for the built 
environment. This KER is divided into many subKERs 

which are the technologies and services 
demonstrated in the LH cities. 

 
8 CEN-CENELEC-ETSI, S. G. C. (2012). CEN-CENELEC-ETSI Smart Grid Coordination Group Smart Grid Information Security. http://ec. 

europa. eu/energy/gas_electricity/smartgrida/doc/xpert_groupl_security. pdf. 
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# KER Name of KER Short description 

KER #2 

Novel solutions (city level) for electro-
mobility integration into the grid and 
appropriate city planning measures 

facilitating grid flexibility 

All the innovative elements which will be 
demonstrated during the project period for the 

electro mobility integration. 

KER #3 
Monitoring of performance and modelling 

for future decision making 

The required information for the functions and 
services in order to monitor performance, model for 

replication activities and future decision making. 

KER #4 Services for system and local flexibility 
The services which enhance system - local flexibility 

and system’s stability. 

KER #5 
Business Models, Socio-economical impacts 

and outreach 

Design and test business models that are viable and 
financeable and develop robust investment concepts 

and also to foster the replication of the RESPONSE 
solutions, and increase performance of joint 

activities by engaging multi-disciplinary 
stakeholders. 

The association of the KERs with the Integrated Solutions is summarized in Table 2, while the association with 

the IEs is presented in Annex A. The mapping of the five KER’s to the Smart Grid Architecture Model is 

schematically presented in Figure 4. 

 

Figure 4 - SGAM mapping of the five KERs of RESPONSE 

 

KER#4

KER#2

KER#3

KER#1

KER#5
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Table 2 - Association of KERs with IS in RESPONSE 

# KER Main Associated IS 

KER #1 

IS 1.1 – 1.2 

IS 2.1 – 2.2 

IS 3.1 – 3.2 

KER #2 IS 4.2 

KER #3 IS 4.1, 5.2 

KER # 4 IS 1.2, 2.1, 2.2, 4.1 

KER #5 IS 5.1 

3.3 Review of existing KPIs frameworks 

The implementation of relevant Smart Cities & Communities (SCC) projects throughout Europe led to the need 

for an assessment process of the cities’ envisaged progress with key performance indicators (KPIs), according 

to common as well as particular city needs, defined action plans, goals and visions. In that respect, several 

frameworks of smart city performance have been developed to monitor, measure, and evaluate the impact of 

the solutions and actions demonstrated in SCC projects. The concept of smart cities and urban sustainability 

is strongly supported by the EU strategy with initiatives such as the Smart Cities Information System (SCIS), 

Smart Cities Marketplace (EIP-SCC), Covenant of Mayors, Eurocities,  100 Intelligent Cities Challenge etc., 

which have been established to provide substantial information in terms of smart city best practices, project 

results and lessons learnt, promoting the cooperation and exchanging of know-how among cities and 

facilitating the realisation of smart and sustainable cities.  

As a solid base, SCIS and CITYkeys have created open platforms and developed uniform monitoring guidelines 

for the evaluation of smart city projects. More specifically, each project capitalizes on SCIS experience, on the 

outcomes and lessons learnt from other SCC Lighthouse projects, as well as on project-specific targets to 

develop its purpose-fitted framework. In addition, various scientific articles attempt to propose evaluation 

frameworks for smart city performance dealing with specific and different levels of smartness, innovation, and 

sustainability analysis. Lastly, a variety of indicators is defined by international strategic and sustainable 

planning initiatives and organisations (UN, ETSI etc.) as well as international and European standards (ISO etc.) 

covering urban sustainability and smart city ecosystem vitality across various domains/categories. Based on a 

far-reaching literature review and of assessment frameworks and state-of-the-art in smart cities, RESPONSE 

https://smartcities-infosystem.eu/
https://eu-smartcities.eu/projects
https://www.covenantofmayors.eu/
https://eurocities.eu/
https://www.intelligentcitieschallenge.eu/
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adopted a list of the most suitable indicators according to project and city needs and envisioned impacts, 

building upon the following sources: 

• Strong focus was put on using KPIs from SCIS and Citykeys, due to their harmonization and uniformity 

with EU key policies, objectives and outcomes as well as their guidance to smart city goals.  

• Outcomes and lessons learnt from other SCC Lighthouse projects.  

• Comprehensive assessment frameworks available in scientific journals. 

• International strategic plans and initiatives setting key global goals related to climate change, energy 

transition and urban sustainability, e.g. UN’s Sustainable Development Goals (SDGs). 

• The recommendations of International and European standardised frameworks were also considered 

(e.g. ISO 37120:2018, ISO 37122:2019)  

KPIs included in these frameworks were categorised and further analysed to assist in the selection of KPIs 

aligned with RESPONSE scope and transformation strategy (TAs#1-5), objectives and key exploitable results 

(KERs). A detailed description of all relevant frameworks in terms of structure, focus areas, monitoring 

measures, number of indicators, expected impacts from the solutions and activities, as well as their connection 

with RESPONSE’s KPI dimensions and TA#s is presented below.  

3.3.1 Smart Cities Information System (SCIS)  

The development and evolution of smart and sustainable cities is strongly supported by the SCIS platform. 

SCIS highly promotes the cooperation with other EU initiatives (Figure 5) which is aligned with its mission to 

help cities sharing experiences, lessons and knowledge about smart ideas, solutions, actions and technologies, 

in order to deliver high quality of life for their citizens in a clean, energy efficient and climate friendly urban 

environment. The SCIS platform provides substantial data and information about Smart Cities & Communities 

(SCC) projects dealing with the demonstration of innovative solutions in three (3) main focus areas, namely:  

1) Secure, affordable and clean energy  

2) Smart and sustainable urban mobility 

3) Innovative ICT tools and services; 

SCIS provides a unified and coherent framework of key performance indicators (KPIs) which serves as the basis 

for any smart city evaluation process and application to different assessment objects of implemented 

solutions, whilst it also defines the methodology and identifies the data requirements for the calculation of 

the KPIs.  In this context, the SCIS monitoring framework was extensively studied in order to select relevant 

KPIs to build RESPONSE’s repository and in particular related to TAs #1-3, since it highly relates with measures 

applicable in projects such as Smart Cities and Communities (SCC). 
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Assessment Framework: The SCIS Monitoring KPI Guide (2018)9 proposes a KPI framework to measure smart 

performance of cities engaged in SCC projects focusing on energy, mobility and ICT solutions.  The framework 

structure classifies the definition of city indicators in two (2) clusters, resulting in a final set of 36 indicators.  

More specifically, KPIs can be categorized into: 1) Core KPIs (26): technical (3), environmental (3), economic 

(5), ICT (7), mobility (8) which are considered as the most relevant for SCIS and should be implemented by the 

projects in scope of SCIS, while some of those may not apply to all projects. 2) Supporting KPIs (10) which are 

also relevant for SCIS and their use is recommended.  

 

Figure 5 - SCIS Collaboration with other EU Initiatives  

3.3.2 CITYkeys 

The CITYkeys project provides a holistic performance measurement framework for common, harmonized, and 

transparent monitoring and comparability of the implemented smart city solutions and activities across 

European cities. Under this framework, it also gives recommendations for data collection and supports smart 

cities in strengthening their strategic planning and decision-making process. In addition, it highlights the role 

of stakeholder engagement by seizing the synergy and replicability potential and establishing a collaboration 

platform for European cities. It includes a complete project assessment with an extensive description of the 

context, the activities and technologies in the project, financing schemes and business models, and the 

implementation process. Thus, the CITYkeys framework, although it supports the identification of indicators 

in various areas in smart cities i.e. health, education etc. it is also a key source for RESPONSE KPIs selection, 

incorporating indicators relevant to all RESPONSE TAs# (TAs#1-5).  

 
9 https://smartcities-infosystem.eu/sites/www.smartcities-infosystem.eu/files/document/scis-monitoring_kpi_guide-november_2018.pdf 
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Assessment Framework: The CITYkeys evaluation framework10 is primarily performance oriented and 

applicable to the progress of a wide range of smart city projects while also promoting the successful replication 

in other contexts. The framework defines the five (5) themes of people, planet, prosperity, governance, and 

propagation (Figure 6) to evaluate the impact of a smart city project, comparing before and after status or the 

expected impacts with a reference situation. As such it can also serve to benchmark projects against each 

other, or to monitor the progress of a city towards smart city goals.  As a result, it focuses both on the city 

level as well as the project level of evaluation while establishing a link between the two. The framework 

consists of 99 project indicators and 76 city-level indicators. The city indicators may be used to show to what 

extent overall policy goals have been reached, or are within reach, as well as to compare cities with each other, 

although such a comparison should be done with care.  Another important benefit of the framework is that it 

can assess how the project has contributed to the objectives at city level, by connecting outcomes of a project 

evaluation with corresponding indicators on the city level.   

 

Figure 6 - The thematic areas of Citykeys framework 

3.3.3 Review of other Smart Cities & Communities Projects’ Frameworks 

Smart city projects provide extensive knowledge, in terms of frameworks, best practices and lessons for the 

evaluation of other smart city projects. Apart from RESPONSE, 17 ongoing or completed SCC Lighthouse (LH) 

projects exist in the SCIS platform dealing with the implementation of smart and innovative solutions towards 

energy transition and sustainability within 44 LH Cities and replication of actions to 70 Fellow Cities. Each of 

them adopts a specific assessment framework to evaluate its smart city performance and expected impacts, 

based also on data, experience and stories collected from other projects and universal methodological 

frameworks related to smart and sustainable cities (i.e.  ITU, ISO etc.).  

 
10   Bosch, Peter, et al. "CITYkeys indicators for smart city projects and smart cities." CITYkeys report (2017). 
D5.1-Integrated Evaluation Procedure, accessible: https://www.mysmartlife.eu/publications-media/public-deliverables/ 

https://www.mysmartlife.eu/publications-media/public-deliverables/
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In this context, 13 projects out of the 17 were examined, capitalizing on their evaluation KPI frameworks of 

smart city solutions, and were also analysed to serve as potential sources for RESPONSE’s KPI list. Despite their 

differences, those frameworks have similarities in their evaluation plans with regards to applicable measures, 

leading to the existence of many mutual KPIs. The key characteristics of these projects regarding their 

objectives and visions, but most importantly their developed assessment frameworks to evaluate and monitor 

performance are illustrated in the upcoming sub-sections.  

Table 3 Smart Cities & Communities Lighthouse Projects 

Project Lighthouse Cities and Framework Reference 

 

POCITYF Lighthouse Cities: Evora (PT) and Alkmaar (NL) 
Reference: D2.1: EET-centric KPIs definition, with all evaluation metrics and formulas 
derived, accessible: https://pocityf.eu/resources/ 

 

ATELIER Lighthouse Cities: Amsterdam (NL) and Bilbao (ES) 
Reference: Deliverable 9.1: Repository of definitions of terms, key characteristics 
archetypes, and a set of KPIs, accessible:  
https://smartcity-atelier.eu/outcomes/deliverables/ 

 

SPARCS Lighthouse cities:  Espoo (FI) and Leipzig (DE) 
Reference: D2.01 Definition of SPARCS Holistic Impact Assessment Methodology 
and Key Performance Indicators, accessible: 
https://www.sparcs.info/about/deliverables  

 

+CityxChange Lighthouse Cities: Trondheim (NO) and Limerick (IE) 
Reference: D7.1 Approach and Methodology for Monitoring and Evaluation, 
accessible: https://cityxchange.eu/knowledge-base/approach-and-methodology-
for-monitoring-and-evaluation/ 

 

MatchUp Lighthouse cities: Valencia (ES), Dresden (DE) and Antalya (TR) 
Reference: MatchUp-D1.1: Indicators tools and methods for advanced city 
modelling and diagnosis, accessible: https://www.matchup-project. eu/technical-
insights/ 

 

IRIS Flagship Cities:   Nice (FR), Goteborg (SE), Utrecht (NL) 
Reference: D1.1-Report on the list of selected KPIs for each Transition Track, 
accessible: https://irissmartcities.eu/public-deliverables 

 

STARDUST Lighthouse cities: Tampere (FI), Trento (IT), Pamplona (ES) 
Reference: D6.1: Definition of impact assessment indicators and assessment 
methodology, accessible: http://stardustproject.eu/resources/ 

 

MySmartLife Lighthouse cities: Nantes (FR), Hamburg (DE) and Helsinki (FI) 
Reference: D5.1-Integrated Evaluation Procedure, accessible: 
https://www.mysmartlife.eu/publications-media/public-deliverables/ 

 

Sharing CITIES LH cities: London (UK), Milan (IT) and Lisbon (PT). 
Reference: D8.1: Common Monitoring and Evaluation Framework, accessible: 
http://www.sharingcities.eu/sharingcities/deliverables 

 

SmartEnCity LH Cities: Vitoria-Gasteiz (ES), Tartu (EE) and Sonderborg (DK) 
Reference: SmartEnCity – D7.2: KPIs Definition, available: 
https://smartencity.eu/news/detail/?rx_call=114 

 

REPLICATE LH cities: San Sebastian (ES), Florence (IT) and Bristol (UK) 
Reference: REPLICATE-D10.2: Report on indicators for monitoring at city level, 
accessible: https://replicate-project.eu/public-deliverables-download/ 
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GrowSmarter LH cities: Stockholm (SE), Cologne (DE) and Barcelona (ES) 
Reference: GROWSMARTER-D5.1: Evaluation Plan, accessible:  
https://grow-smarter.eu/inform/publications/ 

 

TRIANGULUM LH cities: Eidhoven (NL), Manchester (UK) and Stavanger (NO) 
Reference: TRIANGULUM-D2.1: Common Monitoring and Impact Assessment 
Framework, accessible: https://www.triangulum-project.eu/?page_id=119 

 

3.3.3.1 POCITYF - POsitive Energy CITY Transformation Framework 

POCITYF aims to design and facilitate the smart evolution of historical cities by implementing and testing 

Positive Energy Districts (PEDs) within their city ecosystems, paving the way to become greener, smarter, and 

more sustainable, while considering their cultural heritage aspects. POCITYF integrates innovative energy, grid 

flexibility, e-mobility, ICT technologies and community/citizen engagement strategies. 

Assessment Framework: The developed framework deals with a detailed and holistic evaluation process of 

smart city performance that considers specific city needs and characteristics and supports the concept of 

Energy Transition under four (4) Energy Transition Tracks (ETTs). A methodological approach considering the 

requirements from SCIS framework, a variety of Smart Cities and Communities (SCC) projects and initiatives, 

universal standardised frameworks (ISOs, SDGs, U4SSC etc.) and scientific articles as well as capitalizing on 

transparent criteria and the consultancy of research/technology/city experts, resulted in a list of 63 tailored 

KPIs classified in eight (8) dimensions: Energy, Environmental, Economic, ICT, Social, Governance and 

Propagation. Indicators have been selected after being assessed against the criteria reflected in the CIVITAS 

framework in a way to satisfying also common LH city needs as well as targeted objectives and impacts. The 

final set of KPIs has been also analyzed in different granularity levels to further facilitate the monitoring 

procedure. The granularity levels were defined considering the type (output/impact) and the scale of 

evaluation (spatial and temporal) they address. In this context, four (4) spatial and three (3) temporal levels 

of evaluation have been determined; i) Building Level, ii) PEB Level, iii) PED Level and, iv) City Level for the 

spatial aspect; as well as i) in-project ii) end of project and, iii) post-project for the temporal respectively. 

3.3.3.2 ATELIER – AmsTErdam BiLbao cItizen drivEn smaRt cities 

ATELIER deals with the deployment and replication of Positive Energy Districts (PEDs) by incorporating multiple 

solutions that will accelerate the energy transition within its two Lighthouse Cities.  ATELIER aims to tap into 

the local innovation ecosystem potential and identify barriers to the implementation of solutions for buildings, 

energy, and mobility, while also putting citizens at the centre of its activities and decision-making processes.  

City Visions will be developed by ATELIER cities to assist in upscaling the solutions in the long run and in 

implementing the necessary action plans to achieve targets of 2050.  

Assessment Framework: The framework structure is based on an approach that defines a set of seven (7) key 

evaluation areas for impact assessment and takes also into account the different system boundaries and 
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temporal scales, in which each of the specific actions and interventions implemented in the project should be 

measured. The evaluation will consider both direct impacts from ATELIER interventions and in-direct 

(secondary) impacts of the project within the boundary of the PEDs and also in a broader city context. More 

specifically, the following reporting levels have been considered in terms of measuring and evaluating impact; 

i) Area/Site Level, ii) PED Level, iii) District Level (entire neighborhood), iv) City Level, v) Project Level, and lastly 

vi) Technology Level, in case performance should be quantified in terms of a specific technology.  

The process results in the development of a KPI Data Pyramid including KPIs at different levels pertaining to 

key objectives, backed by a rich compilation of monitoring data at high temporal and spatial resolution, while 

considering also baseline values to be measured and defined for comparability. A preliminary list of 44 

indicators has been proposed, categorized in six (6) performance domains; Energy, Environmental, Economic, 

Electro-mobility, Citizen Engagement, as well as Upscaling, Replication and Governance Performance; 

capitalizing on SCIS instructions and state of the art knowledge and experience from other SCC lighthouse 

projects. The selection of indicators was based on the criteria defined in the CIVITAS framework as well as 

similar selecting methodologies proposed by other EU funded projects like POCITYF and CITYkeys. 

3.3.3.3 +CityxChange – Positive City ExChange 

+CityxChange coordinates two aspiring Lighthouse Cities, according to their ambition and goals, to achieve 

sustainable urban ecosystems that have zero emissions and establish a 100% renewable energy city-region by 

2050. 

Assessment Framework: The KPI Framework developed for the +CityxChange Project includes KPIs defined 

by the SCIS, as well as KPIs that are specifically defined for this project. While the SCIS KPIs focus on the 

technical and economic aspects of energy related measures, the project defined KPIs focus on indicators 

specifically developed to measure unique interventions, as well as other social indicators to measure the 

impact of the project on citizens. The KPI Framework is divided into the three core themes; 1) Integrated 

Planning and Design (IPD), where KPIs focus on measuring the impact of sub-tasks associated to larger 

interventions that aim to set up tools and local regulations for short and long-term planning purposes. The 

tasks measured address key aspects that would assist in getting the first project interventions rolled-out; 2) 

Common Energy Market (CEM), where focus is on measuring the aspects of certain interventions that have 

changed due to ongoing roll-out and evolution of the project. The KPIs would essentially measure aspects of 

a project that could not be determined by design data; 3) CommunityxChange (CxC), where focus is on 

measuring the effect that interventions have on the public uptake and participation in energy efficiency 

initiatives of the project. 
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3.3.3.4 SPARCS – Sustainable energy Positive & zero cARbon CommunitieS 

SPARCS supports the systematic transformation of cities into sustainable, zero-carbon, citizen-centric 

ecosystems by demonstrating and validating viable, smart and replicable solutions pertaining to energy 

positivity in buildings and districts, advanced energy storage and grid-level management, e-mobility uptake, 

as well as efficient city planning, citizen involvement and governance. 

Assessment Framework: The proposed evaluation framework builds upon i) information, detailed 

understanding and lessons learnt from projects related to the smart city concept, namely CITYkeys and 

Triangulum; ii) thorough analysis and critical review of fundamental EU platforms and initiatives tracking and 

assisting the progress of cities; i.e. SCIS and CIVITAS respectively; as well as, iii) the integration of key elements 

from the Morgenstadt framework which is considered a solid and multidisciplinary methodology for the urban 

sustainability assessment of cities. The process led to the identification of 29 KPIs based on the climate, 

energy, mobility, environmental, social, and economic impacts of SPARCS impact assessment methodology, 

out of which eleven (11) were sourced from the Morgenstadt framework, eleven (11) were taken from SCIS, 

CITYkeys, CIVITAS or the Triangulum frameworks, and additional seven (7) KPIs were adopted to monitor 

effectively and evaluate properly modern smart city projects like SPARCS. The indicators were selected 

considering both a top-down approach to create a main list of KPIs, and a bottom-up approach entailing the 

involvement and opinion of city stakeholders. For the outcomes, three (3) levels of assessment were defined 

pertaining to the building block level, the district level and the macro level interventions in the cities.  

3.3.3.5 STARDUST – Enlightening European Cities 

STARDUST project tackles urban challenges by designing and implementing innovative smart solutions with a 

holistic approach in three LH cities. 

Assessment Framework: The framework structure and methodology is designed to monitor and assess the 

impacts of the project on three (3) different time scales: i) Immediate progress evaluated through concrete 

output indicators; ii) Achieved impacts assessed by impact indicators; iii) Long-term effects evaluated through 

scalability of the solutions implemented based on scenarios in the Lighthouse cities and follower cities and 

their replication potential in other cities in Europe. The process led to 17 selected indicators to assess the 

performance of 5 different clusters (Building and Energy, e-Mobility, ICT, Common City Level, and Long-Term 

Effects) aligned well with SCIS and CityKeys monitoring approaches. Data capture is expected to include 

traditional methods and other ways like city sensors, smart meters, along with data from other R&D projects.  

3.3.3.6 MATCHUP – Maximizing the Upscaling and replication potential of high-level urban 

transformation strategies 

MatchUp aims to create and adopt energy, mobility and ICT solutions in order to improve citizens’ quality of 

life and boost the local economy. MatchUp provides with a consistent method to make an advanced city 

diagnosis and assess the progress of the cities on the road to sustainability and smartness. 
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Assessment Framework: The MAtchUP evaluation framework is based on the concept of sustainable 

development and two (2) evaluation levels (city level and project level), leading to a set of indicators that 

evaluate the status before the project implementation and the improvements achieved during the 

transformation process. The evaluation levels measure two axes of the project: urban planning based on 

efficient measures (under city level framework) and execution of efficient measures in the cities (project level 

framework). The indicators have been classified under three (3) sustainability dimensions: environment, 

economy and social, also grouped into four (4) fields of the implemented solutions: Energy in sustainable 

buildings and districts, Mobility and Transport and City infrastructure, ICT and Urban Platforms and Citizens 

and Society resulting in a sum of 160 indicators. Within the framework, there are also some indicators related 

to Governance, classified into several domains like local government support, civic engagement or governance 

collaboration. Consequently, a total of 188 indicators along with a set of measurable objectives is determined 

and further divided in particular areas of study for the deployment and implementation of the project. 

3.3.3.7 IRIS – Integrated & Replicable solutions for co-creation In Sustainable cities 

The IRIS project envisages the smartification of the energy grid with an increased RES penetration and novel 

energy storage solutions, along with an advanced electrified urban transport system serving both mobility 

needs and grid flexibility requirements, as well as enabling citizen engagement actions. 

Assessment Framework: The assessment framework uses an agile approach for determining a pool of KPIs 

able to estimate the impact of both conventional and innovative solutions and demonstration activities, 

categorized in six (6) dimensions: technical, environmental, economic, social, ICT and legal. The proposed 

framework also supports the clustering of solutions in five (5) Transition Tracks as follows:  TT#1-Smart 

renewables and closed-loop energy positive districts, TT#2- Smart Energy Management and Storage for Grid 

Flexibility, TT#3-Smart e-Mobility Sector, TT#4-City Innovation Platforms (CIP) and TT#5-Citizen Engagement 

and Co-Creation.  In this context, a holistic evaluation of the proposed solutions is achieved by also defining 

the levels of evaluation and integrating interests of the relevant stakeholders. The final set of KPIs consists of 

75 indicators, defined per domain, considering also indicative calculated thresholds for scalar quantification 

and monitoring performance of the solutions through the assessment criteria. 

3.3.3.8 MYSMARTLIFE – Smart Transition of EU cities towards a new concept of Smart Life and 

Economy 

The project aims at the development of an urban transformation strategy to support cities in the definition of 

transition models addressing the main city challenges and demonstrating Smart PEOPLE and Smart ECONOMY 

concepts. 

Assessment Framework: The presented evaluation framework defines a total of 151 KPIs classified across six 

(6) fields—Energy and Environment, Mobility and Transport, Urban Infrastructure, Citizens, Economy and 

Governance—while at the same time adopting the five (5) major themes of CITYkeys (People, Planet, 
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Prosperity, Governance and Propagation). Its Advanced Urban Planning consists of an integrated approach on 

the basis of a rigorous impact assessment, an active citizen engagement in the decision-making process and 

a structured city business model perspective to identify the most replicable actions to be included in the future 

city plans. Expected impacts are grouped into five (5) specific categories: energy, environmental, economic, 

social and policy impacts. The framework adopts a twofold evaluation approach in order to measure the 

demonstration activities: project level (i.e., demonstration areas) and city level. City-level evaluation is 

strongly related to the overall smart city concept, aiming to identify the main challenges of the cities with city 

indicators and audits, while at the project level, the target is to assess the effects of the project actions in the 

demo sites with regards to project pillars. 

3.3.3.9 SmartEnCity – Towards Smart Zero CO2 Cities across Europe 

SmartEnCity aims to develop highly adaptable and Europe-wide replicable strategies towards the transition 

into sustainable, smart and resource-efficient cities, by improving energy efficiency and maximizing renewable 

energy supply in dwellings and vehicles. 

Assessment Framework: The framework proposes a methodology with a holistic point of view for evaluating 

the performance of the interventions using indicators which have been selected from SCIS platform and 

CITYkeys project. The framework structure was built upon the performance of the interventions 

demonstrated in the project: district renovation, urban mobility, and citizen engagement as well as the social 

acceptance and the environmental benefits. KPIs are grouped into four (4) categories: technical, 

environmental, social, and economic. Such structure is aligned with the scheme proposed by SCIS. Five (5) 

evaluation protocols are used: Energy Assessment, ICT, LCA, Mobility and Cross-Cutting. Some KPIs are 

evaluated through sensors, requiring a monitoring for two years, while other indicators (mainly related to 

social and economic issues) can be evaluated through surveys to be delivered at the beginning of the project 

and the end of the project implementation. A list of KPIs for each category (technical, environmental, social, 

and economic) and by type of intervention (district renovation, mobility, and citizen engagement) is provided, 

with a total of 149 indicators. 

3.3.3.10 SHARING CITIES – Building Smart Cities Together 

The project focuses on increasing the speed and scale at smart solutions implemented across Europe and 

creating a collaborative smart city high market potential to develop affordable, integrated, commercial smart 

city solutions, by bringing together city authorities, businesses and research institutes, and engaging citizens 

enabling transformation of their communities. 

Assessment Framework: The proposed Common Monitoring and Evaluation Framework (CMEF) attempts to 

deliver the effects of the People/Place/Platform (PPP) measures developed and deployed as part of the 

SHARING CITIES project and covers a wide range of relevant impacts. The framework includes the following 
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key elements: measurable indicators, data standards and data collection methods also defining the specific 

evaluation targets to be addressed and the evaluation methods to be used including processes, data 

standards, data quality, data stewardship and key evaluation indicators. The evaluation targets that are briefly 

set, are categorized into six (6) domains: a) technical performance, b) impacts on attitudes and behaviors, c) 

wider systemic impacts including environmental impacts, d) security, safety and sustainability, e) institutional 

and business consequences, f) economic and social implications including those affected by efficiency, equity, 

and social inclusion. The key evaluation and assessment targets concern the “Place” demonstrations from the 

PPP. Place itself comprises of four different field measures: i) Building Retrofit & Local Renewable Energy 

Generation; ii) Sustainable Energy Management Systems; iii) Shared eMobility (which contains EV car sharing, 

eBike sharing, eLogistics, EV charging facilities and Smart Parking); and iv) Smart Lamp posts. The evaluation 

targets are associated with a final set of 127 indicators. 

3.3.3.11 REPLICATE – REnaissance of PLaces with Innovative Citizenship And TEchnologies 

REPLICATE aims to significantly increase resource and energy efficiency, improve the sustainability of urban 

transport, reduce GHG emissions and improve the quality of life for citizens across Europe. 

Assessment Framework: The proposed KPI framework contains a total of 56 KPIs classified under seven (7) 

dimensions covering as a whole city performance; City description (5 indicators), Energy and Environment (14 

indicators), Mobility and Transport (14 indicators), Infrastructure (6 indicators), Governance (5 indicators), 

Social (5 indicators), and Economy and Finance (7 indicators). The indicators are further analyzed into three 

(3) evaluation/applicability levels; a) National/Regional, b) Local/City, c) District. 

The definition of REPLICATE dimensions and categories was mainly based on STEEP and several of its indicators 

were included in REPLICATE framework. CITYkeys indicators were also used to steer measure the delivery of 

city services and quality of life. Other sources of information for the construction of REPLICATE city level KPI 

framework were also PLEEC project, Eurostat, ESCI and ITU. 

3.3.3.12 GROWSMARTER – Transforming Cities for a Smart, Sustainable Europe 

GrowSmarter project focuses on demonstrated solutions for higher RES penetration, advanced mobility 

system and decreasing CO2 emissions in the urban environment, by implementing several measures related 

to Low Energy Districts, Integrated Infrastructure and Sustainable Urban Mobility. 

Assessment Framework: The framework structure is based on the definition of city indicators in three (3) 

main dimensions including also various targeted sub-domains, agreed upon relevant project goals; i) Better 

Quality of Life: Better options and access for urban transport, Better deliveries of goods, Better waste 

handling, Cost efficient refurbishment, Improvement in street environment Lower energy costs, Increased job 

creation, Citizens participation; ii) Environmental: Reducing the need of energy (60%) - in buildings by 70-90%, 

Reducing GHG emissions from energy use and increase use of renewable energy (60%), Reducing the emissions 
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of transports (60%); iii) Economic: Saving energy with reduction in capital and operational costs, Increased 

economic growth (impact on health). The project has 3 main categories of interventions: Low Energy Districts, 

Integrated Infrastructure and Sustainable Urban Mobility, which contain measures from different “Smart 

Solutions”. The category, Low Energy Districts, is divided into two sub-categories: Building Evaluation and Local 

Evaluation. For each measure, at least one KPI is defined. The framework contains a total of 104 indicators. 

3.3.3.13 TRIANGULUM – The Three Point Project Demonstrate. Disseminate. Replicate. 

TRIANGULUM proposes a novel form of smart district development, and integrates smart energy, ICT, 

sustainable transportation, business opportunities to improve commerce and governance efficiency as well as  

reduce significantly GHG emissions. 

Assessment Framework: The mapping and evaluation framework of the project was based on a series of 

expected impacts across the LH cities, relevant to the five (5) impact domains of Energy, Transport, Citizen 

Engagement, Socio-economic/financial and ICT deployment. A seven-stage methodology for defining impact 

indicators is proposed. In this context, the framework includes a set of indicators and quantifiable units to 

measure or capture key parameters of demonstration activities. The indicators identified for assessing the 

impacts align with both the preferred metrics and the respective commitments of the cities. The definition 

process led to a total of 79 indicators.  Useful information was taken from relevant smart city project 

evaluation frameworks such as CITADEL, PEOPLE, CITYKeys, EPIC, REMOURBAN and metrics guidelines i.e., 

Fraunhofer Assessment Guidelines. 

3.3.4 Scientific Publications 

A variety of scientific articles that introduce assessment frameworks with indicators to support the smart city 

performance evaluation in several domains are also available in the research community. The most relevant 

papers with holistic frameworks that can assess various aspects of smart interventions were identified using 

the Hellenic Academic Library Link (HEAL-Link) with the application of keywords pertaining to monitoring, 

assessment and indicators for smart cities. The frameworks were selected in a way to align with RESPONSE 

demonstrated solutions and envisioned impacts and a short description about their key areas, aspects and 

characteristics is presented below.  

Angelakoglou et al. (2020) built a holistic and versatile framework11 with tailored KPIs that can be adopted by 

smart city projects to assessing the energy transition and PED deployment progress in cities, composed of a 

unified pool with 258 indicators across several domains. Based on a detailed evaluation process for each 

indicator including pre-determined KPI selection criteria in the CIVITAS framework, other critical factors such 

 
11 K. Angelakoglou, K. Kourtzanidis, P. Giourka, V. Apostolopoulos, N. Nikolopoulos and J. Kantorovitch. From a Comprehensive Pool to a 
Project-Specific List of Key Performance Indicators for Monitoring the Positive Energy Transition of Smart Cities - An Experience-Based 
Approach. Smart Cities, 2020, 3(3), 705-735. 
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as the indicator existence within the SCIS framework as well as city-needs feedback, the KPI pool was 

shortlisted, leading to a final set of 63 KPIs. The framework was developed within the context of POCITYF 

project but also can serve as a recommendation guide for other SCC projects. The indicators were classified 

into eight (8) key dimensions, strongly related with the performance and impact evaluation of SCC projects, 

namely: Energy, Environmental, Economic, ICT, Mobility, Social, Governance and Propagation. In addition, KPIs 

were sorted and analyzed in different granularity levels (temporal evaluation, spatial evaluation, and type of 

evaluation) to further facilitate the monitoring procedure.   

In addition, Angelakoglou et al. (2019) introduced a smart city KPI framework12 after applying a six (6)-step 

approach for determining the KPI repository. The 75 KPIs identified are able to evaluate both business-as-

usual and novel technologies and services related to smart city solutions. The repository is categorized into six 

(6) dimensions (technical, environmental, economic, social, ICT and legal KPIs) and provides indicative 

thresholds for monitoring performance. This framework was built upon the experiences gained during the 

implementation of the IRIS SCC project and integrates relevant stakeholder points of view concerning the 

deployment of smart city solutions. 

Akande et al. (2019) proposed a framework13 for assessing and ranking cities based on how smart and 

sustainable they are. Hierarchical clustering and principal component analysis (PCA) are applied to select and 

cluster 32 KPIs into three (3) thematic areas: a) Economy (7 KPIs) b) Environment (12 KPIs) and c) Society and 

Culture (13 KPIs). KPIs included in this framework are mostly fitted to assess smartness aspects on a city level. 

Huovila et al. (2019)14 compared seven (7) recently published indicator standards for smart and sustainable 

cities (ISO 37120:2018, ISO/DIS 37122:2018, ETSI TS 103463, ITU-T Y.4901, 4902, 4903, SDG 11+ monitoring 

framework). A taxonomy was developed to evaluate 413 indicators against five conceptual urban focuses 

(types of urban sustainability and smartness), ten sectoral application domains (energy, transport, ICT, 

economy, etc.) and five indicator types (input, process, output, outcome, impact). The results clearly 

discriminate between indicator standards suited for evaluating the implementation of predominantly smart 

city approaches versus standards more focused on sustainability assessment. As within this study most of the 

KPI frameworks identified by Huovila et al. are already examined, and emphasis was mostly on ITU-T KPIs and 

the taxonomy developed. 

 
12 Angelakoglou K., Nikolopoulos N., Giourka P., Svensson I.L., Tsarchopoulos P., Tryferidis A., Tzovaras D. (2019), A methodological 
framework for the selection of key performance indicators to assess smart city solutions, Smart Cities, 2, 269-306. 
13 Akande A., Cabral P., Gomes P. and Casteleyn S. (2019), The Lisbon ranking for smart sustainable cities in Europe, Sustainable 

Cities and Society, 44, 475-487. 
14 Huovila A., Bosch P., Airaksinen M. (2019), Comparative analysis of standardized indicators for Smart sustainable cities: What 

indicators and standards to use and when. Cities, 89, 141-153. 
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Tan et al. (2017) proposed an indicator framework15 for the assessment of smart cities putting emphasis on 

low-carbon city aspects. A total of 20 KPIs are separated into seven (7) assessment categories: a) Energy 

pattern, b) Water, c) Social and living, d) Carbon and environment, e) Solid waste, f) Urban mobility and g) 

Economic. The framework also provides benchmarking values that allow intercomparisons among cities’ 

performance. 

Girardi and Temporelli (2017) proposed a new methodological approach16, called Smartainability, that is able 

to estimate using quantitative and qualitative KPIs the extent to which smart cities are more sustainable (and 

smart) due to the deployment of innovative technologies. The assessment is performed prior to the 

application of the respective technologies. The methodology was built upon the Guidelines for conducting a  

cost–benefit analysis of Smart Grid projects, a study made by European Commission JRC, and Smart Cities—

Ranking of European medium-sized cities, realized by Vienna University of Technology, University of Ljubljana 

and Delft University of Technology. Four (4) dimensions of analysis are applied: a) Environment, b) Economy, 

c) Energy and d) Living. The methodology was validated at a district level (Expo Milano 2015 site). Further 

recommendations are available for the implementation at a city level, including a set of 28 KPIs and a new 

dimension—People—which evaluates the community life improvement. 

Dall’O et al. (2017) provided a method for assessing the smartness of a city through a set of indicators focusing 

on small and medium-sized cities and communities17. The KPIs selected are consistent with the ISO 37120 

standard and are inspired by the environmental indicators included in Sustainable Energy Action Plans under 

the Covenant of Mayors Initiative. A total of 70 KPIs are structured around seven (7) evaluation areas: a) 

smart economy (7 KPIs), b) smart energy (12 KPIs), c) smart environment (6 KPIs), d) smart governance (12 

KPIs), e) smart living (17 KPIs), f) smart people (8 KPIs) and g) smart mobility (8 KPIs). 

Li et al. (2017) defined a systematic approach18, utilizing a bi-index method, to identify stakeholders and KPIs 

for multi-level (from building to district) energy performance analysis. KPIs are analyzed into three (3) levels: 

strategic, tactical, and operational. The strategic KPI is aggregated and designed for the district level. The 

tactical KPI can be associated with the building and system level. The operational KPIs represent the 

operational performance of basic energy units. Although this study does not focus directly on smart city 

projects, it offers 35 specific performance indicators that can serve the goals of smart city solutions focusing 

on energy performance. 

 
15 Tan S., Yang J., Yan J., Lee C., Hashim H.and Chen B., (2017), A holistic low carbon city indicator framework for sustainable 

development, Applied Energy, 185, 2, 1919-1930. 
16 Girardi P. and Temporelli A., (2017), Smartainability: a methodology for assessing the sustainability of the smart city, Energy Procedia, 

111, 810-816. 
17 Dall’O G., Bruni E., Panza A., Sarto L. and Khayatian F. (2017), Evaluation of cities’ smartness by means of indicators for small and 
medium cities and communities: A methodology for Northern Italy, Sustainable Cities and Society, 34, 193-202. 
18 Li Y., O’ Donell J., Garcia-Castro R., Vega-Sanchez S. (2017), Identifying stakeholders and key performance indicators for district and 
building energy performance analysis, Energy and Buildings, 155, 1-15. 
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Hara et al. (2016) proposed a set of KPIs for smart cities based on the Gross Social Feel-Good Index19. The KPIs 

are structured upon four (4) layers: a) the 1st layer includes the triple bottom line (Environment, Economy, 

Society) and Satisfaction generic categories; b) in the 2nd layer, the Society category is further split into safety, 

health and comfort; c) the 3rd layer includes a total of 16 KPIs utilized to assess the 2nd layer 

(environment/natural resource, energy, cost performance, accident, natural disaster, crime, information 

security, health management, prevention of illness, medical treatment, stress, diverse opportunities, barrier-

free, simplicity, ubiquitous, and citizen’s degree of satisfaction) and d) the 4th layer includes the data needed 

(52 sub-KPIs) to calculate the KPIs in the 3rd layer. 

Lombardi et al. (2012) introduced a framework20 for classifying smart city performance indicators building 

upon the quadruple helix model (Civil society, University, Government and Industry) and utilizing the Analytic 

Network Process. A total of 63 KPIs are proposed, organized into five (5) clusters: a) smart governance (related 

to participation)—7 KPIs, b) smart human capital (related to people)—12 KPIs; c) smart environment (related 

to natural resources)—19 KPIs; d) smart living (related to quality of life)—13 KPIs and e) smart economy 

(related to competitiveness)—12 KPIs. 

3.3.5 Other Sources – Strategic Planning Initiatives and International Organizations 

A vast number of other sources such as international strategic and sustainable planning initiatives as well as 

international and European standards that propose relevant frameworks for monitoring and evaluation of 

smart city solutions were also analyzed and specific indicators related to RESPONSE scope were used from 

these databases to form the KPI repository.   

3.3.5.1 UN’s Global indicator framework for the Sustainable Development Goals (SDGs) 

UN’s Global indicator framework for the Sustainable Development Goals21 and targets of the 2030 Agenda for 

Sustainable Development was developed by the Inter-Agency and Expert Group on SDG Indicators (IAEG-SDGs) 

and agreed upon, including refinements on several indicators, at the 48th session of the United Nations 

Statistical Commission held in March 2017. The framework is updated and refined in an annual basis. In line 

with the mandate of the group, the IAEG-SDGs proposed 36 major changes to the framework in the form of 

replacements, revisions, additions, and deletions as part of the 2020 Comprehensive Review, which were 

approved by the 51st Statistical Commission in March 2020. All 17 Sustainable Development Goals (SDGs) 

were adopted from 193 countries in 2015, in order to alleviate poverty, improve health and education, reduce 

inequality, boost economic growth and combat climate change, both at local and regional level, while ensuring 

 
19 Hara M., Nagao T., Hannoe S. and Nakamura J. (2016), New Key Performance Indicators for a Smart Sustainable City, Sustainability, 
8, 206; doi:10.3390/su8030206 
20 Lombardi P., Giordano S., Farouh H. and Yousef W. (2012), Modelling the smart city performance, Innovation – The European Journal 
of Social Science Research, Vol. 25, No. 2, 137-149. 
21 United Nations (2018). UN SDG indicators global database. https://unstats.un.org/sdgs/indicators/database/, Accessed on 3 March 2021. 
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that no one is left behind. The SDGs should be integrated in the design, implementation and monitoring 

strategies, when it comes to inclusive and sustainable territorial development. 

Assessment Framework: The framework includes 231 indicators of which twelve indicators are listed under 

two or three different targets, resulting in a total of 247 indicators due to duplications. The indicators are 

categorized in relation to the 17 Sustainable Development Goals (SDGs) - the world's best plan to build a 

better world for people and our planet by 2030. As all EU countries have adopted the SDGs,  the framework is 

associated with RESPONSE key objectives: Creating new possibilities to make cities safer, greener and more 

responsive to the needs of their citizens, businesses and other organizations while bringing new technologies 

and renewed infrastructure to reduce household bills; create jobs and boost growth for achieving a 

sustainable, low carbon and environmentally friendly economy putting Europe at the forefront of renewable 

energy production and efforts against global warming. The SDGs that are strongly related to RESPONSE as well 

as highly recommended KPIs for smart city projects pertinent to energy, mobility and ICT measures are:  SDG7 

(6 KPIs), SDG8 (17KPIs), SDG9 (12KPIs), SDG11 (15KPIs), SDG 12 (11KPIs), and SDG13 aimed to urgent action 

against climate change at national level, resulting in a total of 61 KPIs.   

 

Figure 7 The 17 Sustainable Development Goals (SDGs)  

3.3.5.2 United for Smart Sustainable Cities (U4SSC) Initiative 

The “United for Smart Sustainable Cities” (U4SSC) is a UN initiative coordinated by ITU, UNECE and UN-Habitat 

to achieve SDG 11 — Make cities and human settlements inclusive, safe, resilient, and sustainable. U4SSC acts 

as the global platform promotimg the use of ICT to cities. U4SSC is working on the following thematic groups: 
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City Platforms, Economic recovery in cities and urban resilience building in the time of COVID-19 , Innovative 

Financing Instruments for Smart Sustainable Cities, Guiding principles for artificial intelligence in cities, Simple 

ways to be smart, Procurement Guidelines for Smart Sustainable Cities. The developed framework provides 

cities with a consistent and standardised method to collect data and measure performance and progress to 

achieving the SDGs, thus becoming smarter and more sustainable cities. 

Assessment Framework: A set of 91 KPIs have been developed to establish a framework22 based on criteria 

to evaluate ICT contributions in making cities smarter and more sustainable, and to provide cities with the 

means for self-assessments. However, the indicators that were used for feeding RESPONSE’s KPI repository 

are less than 91 due to the fact that some of those are not relevant to RESPONSE goals and scope (e.g. Water 

and Sanitation). The indicators are categorized into three (3) dimensions: Economy (45 KPIs), Environment (17 

KPIs), and Society and Culture (29 KPIs). Within each dimension, sub-dimensions provide focus on more 

specific areas of performance and progress. For instance, intelligent use of ICT (via innovative City Information 

Platforms, energy/mobility management, DSM, smart monitoring, etc.) is a core element of smart city 

objectives. The indicators are classified also into core and advanced indicators. Core indicators are those that 

should be able to be reported on by all cities, providing a basic outline of smartness and sustainability, while 

advanced indicators give a more in-depth view of a city and monitoring progress. 

3.3.5.3 ETSI technical specification on KPIs for “Sustainable Digital Multiservice Cities” 

The standardization activities on smart sustainable cities across Europe are orchestrated by a joint effort23 

between CEN, CENELEC and ETSI on the Sector Forum on Smart and Sustainable Cities and Communities (SF-

SSCC), created in January 2017, following the work of a similar coordination group24. ETSI has developed one 

set of smart sustainable city indicators in the form of a technical specification25 on Key Performance Indicators 

for “Sustainable Digital Multiservice Cities”26, supported by technical specifications. These indicators were 

originally defined by the European CITYkeys initiative, together with European cities, based on analysis of 20 

cities' needs and feasibility testing by around 50 cities and other stakeholders.  

Assessment Framework: The indicators are based on an extended triple bottom line sustainability 

framework, including the five (5) themes of people, planet, prosperity, governance, and propagation, and 

completed with specific smart city indicators. Under the main themes, subthemes conforming to major policy 

ambitions have been identified. Under these subthemes in total 73 city indicators in different categories have 

 
22 ITU, UNECE. "Collection methodology for key performance indicators for smart sustainable cities." (2017). 
23 Webpage of CEN-CENELEC-ETSI sector forum on smart and sustainable cities and communities. 
https://www.cencenelec.eu/standards/Sectors/SmartLiving/smartcities/Pages/SSCC-CG.aspx 
24 SSCC-CG final report. Smart and Sustainable Cities and Communities Coordination Group ftp://ftp.cencenelec.eu/EN/ 
EuropeanStandardization/Fields/SmartLiving/City/SSCC-CG_Final_Reportrecommendations_Jan_2015.pdf 
25 ETSI TS 103 463 key performance indicators for sustainable digital multiservice cities. Technical specification V1.1.1 (2017-07). 
http://www.etsi.org/deliver/etsi_ts/103400_103499/103463/01.01.01_60/ts_103463v010101p.pdf 
26 ETSI GS OEU 019 KPIs for smart cities. Group specification V1.1.1 (2017-08). 
http://www.etsi.org/deliver/etsi_gs/OEU/001_099/019/01.01.01_60/gs_OEU019v010101p.pdf 
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been selected. The selection has been based on an inventory of 43 existing indicator frameworks for cities 

indicators. Most of the indicators in the ICT users’ selection have been derived from existing indicator 

frameworks. New indicators have been suggested to fill gaps in existing frameworks. The indicators that are 

relevant to be considered in the RESPONSE KPI pool lie under the themes of Planet (energy and mitigation, 

climate resilience, pollution, and waste), Prosperity (jobs creation, green economy, innovation) and 

Governance (organization and community involvement).   

3.3.5.4 Level(s) – A common EU framework of core sustainability indicators for office and residential 

buildings 

Level(s) is a common assessment and reporting framework for the lifecycle sustainability performance of both 

residential and office buildings across Europe. Based on the objectives of both the EU Green Deal and the EU 

Circular Economy Action Plan, Level(s) aims to support exclusively the energy and material efficiency as well 

as reduce carbon emissions of the building stock, to comply with the Paris Agreement’s objectives and fulfill 

the EU decarbonization strategy by 2050 (Figure 8). 

 

Figure 8 Macro-objectives, thematic areas and indicators of Level(S) framework 

Assessment Framework: Level(s) provides a set of sustainability indicators and common metrics for measuring 

the environmental performance of office and residential buildings along their life cycle and their overall 

contribution to the European environmental policy objectives, based on a more holistic perspective, 

capitalizing on the two (2) main tools – Life Cycle Assessment (LCA) and Life Cycle Cost Assessment (LCCA) 
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and defining three (3) thematic areas for the assessment of i) environmental performance, ii) health and 

comfort and indoor air quality performance in buildings, as well as iii) aspects related to potential future risks 

of climate change and optimization of building life cycle cost and value.  

The framework structure is based on an overarching set of six (6) macro-objectives that contribute to EU and 

national policy objectives in areas such as energy, material use and waste, water and indoor air quality, 

including nine (9) core indicators and five (5) additional indicators/tools for measuring the performance of 

buildings in order to achieve each macro-objective (Figure 7). A set of Life Cycle Tools; in particular, 4 scenario 

tools and 1 data collection tool; along with a Life Cycle Assessment (LCA) methodology have been developed 

to facilitate whole lifecycle-thinking analysis. The reliability and value of the assessments to be carried out, 

can be tested by a checklist and rating system identifying influence of Level(s) framework indicators on value 

and risk pertinent to the particular performance. The framework entails three (3) levels of performance 

assessment, that can be carried out using the indicators and are determined by the level of accuracy and 

reliability of the expected results as well as the level of professional expertise and capability required to use 

each level; a) the common performance assessment, b) the comparative performance assessment, c) the 

optimised performance assessment.  

3.3.5.5 The Morgenstadt framework of urban sustainability in cities 

The Morgenstadt Innovation Network is a multidisciplinary European research initiative of cities (Morgenstadt 

City Insights) that aim to actively shape the successful sustainable transition of their urban ecosystems. It 

envisions to make cities future-proof by identifying local transition pathways of innovation and sustainable 

development. The Initiative is composed of a network that was founded in 2012 by Fraunhofer IAO, including 

institutes, local authorities, and companies. The proposed urban sustainability framework focuses on the 

transformation of cities and it was established in 2013. The overarching question behind the conducted city 

analysis for the cities involved in the initiative, was the guiding vision of a sustainable city and the qualitative 

definition of sustainability.  

Assessment Framework: The framework methodology is based on an in-depth analysis of over 100 best 

practices from eight (8) urban key sectors; energy, buildings, mobility, water, productions and logistics, 

security, information, and communications technologies (ICT), and governance; that were analyzed with a 

trans-disciplinary approach to provide insights into key success factors for sustainable urban solutions. The 

framework provides a set of 107 urban indicators divided into three (3) categories; i) pressure indicators 

reflecting the existing stress of various urban sectors on the city system; ii) state indicators that define the 

current state of the city; and iii) impact indicators that relate with the impact that the city ecosystem has on 

the various sectors; Considering several aspects important for steering sustainable development, in total, 83 

key action fields for sustainable development were identified that represent the recommended sustainability 

action and response of a city. Most indicators relevant to RESPONSE lie under the following core aspects of 
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sustainability: reduction of emissions, reduction of energy consumption per capita, improvement of human 

health, resilience of physical infrastructures and social networks, handling of raw materials with respect to the 

environment, improvement of urban ecosystems, increase of social well-being and life expectancy, creation 

of stable, long-term-oriented economic structures, security of supply.  

3.3.5.6 ISO/FDIS 37120 – Indicators for City Services and Quality of Life & ISO/FDIS 37122 – 

Indicators for Smart Cities 

The International Standardization Organization (ISO) is a worldwide federation of national standards bodies 

(ISO members). The indicators detailed in ISO 37120 have quickly become the international reference point 

for sustainable cities. ISO/TC 268/WG2 experts have identified the need for additional indicators for smart 

cities. ISO 37122 complements ISO 37120 and establishes indicators with definitions and methodologies to 

measure and consider aspects and practices that dramatically have strong momentum to help cities improve 

their social, economic, and environmental sustainability outcomes. It comprises a versatile framework from 

which KPIs could be selected for RESPONSE as it links with its transformation strategy (TAs#) and objectives.  

ISO/FDIS 37120: The indicator framework27 of ISO 37120 focuses on the sustainability of the city in terms of 

city services and quality of life. ISO 37120 is highly relevant to RESPONSE TAs# and especially TA#4 and TA#5 

dealing with the creation of integrated and interconnected city ecosystems and citizen-centric, resilient, and 

safe cities towards improving citizens’ quality of life and sustainability. Indicators are categorized firstly into 

Core, Supporting and Profile indicators. Core indicators are required to demonstrate performance in the 

delivery of city services and quality of life. Supporting indicators are those recommended to demonstrate 

performance in the delivery of city services and quality of life and can be selected according to city objectives. 

Profile indicators are those recommended to provide basic statistics and background information to help cities 

determine which cities are of interest for peer comparison and are used as an informative reference.  All 

indicators are classified into 23 themes pertaining to the different sectors and services provided by a city: 

Economy, Education, Energy, Environmental and Climate Change, Finance, Governance, Health, Housing, 

Population and Social Conditions, Recreation, Safety, Solid Waste, Sport and Culture, Telecommunications, 

Transportation, Urban/local Agriculture and Food Security, Urban Planning, Wastewater and Water. Indicators 

are also separated to input and outcome indicators for further contextual analysis. A total of 111 KPIs are 

identified.  Relevant indicators to RESPONSE have been considered in the following categories: Economy (9 

KPIs), Energy (8 KPIs), Environment and Climate Change (9 KPIs), Finance (5 KPIs), Governance (4 KPIs), Housing 

(5 KPIs), Solid Waste (10 KPIs), Telecommunication (2 KPIs), Transportation (8 KPIs) and Urban planning (5 

KPIs), resulting in a total number of 65 KPIs. 

 
27 ISO, ISO. "37120 Sustainable development in communities—Indicators for City Services and Quality of Life. 2018." International 
Organization for Standardization. 
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ISO/FDIS 37122: This framework28 defines indicators clustered under the 23 categories as in ISO 37120. A total 

of 80 KPIs are identified. The indicators associated with RESPONSE are arranged under the categories: 

Economy (4 KPIs), Energy (10 KPIs), Environment and Climate Change (3 KPIs), Finance (2 KPIs), Governance (4 

KPIs), Housing (2 KPIs), Solid Waste (6 KPIs), Telecommunication (3 KPIs), Transportation (14 KPIs) and Urban 

planning (4 KPIs).  

3.4 Relevance of KPIs to the various aspects of RESPONSE 

The review of existing KPI frameworks conducted in section 3.3, indicated that there are several aspects that 

affect a smart city’s development, sustainability, and governance. As several different stakeholders are 

interested in smart city projects, in this section (reflecting Step 4 of RESPONSE’s methodological approach as 

presented in section 2.1) generic “dimensions” – parameters were defined to efficiently assess and monitor 

smart city solutions. This will ensure that relevant KPIs to be selected will cover all significant aspects affecting 

the sustainability of RESPONSE and smart city projects in general. 

3.4.1 Ensuring a holistic evaluation by covering a multitude of key dimensions 

A key step towards developing a holistic KPI framework for RESPONSE, is to identify various dimensions, 

according to which a holistic monitoring and assessment of solutions can be made, while being flexible enough, 

so that it can adapt to continuous necessary updates. In other words, the parameters need to be considered 

for efficiently assessing the progress and sustainability performance of a smart city and its respective solutions 

had to be identified. Every dimension must have a clear purpose that serves the goal of the evaluation. 

Careless and hasty choices could lead to misleading results and poor decisions on issues related to smart city 

and PED development, lost time and resources and ignoring of basic problems. To ensure that the most 

important issues in terms of smart city development, sustainability and governance will be assessed, 

RESPONSE capitalizes on the findings of the analysis of relevant KPI frameworks conducted in section 3.3 to 

define relevant dimensions.  

More specifically, eight (8) dimensions have been defined (Figure 9): 1) Energy, 2) Environmental, 3) Mobility, 

4) Information and Communication Technologies (ICT), 5) Economic, 6) Social, 7) Governance and 8) 

Propagation. Dimensions relevant to energy, environment, mobility, economy and society are the ones most 

frequently adopted by relevant frameworks in other SCC projects, whereas dimensions relevant to ICT, 

governance and propagation are of great significance and are gaining momentum. ICT dimension is becoming 

increasingly relevant as more and more solutions are characterized by increased levels of observability and 

controllability, whereas City Information Platforms (CIP) play a critical role in a smart city environment. 

Governance dimension is connected to the current EU legislative framework that is not uniform but 

 
28 ISO, ISO. "37122 Sustainable development in communities—Indicators for Smart Cities. 2019." International Organization for 
Standardization 
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fragmented across the various EU countries reflecting the capacity of the local governments to manage and 

valorise energy transition opportunities. The dimension of propagation is also of significant importance in 

smart city projects for evaluating the potential of scaling-up and diffusion to other locations, while depending 

on the inherent characteristics of the project but also on external factors such as market conditions. This 

selection is also in line with POCITYF SCC project proposed dimensions for systems operation characterized by 

a medium to high TRL – further supporting future benchmarking of results (avoiding having several SCC 

projects measuring different parameters). A brief presentation of every dimension of RESPONSE is presented 

on the following paragraphs.  

 

 

Figure 9 Quick overview of KPI dimensions in RESPONSE 

Dimension #1 – Energy: Highly increased energy performance is at the forefront of Smart City 

projects. Energy dimension includes KPIs that are focusing on measuring the energy 

performance of the examined systems towards energy transition. Indicative potential KPIs to 

be included in this dimension are: energy demand and consumption; energy savings; increase in renewable 

energy production; peak load reduction etc. The specific dimension is highly relevant to TA#1 and TA#2 as well 

TA#3 (since issues relevant to smart storage and capabilities of energy storage can be included), and KER#1. 

Most KPIs included in this dimension are expected to be linked with the Success Indicator categories: a) RES 

utilization, b) Storage and c) Energy Savings. KPIs in this dimension can monitor the performance and assess 

the efficiency and effectiveness of the integrated solutions in the energy sector and systems of the city, such 

as the electricity and district heating/cooling grid, RES penetration, at technology, building, building block and 

district level. Energy KPIs should be measured capitalizing on the energy or electrical metrics of the network 

(e.g. voltage/ frequency/peak load etc.), on data collection at building level, among feeders, customers and 

producers based on consumption profiles (e.g. active/reactive power exchanged with the network, usage of 

solar energy, energy for cooling, heating, hot water and lighting), from ICT management while also on model-
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based evaluations with reliable energy models and software that use numerical simulation to obtain data for 

electricity and thermal energy loads, energy flow paths and energy storage levels (e.g. building materials, 

batteries etc.). This dimension of KPIs is strongly affected by the global energy market and the diverse 

expectations of all stakeholder parties engaging in the energy network supply and operations, e.g., Distribution 

System Operators, and the potential of end-users as prosumers/consumers. 

Dimension #2 – Environmental: Adverse impact on the environment is the drive lever for 

transforming the cities into smart ones. Environmental performance is increasingly important 

for smart cities striving to identify environmental risks and factors that impact life quality and 

natural resources and are of utmost importance for smart city planning and operation. Indicative potential 

KPIs to be included in this dimension are: GHG emission reductions, primary energy demand and consumption, 

air quality, noise pollution etc. The specific dimension is highly relevant (directly or indirectly) to all TAs, as 

well KER#1, KER#2 and KER#3. Environmental KPIs will play a pivotal role in the assessment of the 

environmental impact on different areas of application such as energy, storage, and mobility. The selected 

KPIs should be used to evaluate environmental preservation and sustainability in terms of climate change 

mitigation, air quality and other environmental parameters of interest (e.g., waste management and 

treatment) within the examined areas. To this end, environmental KPIs should estimate at minimum, the total 

amount of GHG emissions (including CO2 reduction) and air pollution levels in the pilot districts. Climate 

resiliency and adaptation is also very important. Most KPIs included in this dimension are expected to be linked 

with the Success Indicator categories: a) Environment and b) Building area positively affected. 

Dimension #3 – Mobility: Mobility performance is highly relevant for smart city projects 

considering the convergence of energy and transport sectors, the global EV market uptake 

and the increasing citizens’ needs for sustainable mobility and e-mobility services. Indicative 

potential KPIs to be included in this dimension are: clean mobility utilization, EV charging points, shared EVs, 

EVs utilization etc. The specific dimension is highly relevant to TA#4 since IS-4.2 is dedicated to e-mobility 

integration in the grid and city planning, as well KER#2 and KER#4. KPIs on mobility performance can be used 

to evaluate the targeted e-mobility integration into the smart grid and city planning, and to record the 

sustainability levels of urban mobility in the PEDs, including schemes such as EV sharing. This dimension 

contains KPIs considering and measuring the performance of new e-mobility related technologies (e.g., V2G), 

a growing trend in smart cities due to the added value for both parties, energy and transport. Most KPIs 

included in this dimension are expected to be linked with the Success Indicator category Transportation. 

Dimension #4 – ICT: Trends such as the Internet of Things and the high relevance of information 

platforms in the smart city context, set ICT dimension as a key pillar for technology 

advancements in smart cities, whereas the demonstration and integration of the latest 

generation of ICT solutions will enable data management, privacy and security and data monitoring for the 
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development of new innovative services. Indicative potential KPIs to be included in this dimension are: 

increased system flexibility, quality of open data, ICT response time, improved interoperability etc. The specific 

dimension is highly relevant to TA#4 and TA#5 as well KER#4 and KER#5. ICT is considered a distinct KPI 

dimension in RESPONSE, because it determines specific evaluation targets related with a set of integrated 

solutions towards an integrated and interconnected city ecosystem characterized by increased resilience and 

safety. The KPIs to be included in this dimension should deal with the monitoring and sensible control of the 

proposed technology solutions while also with the achievements of the CIP and the interaction with citizens. 

Significant ICT topics such as Open Data and standardized interfaces, Smart Grid interconnection and increased 

hosting capacity for new loads can also be considered and evaluated in this dimension. KPIs included in this 

dimension are expected to be linked with the Success Indicator category RES utilization although most of them 

are indirectly related to RESPONSE Success Indicators (acting as enablers to achieve impact). 

Dimension #5 – Economic: Economy is one of the three key pillars of sustainable development 

(together with environment and society). The economic performance refers to the business 

efficiency and cost of each application and usage scenario from a market perspective. 

Indicative potential KPIs to be included in this dimension are: annual costs, payback period, return on 

investment, energy consumption reduction costs etc. The green and low-carbon economy requires KPIs that 

can measure economic investments to support growth through smart city policy responses while taking also 

into account social implications and related environmental issues, as for example local job creation, incentives 

for final users in favour of low carbon measures etc. The specific dimension is highly relevant (directly or 

indirectly) to all TAs (since ensuring that proposed integrated solutions are economically appealing is a key 

factor of success for the whole project and future replication), as well KER#4 and KER#5. RESPONSE aims to 

provide market-viable solutions by defining business-oriented KPIs to evaluate the day-to-day performance of 

solutions, actions, tools, and applications. In a world-wide market where the exploitation of innovations (such 

as energy trading of distributed energy resources) is one of the most serious sources of profit, the local 

communities try to promote and support energy efficient measures and solutions targeting to economic and 

business development by reducing the electricity bills and engaging consumers to an energy sensitive attitude. 

Most KPIs included in this dimension are expected to be linked with the Success Indicator categories: a) Cost 

and b) Building area positively affected. 

Dimension #6 – Social: As mentioned in the economic dimension, social development is a pre-

requisite together with environmental and economic development for a sustainable and 

socially just development. KPIs measuring social performance should try to assess the extent 

to which RESPONSE favours collaboration with citizens and provides an open innovation ecosystem. Indicative 

potential KPIs to be included in this dimension are: people reached, degree of users’ satisfaction, local 

community involvement in co-creation processes, raising awareness etc. Social dimension is an integral part 
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for smart city success, setting specific KPIs for a program of policy formation and supportive structures to build 

an energy economy designed specifically around city’s specific strategy and citizens’ needs. The specific 

dimension is highly relevant (directly or indirectly) to all TAs (since all integrated solutions attempt to reach 

and satisfy as many people as possible), as well all KERs. This dimension is significant to estimate the extent to 

which RESPONSE facilitates the involvement of citizens and social actors in the planning, decision-making and 

implementation activities. Expressing social KPIs in a percentage scale or a Likert scale is a common method 

for evaluating impacts and interpreting outcomes. KPIs should evaluate the extent up to which end-users and 

citizens are willing to participate and are affected by the demonstration of solutions and smart city activities. 

KPIs included in this dimension are indirectly linked with all Success Indicator categories since co-creation and 

increased acceptance is at the core of RESPONSE to achieve the defined impacts. 

Dimension #7 – Governance: Governance performance refers to the city governance from the 

side of the municipality administration, planning and evaluation mainly, but also include 

aspects of legal domain regarding the regulatory framework and its compatibility with the 

proposed solutions and implemented policies at project or at city level. This KPI dimension should include of 

a set of indicators which address the aspects that are relevant on the effective Governance of Smart Cities. 

Indicative potential KPIs to be included in this dimension are: legal framework compatibility, e-governance, 

open data etc. The specific dimension is highly relevant to TA#4 and TA#5 (since these TAs require an efficient 

governance model to successfully work and ensure enhanced citizen participation and empowerment), as well 

KER#1, KER#3, KER#4 and KER#5. Governance and legislation are often not flexible enough to follow the 

progress of technologies, especially when these are related to strongly regulated markets (energy and 

mobility). In this regard, the KPIs definition in this dimension is of utmost importance in monitoring the 

government policies and the legislative foundation on which technological solutions are likely to thrive or not. 

Quantified measurements cannot easily be gathered, hence, governance KPIs are expected to be using a 

percentage or 5-point Likert scale with the perspectives of the various stakeholders. Most KPIs included in this 

dimension are expected to be linked with the Success Indicator categories: a) Energy savings and b) Building 

area positively affected, but other categories may be relevant. 

Dimension #8 – Propagation: Propagation performance assesses the potential for wider 

scalability and replicability of the solutions and actions demonstrated. Scalability refers to the 

possibility of increasing the size of a project without compromising its efficiency and 

effectiveness whereas replicability refers to the possibility of applying the same solution/technology to 

achieve the same objective in a different city. Propagation dimension can help including a set of KPIs in the 

framework able to evaluate the suitability of the project to scale-up and exported to other communities or 

regions in the same country or abroad, the ability of citizens or users to access and use systems/solutions and 

the effectiveness of means and ways that allow technologies to scale-up. Indicative potential KPIs to be 
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included in this dimension are: technical compatibility of solutions, diffusion potential etc. The specific 

dimension is highly relevant (directly or indirectly) to all TAs (since facilitating the wider scalability ad 

replicability of all proposed RESPONSE solutions is of major significance for the success of the project), as well 

all KERs. Scalability and replicability can be measured over multiple domains such as systems functionality, ICT 

modularity, technical/social compatibility, etc., by using indicators to describe the extent to which the project 

offers solutions of scaling-up in size or in density and capable of being replicated elsewhere. KPIs included in 

this dimension are indirectly linked with all Success Indicator categories since reaching out further cities in 

Europe and fostering the replication of solutions is at the core of RESPONSE to achieve the defined impacts. 

3.4.2 Ensuring a holistic evaluation by considering the needs of key stakeholder 

groups 

RESPONSE recognizes the importance of stakeholders’ involvement in the various phases of the project (from 

design to implementation and monitoring of results) as a mean to enhance its sustainability. As a result, 

RESPONSE aims to: a) embed co-creation within cities’ vision involving relevant stakeholders to facilitate 

transformation, encompassing approaches such as living labs, etc., b) raise the capacity of stakeholders to 

employ integrated solutions, c) enable the digitalization for the provision of new services for the citizens and 

relevant stakeholders, d) develop co-investment schemes that engage various stakeholders, e) allow the 

optimization of energy exchange among the stakeholders of the PEDs and direct surroundings. RESPONSE 

considers as main stakeholders those: a) whose interests are affected by the Project, b) whose activities affect 

the Project, c) who possess/control information, resources and expertise needed for the implementation of 

the Project and d) whose participation and active involvement is necessary for the successful implementation 

and/or dissemination of results. 

Many interdependencies exist between these stakeholders due to the complexity of Smart City projects, 

meaning that a variety of interests must be aligned. Identifying key stakeholders and clarifying their role and 

interconnections is essential to effectively manage them during the project. Their characterisation is also 

significant to maximize impact and engage them in the most cost-effective and efficient manner. Additionally, 

the active participation of stakeholders is deemed necessary for the successful implementation of the 

solutions and the propagation of results. 

Six (6) key stakeholder groups have been defined for RESPONSE (Figure 10): 1) Energy utilities, 2) Technology 

and Services providers – Industry, 3) Policy-making Bodies and Governance, 4) Citizens, 5) Representative 

Citizen group and 6) Technology and Service providers – Research. This is in line with the outcomes of T1.1 

(Elicitation of citizens and stakeholder requirements, risk perception and user acceptance determinants) 

where more details regarding stakeholder definition and requirements are available.   
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Figure 10  Key stakeholder groups of RESPONSE 

 

Figure 11  The proposed framework for KPIs definition 

The six (6) groups identified to be highly relevant to RESPONSE project represent all stakeholder’s whose 

perceptions, knowledge and experience are deemed necessary in the successful deployment of smart city 

solutions. All stakeholders’ groups identified are being affected or affecting the deployment and roll out of 

solutions in the dimensions of RESPONSE KPI framework. Every stakeholders group is described briefly in the 
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next paragraphs along with its potential relation to the Transformation Axes. Each stakeholder role can 

potentially be cross-cutting affecting or being affected by several KPI dimensions. In section 4, relevant 

stakeholders have been defined for each one of the final KPI included in RESPONSE, with a view to ensure that 

there are adequate KPIs addressing the needs of all stakeholder groups. 

Stakeholder Group # 1 - Energy utilities: The specific stakeholder group includes the distribution system 

operators (DSOs), the energy producers and the energy suppliers (providers), referring not only to electricity 

but also heating/cooling or other types of energy vectors (e.g., natural gas). Energy utilities play an important 

role to TA#1, TA#2 and TA#3 while their cross-cutting nature can affect also TA#4 and TA#5, since they can 

help improve relevant products and processes, profitability and skills in the field while acting as catalysts for 

their delivery. DSOs' role is to operate, maintain and develop the distribution network to ensure that electricity 

(or other type of energy) is delivered to end-users in a secure, reliable, and efficient manner. Issues such as 

the increasing production from intermittent RES, the effective integration of EVs and of demand side flexibility, 

the changing role of future consumers (into prosumers) and the need to provide affordable energy to all, are 

highly affecting DSOs who need to cope with the big technological and socio-economic changes that are 

emerging in the energy sector. Nowadays, the role of the DSO is broader and varies among countries due to 

their heterogeneity and differences in national regulation. It is therefore, of high interest for RESPONSE to 

include the DSO’s perspective related to the integrated solutions to be implemented. Energy producers might 

be centralized (power plants, PV farms, wind farms etc.) or local (local wind/solar energy generation), public 

(public utilities) or private (independent power producer – IPP) and their perspective is also crucial for 

RESPONSE as they produce the energy that meets the market demand. Energy suppliers (providers) act as 

middleman between the energy producers and the consumers, setting rates, buying energy and thus creating 

a competitive electric market. Their role enables customers to pursue energy savings plans and thus are 

directly linked to the energy market and needs of RESPONSE.  

Stakeholder Group # 2 - Technology and Services providers – Industry: The specific stakeholder group 

includes private or public industries and businesses (e.g., construction industry, vehicle manufacturers, EV 

chargers’ operators, social housing companies, ICT developers, advisors, consultants etc.), including SMES and 

start-ups offering leading and innovative solutions for smart and sustainable cities. ESCOs, aggregators and 

utilities are interested in connecting basic energy infrastructure with novel technologies to synergistically 

improve operational excellence, revenue potential and foster sustainable lifestyles. Towards this direction, it 

is essential for RESPONSE to evaluate the impact of the different solutions (e.g., demand response, storage 

and EV management) to the different providers. In all TAs, TSPs will be responsible for developing, executing, 

and supervising the implementation of the solutions. In some cases, their role is also to promote citizen 

participation, empowerment and awareness rising (TA#5) to reach the envisioned impact. TSPs can be utilizers 

of RESPONSE solutions (e.g., local business, tourism operators, construction demolition industry etc.), 
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facilitators (e.g., investors, financial institutions, banks) or providers (e.g., associations, NGOs, umbrella 

organizations, waste collection and recycling industry, housing associations). For TA#2, the traditional utility 

operators and their expected new business roles should be considered. ESCOs and aggregators are agents 

managing flexibility and DR schemes and negotiate on behalf of their customers with the operator for the 

provided services. For TA#4, the role of the TSPs is to implement, maintain and operate the solutions. They 

are responsible for both the development and the commercial exploitation of the solutions in the market. 

They range from traffic management providers and vehicle manufacturers (usually large companies) dealing 

with the priority service and the electric vehicles, respectively, to service providers (usually SMEs) able to 

provide car-sharing services.  

Stakeholder Group # 3 - Technology and Service providers – Research: The specific stakeholder group 

includes knowledge institutes such as research centres and labs, universities etc. The specific actors serve 

mostly as providers for RESPONSE since: a) they can grow the body of knowledge; b) they can boost innovation 

and knowledge distribution; c) they act as data interpreters; d) they support and test new technologies and 

develop synergies to maximize impact. On top of that, knowledge institutes, similarly to industrial TSPs, can 

offer their own technological solutions that are usually characterized by high levels of innovation. As a result, 

this stakeholder group is highly relevant to all TAs.  

Stakeholder Group # 4 - Policy-making Bodies and Governance: The specific stakeholder group includes 

actors who can foster and ensure an efficient and rational decarbonization process such as local authorities 

(e.g., city planning departments, city development and urban environment departments/division, transport 

department), regional and metropolitan bodies, central inter-institutional bodies, EU policy makers and 

standardization/regulation bodies. The specific actors serve mostly as enablers (framework instigators) for 

RESPONSE since: a) they can boost the exploitation of results and the realization of long-term impact, b) they 

can help overcome barriers (especially legal and policy related) and c) they ensure a favourite environment 

for implementation. For RESPONSE, the policy making, and municipal authorities are responsible for providing 

the necessary infrastructure and services that facilitate the implementation of integrated solutions giving the 

opportunity for socio-economic development of the district or city while resulting in the reduction of carbon 

emissions (TA#1). In TA#2, the municipality acts as an enabler for the increase of grid flexibility and for 

increasing citizen awareness for the new services provided by the energy providers. In TA#4, the policy making, 

and governance authorities are responsible for providing mobility services to the citizens trying to reduce 

pollution and increase air quality. Policy-making bodies should also make sure that the vast amount of data 

generated during the implementation and monitoring of smart city solutions are organized and utilized in such 

a way that enhances their decision-making capacity while the governance should increase its ability to get in 

touch and motivate a considerable number of end-users, mainly domestic and SMEs, to increase adoption 

rates (TA#5). 
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Stakeholder Group # 5 - Representative Citizen groups: The specific stakeholder group includes actors (groups 

of citizens) such as residents, non-residential agents with high interest, citizen associations, professional 

associations (e.g., engineers, taxi drivers etc.) etc. whose activities are highly affected and/or affecting 

RESPONSE actions and objectives. Their perspective is of utmost importance towards the citizen-centric 

approach of RESPONSE. The specific actors serve mostly as facilitators for RESPONSE since: a) they can navigate 

complex financing issues, b) they can roll-out RESPONSE results and ensure RESPONSE and replication projects 

are achievable and sustainable, c) they present a high level of engagement and support further 

communication. Representative citizen groups are specifically important as individuals who have the 

willingness and the capacity in creating global fluency, building relationships at local, national and global level 

and driving social change. They are recognized by RESPONSE as a catalysing human asset in communicating 

the benefits of deploying the integrated solutions and driving citizen adoption towards new technological 

paradigms that brings energy efficiency, environmental neutrality, and socioeconomic prosperity. Although 

this stakeholder group is relevant for all TAs, it is of upmost significance for TA#5 since they can have a very 

active and steering role in enhancing citizen engagement and communicating to the wider public intervention 

in RESPONSE target areas. 

Stakeholder Group # 6 – Citizens: The specific stakeholder group includes actors such as residents, 

visitors/tourists, building owners/tenants, commuters, drivers etc. The specific actors serve mostly as end-

users for RESPONSE since: a) they can provide feedback and improvement loops, b) they can act as data 

providers/testers, c) they are definitive to the success or failure of the Project. Citizens encouraged by the 

revised EPBD and the recast of Electricity Markets Directive they are becoming more and more involved in the 

energy system. They are beginning to act both individually and collectively (in Citizen Energy and Renewable 

Energy Communities), but certainly much more decisively, also on climate mitigation initiatives. Citizen 

engagement in the development of innovative services towards a healthy and sustainable urban environment 

nurtures open innovation and accelerates the adoption of energy efficiency measures and solutions. As a 

result, citizen’s perspective is critical for all TAs of RESPONSE and especially TA#5. 

3.5 Tailoring of the RESPONSE KPIs 

This section describes the process followed to:  

a) develop the initial KPI pool (Step 4),  

b) select appropriate to the project KPIs based on pre-defined criteria (Step 5),  

c) iterate with project partners to extract a final KPI list (Step 6) and derive respective outcomes. 

The review of existing KPIs frameworks (Section 3.2) resulted to a large amount of KPIs included in RESPONSE’s 

initial pool of KPIs with a total of 1931 indicators. Some indicators were excluded from the analysis because: 
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a) their definition was not clear or not available;  

b) they were addressing issues that cannot be significantly and directly affected by the implementation of the 

project (e.g. employment at a national level);  

c) were too technology or site-specific oriented (e.g. efficiency of a defined type of heat pump).  

The reason for applying this initial “screening” process, was to facilitate the next step of a more detailed 

evaluation of each indicator by a panel of experts for ensuring that a filtered pool of indicators, including only 

highly relevant indicators will be assessed. In addition, indicators that were similar e.g. in terms of terminology 

or slightly different e.g. in terms of utilizing different units of measurement were included only once in the 

pool. This process reduced significantly the very large number of indicators included in the initial pool, based 

also on the main observation that a lot of frameworks were building upon previous frameworks (and especially 

SCIS) thus repeating relevant information.  

This initial screening process resulted to a pool of 277 indicators covering different dimensions (e.g. energy, 

environmental, economic, ICT, mobility, social, governance, and propagation) that can potentially be adopted 

by smart city projects. However, adopting all these KPIs, would make the monitoring process quite 

overwhelming and nearly impossible to be applied in practice, therefore there was a need to define a clear 

selection/filtering procedure to narrow down the most appropriate KPIs for inclusion into the final RESPONSE’s 

KPIs repository. To address this issue, RESPONSE built upon the selection criteria proposed by the CIVITAS 

framework (also adopted by other projects like CITYkeys) to develop a suitable shortlist of indicators.  

More specifically the following iterative evaluation procedure towards the RESPONSE KPIs list was adopted 

(points 1-3 are referring to Step 5, whereas point 4 is referring to Step 6 of the methodological approach 

applied for this deliverable, see Section 2.1): 

1. Assessment of every KPI included in the pool with the 277 indicators, using a 3-point scoring system per 

criterion (0: The indicator does not satisfy this criterion adequately, 1: The indicator satisfies this criterion 

sufficiently, 2: The indicator fully satisfies this criterion). The evaluation was performed by CERTH based 

on its multi domain expertise and the overall role in the project as the Technical and Innovation 

Coordinator. The following criteria were applied: 

• Relevance: Indicator should have a significant relevance to the RESPONSE project scope and 

objectives as well as importance for the evaluation process. Indicators should serve as much as 

possible the objectives of the LH and FC cities, to support their planned strategies. Furthermore, 

the indicators should be selected and defined in such a way that the implementation of the smart 

city project provides a clear signal in the change of the indicator value. Indicators that are 

influenced by other factors than the implementation of RESPONSE are not suited. Indicators that 
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provide an ambiguous signal (if there is doubt on the interpretation of e.g. an increase in the 

indicator value) are equally not suited. 

• Availability: Data for measuring the indicator should be easily obtainable with limited time and 

effort needed. Indicators should be based if possible, on data that are either: a) available from the 

solution providers or other stakeholders involved in the innovative solution being evaluated; b) or 

can easily be compiled from public sources, and c) or can easily be gathered from interviews, maps, 

or terrain observations. Indicators that require, for instance, extensive interviews of users or 

dwellers received a lower score as the large amounts of data needed are too expensive to gather. 

The same holds for indicators that require extensive recalculations and additional data, such as 

footprint indicators, and some financial indicators. 

• Measurability: The indicator should be capable of being measured, as objectively as possible.  

• Reliability: The definition of the indicator (and the calculation method) should be clear and not 

open to different interpretations.  

• Familiarity: The indicator should be easily understood by users – non experts. RESPONSE has relied 

on indicators from existing indicator sets that generally comply with this requirement, however 

for several cases the indicator’s definition was not clear especially for non-experts. 

The above process resulted in each indicator receiving an aggregated score from 0 (minimum score) to 

10 (maximum score).  

2. Selection of the indicators with the highest score. A cut-off rule of a minimum score of 6 points was set 

for all indicators to be considered for selection.  In case two indicators served the same purpose, the one 

with the highest score was selected, whereas in case of equal scores the indicator with the highest score 

in relevance was selected. The following criteria were further considered while selecting indicators: 

• Completeness: The set of indicators should consider all aspects of the implementation of smart 

city projects. In that respect indicators had to be selected to cover all defined dimensions and 

stakeholders’ perspectives as described in Section 3.3 

• Non-redundancy: The set of indicators should not measure the same aspect of a subtheme. Extra 

care was given as to not include indicators that assess the same parameter (double counting) even 

if the score was higher in comparison with other indicators. 

• Independence: Small changes in the measurements of an indicator should not influence 

preferences assigned to other indicators in the evaluation. 

This process resulted in a reduced number of 92 indicators (from the initial 277), selected to be shared 

with the RESPONSE LHs for further screening and evaluation of relevance (Appendix B). 

3. Iterate with partners towards finalizing the KPI list. Although the above-mentioned criteria are especially 

important for KPIs prioritization, it is also of major significance that these KPIs reflect the opinion and 
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needs of the RESPONSE ecosystem and especially of the LHs. To ensure this, the outcomes from the steps 

described above were shared and iteratively discussed with LH managers and key technology providers 

of RESPONSE. This additional reviewing process resulted in integrating indicators that presented an 

interest for the LHs or excluding some indicators that were assessed as overlapping with another indicator 

or regarded as not relevant to the specific LH ecosystems leading to the finalized RESPONSE’s KPI list. The 

finalized list includes a total of 45 indicators. On a first level and during the KPI selection process, the KPIs 

have been classified into two general categories: Core and Supporting KPIs. Core indicators have been 

identified as extremely relevant to RESPONSE. They should be able to be reported on by all cities and 

provide a basic outline of smartness and sustainability and inform on how higher levels of performance 

can generally be achieved. Supporting indicators provide a more in-depth view of a city and measure 

progress on more advanced/specific initiatives and they are highly recommended; however, they may be 

beyond the current capabilities of some cities to report or too specific for RESPONSE scope. The KPI list 

includes 25 Core and 20 Supporting KPIs. 

4. Configure the scope and the unit of measurement of indicators to improve the effectiveness of evaluation 

and comply with the principles of sustainable development. In many cases, absolute units (e.g. kWh 

consumed) had to be altered into relative ones (e.g. kWh consumed per m2) to strengthen decision 

making. 

The finalized RESPONSE’s KPI list is presented in Section 4. We note that this KPI list is subject to 

changes/updates in tasks that follow T2.1 i.e. T2.2, which aims to establish the monitoring framework and the 

methodology of the KPIs and T2.3, which aims establish the RESPONSE KPI Monitoring Online Platform. 

Potential improvements might be caused if certain KPIs present a high risk for proper evaluation. We note also 

that in addition to the finalized KPI list created through this process, an extra set of 30 Project Success 

Indicators (SIs) have been included to reflect specific objectives of RESPONSE and envisioned impact of the 

project, as defined during the proposal preparation phase. These PSIs have not been part of the selection 

process as their evaluation is on the one hand imperative to meet some of the project’s specific impact as 

established in the proposal stage, and on the other hand they are too simplified and specific, falling outside of 

the frameworks reviewed for the purposes of this task and the dimensions chosen (see subsection 4.9 for 

more details).    

3.5.1 Analytics on evaluation process  

The initial screening process of the 1931 indicators presented in Section 3.2 resulted to a pool of 277 

indicators, which can potentially be adopted by smart city projects covering the dimensions Energy, 

Environmental, Economic, ICT, Mobility, Social, Governance, and Propagation. A breakdown of the percentage 

of indicators reflecting each dimension is presented in Error! Reference source not found..  
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The Energy dimension included the highest number of indicators (51), followed by the Economic (40), Mobility 

(39), Governance (42), Environmental (32), ICT (29), Social (27) and Propagation (17). The dimension of 

“Energy” is of central importance as technology is the motor towards achieving the ambitious goals of smart 

cities whereas energy transition is at the core of EU strategy for climate change mitigation. Technology-driven 

economic development can be supported by the Smart City paradigm as it includes versatile benefits, such as 

cost savings, security, live ability, convenience, satisfaction, and citizen involvement, all of which can be 

associated with economic prosperity, the reason why many indicators are scored as important in this 

dimension. 

The dimension of “Mobility” has also a central role as it has always been important for moving people and 

goods. Especially nowadays, that traffic and communication is of increased importance for facilitating the 

optimization of existing systems, as well as for finding alternative means of transport. Finally, the smart cities 

potential to meet climate and sustainability goals make the dimension “Governance”  as the necessary 

catalyzer for realizing smart city projects and the  “Environmental” dimension the next two most important 

ones followed by the dimension of “ICT” as the backbone for collecting and delivering information at different 

end useri; the “Social” dimension which reflects how individual behaviors can assist in embracing the concept 

of smart city; and the dimension of “Propagation” seen as the catalyst for successful exploitation and roll out 

of smart city solutions. The complete indicator pool is available in ANNEX A.  
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Figure 12 Percentage of indicators (%) included in the eight dimensions of the KPI pool 

 

Figure 13  Score of KPIs including in the pool against evaluation criteria 
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The evaluation process of the KPIs in the repository against the criteria of “Relevance”, “Availability”, 

“Measurability”, “Reliability”, and “Familiarity” resulted to an average score for each criterion in each domain. 

For example, the KPIs in the Energy dimension had a relatively high average score of up to 1.87 for the criterion 

of “Relevance”, while the ICT dimension also scored high against the criterion of “Relevance”, (1.86). Both 

those dimensions have an increased role in the realization of smart city projects and they can both 

demonstrate a clear change mainly in the outputs and the optimization of the energy systems. In terms of 

criterion “Measurability, the dimension of Mobility (1.91), Energy (1.77) and Environmental (1.74) scored high 

as all present a high potential to be quantitively measured.  In terms of the criterion “Reliability”, the Mobility 

dimension scored the highest (1.71), whereas in terms of the criterion “Familiarity” the highest scores were 

observed in the dimension of Propagation (1.63).  The lowest score (0.95) was related to the Social dimension 

against the criterion of “Reliability” and this is explained by the fact that most KPIs in the Social dimension are 

measured with a ratio Likert scale which may reduce reliability in the measurements. Finally, ICT has scored 

low (1.07) on familiarity since the integration and cross-functional operation of the systems can raise the 

difficulty in aggregating the measurements. The results are illustrated in Figure 13. 

3.5.2 The finalized KPI list  

After the above thorough analysis and evaluation utilizing the assessment criteria as well as considering more 

horizontal reasons like directly the existence of an indicator in SCIS platform, as previously mentioned, a 

representative number of the most appropriate indicators related with smart city projects towards energy 

transition and PEDs was decided to be included in RESPONSE’s KPI Repository. Typically, KPIs that have a total 

score of 7 out of 10 satisfying also common city needs and targeted objectives and impacts have been selected. 

Figure 14 depicts a detailed breakdown of the KPIs.  

 

Figure 14  Number of selected indicators included in the 8 dimensions of the finalized KPI list 
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Error! Reference source not found. illustrates the final set of KPIs adopted. The list contains 45 indicators 

categorized per dimension (E: Energy, EN: Environmental, EC: Economic, ICT: ICT, M: Mobility, S: Social, G: 

Governance, P: Propagation), providing also relevant information for each KPI about the various sources 

pertaining to monitoring and evaluation frameworks for smart cities in which the indicator was identified, as 

well as a short KPI description. It should be noted that for the analysis carried out, some KPIs were modified 

accordingly to express in a more meaningful way and exact purpose the project specific needs. In addition, a 

number of KPIs can be quantified capitalizing on a KPI formula whereas other specific KPIs are based on a 

qualitative measuring and assessment process. A detailed description of the KPI cards is provided in Chapter 

4. 

Table 4 Finalized KPI list of RESPONSE smart city project 

KPI Name KPI Sources KPI Definition  

E.1 Energy Demand and 

Consumption (CORE) 

•SCIS;  

•Angelakoglou et al. (2019); 

•Hara at al. (2016); 

•Lombardi et al. (2012);  

•REPLICATE; •MATCHUP 

•ETSI; •U4SCC; •POCITYF 

This indicator assesses the energy efficiency of a 

system for each sector of buildings, transport, 

industry, services ICT, etc., also broken down into 

energy sources (electricity, heating, etc.). The 

energy demand and consumption correspond to 

the energy entering the system in order to keep 

operation parameters (e.g. comfort levels).  

E.2 Energy Savings 

(CORE) 

•SCIS; •ITU-T 

•Angelakoglou et al. (2019);  

•Li et al. (2017);     

•mySMARTLIFE; •POCITYF  

This KPI determines the reduction of the energy 

consumption to reach the same services (e.g. 

comfort levels) after the interventions. 

E.3 Degree of energetic 

self-supply by RES 

(CORE) 

 •SCIS; Angelakoglou et al. 

(2019); • Li et al. (2017); 

•Lombardi et al. (2012); 

•mySMARTLIFE; •U4SSC; 

•SDG; •POCITYF 

The degree of energetic self-supply by RES is 

defined as ratio of locally produced energy from 

RES and the energy consumption over a period of 

time (e.g. month, year). 

E.4 Increase in local 

renewable energy 

production 

(SUPPORTING) 

•CITYkeys; •SCIS; 

•Angelakoglou et al. (2019); 

Akande et al. (2019); •Hara 

et al. (2016); 

•+CityxChange; •POCITYF 

The Percentage increase in the share of local 

renewable energy due to the project. 
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E.5 Reduced energy 

curtailment of RES and 

DER (SUPPORTING) 

•SCIS;  

•Angelakoglou et al. (2019);  

•+CityxChange; •POCITYF 

The indicator assesses the reduction of energy 

curtailment due to technical and operational 

problems such as over voltage, over frequency, 

local congestion, etc. 

E.6 Specific Yield 

(SUPPORTING) 

•SmartEnCity; •POCITYF Metered output energy of a supply system 

related to the size (capacity) of the system. 

E.7 Smart Storage 

Capacity (CORE) 

•Angelakoglou et al. (2019);  

•+CityxChange; •POCITYF 

The KPI includes all the energy storage 

technologies integrated in the city smart grid 

containing electricity, heating and mobility, 

presenting the impact of the project on the use of 

smart energy storage systems. 

E.8 Influence of energy 

storage on cutting peak 

demand (SUPPORTING) 

 

•Li et al. (2017) 

The effect of an energy storage system on 

curtailing peak demand at a given time 

E.9 Heat Recovery Ratio 

(SUPPORTING) 

•GrowSmarter The KPI refers to the percentage ratio of the total 

thermal energy output of the system (MWh) to 

the thermal energy recovered through a waste 

heat recovery technology (MWh). 

E.10 Integrated 

Building Management 

Systems (BMS) in 

Buildings (CORE) 

•U4SCC;  

•ITU-T; •POCITYF 

Percentage of buildings using integrated ICT 

systems to automate building management and 

create flexible, effective, comfortable and secure 

environment.  

E.11 Refurbished 

buildings improving 

energy performance 

(SUPPORTING) 

•REPLICATE Number of buildings subject to refurbishment 

improving their energy profile above the EPBD 

requirements. It is calculated as the share of 

square meters retrofitted versus the total surface 

of the buildings refurbished. 

EN.1 Greenhouse Gas 

Emissions (CORE) 

•SCIS; •Hara et al. (2016); 

•Lombardi et al. (2012); 

•MATCHUP; •U4SCC; •ETSI; 

•ITU-T; •+CityxChange; 

•POCITYF 

The KPI calculates the amount of emissions for six 

major GHGs; carbon dioxide (CO2), methane 

(CH4), nitrous oxide (N2O), hydrofluorocarbons 

(HFCs), perfluorocarbons (PFCs), and Sulphur 

hexafluoride (SF6); 
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EN.2 Carbon Dioxide 

Emission Reduction 

(CORE) 

•SCIS; •CITYkeys; 

•Angelakoglou et al. (2019); 

•Li et al. (2017); •Tan et al. 

(2017); •Dall'O et al. (2017); 

•IRIS; •SmartEnCity; 

•REPLICATE; 

•+CityxChange; •POCITYF 

CO2 emissions can be considered a useful 

indicator to assess the contribution of urban 

development on climate change. The main 

sources are processes related to energy 

generation and transport. 

EN.3 Climate Resilience 

Strategy (CORE) 

•CITYkeys;  

•ETSI; •POCITYF 

 

This indicator assesses to what extent the city has 

a resilience strategy and action plan to 

adapt/respond to climate change, by providing a 

qualitative measure. 

EN.4 Air Quality Index 

(CORE) 

 

•CITYkeys;  

•MATCHUP;  

•U4SCC;  

•ETSI; •POCITYF 

The indicator provides a relative measure of the 

annual average air quality in relation to the 

European limit values (annual air quality 

standards and objectives from EU directives). 

EN.5 Primary Energy 

Demand and 

Consumption 

(SUPPORTING) 

•SCIS;  

•MATCHUP;  

•mySMARTLIFE; •POCITYF 

The indicator of the primary energy 

demand/consumption of every metered system 

encompasses all the naturally available energy 

that is consumed in the supply chain of the used 

energy carriers. 

EN.6 Energy from waste 

resources 

(SUPPORTING) 

•+CityxChange The percentage of electrical and thermal energy 

produced from wastewater treatment, solid 

waste and other liquid waste treatment and other 

waste heat resources, as a share of the district’s 

and/or city’s total energy mix for a given year. 

M.1 Electric Vehicles & 

Low-Carbon Emission 

Vehicles deployed in 

the area (CORE) 

•SCIS; •Angelakoglou et al. 

(2019); •ISO/FDIS 37122: 

2019; •U4SSC; •MATCHUP; 

•REPLICATE; •POCITYF 

Number of electric vehicles (EV) and low-carbon 

vehicles (PHEV & hydrogen) registered in the 

area, in relation to the total number of motorized 

vehicles (four and two wheels). 

 

M.2 Number of EV 

charging stations and 

solar powered V2G 

charging stations 

•Angelakoglou et al. (2019) 

•SCIS; 

•Dall'O et al. (2017); 

•REPLICATE; •POCITYF 

Number of e-charging and V2G stations, public 

and private and fast chargers. The indicator refers 

to the following measurements; Number of total 

stations deployed; along with their locations; e-
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deployed in the area 

(CORE) 

charging stations deployed; V2G stations 

deployed; They could also be expressed as a 

percentage compared to total number of 

stations. 

M.3 Clean mobility 

utilization 

(SUPPORTING) 

•SCIS; •+CityxChange; 

•POCITYF 

The indicator assesses the amount of km in clean 

vehicles, and number of trips in clean vehicles, 

concerning as a means of sustainable mobility. 

M.4 Annual Energy 

delivered by charging 

points (CORE) 

•SmartEnCity; •MATCHUP; 

•mySMARTLIFE; POCITYF 

The KPI refers to the level of use of the EV 

charging infrastructure implemented in the city, 

calculating the total kWh recharged by all types 

of EVs during a year in the public charging 

stations. 

M.5 Shared Electric 

Vehicles and Bicycles 

Penetration Rate 

(CORE) 

•mySMARTLIFE ,•Dall'O et 

al. (2017), •ISO/FDIS 37122 

2019, •U4SSC 

Number of e-vehicles and bicycles that operate in 

the platform and in the community car/bike-

sharing concept. 

ICT.1 Increased System 

Flexibility for Energy 

Players (CORE) 

•SCIS;  

•Angelakoglou et al. (2019); 

POCITYF 

The indicator determines the increased system 

flexibility for the energy utilities as an effective 

way to exploit all resources to respond to a set of 

diversions (e.g. demand changes in a specific time 

interval) and maintain the power balance, in 

terms of load or cost.  

ICT.2 Quality of Open 

Data (CORE) 

•Angelakoglou et al. (2019); 

•POCITYF 

Percentage of data that uses DCAT standards. 

ICT.3 ICT Response Time 

(SUPPORTING) 

•SmartEnCity; 

•mySMARTLIFE; •POCITYF 

The response time of ICT infrastructure is related 

to the services developed and the payload 

(information exchanged) between them, 

applicable to the various ICT actions and services 

in the project. 

ICT.4 Improved 

Interoperability 

(SUPPORTING) 

•CITYkeys The extent to which the project has increased 

interoperability between systems 
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ICT.5 Platform 

Downtime 

(SUPPORTING) 

•Angelakoglou et al. (2019); 

•POCITYF 

The indicator quantifies the platform downtime 

per selected timeframe/ time-unit. 

EC.1 Total Investments 

(CORE) 

•SCIS;  

•Angelakoglou et al. (2019); 

•+CityxChange; •POCITYF 

The KPI is defined as the amount of cumulated 

payments relevant to the energy aspects of the 

systems (e.g. highly efficient envelope in a 

building) including also business as usual cases 

investments. 

EC.2 Total Annual Costs 

(CORE) 

•SCIS;  

•Angelakoglou et al. (2019); 

•POCITYF 

The total annual costs are defined as the sum of 

capital-related annual costs (e.g. interests and 

repairs caused by the investment), requirement-

related costs (e.g. power costs), operation-

related costs (e.g. costs of using the installation) 

and other costs (e.g. insurance). 

EC.3 Payback Period 

(CORE) 

•SCIS;  

•Angelakoglou et al. (2019); 

•CITYkeys;  

•+CityxChange; •POCITYF 

The payback period is the time it takes to cover 

investment costs. It can be calculated from the 

number of years elapsed between the initial 

investment and the time at which cumulative 

savings offset the investment. 

EC.4 Return on 

Investment (ROI) 

(SUPPORTING) 

 

•SCIS; 

•Angelakoglou et al. (2019); 

•+CityxChange; •POCITYF 

The return on investment (ROI) is defined as the 

ratio between the total incomes/net profit and 

the total investment of the project/product etc. 

EC.5 Percentage of the 

Total Distributed 

Energy Resources 

Capacity Traded 

(SUPPORTING) 

• +CityxChange; •POCITYF This KPI measures the amount of Distributed 

Energy Resources (DERs) capacity traded as a 

percentage of the total DERs capacity available. 

EC.6 Energy 

Consumption 

Reduction Cost 

(SUPPORTING) 

•mySMARTLIFE; 

•Angelakoglou et al. (2019) 

This KPI is defined as the sum of total energy 

payments saved per unit of time (Cs). It is the 

difference between measured (C2)and reference 

data (C1). 
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EC.7 Number of patents 

per 100 000 inhabitants 

per year (SUPPORTING) 

ISO 37120: 2018; •U4SCC; 

•Akande et al. (2019); 

•Lombardi et al. (2012); 

•ITU-T 

This KPI is defined as the number of patents per 

100.000 population per year 

S.1 People Reached 

(CORE) 

•CITYkeys;  

•Angelakoglou et al. (2019); 

•mySMARTLIFE; •POCITYF 

Percentage of people in the target group that 

have been reached and/or are activated by the 

project. 

S.2 Local community 

involvement in the 

implementation and 

planning phase (CORE) 

•Angelakoglou et al. (2019); 

•POCITYF 

The extent to which residents/users have been 

involved in the implementation process. 

 

S.4 Degree of 

satisfaction of people 

affected (CORE) 

•mySMARTLIFE.  

•Hara et al. (2016); 

•POCITYF 

The level of satisfaction and acceptance of people 

affected by the actions in the project, from a 

technical point of view; perceived adequateness, 

benefit (e.g. comfort), usefulness, ease of use, 

aesthetics; economic point of view; cost, risk, 

benefit. 

S.5 Increased 

environmental and new 

technologies 

awareness 

(SUPPORTING) 

•CITYkeys; The indicator assesses the extent to which the 

project has used opportunities for increasing 

environmental and new technologies 

awareness and educating about sustainability, 

the environment and new technologies. 

G.1 Legal Framework 

Compatibility (CORE) 

•Angelakoglou et al. (2019); 

•POCITYF 

The level of suitability of the legal framework for 

the integration of; a) RES generation b) symbiotic 

waste-heat c) energy flexibility, d) private and 

public EV penetration and e-mobility e) CIPs for 

energy management and citizen engagement; 

policies. 

 

G.2 Open government 

dataset (SUPPORTING) 

•MATCHUP; 

•mySMARTLIFE;  

•U4SCC;  

•ETSI; •POCITYF 

The indicator measures the number of open 

government datasets per 100.000 inhabitants, 

showing how involved is the local government in 

building a smart city. 

G.3 Online visits to the 

municipal open data 

•ISO/FDIS 37122: 2019; 

•POCITYF 

Number of visits to the municipal open data 

portal in a year per 100 000 population. 
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portal per 100 000 

population (CORE) 

G.4 Percentage of city 

services accessible and 

that can be requested 

online (e-Governance) 

(SUPPORTING) 

•ISO/FDIS 37122: 2019; 

•U4SCC;  

•Lombardi et al. (2012); 

•Dall'O et al. (2017);  

•ITU-T; •POCITYF 

The total number of city services offered to 

people and businesses through a centralized 

Internet interface compared to the total number 

of city services offered by the city. 

P.1 Technical 

compatibility (CORE) 

•CITYkeys; •POCITYF 

 

The extent to which the smart city solution fits 

with the current existing technological 

standards/infrastructures. 

P.2 Solutions to 

development issues 

(SUPPORTING) 

•CITYkeys The extent to which the project offers a solution 

to problems 

P.3 Diffusion to other 

locations (CORE) 

•CITYkeys; •POCITYF The extent to which the project is copied in other 

cities and regions. 

3.6 Categorization of KPIs per evaluation level  

The aggregation of KPIs and specified granularity evaluation levels are presented in this section. The 

aggregation process streamlines the monitoring process and improves the transparency of the upcoming 

assessment. 

3.6.1 From implementations’ output to project’s outcome and impact  

The aforementioned process yielded KPIs that addressed both the technologies to be implemented and 

RESPONSE's impact goals. KPIs centered on ISs are critical for properly monitoring and evaluating the 

effectiveness and progress of each integrated solution. In addition, the expected impacts in accordance with 

the SCC1 call are at the heart of RESPONSE's vision and planned actions. The selected KPIs must provide 

metrics on these impacts, as well as an assessment of the benefits derived from the solution's implementation. 

As a result, the chosen KPIs are divided into two (2) levels based on their focus:  

Output-focused KPIs: These KPIs are tangible indicators for tracking implementation progress and 

effectiveness (e.g. Specific yield, Improved data privacy). As described before, the assessment level can be 

undertaken under the IS and TA grouping. 

Outcome-focused KPIs: These metrics should measure the efficacy of initiatives as well as the higher-level 

targets that RESPONSE will try to achieve (e.g. Energy Savings, Greenhouse gas emissions). The KPIs for 
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assessing the impact-oriented evaluation level are crucial because they can be perceived as the end-result of 

RESPONSE's implementation activities. 

Multiple output-oriented KPIs will track the contribution towards a single impact goal to be measured by the 

impact-oriented KPI. 

3.6.2 From Integrated Solutions to Transformation Axis 

RESPONSE will develop and test Integrated Solutions into two carefully selected demonstration districts of the 

LH cities. Some of the proposed innovative solutions have already proven to be successful in small scale 

projects, while others will be tested in new configurations to allow large scale deployment. For each of the 

solutions, a 3-year period of monitoring is foreseen to ensure that their performance will be analyzed in a 

concrete way and adequate time will be available for adaptations. 

 RESPONSE adopts a City Transformation Strategy comprising of five (5) complimentary Transformation Axes 

(TA#1 - TA#5). The TAs are used to group the ten (10) interdisciplinary Integrated Solutions (IS), according to 

the need they address, under a common umbrella. ISs represent a set of complementary Elements (tools, 

methods, technologies) serving a common goal, whose combined implementation maximizes impact. 

RESPONSE seeks to enable, demonstrate, replicate and accelerate the roll out of ISs consisting of both mature 

and innovative elements. 

The KPIs described in the preceding subsections must thus provide metrics for tracking both the performance 

and impact of each IS (as well as any specific technology within it if appropriate), but also a more 

comprehensive picture of the development, performance, and impact attributes of the TA into which ISs are 

aggregated. Since RESPONSE ISs are multidisciplinary and complementary, each TA created by combining them 

aims towards a more holistic advancement. The progress is related in turn, to particular project goals, so KPIs 

that are important to these goals can be used to measure progress at the TA level. 

 

Table 5 RESPONSE TA and linked Goals 
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These metrics therefore provide a higher-level holistic framework for evaluating RESPONSE's effect as well as 

determining the overall contribution of ISs towards the specified objectives. It should be noted that the 

reference to TA’s and the IS’s that they include does not imply that a specific KPI should be tracked and 

evaluated under that IS only. It rather serves as an indication that IEs pertaining to the specific IS can influence 

and/or feed the KPI, and therefore the IS can be evaluated in part using this indicator. In Table 5 RESPONSE 

TA with the corresponing goals is presented, which consist the basis for the KPI evaluation on the TA level.  

3.6.3 From a building to the city – spatial scale  

RESPONSE aims to turn energy sustainability into a do-able vision by solving the energy trilemma (security, 

equity/affordability, environmental sustainability) at building, block and district levels in smart cities. 

RESPONSE builds upon intelligent integrated and interconnected energy systems coupled with demand-

oriented city infrastructures, governance models and services that foster energy sustainability. RESPONSE will 

inject locally produced renewable energy in the energy mix, while optimising the operations of the energy 

 

TA#1 Objective 1 

Positive Energy Building Systems 
The end-goal of TA#1 is to enable the deployment of NZEB and 

even positive energy buildings 

TA#2 Objective 2 

Local Energy Supply – Low Carbon & 

High Share of Renewables 

The end-goal of TA#2 is to enable the deployment of 100% RES 

power networks 

TA#3 Objective 3 

Sustainable Energy Storage 
The end-goal of TA#3 is to provide more flexibility to the energy 

systems 

TA#4 Objective 4 

Integrated and Interconnected City 

Ecosystems 

The end-goal of TA#4 is to foster innovative systems integration, 

complementing and optimizing the wider energy system 

TA#5 Objective 5 

Citizen-Centric, Resilient and Safe 

Cities 

The end-goal of TA#5 is to ensure that demonstrated solutions 

are co-created by citizens, serving their needs and are socially just 
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systems by integrating storage technologies and smart grid solutions along with advanced monitoring, control 

and automation. RESPONSE builds its energy sustainability upon novel, validated solutions that will be 

deployed in the various TAs. This solutions will be adapted to meet building and district-specific needs, which 

will stimulate:  

• The renovation of existing buildings and the creation of new ones more attractive to stakeholders, 

more reliable and cost-effective and environmentally friendly. 

• Advanced City Information Platforms already operating in the two lighthouse cities to act as a 

technical and organizational framework for increasing city governance efficiency and the operation of 

local innovation ecosystems that will enable data and platform integration over open and 

standardized interfaces;  

• The development of innovative services towards a healthy and sustainable urban environment by 

engaging citizens as prosumers, nurturing open innovation, and speeding up the adoption of circular 

economy practices;  

• The delivery of a local energy system that is more secure, more stable and cheaper for the citizens 

and public authorities that contributes to improvement of air quality by reduction of transport-based 

CO2 emissions, sustainable electricity and heating production at district level; and 

• The demonstration of a set of novel business models, designed in line with the circular economy 

principles. 

In relation to LC-SC3-SCC-1-2019 work program scope (…to realize Europe wide deployment of Positive Energy 

Districts by 2050 and …contribute to the specific objectives of the SET Plan action 3.2 - Smart cities and 

communities - focussing on positive-energy blocks/districts), RESPONSE’s transformation strategy is centered 

around five (5) multidisciplinary and complementary Transformation Axes formed in accordance with the key 

research fields of technological innovations needed to develop and deploy integrated solutions, as defined in 

the SET Plan action 3.2. These solutions (TA#1-5) push energy performance levels significantly beyond the 

levels of current EU building codes, aiming to increase the integration of energy systems, transforming existing 

city districts into self-sustainable and more environmental and citizen-friendly. To realize Europe’s wide 

deployment of Positive Energy Districts (PED) by 2050, RESPONSE will investigate regulatory and socio-

economic barriers that might hinder replication in various mixed urban use districts (KO#10) and will design 

innovative business models to maximize the deployment of smart cities solutions for more PEDs (KO#8). 

RESPONSE will demonstrate solutions in the two LHs, whereas more area has been identified by the FCs for 

replication. This means that the solutions developed need to be not only replicated but also gradually scaled 

up to city level.  Scalability is important for the wide-scale implementation of innovative solutions. It relates 

to the ability to extend the project's reach without jeopardizing its efficiency and effectiveness. Cities that can 

adopt and expand RESPONSE's solutions will become more appealing in terms of living conditions, leading to 
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novel business models and, ultimately, more local job development, both of which will lead to long-term 

growth.  

As a result, KPIs should include a spatial scaling component, and they should be chosen with the appropriate 

expanding character in mind. 

With the aid of SCIS, four (4) spatial levels of assessment were determined in RESPONSE:  

Building level: According to EN 15603, the energy performance of the building is the balance of: a) the 

delivered energy required to meet the energy needs and b) the exported energy. The assessment boundary in 

the building level integrate the energy needs per area of application (heating, cooling, DHW, etc.), energy 

technologies supplying these energy needs, energy storage units, delivered energy to each energy supply unit 

per energy carrier, ICT measures at the building level, mobility measures at the building level and 

socioeconomic measures at the building level. 

Building Block (set of buildings/PEB) level:  PEB refers to the cluster of buildings (>15,000 m2 of floor area and 

> 3 large buildings of different typologies) that have been identified by LHs/FCs to demonstrate/replicate 

solutions also allowing the interaction between the different buildings to be studied. The assessment for a set 

of buildings is done by aggregation of its building units. The indicators can then be calculated for the sum of 

the buildings as a group. 

District (PED) level: PED refers to the wider district area identified by the LHs/FCs where the PEBs are placed 

and where district scale solutions will be further demonstrated and replicated since the ambition is to provide 

district size solutions. The level of district is composed by the aggregation of different entities. Indicators can 

be calculated for the sum of these entities along with district specific KPIs relevant to mobility, ICT measures, 

socioeconomic and environmental aspects. The boundary of the district and corresponding energy flows must 

be defined properly. Following SCIS, the information is required to define the energy system comprises : a) 

Energy carriers used at the implementation area level and the primary energy factors corresponding to this 

area b) Demonstration units involved (buildings, energy supply units (ESU), storage units and distribution 

systems) c) Delivered energy to each ESU and building allocated to the corresponding energy carrier d) Output 

energy of each ESU and, if applicable, output energy exported out of the boundary allocated to the amount of 

delivered energy carrier e) Energy flows between technologies and buildings (which ESU is supplying which 

building or ESU). Due to the complexity of these systems, indicators can only be calculated if a full set of data 

is available. 

City level: The scaling to a city level is a complicated procedure as RESPONSE solutions target building blocks 

and districts. Nevertheless, a generalised evaluation on city level can be performed by focusing on the previous 

granularity levels and projecting impact on a city level.  Similar to the description for the District (PED) level, 



 

72 

D2.1 

RESPONSE KPI Framework 

 

the boundary must be defined properly including all dimensional indicators. Aggregation and averaging 

methods can be used towards this evaluation.  

3.6.4 From present to future – temporal scale 

Answer solutions are designed to endure the test of time and serve as a base for replication in other cities. 

RESPONSE focuses on citizen needs and supports citizen-centric architecture to ensure that the project has a 

long-term impact on the cities. Since RESPONSE is only five (5) years long, it is difficult to determine the success 

of innovative solutions and, in particular, their effect on local communities, solely during that period. This 

means that KPI’s need to account for this time component when evaluating the implementation of the various 

technologies in the LH cities. From an economic/business-related perspective, performance of solutions over 

different time periods is also crucial for minimizing investment risk and encouraging long-term investment. 

RESPONSE also aspires to create ambitious city visions that address urban planning, technological, financial, 

and social issues. In order to achieve this aim, indicators should include the requisite temporal perspective to 

assist cities in evaluating the best solutions. The anticipated strategic effect of RESPONSE is also organized at 

various temporal granularity levels.  To that end, RESPONSE utilizes 4 temporal terms: 

Short-term (1-2 years): In this temporal level, indicators should be evaluated during the project duration. This 

temporal level of evaluation provides important information on the progress of a solution/service during the 

project and its performance relative to the main Objectives of RESPONSE. The smart-city evolution of the LHs 

during RESPONSE lifetime can be easily assessed by evaluation in such short-term intervals. 

Intermediate-term (3-5 years): In this temporal level, indicators should be evaluated during the project 

duration. This temporal level of evaluation provides important information on the progress of a 

solution/service during the project and its performance relative to the main Objectives of RESPONSE and will 

also allow for the selection of best practice solutions to be replicated in the FC cities. The end of this term 

coincides with the end of the project and will provide information on the project’s overall performance and 

impact in the local societies. Aggregation of the short-term level can be used to calculate the indicators by 

summation, averaging etc. whenever this is applicable.   

Long term (until 2030): The post-project assessment falls outside of RESPONSE duration. Nevertheless, cities 

can continue monitoring the performance of solutions and their impact towards their bold city-visions. The 

solutions to be implemented during RESPONSE are not static and their interaction with other city solutions as 

well as performance in the long run should be evaluated in such temporal scale to assess their long-standing 

success and provide feedback for future projects. Scaling up smart solutions -derived at district scale- to the 

wide range of city scale is a rather challenging task. In RESPONSE’s KPI framework, an attempt was made to 

align the defined KPIs with city vision of LH cities to support the post implementation phase.   
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Very long term - VISION (until 2050): Continuing monitoring will provide a better understanding of the long 

term impact of the demonstrated solutions on the move towards acheiving a sustainable, decarbonized and 

energy self-sufficient City, meeting the 2050 targets (local/national plans, SECAP, Bold City-Vision 2050) and 

providing a constant economic Growth through energy sustainability investments. 

3.6.5 Analytics on clustering and evaluation levels 

The RESPONSE KPI repository includes indicators that pertain into various levels of granularity as well as 

orientation (previously described in detail in Sec. 3.5). The clustering procedure has been performed by the 

authors and selected RESPONSE partners (LH managers, TA leaders) in order to aggregate KPIs into the 

different evaluation levels necessary for a transparent, all-inclusive and properly defined monitoring and 

evaluation process. Each KPI has been assessed individually in order to specify:  

1. Temporal Scale of Evaluation: Different time points of evaluation were assessed for each specific KPI 

in order to identify the: a) different time intervals during the project lifetime that each indicator 

should be measured (daily, monthly, yearly) , b) unique measurements i.e. only once at project end, 

or c) continuous evaluation during the project. Multiple choices (more than one) for the temporal-

scale evaluation were regarded as possible.  

2. Spatial scale of evaluation: KPIs were analyzed also in terms of spatial scale evaluation i.e. technology 

level, building level, PEB level, PED level or City level. Multiple (more than one) choices for this spatial 

scale of evaluation were regarded as possible.  

3. SCIS reporting: KPIs were also analyzed in terms of whether they are reported to SCIS in order to 

facilitate the identification of the RESPONSE KPIs that could be provided to the SRT tool of SCIS 

appropriate for presenting the smart city projects.  

Figure 15 shows the evaluation levels and clusters along with the number of KPIs belonging to each per 

dimension. We summarize the population of each level and cluster along with some specific attributes 

extracted from this procedure as follows:  

• In the temporal scale of evaluation, 5 KPIs will be monitored on a continuous basis, 4 KPIS on an 

hourly basis, 5 KPIs on a daily basis, 13 KPIs on a monthly basis and 25 KPIs on a yearly basis. The 

hourly time interval for monitoring KPIs concern only those KPIs that measure: energy savings (E2), 

energetic self-supply by RES (E3), influence of energy storage on cutting peak demand (E8) and air 

quality index (EN4) and reflect mainly energy and environmental related indicators. Energy and 

mobility indicators are mainly reported yearly, environmental indicators are mainly reported monthly, 

while ICT indicators are mainly reported continuously. 

• In the spatial scale of evaluation, 14 (31%) KPIs are to be evaluated on a Technology level, 20 KPIs 

(44%) are to be evaluated on a Building level, 23 (51%) on a Building Block level (PEB), 38 (84%) on a 
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District level (PED) and 37 (82%) on a City level. KPIs dealing with Mobility are to be evaluated only on 

a district and city level, owed to their broader granularity of application. KPIs dealing with 

“Governance” are to be evaluated only on city level. 8 (18%) KPIs are to be evaluated on all five spatial 

levels, 10 (22%) on four out five spatial levels, 7 (15%) on three out of five, 16 (35%) on two out of 

five, while 6 (13%) KPIs on only one spatial level. For example, KPI - E.2 Energy Savings applies to all 

spatial granules as energy related interventions might be applicable on a building (e.g. BMS), PEB (e.g. 

PV systems), PED (e.g. DHC) or city (e.g. V2G). Contrarily, KPI - G.1 Legal Framework Compatibility 

shall be evaluated only on a city level as it assesses to what extent a compatible legal framework 

exists to allow for the propagation of the demonstrated technologies. 

• In the SCIS Classification it is noted that 16 (36%) KPIs are SCIS reporting indicators.  

The clustering and evaluation levels are included in the KPI cards presented in Section 4. The 

distribution/clustering of the finalized KPIs into Transformation Axis and Integrated Solutions is presented in 

table formats in Annex B. 

 

Figure 15 KPI evaluation levels and clusters 

3.6.6 RESPONSE Meeting the Sustainable Development Goals 

RESPONSE is built around an energy sustainability and climate change conscious perspective to form 

innovative and scalable solutions (TA#1- TA#5) that directly contribute to 2030 Agenda for Sustainable 

Development and contribute to energy security, energy equity and environmental sustainability.   
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Table 6 RESPONSE Sustainable Development Goals and Related KPIs 

 

RESPONSE’s portfolio of solutions enables safe, smart, efficient, and healthy housing, environmental- and 

user-friendly mobility, interconnected, sustainable and citizen oriented urban ecosystems, favoured by 

decarbonization of power networks and increased penetration of renewables. Both RESPONSE LHs are 

committed to reducing their CO2 emissions by at least 20% until 2020 whereas both LH and all FCs will 

capitalize the experiences gained during RESPONSE to set ambitious targets (at least 40% CO2 reduction by 

2030 and >85% to positive energy cities until 2050. The implemented strategy to achieve the above goals will 

be explicitly articulated fostering the replication potential and roll-out of the deployed IS.  

To facilitate and outline the RESPONSE contribution to the Sustainable Development Goals each KPI is linked 

with suitable SDGs. The contribution to the SDG as derived by the project KPIs are presented in Table 6. 

Sustainbale Development Goals Related KPIs 

SDG1: No Poverty 
EC6 

SDG3: Good Health and Wellbeing EN4, 

SDG5: Gender Equality 
S1, S2, S3, S4 

SDG7: Affordable and Clean Energy 

E1, E2, E3, E4, E5, E6, E7, E8, E9, EN5, EN6, M4, 

ICT1, EC1, EC3, EC5, EC6, S1, S2, S3, S4, G1, G2, 

G3, G4, P1, P2, P3 

SDG9: Industry, Innovation and Infrastructure M1, M2, M3, M5, ICT1, EC7, P1, P2, P3 

SDG11: Sustainable Cities and Communities 

E4, E5, E10, E11, EN1, EN2, EN3, EN4, EN6, M1, 

M2, M3, M4, M5, ICT1, ICT2, ICT3, ICT4, ICT5, 

EC1, EC2, EC3, EC4, EC5, EC6, EC7, S1, S2, S3, S4, 

G1, G2, G3, G4, P1, P2, P3 

SDG12: Responsible Consumption and Production 
E1, E2, E4, E11, EN5, EN5, EC6 

SDG13: Climate Action 
EN1, EN2, EN3, S2, S3, S4, G1, P2, P3 

SDG15: Life on Land 
EN3 

SDG16: Peace, Justice and Strong Institutions 
ICT2, ICT5 
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Chapter 4 – RESPONSE KPIs 

4. RESPONSE KPIs 

In the specific chapter the KPI cards of all KPIs included in the final RESPONSE repository, extracted according 

to the process presented in section 3.5, have been developed and are provided. The KPI cards serves as the 

I.D. of each KPI including key information and details such as the KPI definition, evaluation formulas, 

recommended data sources, units of measurement etc. The generic template of RESPONSE KPI cards is 

presented in Figure 16. More specifically, the KPI card is separated into three main Parts each of which serves 

a different goal. 

Part A – KPI Profile: The specific part includes some generic information and details that can facilitate the 

comprehension of the KPI and its relevance to smart cities context: 

• KPI Name: The full name of the KPI.    

• Type: Indication on whether the KPI is Core or Supporting. 

• Description: Definition of the indicator and background information. 

• Linked SDGs: UN’s Sustainable Development Goals that are highly relevant to the specific KPI (the 

improvement of the specific KPI supports the respective Goals). 

• SCIS Classification: Indication on whether the specific KPI is included in SCIS framework, and if it is, 

link with the relevant KPI code. 

Part B – KPI Calculation: The specific part includes key information and recommendations that can facilitate 

the successful estimation and monitoring of the KPI: 

• Unit: The proposed unit of the KPI.    

• Baseline Estimations Required: Indication on whether the KPI requires a baseline estimation. 

• KPI Formula: The mathematical (if applicable) formula to be used for the KPI calculation, separated 

per spatial scale of evaluation if appropriate (e.g., in case the formula changes and/or providing 

further guidance on how to move from one level to the other). 

• Spatial Scale of Evaluation: The spatial levels in which the KPI should be evaluated. 

• Recommended Data Sources: Recommendations on potential sources to be utilized for data 

collection. 

• Life Cycle Compatibility: Indication of whether the specific KPI can benefit from implementing a Life 

Cycle approach (e.g., through the utilization of LCA software). 

• Recommended time interval of KPI reporting: Recommendation on the necessary reporting time 

interval (how often should the KPI be reported). 
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• Recommended time interval for data monitoring: Recommendation on the necessary data 

acquisition time interval (how often should data for this KPI be collected and monitored). 

Part C – KPI Governance and Clustering: The specific part includes key information relevant to the 

management of the KPI and its relevance to project’s TAs, IS, KERs and Success Indicators: 

• KPI Responsible: Project partner(s) responsible for the processing of data into KPI. 

• Data Provider: Project partner(s) responsible for the collection of specific data to feed KPI calculation. 

• Relevant Stakeholders: The stakeholders (as defined in Section 3) associated to this KPI. 

• Linked TA: Indication of whether this KPI is relevant to the interventions and objectives of TAs. 

• Linked IS: Indication of whether this KPI is relevant to the interventions and objectives of IS. 

• Linked KERs: Indication of whether this KPI is relevant to RESPONSE KERs. 

• Linked Success Indicator Categories: Indication of whether this KPI is relevant to RESPONSE Success 

Indicator Categories. 

Sections below present the KPI cards per RESPONSE dimension. In each dimension, the list of KPIs is structured 

with the Core KPIs first followed by the Supporting ones. The KPI list includes 25 Core and 20 Supporting KPIs. 

Core KPIs have been identified as extremely relevant to RESPONSE - they should be able to be reported by all 

cities, providing a basic outline of smartness and sustainability, and showing that higher levels of performance 

can generally be achievable. Supporting indicators provide a more in-depth view of a city and measure 

progress on more advanced/specific initiatives and they are highly recommended; however, they may be 

beyond the current capabilities of some cities to report or are too specific for the scope of RESPONSE. The 

finalized KPI list and associated cards are subject to changes/updates in the following tasks of WP2 as 

measuring methodology, data collection and ownership are to be refined – leaving room for improvement and 

potential exclusion of KPIs with high-risk of proper evaluation.  
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PART A: KPI Profile 

KPI Name:  Type: CORE SUPPORTING 

Description: 
 
 

Linked SDGs:  SCIS Classification:  

PART B: KPI Calculation 

Unit:  Baseline Estimations Required: YES NO 

KPI Formula: 

Technology Level: 

 

Building Level:  

 

Building Block Level: 

 

District Level: 

 

City Level: 

 

Spatial Scale of 
Evaluation: 

Technology Level:   

Recommended 
Data Sources: 

 

Building Level:  

Building Block Level (PEB):  

District Level (PED):  

City Level:  

Life Cycle 
Compatibility: 

YES NO 

Recommended 
time interval of 
KPI reporting:  

 
Recommended 
time interval for 
data monitoring: 

 

PART C: KPI Governance and Clustering  

KPI 
Responsible: 

 

Relevant 
Stakeholders: 

Energy Utilities  

TSPs - Industry  

TSPs - Research  

Data Provider: 

 Policy-making Bodies/Governance  

Representative Citizen Groups  

Citizens  

Linked TA: TA#1  TA#2  TA#3  TA#4  TA#5  

Linked IS: 
IS-1.1  IS-2.1  IS-3.1  IS-4.1  IS-5.1  

IS-1.2  IS-2.2  IS-3.2  IS-4.2  IS-5.2  

Linked KERs: KER#1  KER#2  KER#3  KER#4  KER#5  

Linked Success 
Indicator 
Categories: 

ENVIRONMENT  ENERGY SAVINGS  BUILDING 
AREA 

POSITIVELY 
AFFECTED 

 

TRANSPORTATION  RES UTILIZATION  

STORAGE  COST  

Figure 16 RESPONSE KPI card template  
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4.1 KPIs in Energy Dimension  

4.1.1 Energy demand and consumption 

PART A: KPI Profile 

KPI Name: Energy demand and consumption Type: CORE SUPPORTING 

Description: 

The energy demand/consumption corresponds to the final energy needed/ consumed 
by the end users or system in order to ensure system operation in providing certain 
energy services (e.g., comfort levels). The final energy demand is based on the calculated 
(e.g., simulated) figures and the final energy consumption is based on the monitored 
data. To enable the comparability between systems, the total final energy 
demand/consumption is related to the size of the system (when applicable) and the time 
interval. This indicator can be used to assess the energy efficiency of a system. All forms 
of energy need to be considered, including electricity, natural gas or thermal energy for 
heating, and cooling and fuels. These will be given in different units of energy (kWh, GJ, 
m3), but they all must be calculated or converted to kWh of energy to be able to sum up 
the separately calculated energy consumptions and achieve the total energy 
consumption of the area. The energy consumption of other sectors such as buildings, 
transport, industry, public services (e.g., lighting) especially related to RESPONSE 
demonstration activities should be considered when calculating the total final energy 
consumption and demand. 

Linked SDGs: SDG 7, SDG 12 SCIS Classification: YES – SCIS KPI 2.5.1 

PART B: KPI Calculation 

Unit: 
kWh/ (m2*month) 
kWh/(m2*year) 
kWh/year 

Baseline Estimations Required: YES NO 

KPI Formula: 

Building Level:  

𝐸𝑑 =
𝑇𝐸𝑑 + 𝐸𝐸𝑑

𝐴𝑑
 

𝐸d = Final Energy demand (simulated)  
𝑇𝐸d = Final Thermal energy demand (simulated) [kWh/ (month); kWh/ (year)]  
𝐸𝐸d = Final Electrical energy demand (simulated) [kWh/ (month); kWh/(year)]  
𝐴b = Floor area of the building [m2]  
**In case natural gas is to be monitored, the specific final demand should be added too 
[units of m3 should be converted to kWh by multiplying with the energy potential of the 
gas during the period in question) 

𝐸𝐶 =
𝑇𝐸𝐶 + 𝐸𝐸𝐶

𝐴𝑏
 

𝐸C = Final Energy consumption (monitored)  
𝑇𝐸C = Final Thermal energy consumption (monitored) [kWh/(month); kWh/(year)]  
𝐸𝐸C = Final Electrical energy consumption (monitored) [kWh/(month); kWh/(year)]  
𝐴b = Floor area of the building [m2] 
**In case natural gas is to be monitored, the specific final consumption should be added 
to [units of m3 should be converted to kWh by multiplying with the energy potential of 
the gas during the period in question) 

Building Block/District/City Level: 

𝐸𝑑𝑖𝑠𝑡𝑟𝑖𝑐𝑡 𝑑𝑒𝑚𝑎𝑛𝑑 = ∑ 𝐸𝑑 

𝐸𝑑𝑖𝑠𝑡𝑟𝑖𝑐𝑡 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 = ∑ 𝐸𝑐 
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The total final energy consumption and demand should be also provided in absolute 
values (kWh/year) especially in systems where the normalization is not relevant (ICT, 
transport, etc). Baseline values should be provided too. 

Spatial Scale of 
Evaluation: 

Technology Level:   

Recommended 
Data Sources: 

Relevant data can be extracted 
from energy meters and/or 
simulations and/or database. 

Building Level: Χ 

Building Block Level (PEB): Χ 

District Level (PED): Χ 

City Level: Χ 

Life Cycle 
Compatibility: 

YES NO 

Recommended 
time interval of 
KPI reporting:  

Monthly; Annually 
Recommended 
time interval for 
data monitoring: 

Daily (if possible); Monthly 

PART C: KPI Governance and Clustering  

KPI 
Responsible: 

SEE APPENDIX C AND D 

Relevant 
Stakeholders: 

Energy Utilities X 

TSPs - Industry X 

TSPs - Research X 

Data Provider: SEE APPENDIX C AND D 

Policy-making Bodies/Governance X 

Representative Citizen Groups X 

Citizens X 

Linked TA: TA#1 X TA#2 X TA#3  TA#4  TA#5  

Linked IS: 
IS-1.1 X IS-2.1 X IS-3.1  IS-4.1  IS-5.1  

IS-1.2 X IS-2.2 X IS-3.2  IS-4.2  IS-5.2  

Linked KERs: KER#1 X KER#2  KER#3  KER#4  KER#5  

Linked Success 
Indicator 
Categories: 

ENVIRONMENT  ENERGY SAVINGS  BUILDING AREA 
POSITIVELY 
AFFECTED 

 

TRANSPORTATION  RES UTILIZATION X 

STORAGE  COST  
 

4.1.2 Energy savings 

PART A: KPI Profile 

KPI Name: Energy savings Type: CORE SUPPORTING 

Description: 

This KPI determines the reduction of the final energy consumption to reach the same 
services (e.g., comfort levels) after the interventions, taking into consideration the final 
energy consumption from the reference period. It may be calculated separately 
determined for thermal (heating or cooling) energy and electricity, or as an addition of 
both to consider the total savings. It might also be calculated as a percentage. The energy 
savings have to be provided also broken down into each sector: buildings, transport, 
industry, public services (e.g., lighting), etc. 

Linked SDGs: SDG 7, SDG 12 SCIS Classification: YES – SCIS KPI 2.1.2 

PART B: KPI Calculation 

Unit: 
kWh/ (m2∙year)  
MWh/(year) 
% 

Baseline Estimations Required: YES NO 

KPI Formula: 

All Levels: 

𝐸𝑆𝑇 = 𝐸𝑅𝑇 − 𝑇𝐸𝐶  

𝑜𝑟 𝑖𝑛 %: 𝐸𝑆𝑇 = 1 −
𝑇𝐸𝐶

𝐸𝑅𝑇
 

𝐸𝑆T = Thermal energy savings 
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𝑇𝐸C = Thermal energy consumption of the demonstration-site [kWh/(m2 year) ; 
MWh/(year)]] 
𝐸𝑅T = Thermal energy reference demand or consumption (simulated or monitored) of 
demonstration-site [kWh/(m2 year) ; MWh/(year)]]. 

𝐸𝑆𝐸 = 𝐸𝑅𝐸 − 𝐸𝐸𝐶  

𝑜𝑟 𝑖𝑛 %: 𝐸𝑆𝐸 = 1 −
𝐸𝐸𝐶

𝐸𝑅𝐸
 

𝐸𝑆E = Electric energy savings 
E𝐸C = Electric energy consumption of the demonstration-site [kWh/(m2 year) ; 
MWh/(year)] 
𝐸𝑅E = Electric energy reference demand or consumption (simulated or monitored) of 
demonstration-site [kWh/(m2 year) ; MWh/(year)]]. 

𝐸𝑆𝑡𝑜𝑡𝑎𝑙 = 𝐸𝑅𝐸 + 𝐸𝑅𝑇 − 𝑇𝐸𝐶 − 𝐸𝐸𝐶  

𝑜𝑟 𝑖𝑛 %: 𝐸𝑆𝑡𝑜𝑡𝑎𝑙 = 1 −
𝑇𝐸𝐶 + 𝐸𝐸𝐶

𝐸𝑅𝑇 + 𝐸𝑅𝐸
 

Spatial Scale of 
Evaluation: 

Technology Level:  X 

Recommended 
Data Sources: 

Data for consumption (as well as 
reference values) can be 
provided by energy utilities from 
energy meters.   

Building Level: X 

Building Block Level (PEB): X 

District Level (PED): X 

City Level: X 

Life Cycle 
Compatibility: 

YES NO 

Recommended 
time interval of 
KPI reporting:  

Monthly; Annually (depending 
on the system and refinement 
level needed) 

Recommended 
time interval for 
data monitoring: 

Hourly; monthly; Annually 
(depending on the system and 
refinement level needed) 

PART C: KPI Governance and Clustering  

KPI 
Responsible: 

SEE APPENDIX C AND D 

Relevant 
Stakeholders: 

Energy Utilities X 

TSPs - Industry X 

TSPs - Research X 

Data Provider: SEE APPENDIX C AND D 

Policy-making Bodies/Governance X 

Representative Citizen Groups X 

Citizens X 

Linked TA: TA#1 X TA#2 X TA#3  TA#4  TA#5  

Linked IS: 
IS-1.1 X IS-2.1 X IS-3.1  IS-4.1  IS-5.1  

IS-1.2 X IS-2.2 X IS-3.2  IS-4.2  IS-5.2  

Linked KERs: KER#1 X KER#2  KER#3  KER#4  KER#5  

Linked Success 
Indicator 
Categories: 

ENVIRONMENT  ENERGY SAVINGS X BUILDING AREA 
POSITIVELY 
AFFECTED 

 

TRANSPORTATION  RES UTILIZATION X 

STORAGE  COST  
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4.1.3 Degree of energetic self-supply by RES 

PART A: KPI Profile 

KPI Name: 
Degree of energetic self-supply by 
RES 

Type: CORE SUPPORTING 

Description: 

The degree of energetic self-supply by RES is defined as ratio of locally produced energy 
from RES and the final energy consumption over a period of time (e.g., month, year). The 
degree of energetic self-supply (DE) is separately determined for thermal (heating or 
cooling) and electrical energy. The quantity of locally produced energy is interpreted as 
by renewable energy sources (RES) produced energy. 

Linked SDGs: SDG 7, SDG 11 SCIS Classification: YES – SCIS KPI 2.1.3 

PART B: KPI Calculation 

Unit: % Baseline Estimations Required: YES NO 

KPI Formula: 

Building/Building Block/District/City Level: 

𝐷𝐸𝑇 =
𝐿𝑃𝐸𝑇

𝑇𝐸𝐶
∙ 100 

𝐷𝐸𝑇 = Degree of thermal energy self-supply based on RES 

𝐿𝑃𝐸𝑇 = Locally produced thermal energy [kWh/month; kWh/year] 

𝑇𝐸𝐶  = Final thermal energy consumption (monitored) [kWh/(month); kWh/(year)] 

𝐷𝐸𝐸 =
𝐿𝑃𝐸𝐸

𝐸𝐸𝐶
∙ 100 

𝐷𝐸𝐸 = Degree of electrical energy self-supply based on RES 

𝐿𝑃𝐸𝐸 = Locally produced electrical energy [kWh/month; kWh/year] 

𝐸𝐸𝐶  = Electrical energy consumption (monitored) [kWh/(month); kWh/(year)] 

Spatial Scale of 
Evaluation: 

Technology Level:   

Recommended 
Data Sources: 

Relevant data can be extracted 
from energy meters and/or 
simulations and/or database. 

Building Level: X 

Building Block Level (PEB): X 

District Level (PED): X 

City Level: X 

Life Cycle 
Compatibility: 

YES NO 

Recommended 
time interval of 
KPI reporting:  

Monthly; Annually (depending 
on the system and refinement 
level needed) 

Recommended 
time interval for 
data monitoring: 

Daily; Monthly; Annually 
(depending on the system and 
refinement level needed) 

PART C: KPI Governance and Clustering  

KPI 
Responsible: 

SEE APPENDIX C AND D 

Relevant 
Stakeholders: 

Energy Utilities X 

TSPs - Industry X 

TSPs - Research X 

Data Provider: SEE APPENDIX C AND D 

Policy-making Bodies/Governance  

Representative Citizen Groups  

Citizens  

Linked TA: TA#1 X TA#2 X TA#3 X TA#4  TA#5  

Linked IS: 
IS-1.1 X IS-2.1 X IS-3.1 X IS-4.1  IS-5.1  

IS-1.2 X IS-2.2 X IS-3.2 X IS-4.2  IS-5.2  

Linked KERs: KER#1 X KER#2  KER#3  KER#4  KER#5  

Linked Success 
Indicator 
Categories: 

ENVIRONMENT  ENERGY SAVINGS  BUILDING AREA 
POSITIVELY 
AFFECTED 

 

TRANSPORTATION  RES UTILIZATION X 

STORAGE  COST  
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4.1.4 Increase in local renewable energy production 

PART A: KPI Profile 

KPI Name: 
Increase in local renewable energy 
production 

Type: CORE SUPPORTING 

Description: 

The share of renewable energy production in itself gives an idea of the rate of self-
consumption of locally produced energy, which is an indicator of the flexibility potential 
of the local energy system. The indicator should account for the increase of the 
renewable energy generation due to the intervention. In case biomass is used to 
generate energy, the transport distance is limited to 100 km. Renewable energy shall 
include both combustible and non-combustible renewables (ISO/DIS 37120, 2013). 
Noncombustible renewables include geothermal, solar, wind, hydro, tide and wave 
energy. For geothermal energy, the energy quantity is the enthalpy of the geothermal 
heat entering the process. For solar, wind, hydro, tide and wave energy, the quantities 
entering electricity generation are equal to the electrical energy generated. The 
combustible renewables and waste (CRW) consist of biomass (fuelwood, vegetal waste, 
ethanol) and animal products (animal materials/waste and sulphite lyes), municipal 
waste (waste produced by the residential, commercial and public service sectors that are 
collected by local authorities for disposal in a central location for the production of heat 
and/or power) and industrial waste. 

Linked SDGs: SDG 7, SDG 11, SDG 12 SCIS Classification: - 

PART B: KPI Calculation 

Unit: % Baseline Estimations Required: YES NO 

KPI Formula: 

Building/Building Block/District/City Level: 

𝐿𝑅𝐸𝐺 =
𝐸𝑅𝐸𝑆𝑅&𝐼 − 𝐸𝑅𝐸𝑆𝐵𝑎𝑈

𝐸𝐶
 

LREG = Annual Local Renewable Electricity Generation  
ERES = Annual electricity generated by RES  
EC = Annual Electricity consumption 

𝐿𝑅𝐸𝐺 =
𝐻𝑅𝐸𝑆𝑅&𝐼 − 𝐻𝑅𝐸𝑆𝐵𝑎𝑈

𝐻𝐶
 

 
LRHG = Annual Local Renewable Heating/Cooling Generation  
ERES = Annual Heating/Cooling generated by RES  
EC = Annual Heating/Cooling consumption 

Spatial Scale of 
Evaluation: 

Technology Level:   

Recommended 
Data Sources: 

Relevant data can be extracted 
from energy meters. 

Building Level: X 

Building Block Level (PEB): X 

District Level (PED): X 

City Level: X 

Life Cycle 
Compatibility: 

YES NO 

Recommended 
time interval of 
KPI reporting:  

Monthly; Annually (depending 
on the system and refinement 
level needed) 

Recommended 
time interval for 
data monitoring: 

Daily; Monthly; Annually 
(depending on the system and 
refinement level needed) 

PART C: KPI Governance and Clustering  

KPI 
Responsible: 

SEE APPENDIX C AND D 
Relevant 
Stakeholders: 

Energy Utilities X 

TSPs - Industry X 

TSPs - Research X 

Data Provider: SEE APPENDIX C AND D 
Policy-making Bodies/Governance  

Representative Citizen Groups X 
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Citizens X 

Linked TA: TA#1 X TA#2 X TA#3  TA#4  TA#5  

Linked IS: 
IS-1.1 X IS-2.1 X IS-3.1  IS-4.1  IS-5.1  

IS-1.2 X IS-2.2 X IS-3.2  IS-4.2  IS-5.2  

Linked KERs: KER#1 X KER#2  KER#3  KER#4  KER#5  

Linked Success 
Indicator 
Categories: 

ENVIRONMENT  ENERGY SAVINGS  BUILDING AREA 
POSITIVELY 
AFFECTED 

 

TRANSPORTATION  RES UTILIZATION X 

STORAGE  COST  
 

4.1.5 Reduced energy curtailment of RES and DER 

PART A: KPI Profile 

KPI Name: 
Reduced energy curtailment of RES 
and DER 

Type: CORE SUPPORTING 

Description: 

Reduction of energy curtailment due to technical and operational problems such as over 
voltage, over frequency, local congestion, etc. The integration of ICT and monitoring will 
have an impact on producers, as the time for curtailment will be reduced, and the 
operative range will be wider. This indicator can be measured as the percentage of GWh 
electricity curtailment from DER reduction of R&I solution compared to BaU for a period 
of time, i.e., a year. 

Linked SDGs: SDG 7, SDG 11 SCIS Classification: 
YES - SCIS Supporting 
KPI 

PART B: KPI Calculation 

Unit: % Baseline Estimations Required: YES NO 

KPI Formula: 

Technology/Building/Building Block/District Level: 

𝐸𝑛𝐼 =
𝐸𝑛𝐼𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒 − 𝐸𝑛𝐼𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑

𝐸𝑛𝐼𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒
∙ 100 

Where: 
𝐸𝑛𝐼 is the percentage reduction in energy not injected in network due to technical and 

operational problems conditions [% in MWh]. 
𝐸𝑛𝐼𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒  is the total energy not injected in network due to technical and operational 

problems under baseline condition [MWh]. 
𝐸𝑛𝐼𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 measured is the total energy not injected in network due to technical and 

operational problems under new measured condition [MWh] 

Spatial Scale of 
Evaluation: 

Technology Level:  X 

Recommended 
Data Sources: 

Data collection from energy 
meters and monitoring devices. 

Building Level: X 

Building Block Level (PEB): X 

District Level (PED): X 

City Level:  

Life Cycle 
Compatibility: 

YES NO 

Recommended 
time interval of 
KPI reporting:  

Annually 
Recommended 
time interval for 
data monitoring: 

Daily; Monthly; Annually 

PART C: KPI Governance and Clustering  

KPI 
Responsible: 

SEE APPENDIX C AND D Relevant 
Stakeholders: 

Energy Utilities X 

TSPs - Industry X 

TSPs - Research X 

Data Provider: SEE APPENDIX C AND D Policy-making Bodies/Governance  



 

87 

D2.1 

RESPONSE KPI Framework 

 

Representative Citizen Groups  

Citizens  

Linked TA: TA#1  TA#2 X TA#3 X TA#4  TA#5  

Linked IS: 
IS-1.1  IS-2.1 Χ IS-3.1  IS-4.1  IS-5.1  

IS-1.2  IS-2.2 Χ IS-3.2 X IS-4.2  IS-5.2  

Linked KERs: KER#1 X KER#2  KER#3  KER#4  KER#5  

Linked Success 
Indicator 
Categories: 

ENVIRONMENT  ENERGY SAVINGS X BUILDING AREA 
POSITIVELY 
AFFECTED 

 

TRANSPORTATION  RES UTILIZATION X 

STORAGE  COST  
 

4.1.6 Specific Yield 

PART A: KPI Profile 

KPI Name: Specific Yield Type: CORE SUPPORTING 

Description: 

Metered output energy of a supply system related to the size (capacity) of the system. 
The specific yield is the calculated or metered output energy of a supply system related 
to the size (capacity) of the system. It is often provided as an annual or monthly value – 
for more refined evaluation   a higher resolution is adequate. All energy supply units have 
a peak power load, heat exchangers all have a surface area, and so these are taken as 
the related size of the system. The system size is either described by the surface area 
(e.g., collector area of solar thermal systems) or the peak power (e.g., electrical power 
of a wind turbine). 

Linked SDGs: SDG 7 SCIS Classification: - 

PART B: KPI Calculation 

Unit: 
W/kWp 
W/m2 

Baseline Estimations Required: YES NO 

KPI Formula: 

Technology Level: 

𝐹𝐸𝑐 =
𝐸𝑜𝑢𝑡

𝑆𝑠𝑖𝑧𝑒
 

𝐸𝑜𝑢𝑡  = Output energy of supply system 
𝑆𝑠𝑖𝑧𝑒 = Size (capacity) of supply system 

Building/Building Block/District Level Level:  

Aggregation of all similar technology systems at the examined level.  

Spatial Scale of 
Evaluation: 

Technology Level:  X 

Recommended 
Data Sources: 

Relevant data can be extracted 
from energy meters. 

Building Level: X 

Building Block Level (PEB): X 

District Level (PED): X 

City Level:  

Life Cycle 
Compatibility: 

YES NO 

Recommended 
time interval of 
KPI reporting:  

Monthly; Annually 
Recommended 
time interval for 
data monitoring: 

Continuous 

PART C: KPI Governance and Clustering  

KPI 
Responsible: 

SEE APPENDIX C AND D 
Relevant 
Stakeholders: 

Energy Utilities X 

TSPs - Industry X 

TSPs - Research X 

Data Provider: SEE APPENDIX C AND D 
Policy-making Bodies/Governance  

Representative Citizen Groups  
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Citizens  

Linked TA: TA#1 Χ TA#2 Χ TA#3  TA#4  TA#5  

Linked IS: 
IS-1.1 Χ IS-2.1 Χ IS-3.1  IS-4.1  IS-5.1  

IS-1.2 Χ IS-2.2  IS-3.2  IS-4.2  IS-5.2  

Linked KERs: KER#1 X KER#2  KER#3  KER#4  KER#5  

Linked Success 
Indicator 
Categories: 

ENVIRONMENT  ENERGY SAVINGS  BUILDING AREA 
POSITIVELY 
AFFECTED 

 

TRANSPORTATION  RES UTILIZATION Χ 

STORAGE  COST  

 

4.1.7 Smart Storage Capacity 

PART A: KPI Profile 

KPI Name: Smart Storage Capacity Type: CORE SUPPORTING 

Description: 

With the need for increased RES penetration in the energy mix, energy storage is 
essential due to the mismatch between RES generation and demand/consumption. The 
smart storage capacity includes all the energy storage technologies integrated in the city 
smart grid containing electricity, heating and mobility. This KPI presents the impact of 
the project in the use of smart energy storage systems. It should be reported separately 
for Thermal, Battery and V2G storage in order to address the Project’s Impact KPIs. 

Linked SDGs: SDG 7 SCIS Classification: - 

PART B: KPI Calculation 

Unit: 
MWh  
% 

Baseline Estimations Required: YES NO 

KPI Formula: 

All Levels: 

Calculated separately for Thermal, Battery and V2G storage. The installed storage 
capacity should also be provided for the same reasons (units of MWh). 
In case of baseline storage capacity > 0, the KPI can be calculated as a percentage 
increase as: 

𝑆𝑡𝑜𝑟𝑎𝑔𝑒 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝑖𝑛𝑠𝑡𝑎𝑙𝑙𝑒𝑑 =
𝑆𝐶𝐼𝑅&𝐼

𝑆𝐶𝐼𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒
∙ 100 

𝑆𝐶𝐼𝑅&𝐼 = storage capacity installed due to R&I activities during the project in the area 
[MWh] 
𝑆𝐶𝐼𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒 = baseline value of storage capacity installed in the area [MWh] 

Spatial Scale of 
Evaluation: 

Technology Level:  X 

Recommended 
Data Sources: 

Relevant data can be extracted 
from energy utilities and 
relevant stakeholders. 

Building Level: Χ 

Building Block Level (PEB): Χ 

District Level (PED): Χ 

City Level: Χ 

Life Cycle 
Compatibility: 

YES NO 

Recommended 
time interval of 
KPI reporting:  

Annually 
Recommended 
time interval for 
data monitoring: 

Annually  

PART C: KPI Governance and Clustering  

KPI 
Responsible: 

SEE APPENDIX C AND D 
Relevant 
Stakeholders: 

Energy Utilities X 

TSPs - Industry X 

TSPs - Research X 

Data Provider: SEE APPENDIX C AND D 
Policy-making Bodies/Governance X 

Representative Citizen Groups  
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Citizens  

Linked TA: TA#1 Χ TA#2 Χ TA#3 Χ TA#4 X TA#5  

Linked IS: 
IS-1.1 Χ IS-2.1 Χ IS-3.1 Χ IS-4.1  IS-5.1  

IS-1.2  IS-2.2 Χ IS-3.2 Χ IS-4.2 X IS-5.2  

Linked KERs: KER#1 X KER#2 X KER#3  KER#4  KER#5  

Linked Success 
Indicator 
Categories: 

ENVIRONMENT  ENERGY SAVINGS  BUILDING AREA 
POSITIVELY 
AFFECTED 

 

TRANSPORTATION  RES UTILIZATION  

STORAGE Χ COST  
 

4.1.8 Influence of energy storage on cutting peak demand 

PART A: KPI Profile 

KPI Name: Influence of energy storage on 
cutting peak demand 

Type: CORE SUPPORTING 

Description: 

Compare the peak demand before the aggregator implementation (baseline) with the 
peak demand after the aggregator implementation (per final consumer, per feeder, per 
network). E.g., Peak load is the maximum power consumption of a building or a group of 
buildings to provide certain comfort levels. By utilizing the energy storage, the peak load 
can be reduced to some extent and therefore the demand on the supply system. The 
influence of both heat and electricity will be taken into account. 

Linked SDGs: SDG 7 SCIS Classification: - 

PART B: KPI Calculation 

Unit: % Baseline Estimations Required: YES NO 

KPI Formula: 

Technology/Building/Building Block/District Level: 

𝑃𝐿𝑟𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 = (1 −
𝑃𝑝𝑒𝑎𝑘,𝑅&𝐼

𝑃𝐵𝑎𝑈
) ∗ 100 

PL = Peak load 
The same equation can be used both for heating demand and electricity demand 

Spatial Scale of 
Evaluation: 

Technology Level:  X 

Recommended 
Data Sources: 

Energy meters; Available data 
from energy utilities 

Building Level: X 

Building Block Level (PEB): X 

District Level (PED): X 

City Level:  

Life Cycle 
Compatibility: 

YES NO 

Recommended 
time interval of 
KPI reporting:  

Annually 
Recommended 
time interval for 
data monitoring: 

Hourly 

PART C: KPI Governance and Clustering  

KPI 
Responsible: 

SEE APPENDIX C AND D 

Relevant 
Stakeholders: 

Energy Utilities X 

TSPs - Industry X 

TSPs - Research X 

Data Provider: SEE APPENDIX C AND D 

Policy-making Bodies/Governance X 

Representative Citizen Groups  

Citizens  

Linked TA: TA#1  TA#2 Χ TA#3 Χ TA#4  TA#5  

Linked IS: 
IS-1.1  IS-2.1 Χ IS-3.1 Χ IS-4.1  IS-5.1  

IS-1.2  IS-2.2  IS-3.2  IS-4.2  IS-5.2  

Linked KERs: KER#1 X KER#2  KER#3  KER#4  KER#5  
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Linked Success 
Indicator 
Categories: 

ENVIRONMENT  ENERGY SAVINGS  BUILDING AREA 
POSITIVELY 
AFFECTED 

 

TRANSPORTATION  RES UTILIZATION  

STORAGE Χ COST  
 

4.1.9 Heat recovery ratio 

PART A: KPI Profile 

KPI Name: Heat recovery ratio Type: CORE SUPPORTING 

Description: 

Effectiveness of the heat recovery system. The KPI can be calculated as the percentage 
ratio of the total thermal energy output of the system (MWh) to the thermal energy 
recovered through a waste heat recovery technology (MWh). It should also be assessed 
as the total recovered thermal energy (in MWh). 

Linked SDGs: SDG 7 SCIS Classification: - 

PART B: KPI Calculation 

Unit: 
% 
MWh 

Baseline Estimations Required: YES NO 

KPI Formula: 

Building/Building Block Level: 

𝐻𝑅𝑅 =
𝑇𝐸𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑒𝑑

𝑇𝐸𝑜𝑢𝑡𝑝𝑢𝑡
∙ 100 

𝑇𝐸𝑜𝑢𝑡𝑝𝑢𝑡 = Thermal energy output of the system 

𝑇𝐸𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑒𝑑  = Thermal energy (waste heat) recovered from the system 
The recovered waste heat should be calculated separately too (to assess Project Impact 

KPI) in units of MWh. 

Spatial Scale of 
Evaluation: 

Technology Level:   

Recommended 
Data Sources: 

Relevant data can be extracted 
from energy meters. 

Building Level: X 

Building Block Level (PEB): X 

District Level (PED):  

City Level:  

Life Cycle 
Compatibility: 

YES NO 

Recommended 
time interval of 
KPI reporting:  

Monthly 
Recommended 
time interval for 
data monitoring: 

Continuous 

PART C: KPI Governance and Clustering  

KPI 
Responsible: 

SEE APPENDIX C AND D 

Relevant 
Stakeholders: 

Energy Utilities X 

TSPs - Industry X 

TSPs - Research  

Data Provider: SEE APPENDIX C AND D 

Policy-making Bodies/Governance  

Representative Citizen Groups  

Citizens  

Linked TA: TA#1 Χ TA#2  TA#3  TA#4  TA#5  

Linked IS: 
IS-1.1 Χ IS-2.1  IS-3.1  IS-4.1  IS-5.1  

IS-1.2 Χ IS-2.2  IS-3.2  IS-4.2  IS-5.2  

Linked KERs: KER#1 X KER#2  KER#3  KER#4  KER#5  

Linked Success 
Indicator 
Categories: 

ENVIRONMENT  ENERGY SAVINGS Χ BUILDING AREA 
POSITIVELY 
AFFECTED 

 

TRANSPORTATION  RES UTILIZATION  

STORAGE  COST  
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4.1.10  Integrated Building Management Systems in Buildings 

PART A: KPI Profile 

KPI Name: 
Integrated Building Management 
Systems in Buildings 

Type: CORE SUPPORTING 

Description: 

Number of buildings using integrated ICT systems to automate building management 
and create flexible, effective, comfortable and secure environments. This indicator 
intends to give an overview of the level of BMS integration. ICT systems include building 
management, communication, and control systems for parameters like energy, water, 
etc. Buildings with ICT systems have the capacity to provide citizens with a secure living 
and working environment by ensuring aspects like energy efficiency are maintained at 
acceptable levels. Additionally, such buildings also account for the dynamic utilization of 
building space based on need and availability. Smart buildings can significantly reduce 
energy consumption and facilitate cost saving; offer comfort to inhabitants, ensure 
safety, protect health and improve the quality of life especially of elderly or disabled 
people. 

Linked SDGs: SDG 11  SCIS Classification: - 

PART B: KPI Calculation 

Unit: 
# 
% 

Baseline Estimations Required: YES NO 

KPI Formula: 

Building Block/District/City Level: 

The indicator can be quantified by means of Number of buildings using integrated ICT 
systems in the area. 

Alternatively, the following percentages can be calculated: 
𝐹𝑙𝑜𝑜𝑟 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑏𝑢𝑖𝑙𝑑𝑖𝑛𝑔𝑠 𝑢𝑠𝑖𝑛𝑔 𝐼𝐶𝑇 𝑏𝑎𝑠𝑒𝑑 𝐵𝑀𝑆(𝑚²) 

𝑇𝑜𝑡𝑎𝑙 𝑓𝑙𝑜𝑜𝑟 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑏𝑢𝑖𝑙𝑑𝑖𝑛𝑔𝑠 (𝑚²)
∙ 100% 

 
(Number of buildings using integrated ICT systems/ number of all buildings) *100% 

Spatial Scale of 
Evaluation: 

Technology Level:   

Recommended 
Data Sources: 

Data can be collected from the 
municipality. Data can be 
obtained from the department 
of urban planning or city 
buildings councils or 
associations. This information 
can be gathered from: (i) 
buildings registry of the city; and 
(ii) smart buildings programs.  

Building Level:  

Building Block Level (PEB): X 

District Level (PED): X 

City Level: X 

Life Cycle 
Compatibility: 

 NO 

Recommended 
time interval of 
KPI reporting:  

Annually 
Recommended 
time interval for 
data monitoring: 

Annually 

PART C: KPI Governance and Clustering  

KPI 
Responsible: 

SEE APPENDIX C AND D 

Relevant 
Stakeholders: 

Energy Utilities X 

TSPs - Industry X 

TSPs - Research X 

Data Provider: SEE APPENDIX C AND D 

Policy-making Bodies/Governance X 

Representative Citizen Groups X 

Citizens X 

Linked TA: TA#1 Χ TA#2 Χ TA#3  TA#4  TA#5  

Linked IS: 
IS-1.1 Χ IS-2.1 Χ IS-3.1  IS-4.1  IS-5.1  

IS-1.2 Χ IS-2.2 Χ IS-3.2  IS-4.2  IS-5.2  
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Linked KERs: KER#1 X KER#2  KER#3  KER#4  KER#5  

Linked Success 
Indicator 
Categories: 

ENVIRONMENT  ENERGY SAVINGS Χ BUILDING AREA 
POSITIVELY 
AFFECTED 

 

TRANSPORTATION  RES UTILIZATION  

STORAGE  COST  
 

4.1.11  Refurbished buildings improving energy performance 

PART A: KPI Profile 

KPI Name: Refurbished buildings improving 
energy performance 

Type: CORE SUPPORTING 

Description: 
Number of buildings subject to refurbishment improving their energy profile above the 
EPBD requirements. It is calculated as the share of square meters retrofitted versus the 
total surface of the buildings refurbished. 

Linked SDGs: SDG 7, SDG 11 SCIS Classification: - 

PART B: KPI Calculation 

Unit: 
# 
% 

Baseline Estimations Required: YES NO 

KPI Formula: 

Building Block/District/City Level: 

The indicator can be quantified by means of the Number of refurbished buildings that 
exceed the local EPBD requirements or by the following percentage: 
 

 
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑟𝑒𝑓𝑢𝑟𝑏𝑖𝑠ℎ𝑒𝑑 𝑏𝑢𝑖𝑙𝑑𝑖𝑛𝑔𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑎𝑟𝑒𝑎 𝑜𝑟 𝑐𝑖𝑡𝑦 𝑒𝑥𝑐𝑒𝑒𝑑𝑖𝑛𝑔 𝐸𝑃𝐵𝐷 

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑟𝑒𝑓𝑢𝑟𝑏𝑖𝑠ℎ𝑒𝑑 𝑏𝑢𝑖𝑙𝑑𝑖𝑛𝑔𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑎𝑟𝑒𝑎/𝑐𝑖𝑡𝑦
∙ 100% 

Spatial Scale of 
Evaluation: 

Technology Level:   

Recommended 
Data Sources: 

Data for public and commercial 
and industrial buildings shall be 
included and listed individually. 
Data can be sourced from local 
or regional government offices, 
or the municipality. 

Building Level:  

Building Block Level (PEB): X 

District Level (PED): X 

City Level: Χ 

Life Cycle 
Compatibility: 

YES NO 

Recommended 
time interval of 
KPI reporting:  

Once (end of project) 
Recommended 
time interval for 
data monitoring: 

Annually 

PART C: KPI Governance and Clustering  

KPI 
Responsible: 

SEE APPENDIX C AND D 

Relevant 
Stakeholders: 

Energy Utilities  

TSPs - Industry X 

TSPs - Research  

Data Provider: SEE APPENDIX C AND D 

Policy-making Bodies/Governance X 

Representative Citizen Groups X 

Citizens X 

Linked TA: TA#1 Χ TA#2 Χ TA#3  TA#4  TA#5  

Linked IS: 
IS-1.1 Χ IS-2.1 Χ IS-3.1  IS-4.1  IS-5.1  

IS-1.2 Χ IS-2.2 Χ IS-3.2  IS-4.2  IS-5.2  

Linked KERs: KER#1 X KER#2  KER#3  KER#4  KER#5  

Linked Success 
Indicator 
Categories: 

ENVIRONMENT  ENERGY SAVINGS  BUILDING AREA 
POSITIVELY 
AFFECTED 

Χ TRANSPORTATION  RES UTILIZATION  

STORAGE  COST  
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4.2 KPIs in Environmental Dimension  

4.2.1 Greenhouse gas (GHG) emissions 

PART A: KPI Profile 

KPI Name: Greenhouse Gas (GHG) emissions Type: CORE SUPPORTING 

Description: 

GHGs are gases in the atmosphere that absorb infrared radiation that would otherwise 
escape to space; thereby contributing to rising surface temperatures. There are six major 
GHGs: carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), hydrofluorocarbons 
(HFCs), perfluorocarbons (PFCs), and Sulphur hexafluoride (SF6) (ISI/DIS 37120, 2013). 
To enable the comparability between systems, the emissions can be related to the size 
of the system (e.g., gross floor area or net floor area, heated floor area) and the 
considered interval of time (e.g., month, year). The GHG are considered as unit of mass 
(tones, kg) of CO2 equivalents. 

Linked SDGs: SDG 11, SDG 13 SCIS Classification: YES – SCIS KPI 2.2.1 

PART B: KPI Calculation 

Unit: 
kg CO2eq/(m2*year)  
kg CO2eq/(kWh*year) 

Baseline Estimations Required: YES NO 

KPI Formula: 

Building Level:  
 

𝐺𝐺𝐸 =  
𝑇𝐸𝐶  × 𝐺𝐸𝐹𝑇 + 𝐸𝐸𝐶  × 𝐺𝐸𝐹𝐸

𝐴𝑏

 

𝐺𝐺𝐸 = Greenhouse gas emissions for building 
𝑇𝐸𝐶  = Thermal energy consumption (monitored) of the demonstration site 
[kWh/(month); kWh/ (year)] 
𝐸𝐸𝐶  = Electrical energy consumption (monitored) of the demonstration site 
[kWh/(month); kWh/ (year)] 
𝐺𝐸𝐹𝑇 = Greenhouse gas emission factor for thermal energy (weighted average based on 
thermal energy production source/fuel mix) (kg CO2eq/kWh consumed) 
𝐺𝐸𝐹𝐸 = Greenhouse gas emission factor for electrical energy (weighted average based 
on electricity production source/fuel mix) (kg CO2eq/kWh consumed) 
𝐴𝑏 = Floor area of the building [m2] 

Building Block / District / City Level: 

Different spatial scales of evaluation (PEB, PED, City level) can be assessed by adding up 
the energy carriers per respective level. To enable the comparability between systems, 
the emissions can be related to the size of the system (e.g., gross floor area or net floor 
area, heated floor area) and the considered interval of time (e.g., month, year). A 
breakdown of buildings and transportation emissions is also highly suggested. Results 
should also be compared to a baseline value to extract the respective reduction (%) of 
energy consumption related GHG emissions emitted within the examined system. 

Spatial Scale of 
Evaluation: 

Technology Level:   

Recommended 
Data Sources: 

Relevant data can be extracted 
from LHs SECAP. The updated 
LCA emission factors for fossil 
fuel combustion, RES, electricity 
by country as described in 
ANNEX I of the Covenant of 
Mayors for Climate and Energy 
Reporting Guidelines can be 
applied, as well local emission 
factors (if available). 

Building Level: X 

Building Block Level (PEB): X 

District Level (PED): X 

City Level: X 

Life Cycle 
Compatibility: 

YES NO 
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Recommended 
time interval of 
KPI reporting:  

Annually 
Recommended 
time interval for 
data monitoring: 

According to the respective 
interval of the energy 
consumption data monitored 

PART C: KPI Governance and Clustering  

KPI 
Responsible: 

SEE APPENDIX C AND D 

Relevant 
Stakeholders: 

Energy Utilities X 

TSPs - Industry X 

TSPs - Research X 

Data Provider: SEE APPENDIX C AND D 

Policy-making Bodies/Governance X 

Representative Citizen Groups X 

Citizens  

Linked TA: TA#1 X TA#2 X TA#3 X TA#4 X TA#5 X 

Linked IS: 
IS-1.1 X IS-2.1 X IS-3.1 X IS-4.1  IS-5.1 X 

IS-1.2 X IS-2.2 X IS-3.2 X IS-4.2 X IS-5.2  

Linked KERs: KER#1 X KER#2 X KER#3 X KER#4  KER#5  

Linked Success 
Indicator 
Categories: 

ENVIRONMENT X ENERGY SAVINGS  BUILDING AREA 
POSITIVELY 
AFFECTED 

 

TRANSPORTATION  RES UTILIZATION  

STORAGE  COST  
 

4.2.2 Carbon dioxide emission reduction  

PART A: KPI Profile 

KPI Name: Carbon dioxide emission reduction Type: CORE SUPPORTING 

Description: 

CO2 accounts for a major share of GHG emissions in urban areas. The main sources for 
CO2 emissions are combustion processes related to energy generation and transport. CO2 
emissions can therefore be considered a useful indicator to assess the contribution of 
urban development on climate change. 

Linked SDGs: SDG 11, SDG 13 SCIS Classification: YES – SCIS KPI 2.2.3 

PART B: KPI Calculation 

Unit: 
tons CO2/year, 
kg CO2/capita/year 
% (reduction) 

Baseline Estimations Required: YES NO 

KPI Formula: 

Technology Level: 

Technology providers of RESPONSE solutions may report respective carbon dioxide 
emission reductions arising from their product’s utilization if available (e.g., based on 
product specifications). 

Building Level:  

The emitted mass of CO2 can be calculated from the delivered and exported energy for 
each energy carrier: 

𝑚𝐶𝑂2
= ∑(𝐸𝑑𝑒𝑙,𝑖𝐾𝑑𝑒𝑙,𝑖) − ∑(𝐸𝑒𝑥𝑝,𝑖𝐾𝑒𝑥𝑝,𝑖) 

𝐸𝑑𝑒𝑙,𝑖 = the delivered energy for energy carrier i 

𝐸𝑒𝑥𝑝,𝑖 = the exported energy for energy carrier i 

𝐾𝑑𝑒𝑙,𝑖 = the CO2 coefficient for delivered energy carrier i 

𝐾𝑒𝑥𝑝,𝑖 = the CO2 coefficient for exported energy carrier i 

 
The indicator is calculated as the direct (operational) reduction of the CO2 emissions over 
a period of time. The result may be expressed as a percentage when divided by the 
baseline CO2 emissions. To calculate the direct CO2 emissions, the total energy reduced, 
can be translated to CO2 emission figures by using conversion factors for different energy 



 

95 

D2.1 

RESPONSE KPI Framework 

 

forms as described in the National and European emission factors for consumed 
electricity proposed by the Covenant of Mayors Initiative: 
https://www.covenantofmayors.eu/IMG/pdf/Covenant_ReportingGuidelines.pdf 
The local authorities using this emission factor are recommended to check that it is 
representative for the local circumstances and to develop an own emission factor if the 
circumstances are different. 

Building Block / District / City Level: 

Different spatial scales of evaluation (PEB, PED, City level) can be assessed by adapting 
the boundaries of the system to include all respective energy carriers of the examined 
level. For District/City level including energy vectors such as transportation and public 
lighting is highly recommended. For City level the emissions should also be reported per 
capita to support comparability with other cities.  

Spatial Scale of 
Evaluation: 

Technology Level:  X 

Recommended 
Data Sources: 

The updated default (standard) 
emission factors for fossil fuel 
combustion, RES, electricity by 
country as described in ANNEX I 
of the Covenant of Mayors for 
Climate and Energy Reporting 
Guidelines can be applied, as well 
local emission factors (if 
available). 

Building Level: X 

Building Block Level (PEB): X 

District Level (PED): X 

City Level: X 

Life Cycle 
Compatibility: 

YES NO 

Recommended 
time interval of 
KPI reporting:  

Annually 
Recommended 
time interval for 
data monitoring: 

According to the respective 
interval of the delivered energy 
data monitored 

PART C: KPI Governance and Clustering  

KPI 
Responsible: 

SEE APPENDIX C AND D 

Relevant 
Stakeholders: 

Energy Utilities X 

TSPs - Industry X 

TSPs - Research X 

Data Provider: SEE APPENDIX C AND D 

Policy-making Bodies/Governance X 

Representative Citizen Groups  

Citizens  

Linked TA: TA#1 X TA#2 X TA#3 X TA#4 X TA#5 X 

Linked IS: 
IS-1.1 X IS-2.1 X IS-3.1 X IS-4.1  IS-5.1 X 

IS-1.2 X IS-2.2 X IS-3.2 X IS-4.2 X IS-5.2  

Linked KERs: KER#1 X KER#2 X KER#3 X KER#4  KER#5  

Linked Success 
Indicator 
Categories: 

ENVIRONMENT X ENERGY SAVINGS  BUILDING AREA 
POSITIVELY 
AFFECTED 

 

TRANSPORTATION  RES UTILIZATION  

STORAGE  COST  

 

4.2.3 Climate resiliency strategy  

PART A: KPI Profile 

KPI Name: Climate resiliency strategy Type: CORE SUPPORTING 

Description: 

Urban areas in Europe and worldwide are increasingly experiencing the pressures arising 
from climate change and are projected to face aggravated climate-related impacts in the 
future. Cities and towns play a significant role in the adaptation to climate change in the 
EU. Several cities and towns across Europe are already pioneering adaptation actions 
and many others are taking first steps to ensure that European cities remain safe, livable 
and attractive centers for innovation, economic activities, culture and social life. This 
indicator assesses to what extent the city has a resilience strategy and action plan. 

https://www.covenantofmayors.eu/IMG/pdf/Covenant_ReportingGuidelines.pdf
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Linked SDGs: SDG 11, SDG 13, SDG 15 SCIS Classification: - 

PART B: KPI Calculation 

Unit: Likert Scale Baseline Estimations Required: YES NO 

KPI Formula: 

City Level: 

The indicator provides a qualitative measure and is rated on a seven-point Likert scale. 
This Likert scale is based on the steps suggested by the “Mayors adapt” initiative for 
climate change adaptation in urban areas: 
No action taken – 1 — 2 — 3 — 4 — 5 — 6 – 7 – implementation, monitoring and 
evaluation on the way 

1. No action has been taken yet; 
2. The ground for adaptation has been prepared (the basis for a successful adaptation 
process); 
3. Risks and vulnerabilities have been assessed; 
4. Adaptation options have been identified; 
5. Adaptation options have been selected; 
6. Adaptation options are being implemented; 
7. Monitoring and evaluation is being carried out.  

A specific reference to the implementation-monitoring of SEAP/SECAP should be made. 

Spatial Scale of 
Evaluation: 

Technology Level:   

Recommended 
Data Sources: 

Record SEAP/SECAP/SUMP 
plans and any other plans 
related to local sustainability. 
Relevant data can be extracted 
from project’s documentation 
and interviews with the project 
leader, LH Managers and/or 
other stakeholders. 

Building Level:  

Building Block Level (PEB):  

District Level (PED):  

City Level: X 

Life Cycle 
Compatibility: YES NO 

Recommended 
time interval of 
KPI reporting:  

Annually 
Recommended 
time interval for 
data monitoring: 

Annually (and/or until 
maximum score is reached) 

PART C: KPI Governance and Clustering  

KPI 
Responsible: 

SEE APPENDIX C AND D 

Relevant 
Stakeholders: 

Energy Utilities  

TSPs - Industry  

TSPs - Research  

Data Provider: SEE APPENDIX C AND D 

Policy-making Bodies/Governance X 

Representative Citizen Groups X 

Citizens X 

Linked TA: TA#1  TA#2  TA#3  TA#4  TA#5 X 

Linked IS: 
IS-1.1  IS-2.1  IS-3.1  IS-4.1  IS-5.1  

IS-1.2  IS-2.2  IS-3.2  IS-4.2  IS-5.2 X 

Linked KERs: KER#1  KER#2  KER#3 X KER#4  KER#5  

Linked Success 
Indicator 
Categories: 

ENVIRONMENT X ENERGY SAVINGS  BUILDING AREA 
POSITIVELY 
AFFECTED 

X TRANSPORTATION  RES UTILIZATION  

STORAGE  COST  
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4.2.4 Air quality index  

PART A: KPI Profile 

KPI Name: Air quality index Type: CORE SUPPORTING 

Description: 

Improving the air quality in urban areas has been identified by the European Innovation 
Partnership on Smart Cities and Communities (EIP SCC) as one of the main challenges in 
the vertical priority area of Sustainable Urban Mobility. Air quality is expressed in the 
concentration of major air pollutants. At this moment from a human health perspective 
most important are particulates (PM10, PM2.5), NO2 (as indicator of traffic related air 
pollution) and ozone (important for summer smog). The concentration levels of these 
pollutants together define the air quality. 
For the EU, the CiteAir Project has defined hourly, daily and yearly indices to express in 
one figure air quality (http://www.airqualitynow.eu/index.php). For this indicator the 
annual average air quality index suggested by CITYkeys Project is suggested. It is a 
distance to target indicator that provides a relative measure of the annual average air 
quality in relation to the European limit values (annual air quality standards and 
objectives from EU directives). If the index is higher than 1: for one or more pollutants 
the limit values are not met. If the index is below 1: on average the limit values are met. 

Linked SDGs: SDG3, SDG 11 SCIS Classification: - 

PART B: KPI Calculation 

Unit: 

Index (no unit) 
tons NO2/year; tons CO/year; 
tons PM10/year; tons 
PM2.5/year; tons VOC/year; 
tons SO2/year 

Baseline Estimations Required: YES NO 

KPI Formula: 

Technology Level: 

Technology providers of RESPONSE solutions may report respective pollutants emission 
reductions arising from their product’s utilization if available (e.g., based on product 
specifications). 

District/City Level: 

For each pollutant a sub-index is calculated according to the scheme below: 

Pollutant Target value / limit value Subindex calculation 

NO2 Year average is 40 μg/m3 Year average / 40 

PM10 Year average is 40 μg/m3 Year average / 40 

PM10daily Max. number of daily averages 
above 50 μg/m3 is 35 days 

Log (number of days+1) / Log (36) 

Ozone 25 days with an 8-hour average 
value ≥ 120 μg/m3 

# days with 8-hour average ≥ 120 
/ 25 

SO2 Year average is 20 μg/m3 Year average / 20 

Benzene Year average is 5 μg/m3 Year average / 5 

The overall city index is the average of the sub-indices for NO2, PM10 (both year average 
and the number of days ≥50 μg/m3 sub-index) and ozone for the city background index. 
For the traffic year average index, the averages of the sub-indices for NO2 and PM10 
(both) are being used. Other pollutants (e.g., PM2.5) are used in the presentation of the 
city index if data are available, but do not enter the calculation of the city average index. 
They are treated as additional pollutants like in the hourly and daily indices. The main 
reason is that not every city is monitoring this full range of pollutants. 
Note#1: Potential users of the CAQI must notify the CITEAIR partners (at 
caqi@airqualitynow.eu) and establish a user agreement. This way, users can be kept 
informed in case of further developments concerning the index. The use of the CAQI is 
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free of charge for non-commercial purposes 
(www.airqualitynow.eu/about_copyright.php#legal_agreement). 
Note#2: In the case of RESPONSE, Nitrogen oxides reduction, Carbon monoxide 
reduction, Dust particles reduction, Fine particles reduction, VOC reduction (due to 
increased uptake of e-mobility) and Sulfur dioxide reduction (due to increased uptake of 
e-mobility) should be measured and reported as imposed by GA – Section 2 – Impact. 
The specific KPI should be adapted, if deemed necessary, to reflect the needs (already 
existing air quality monitoring programs) and capacities (pollutants that can be actually 
measured) of the two LH cities. 

Spatial Scale of 
Evaluation: 

Technology Level:  X 

Recommended 
Data Sources: 

Concentrations should be 
measured by monitoring 
equipment and reported to air 
quality monitoring authority (i.e., 
City Environment Office, National 
Environment Office, etc.). Many 
cities use a local or national 
variant of an air quality index, 
which can replace this indicator 
(but loosing EU comparability).  

Building Level:  

Building Block Level (PEB):  

District Level (PED): X 

City Level: X 

Life Cycle 
Compatibility: 

YES NO 

Recommended 
time interval of 
KPI reporting:  

Daily; Annually 
Recommended 
time interval for 
data monitoring: 

Continuous; Hourly; Daily, 
Monthly; Annually 

PART C: KPI Governance and Clustering  

KPI 
Responsible: 

SEE APPENDIX C AND D 

Relevant 
Stakeholders: 

Energy Utilities  

TSPs - Industry  

TSPs - Research  

Data Provider: SEE APPENDIX C AND D 

Policy-making Bodies/Governance X 

Representative Citizen Groups X 

Citizens  

Linked TA: TA#1 X TA#2  TA#3  TA#4 X TA#5 X 

Linked IS: 
IS-1.1  IS-2.1  IS-3.1  IS-4.1  IS-5.1  

IS-1.2 X IS-2.2  IS-3.2  IS-4.2 X IS-5.2 X 

Linked KERs: KER#1 X KER#2 X KER#3 X KER#4  KER#5  

Linked Success 
Indicator 
Categories: 

ENVIRONMENT X ENERGY SAVINGS  BUILDING AREA 
POSITIVELY 
AFFECTED 

 

TRANSPORTATION  RES UTILIZATION  

STORAGE  COST  

 

4.2.5 Primary energy demand and consumption 

PART A: KPI Profile 

KPI Name: 
Primary energy demand and 
consumption 

Type: CORE SUPPORTING 

Description: 

The primary energy demand/consumption of a system encompasses all the naturally 
available energy that is consumed in the supply chain of the used energy carriers. To 
enable the comparability between systems, the total primary energy 
demand/consumption can be related to the size of the system (e.g., conditioned area) 
and the considered time interval (e.g., month, year). Demand is defined here as 
“designed consumption”. Consumption is actual/monitored energy consumption. 

Linked SDGs: SDG 7, SDG 12 SCIS Classification: Yes – SCIS KPI 2.2.2 

PART B: KPI Calculation 

http://www.airqualitynow.eu/about_copyright.php#legal_agreement
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Unit: kWh / (m2*(month)year) Baseline Estimations Required: YES NO 

KPI Formula: 

Technology Level: 

Technology providers of RESPONSE solutions may report respective primary energy 
reductions arising from their product’s utilization if available (e.g., based on product 
specifications). 

Building Level:  

𝑃𝐸𝑑 =  
𝑇𝐸𝑑  × 𝑃𝐸𝐹𝑇 + 𝐸𝐸𝑑  × 𝑃𝐸𝐹𝐸

𝐴𝑏

 

PEd = Primary energy demand (simulated) 
TEd = Thermal energy demand (simulated) [kWh/(month); kWh/(year)] 
EEd = Electrical energy demand (simulated) [kWh/(month); kWh/(year)] 
PEFT = Primary energy factor for thermal energy (weighted average based on 
source/fuel mix in production) 
PEFE = Primary energy factor for electrical energy (weighted average based on 
source/fuel mix in production) 
Ab = Floor area of the building [m2] 
 

𝑃𝐸𝑐 =  
𝑇𝐸𝑐  × 𝑃𝐸𝐹𝑇 + 𝐸𝐸𝑐  × 𝑃𝐸𝐹𝐸

𝐴𝑏
 

PEc = Primary energy consumption (monitored) 
TEc = Thermal energy consumption (monitored) [kWh/(month); kWh/(year)] 
EEc = Electrical energy consumption (monitored) [kWh/(month); kWh/(year)] 
PEFT = Primary energy factor for thermal energy (weighted average based on 
source/fuel mix in production) 
PEFE = Primary energy factor for electrical energy (weighted average based on 
source/fuel mix in production) 
Ab = Floor area of the building [m2] 

Building Block / District / City Level: 

Different spatial scales of evaluation (PEB, PED, City level) can be assessed by adding up 
the primary energy demand/consumption of all its components (buildings at minimum). 

𝑃𝐸𝑏𝑙𝑜𝑐𝑘−𝑑𝑖𝑠𝑡𝑟𝑖𝑐𝑡−𝑐𝑖𝑡𝑦/ 𝑝𝑟𝑖𝑚𝑎𝑟𝑦 𝑑𝑒𝑚𝑎𝑛𝑑 = ∑ 𝑃𝐸𝑑  

𝑃𝐸𝑏𝑙𝑜𝑐𝑘−𝑑𝑖𝑠𝑡𝑟𝑖𝑐𝑡−𝑐𝑖𝑡𝑦 / 𝑝𝑟𝑖𝑚𝑎𝑟𝑦 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 = ∑ 𝑃𝐸𝑐  

Spatial Scale of 
Evaluation: 

Technology Level:  X 

Recommended 
Data Sources: 

The calculation of respective 
primary energy 
demand/consumption can be 
estimated with the application 
of default primary energy 
factors. According to Annex IV of 
the Directive 2012/27/EU a 
default coefficient of 2.5 can be 
applied for savings in kWh of 
electricity, whereas the 
respective value for fossil fuels 
can be taken as 1.1. Responsible 
of this KPI may select local 
primary energy factors if 
deemed necessary. Evaluation 
on a city scale is not a requisite 
within the project timeframe but 
is highly recommended.   

Building Level: X 

Building Block Level 
(PEB): 

X 

District Level (PED): X 

City Level: X 

Life Cycle 
Compatibility: 

YES NO 
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Recommended 
time interval of 
KPI reporting:  

Monthly; Annually 
Recommended 
time interval for 
data monitoring: 

According to the respective 
interval of the energy 
consumption data monitored 

PART C: KPI Governance and Clustering  

KPI 
Responsible: 

SEE APPENDIX C AND D 

Relevant 
Stakeholders: 

Energy Utilities X 

TSPs - Industry X 

TSPs - Research X 

Data Provider: SEE APPENDIX C AND D 

Policy-making Bodies/Governance X 

Representative Citizen Groups  

Citizens  

Linked TA: TA#1 X TA#2 X TA#3 X TA#4  TA#5 X 

Linked IS: 
IS-1.1 X IS-2.1 X IS-3.1 X IS-4.1  IS-5.1 X 

IS-1.2 X IS-2.2 X IS-3.2 X IS-4.2  IS-5.2  

Linked KERs: KER#1 X KER#2 X KER#3 X KER#4  KER#5  

Linked Success 
Indicator 
Categories: 

ENVIRONMENT X ENERGY SAVINGS X BUILDING AREA 
POSITIVELY 
AFFECTED 

 

TRANSPORTATION  RES UTILIZATION  

STORAGE  COST  
 

4.2.6 Energy from waste resources  

PART A: KPI Profile 

KPI Name: Energy from waste resources Type: CORE SUPPORTING 

Description: 

Producing energy from waste treatment and/or waste heat resources highly supports 
affordable and cleaner energy, following a circular approach. The specific KPI quantifies 
the percentage of electrical and thermal energy produced from wastewater treatment, 
solid waste and other liquid waste treatment and other waste heat resources, as a share 
of the district’s and/or city’s total energy mix for a given year. The scope of the 
assessment should take into account all energy consumption in the district/city, 
including building stock energy needs as a minimum.  

Linked SDGs: SDG7, SDG11, SDG12 SCIS Classification: - 

PART B: KPI Calculation 

Unit: % Baseline Estimations Required: YES NO 

KPI Formula: 

District/City Level: 

 

𝑊𝐸 =  
𝑇𝐸𝑊  + 𝐸𝐸𝑊  

𝑇𝑜𝑡𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 𝑛𝑒𝑒𝑑𝑠 𝑜𝑓 𝑑𝑖𝑠𝑡𝑟𝑖𝑐𝑡/𝑐𝑖𝑡𝑦
 × 100 

𝑊𝐸 = % of energy from waste resources 
TEW= Thermal energy produced from waste treatment and other waste heat resources 
[MWh/ (year)] 
EEW= Electrical energy produced from waste treatment [MWh/ (year)] 

Spatial Scale of 
Evaluation: 

Technology Level:   

Recommended 
Data Sources: 

Relevant data can be extracted 
from energy providers, 
documents such as SECAP 
and/or statistical offices. In case 
there are no available data for 
private consumers, only public 
needs can be taken into account. 

Building Level:  

Building Block Level (PEB):  

District Level (PED): X 

City Level: X 

Life Cycle 
Compatibility: 

YES NO 
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Recommended 
time interval of 
KPI reporting:  

Annually 
Recommended 
time interval for 
data monitoring: 

According to the respective 
interval of the energy 
consumption data monitored 

PART C: KPI Governance and Clustering  

KPI 
Responsible: 

SEE APPENDIX C AND D 

Relevant 
Stakeholders: 

Energy Utilities X 

TSPs - Industry X 

TSPs - Research X 

Data Provider: SEE APPENDIX C AND D 

Policy-making Bodies/Governance X 

Representative Citizen Groups  

Citizens  

Linked TA: TA#1  TA#2 X TA#3  TA#4  TA#5  

Linked IS: 
IS-1.1  IS-2.1 X IS-3.1  IS-4.1  IS-5.1  

IS-1.2  IS-2.2 X IS-3.2  IS-4.2  IS-5.2  

Linked KERs: KER#1 X KER#2 X KER#3  KER#4 X KER#5  

Linked Success 
Indicator 
Categories: 

ENVIRONMENT  ENERGY SAVINGS  BUILDING AREA 
POSITIVELY 
AFFECTED 

X TRANSPORTATION  RES UTILIZATION X 

STORAGE  COST  

 

4.3 KPIs in Mobility Dimension  

4.3.1 Electric & Low-Carbon Emission Vehicles  

PART A: KPI Profile 

KPI Name: Electric & Low-Carbon Vehicles  Type: CORE SUPPORTING 

Description: 

Number of electric vehicles (EV) and low-carbon vehicles (hybrid, hydrogen) registered 
in the area, in relation to the total number of motorized vehicles (four and two wheels). 
Clean vehicles shall refer to vehicles that emit low levels of emissions such as a) pure 
electric vehicles (EV) incl. private, public, service (taxi and first mile) and motorbikes, b) 
plug-in hybrid electric vehicles (PHEV) and c) hydrogen fuel-cell driven vehicles. Low-
emission vehicles shall be certified under appropriate exhaust emission standards and 
the vehicle shall meet other special requirements applicable to conventional or clean-
fuel vehicles and their fuels. The indicator must report mainly in EVs, while, hydrogen 
vehicles can be also reported in a separate way. 

Linked SDGs: SDG 9, SDG 11 SCIS Classification: YES – SCIS KPI 2.5.4 

PART B: KPI Calculation 

Unit: 
# [number] 
%  

Baseline Estimations Required: YES NO 

KPI Formula 

District Level: 

• # of e-vehicles (e-cars, e-buses, e-bikes) rolled-out by the end of the project 

• # of PHEV rolled-out by the end of the project 

• # of hydrogen vehicles rolled-out by the end of the project 
Numbers could also be expressed as a % compared to the total number of vehicles: 

• (# of e-vehicles / total # of vehicles) *100% 

• (# of PHEV / total # of vehicles) *100% 

• (# of low carbon-hydrogen vehicles / total # of vehicles) *100% 

City Level: 

Numbers can be aggregated at city level. 

Technology Level:   
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Spatial Scale of 
Evaluation: 

Building Level:  Recommended 
Data Sources: 

Data should be gathered from 
the city’s transport department, 
European organizations such as 
the European Automobile 
Manufacturers Association 
(ACEA) and the International 
Council on Clean Transportation 
(ICCT) or could also derived from 
relevant project documentation 
and interviews with the project 
leader and LH managers.  

Building Block Level (PEB):  

District Level (PED): X 

City Level: X  

Life Cycle 
Compatibility: 

YES NO 

Recommended 
time interval of 
KPI reporting:  

Anually 
Recommended 
time interval for 
data monitoring: 

Anually 

PART C: KPI Governance and Clustering  

KPI 
Responsible: 

SEE APPENDIX C AND D 

Relevant 
Stakeholders: 

Energy Utilities  

TSPs - Industry X 

TSPs - Research  

Data Provider: SEE APPENDIX C AND D 

Policy-making Bodies/Governance X 

Representative Citizen Groups X 

Citizens X 

Linked TA: TA#1  TA#2  TA#3  TA#4 X TA#5  

Linked IS: 
IS-1.1  IS-2.1  IS-3.1  IS-4.1  IS-5.1  

IS-1.2  IS-2.2  IS-3.2  IS-4.2 X IS-5.2  

Linked KERs: KER#1  KER#2 X KER#3  KER#4  KER#5 X 

Linked Success 
Indicator 
Categories: 

ENVIRONMENT      ENERGY SAVINGS  BUILDING 
AREA 

POSITIVELY 
AFFECTED 

 
TRANSPORTATION X RES UTILIZATION  

STORAGE  COST  

 

4.3.2 Number of EV and solar powered V2G charging stations  

PART A: KPI Profile 

KPI Name: 
Number of EV and solar powered 
V2G charging stations  

Type: CORE SUPPORTING 

Description: 

Number of e-charging and V2G stations, public and private, normal and fast chargers. 
Charging infrastructure development is critical for the promotion of electro-mobility and 
the deployment of EVs. This indicator assesses the level of service with regards to 
charging capabilities offered by measuring the number of electric vehicles charging 
stations and the number of solar powered V2G stations registered in the area. 
Additionally, the indicator compares these numbers with the total number of stations. 
Regarding the e-charging and V2G stations, information provided should contain the 
number of charging stations on the streets and in parking garages in the city as well as 
the locations of the e-charging stations. The number of conventional and fast charging 
stations could also be reported. All numbers could also be expressed as a percentage 
compared to total number of stations. 

Linked SDGs: SDG 9, SDG 11 SCIS Classification: YES – SCIS KPI 2.5.5 

PART B: KPI Calculation 

Unit: 
# [number] 
%  

Baseline Estimations Required: YES NO 
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KPI Formula 

District/City Level: 

• Number of total stations deployed along with their locations 
• e-charging stations deployed; V2G stations deployed;  
Percentage compared to total number of stations: 
• (Number of EV charging stations deployed/total stations deployed) * 100% 
• (Number of solar powered V2G stations deployed/total stations deployed) * 100% 

Spatial Scale of 
Evaluation: 

Technology Level:   

Recommended 
Data Sources: 

Data should be gathered from 
the city’s transport department, 
European organizations such as 
the International Council on 
Clean Transportation (ICCT). 
Data could also derive from 
relevant EU platforms providing 
information about the charging 
infrastructure across the EU or 
interviews with the LH managers 
or the technology providers. 

Building Level:  

Building Block Level (PEB):  

District Level (PED): X 

City Level: X  

Life Cycle 
Compatibility: 

YES NO 

Recommended 
time interval of 
KPI reporting:  

Annually 
Recommended 
time interval for 
data monitoring: 

Annually 

PART C: KPI Governance and Clustering  

KPI 
Responsible: 

SEE APPENDIX C AND D 

Relevant 
Stakeholders: 

Energy Utilities X 

TSPs - Industry X 

TSPs - Research X 

Data Provider: SEE APPENDIX C AND D 

Policy-making Bodies/Governance X 

Representative Citizen Groups X 

Citizens X 

Linked TA: TA#1  TA#2  TA#3  TA#4 X TA#5 X 

Linked IS: 
IS-1.1  IS-2.1  IS-3.1  IS-4.1  IS-5.1 X 

IS-1.2  IS-2.2  IS-3.2  IS-4.2 X IS-5.2 X  

Linked KERs: KER#1  KER#2 X KER#3  KER#4  KER#5 X 

Linked Success 
Indicator 
Categories: 

ENVIRONMENT  ENERGY SAVINGS  BUILDING AREA 
POSITIVELY 
AFFECTED 

 TRANSPORTATION X RES UTILIZATION  

STORAGE  COST  
 

4.3.3 Clean Mobility utilization  

PART A: KPI Profile 

KPI Name: Clean mobility utilization Type: CORE SUPPORTING 

Description: 

The indicator refers to the use of clean vehicles in the city as a means of sustainable 
mobility to replace fossil-fuel-based transportation. The revised Clean Vehicles 
Directive fosters clean mobility solutions supporting further deployment of low- and 
zero-emission vehicles. The new Directive defines "clean vehicles" as follows: 
• Clean light-duty vehicle: any car or van meeting the following emission thresholds: 
o until 31 December 2025: no more than 50g/km CO2 and up to 80% of applicable real 

driving emission (RDE) limits for NOx and PN; 
o from 1 January 2026: only zero-emission vehicles. 
• Clean heavy-duty vehicle: any truck or bus using one of the following alternative fuels: 

hydrogen, battery electric/EV (including PHEV), natural gas (both CNG and LNG, 
including biomethane), liquid biofuels, synthetic and paraffinic fuels, LPG.  

https://eur-lex.europa.eu/eli/dir/2019/1161/oj
https://eur-lex.europa.eu/eli/dir/2019/1161/oj
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The KPI tracks the amount of km in clean vehicles. The share (percentage) of km in clean 
vehicles with respect to the total amount of vkm can also be reported.  

Linked SDGs: SDG 9, SDG 11 SCIS Classification: YES – SCIS KPI 2.5.8 

PART B: KPI Calculation 

Unit: 
km  
% 

Baseline Estimations Required: YES NO 

KPI Formula 
District/City Level: 

Amount of km in clean vehicles 

Spatial Scale of 
Evaluation: 

Technology Level:   

Recommended 
Data Sources: 

Data can be extracted from city 
own measurements or statistics-
based data for mobility. The 
information could be sourced 
from the transport department 
of the municipalities.  

Building Level:  

Building Block Level (PEB):  

District Level (PED): X 

City Level: X  

Life Cycle 
Compatibility: 

YES NO 

Recommended 
time interval of 
KPI reporting:  

Annually 
Recommended 
time interval for 
data monitoring: 

Annually 

PART C: KPI Governance and Clustering  

KPI 
Responsible: 

SEE APPENDIX C AND D 

Relevant 
Stakeholders: 

Energy Utilities  

TSPs - Industry  

TSPs - Research  

Data Provider: SEE APPENDIX C AND D 

Policy-making Bodies/Governance X 

Representative Citizen Groups  

Citizens  

Linked TA: TA#1  TA#2  TA#3  TA#4 X TA#5  

Linked IS: 
IS-1.1  IS-2.1  IS-3.1  IS-4.1  IS-5.1  

IS-1.2  IS-2.2  IS-3.2  IS-4.2 X IS-5.2  

Linked KERs: KER#1  KER#2  X KER#3  KER#4  KER#5 X 

Linked Success 
Indicator 
Categories: 

ENVIRONMENT  ENERGY SAVINGS  BUILDING AREA 
POSITIVELY 
AFFECTED 

 TRANSPORTATION X RES UTILIZATION  

STORAGE  COST  

 

4.3.4 Energy delivered by charging points  

PART A: KPI Profile 

KPI Name: Energy delivered by charging points Type: CORE SUPPORTING 

Description: 

The level of use of the EV charging infrastructure implemented in the city, can be 
assessed by calculating the total kWh recharged by all types of electric vehicles during a 
year in the public charging stations. Additional analysis can be done using the particular 
kWh recharged over the city, showing information about what charging point is used 
more intensively, giving useful information to municipalities in order to optimize the 
charging network. In that respect, the recorded kWh/month per public e-charging point 
in the city, could be used to identifying the charging stations recorded the best 
performance in terms of kWh, e.g., the top 10 charging stations.  

Linked SDGs: SDG 7, SDG 11 SCIS Classification: - 

PART B: KPI Calculation 

Unit: 
KWh/year 
KWh/month 

Baseline Estimations Required: YES NO 
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 District/City Level: 

The indicator can be quantified by recording the kWh recharged per month per charging 
station and after aggregated at district level by calculating the sum of energy in all 
stations during one year, resulting in the total annual energy (AE) delivered.  
AE: total annual energy of all charging stations in the district per year (kWh/year)  

Spatial Scale of 
Evaluation: 

Technology Level:   

Recommended 
Data Sources: 

Data can be obtained from 
energy utilities, municipal 
bodies, or technology/charging  
infrastructure providers or from 
the city’s innovation platform. 
Values must be reported with 
the corresponding year.  

Building Level:  

Building Block Level (PEB):  

District Level (PED): X 

City Level: X  

Life Cycle 
Compatibility: 

YES NO 

Recommended 
time interval of 
KPI reporting:  

Annually 
Recommended 
time interval for 
data monitoring: 

Daily; Monthly; Annually 

PART C: KPI Governance and Clustering  

KPI 
Responsible: 

SEE APPENDIX C AND D 

Relevant 
Stakeholders: 

Energy Utilities X 

TSPs - Industry X 

TSPs - Research  

Data Provider: SEE APPENDIX C AND D 

Policy-making Bodies/Governance X 

Representative Citizen Groups  

Citizens  

Linked TA: TA#1  TA#2 X TA#3 X TA#4 X TA#5  

Linked IS: 
IS-1.1  IS-2.1 X IS-3.1 X IS-4.1  IS-5.1  

IS-1.2  IS-2.2  IS-3.2  IS-4.2 X IS-5.2  

Linked KERs: KER#1  KER#2 X KER#3  KER#4  KER#5 X 

Linked Success 
Indicator 
Categories: 

ENVIRONMENT  ENERGY SAVINGS  BUILDING AREA 
POSITIVELY 
AFFECTED 

 TRANSPORTATION X RES UTILIZATION  

STORAGE  COST  

 

4.3.5 Shared Electric Vehicles and Bicycles Penetration Rate 

PART A: KPI Profile 

KPI Name: Shared Electric Vehicles and Bicycles 
Penetration Rate 

Type: CORE SUPPORTING 

Description: 

Car-sharing contributes to an accessible, green and healthy neighbourhood, fewer need 
for parking space, less vehicles on the road and less pollution. Bike-sharing is key for 
sustainable urban mobility aiming to become the best alternative of public transport 
systems. The indicator refers to the number of e-vehicles that operate in such a platform 
and in the community car-sharing concept; as well as to the number of bicycles available 
through bicycle-sharing services and e-bike sharing schemes, allowing to appreciate the 
penetration of e-vehicles and bikes in these initiatives.  

Linked SDGs: SDG 9, SDG 11 SCIS Classification: - 

PART B: KPI Calculation 

Unit: 
# [number] 
%  

Baseline Estimations Required: YES NO 

KPI Formula 

District/City Level: 

• Number of EVs operating in shared-mobility services. 

• Number of bicycles and e-bicycles operating in shared-mobility services. 
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It is suggested also to report:  

• [(Number of e-vehicles in companies’ fleets) / (Total number of vehicles fleet)] 
*100% 

Spatial Scale of 
Evaluation: 

Technology Level:   

Recommended 
Data Sources: 

Potential data sources should be 
the urban platform manager of 
the city, the company that 
operates the service of the EV 
sharing scheme, relevant 
transport & logistics companies. 

Building Level:  

Building Block Level (PEB):  

District Level (PED): X 

City Level: X  

Life Cycle 
Compatibility: 

YES NO 

Recommended 
time interval of 
KPI reporting:  

Annually 
Recommended 
time interval for 
data monitoring: 

Annually 

PART C: KPI Governance and Clustering  

KPI 
Responsible: 

SEE APPENDIX C AND D 

Relevant 
Stakeholders: 

Energy Utilities  

TSPs - Industry X 

TSPs - Research  

Data Provider: SEE APPENDIX C AND D 

Policy-making Bodies/Governance X 

Representative Citizen Groups  

Citizens  

Linked TA: TA#1  TA#2  TA#3  TA#4 X TA#5  

Linked IS: 
IS-1.1  IS-2.1  IS-3.1  IS-4.1  IS-5.1  

IS-1.2  IS-2.2  IS-3.2  IS-4.2 X IS-5.2  

Linked KERs: KER#1  KER#2 X  KER#3  KER#4  KER#5 X 

Linked Success 
Indicator 
Categories: 

ENVIRONMENT  ENERGY SAVINGS  BUILDING AREA 
POSITIVELY 
AFFECTED 

 TRANSPORTATION X RES UTILIZATION  

STORAGE  COST   

 

4.4 KPIs in ICT Dimension  

4.4.1 Increased system flexibility for energy players  

PART A: KPI Profile 

KPI Name: 
Increased system flexibility for 
energy players 

Type: CORE SUPPORTING 

Description: 

The indicator determines the increased system flexibility for the energy utilities as an 
effective way to exploit all resources to respond to a set of diversions (e.g., demand 
changes in a specific time interval) and maintain the power balance, in terms of load or 
cost. The progress brought by R&I activities (RESPONSE) is measured assessing the 
additional electrical power that can be modulated in the selected framework, such as the 
connection of new RES generation, enhancing an interconnection, mitigating congestion, 
or even modifying all the transmission capacity of a TSO. The KPI refers to the ability of 
the system to respond to – as well as stabilize and balance – supply and demand in real 
time, as a measure of the demand side participation in energy markets and in energy 
efficiency intervention. Stability relies on the maintaining of voltage and frequency of a 
given power system within acceptable levels. 

Linked SDGs: SDG 7, SDG 9, SDG 11 SCIS Classification: YES – KPI 2.4.3 

PART B: KPI Calculation 
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Unit: % 
W/€ (alternatively)  

Baseline Estimations Required: YES NO 

KPI Formula: 

District/City Level: 

𝛥𝑆𝐹 =  
𝑆𝐹𝑅&𝐼 − 𝑆𝐹𝐵𝐴𝑈 (𝑂𝑅 𝐵𝐴𝑆𝐸𝐿𝐼𝑁𝐸 𝑉𝐴𝐿𝑈𝐸)

𝑃𝑝𝑒𝑎𝑘

 

SF is the amount of load capacity participating in demand side management [W]. 
It can also be expressed related to cost as: 

𝑆𝐹𝐴𝐶 =  
𝑆𝑦𝑠𝑡𝑒𝑚 𝑓𝑙𝑒𝑥𝑖𝑏𝑖𝑙𝑖𝑡𝑦

𝐶𝑜𝑠𝑡
 

Spatial Scale of 
Evaluation: 

Technology Level:   

Recommended 
Data Sources: 

Data to be captured at district 
and city level (recommended). 
Data can be gathered from the 
department of energy of the 
municipality or the energy 
provider. 

Building Level:  

Building Block Level (PEB):  

District Level (PED): X 

City Level: X 

Life Cycle 
Compatibility: 

YES NO 

Recommended 
time interval of 
KPI reporting:  

Daily; Monthly; Annually 
Recommended 
time interval for 
data monitoring: 

Continuous (if possible); Hourly; 
Daily 

PART C: KPI Governance and Clustering  

KPI 
Responsible: 

SEE APPENDIX C AND D 

Relevant 
Stakeholders: 

Energy Utilities X 

TSPs - Industry X 

TSPs - Research X 

Data Provider: SEE APPENDIX C AND D 

Policy-making Bodies/Governance  

Representative Citizen Groups  

Citizens  

Linked TA: TA#1 X TA#2 X TA#3 X TA#4 X TA#5  

Linked IS: 
IS-1.1  IS-2.1 X IS-3.1 X IS-4.1  IS-5.1  

IS-1.2 X IS-2.2 X IS-3.2 X IS-4.2 X IS-5.2  

Linked KERs: KER#1  KER#2  KER#3  KER#4 X KER#5  

Linked Success 
Indicator 
Categories: 

ENVIRONMENT  ENERGY SAVINGS  BUILDING AREA 
POSITIVELY 
AFFECTED 

 

TRANSPORTATION  RES UTILIZATION X 

STORAGE  COST  

 

4.4.2 Quality of open data  

PART A: KPI Profile 

KPI Name: Quality of open data Type: CORE SUPPORTING 

Description: 

Quality of Open Data is assessed as the percentage of data that uses DCAT standards. 
Data Catalog Vocabulary (DCAT) is designed to facilitate interoperability between data 
catalogs. The quality of open data is better if standardized. Processes get easier when 
data standards are applied. The DCAT standard allows municipal employees to produce 
data in a standardized way. Aggregated DCAT metadata can serve as a manifest file to 
facilitate digital preservation. DCAT enables decentralized publishing of catalogs, 
facilitates federated dataset search across catalogs (public sector datasets) by the 
exchange of descriptions of datasets among data portals (via DCAT-AP) making public 
sector data better searchable across borders and sectors in Europe. 

Linked SDGs: SDG 11, SDG 16 SCIS Classification: - 

PART B: KPI Calculation 

Unit: % Baseline Estimations Required: YES NO 
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KPI Formula: 
City Level: 

Percentage of data that uses DCAT standards. 

Spatial Scale of 
Evaluation: 

Technology Level:   

Recommended 
Data Sources: 

The information can be collected 
with manual monitoring and/or 
research to calculate the 
number of standardized 
datasets. Data should be 
sourced from the municipalities 
in collaboration with CIP 
managers. 

Building Level:  

Building Block Level (PEB):  

District Level (PED):  

City Level: X 

Life Cycle 
Compatibility: 

YES NO 

Recommended 
time interval of 
KPI reporting:  

Once (in the end of the project) 
Recommended 
time interval for 
data monitoring: 

Once (in the end of the project) 

PART C: KPI Governance and Clustering  

KPI 
Responsible: 

SEE APPENDIX C AND D 

Relevant 
Stakeholders: 

Energy Utilities  

TSPs - Industry  

TSPs - Research  

Data Provider: SEE APPENDIX C AND D 

Policy-making Bodies/Governance X 

Representative Citizen Groups  

Citizens  

Linked TA: TA#1  TA#2  TA#3  TA#4 X TA#5 X 

Linked IS: 
IS-1.1  IS-2.1  IS-3.1  IS-4.1 X IS-5.1 X 

IS-1.2  IS-2.2  IS-3.2  IS-4.2  IS-5.2  

Linked KERs: KER#1  KER#2  KER#3 X KER#4  KER#5 X 

Linked Success 
Indicator 
Categories: 

ENVIRONMENT  ENERGY SAVINGS  BUILDING AREA 
POSITIVELY 
AFFECTED 

 

TRANSPORTATION  RES UTILIZATION  

STORAGE  COST  
 

4.4.3 ICT response time  

PART A: KPI Profile 

KPI Name: ICT response time Type: CORE SUPPORTING 

Description: 

The response time of ICT infrastructure is related to the services developed and the 
payload (information exchanged) between them. The indicator is applicable to the 
various urban platform and ICT deployment actions and services in the project. For some 
ICT services, response times need to be in milliseconds while for other services seconds 
or minutes are perfectly acceptable. 

Linked SDGs: SDG 11 SCIS Classification: - 

PART B: KPI Calculation 

Unit: 
ms/byte; sec/byte; min/byte 
(Depends on the system) 

Baseline Estimations Required: YES NO 

KPI Formula: 
All Levels: 

ICT response time = Transaction time / payload 

Spatial Scale of 
Evaluation: 

Technology Level:  X 

Recommended 
Data Sources: 

Data should be collected from 
the CIP and Urban platform logs. 
To be assessed for 
representative ICT services. 

Building Level: X 

Building Block Level (PEB): X 

District Level (PED): X 

City Level: X 



 

109 

D2.1 

RESPONSE KPI Framework 

 

Life Cycle 
Compatibility: 

YES NO 

Recommended 
time interval of 
KPI reporting:  

Daily 
Recommended 
time interval for 
data monitoring: 

 
Continuous (if possible); Hourly 

PART C: KPI Governance and Clustering  

KPI 
Responsible: 

SEE APPENDIX C AND D 

Relevant 
Stakeholders: 

Energy Utilities X 

TSPs - Industry X 

TSPs - Research X 

Data Provider: SEE APPENDIX C AND D 

Policy-making Bodies/Governance X 

Representative Citizen Groups  

Citizens  

Linked TA: TA#1  TA#2  TA#3  TA#4 X TA#5 X 

Linked IS: 
IS-1.1  IS-2.1  IS-3.1  IS-4.1 X IS-5.1 X 

IS-1.2  IS-2.2  IS-3.2  IS-4.2  IS-5.2  

Linked KERs: KER#1  KER#2  KER#3  KER#4 X KER#5 X 

Linked Success 
Indicator 
Categories: 

ENVIRONMENT  ENERGY SAVINGS  BUILDING AREA 
POSITIVELY 
AFFECTED 

 

TRANSPORTATION  RES UTILIZATION  

STORAGE  COST  

 

4.4.4 Improved interoperability  

PART A: KPI Profile 

KPI Name: Improved interoperability Type: CORE SUPPORTING 

Description: 

Interoperability is the ability of a system to work with other systems by providing services 
to and accepting services from other systems and to use the services so exchanged to 
enable them to operate effectively together (ISO/TS 37151). Different levels of 
interoperability can be distinguished. When two or more systems are able to 
communicate with each other, this is called syntactic interoperability. Semantic 
interoperability is when the systems are also capable of interpreting the information 
exchanged in order to produce useful results. Cross-domain interoperability exists when 
organizations or systems from different domains interact in information exchange, 
services, and/or goods to achieve their own or common goals. As this indicator can be 
applied to a various type of projects, the indicator assesses the improvement in 
interoperability in a qualitative manner without going into details. 

Linked SDGs: SDG 11 SCIS Classification: - 

PART B: KPI Calculation 

Unit: Likert Scale Baseline Estimations Required: YES NO 

KPI Formula: 

District/City Level: 

The extent to which the project has increased interoperability between systems 
Not at all - 1 – 2 – 3 - 4- 5 – Excellent 

1. Not at all: the project does not increase interoperability. 
2. Poor: the project does little to increase interoperability. 
3. Somewhat: the project somewhat increases interoperability. 
4. Good: the project increases interoperability sufficiently. 
5. Excellent: the project increases interoperability extensively. 

Spatial Scale of 
Evaluation: 

Technology Level:   
Recommended 
Data Sources: 

Data can derive from project 
documentation or interviews 
with the project leader. 

Building Level:  

Building Block Level (PEB):  
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District Level (PED): X 

City Level: X 

Life Cycle 
Compatibility: 

YES NO 

Recommended 
time interval of 
KPI reporting:  

Once (end of project) 
Recommended 
time interval for 
data monitoring: 

Once (end of project), but can 
also be used ex-ante to evaluate 
plans 

PART C: KPI Governance and Clustering  

KPI 
Responsible: 

SEE APPENDIX C AND D 

Relevant 
Stakeholders: 

Energy Utilities Χ 

TSPs - Industry X 

TSPs - Research Χ 

Data Provider: SEE APPENDIX C AND D 

Policy-making Bodies/Governance Χ 

Representative Citizen Groups  

Citizens  

Linked TA: TA#1  TA#2  TA#3  TA#4 X TA#5 X 

Linked IS: 
IS-1.1  IS-2.1  IS-3.1  IS-4.1 X IS-5.1 X 

IS-1.2  IS-2.2  IS-3.2  IS-4.2  IS-5.2 X 

Linked KERs: KER#1  KER#2  KER#3  KER#4 X KER#5 X 

Linked Success 
Indicator 
Categories: 

ENVIRONMENT  ENERGY SAVINGS  BUILDING AREA 
POSITIVELY 
AFFECTED 

 

TRANSPORTATION  RES UTILIZATION  

STORAGE  COST  

 

4.4.5 Platform downtime  

PART A: KPI Profile 

KPI Name: Platform downtime Type: CORE SUPPORTING 

Description: 

ICT platform downtime refers to a time-period that CIP is unavailable thus failing to 
provide or perform its primary function as a result of an unplanned (e.g., electricity 
outage, internet disconnection) or planned event (e.g., maintenance, updates, reboots). 
To run a stable platform, monitoring is required to fix bugs and quickly improve the 
software environments. To successfully test CIP operation, it must have a large range of 
conformance test data and protocol decodes for analysis of unavailability problems also 
allowing the best compatibility with new interconnected systems. The indicator 
quantifies the downtime of the platform per selected timeframe. It can be measured in 
minutes and alongside with a percentage. 

Linked SDGs: SDG 11, SDG 16 SCIS Classification: - 

PART B: KPI Calculation 

Unit: Minutes / (h, d, w, m) Baseline Estimations Required: YES NO 

KPI Formula: 

City Level: 

The KPI can be quantified by measuring the downtime per selected time-horizon.  
 

𝐷𝑜𝑤𝑛𝑡𝑖𝑚𝑒 =  
𝑇𝑜𝑡𝑎𝑙 𝑇𝑖𝑚𝑒 𝑜𝑓 𝐶𝐼𝑃 𝑢𝑛𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑖𝑙𝑖𝑡𝑦

𝑇𝑜𝑡𝑎𝑙  𝑡𝑖𝑚𝑒 𝑜𝑓 𝐶𝐼𝑃 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛 (𝑖𝑛 ℎ𝑜𝑢𝑟𝑠 𝑜𝑟 𝑑𝑎𝑦𝑠 𝑒𝑡𝑐. )
 

Spatial Scale of 
Evaluation: 

Technology Level:   

Recommended 
Data Sources: 

Data should be extracted from 
the integrated ICT systems, e.g. 
The CIP will keep detailed usage 
statistics. 

Building Level:  

Building Block Level 
(PEB): 

 

District Level (PED):  

City Level: X 
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Life Cycle 
Compatibility: 

YES NO 

Recommended 
time interval of 
KPI reporting:  

Daily 
Recommended 
time interval for 
data monitoring: 

Continuous (if possible); 
Minutes 

PART C: KPI Governance and Clustering  

KPI 
Responsible: 

SEE APPENDIX C AND D 

Relevant 
Stakeholders: 

Energy Utilities X 

TSPs - Industry X 

TSPs - Research X 

Data Provider: SEE APPENDIX C AND D 

Policy-making Bodies/Governance X 

Representative Citizen Groups  

Citizens  

Linked TA: TA#1  TA#2  TA#3  TA#4 X TA#5 X 

Linked IS: 
IS-1.1  IS-2.1  IS-3.1  IS-4.1 X IS-5.1 X 

IS-1.2  IS-2.2  IS-3.2  IS-4.2  IS-5.2 X 

Linked KERs: KER#1  KER#2  KER#3  KER#4 X KER#5 X 

Linked Success 
Indicator 
Categories: 

ENVIRONMENT  ENERGY SAVINGS  BUILDING AREA 
POSITIVELY 
AFFECTED 

 

TRANSPORTATION  RES UTILIZATION  

STORAGE  COST  

 

4.5 KPIs in Economic Dimension  

4.5.1 Total Investments  

PART A: KPI Profile 

KPI Name: Total Investments Type: CORE SUPPORTING 

Description: 

An investment is defined as the action of capital outlay for an asset or item that is 
purchased or implemented, with the aim to generate revenues or savings over time. The 
investment in a newly constructed system is defined as cumulative payments until the 
initial operation of the system. The investment in the retrofitting of an existing system is 
defined as cumulative payments until the initial operation of the system after the 
refurbishment (grants are not subtracted). The indicator estimates all EU funding 
contributions to project interventions, including all aspects of project investments in 
terms of technology, i.e. energy, mobility, ICT. The indicator reports also the total 
amount of investments [€] required by the project.  Regarding the building solutions, 
total investments apply to the energy aspects of the system (e.g., highly efficient 
envelope in a building) and exclude non-energy related investments (e.g., refurbishment 
of bathrooms). It is recommended to consider also the share of investment for energy 
solutions to the total investment of building retrofitting. 

Linked SDGs: SDG 7, SDG 11 SCIS Classification: 
YES – SCIS KPI 2.3.1 

(adapted) 

PART B: KPI Calculation 

Unit: 
€/m2 
€ (total) 

Baseline Estimations Required: YES NO 

KPI Formula 

Building Level:  

𝐸𝑃𝐼𝛣𝑅 =
𝐼𝛣𝑅

𝐴𝑏
 

𝐸𝑃𝐼𝛣𝑅 = Total investment for all the interventions related to energy aspects in the 
building per conditioned area [€/m2] (subscript BR means building retrofitting) 
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𝐼𝛣𝑅 = Total investment for all the interventions related to energy aspects [€]  
𝐴𝑏 = Total floor area of the system renovated [m2] 

𝐸𝑃𝐼𝛦𝑅 =
𝐼𝛦𝑅

𝐴𝑏
 

𝐸𝑃𝐼𝛦𝑅 = Total investment for all the interventions related to energy retrofitting (in the 
building) per conditioned area [€/m2] (subscript BR means building retrofitting) 
𝐼𝛦𝑅 = Total investment for all the interventions related to energy retrofitting [€]  
𝐴𝑏 = Total floor area of the building renovated [m2] 

Building Block Level: 

Total investment related to energy aspects in the PEB, is the sum of investments for all 
the interventions in all buildings per conditioned area [€/m2]  

District Level: 

Total investment for all the interventions related to energy aspects in the district per 
conditioned area [€/m2] is the sum of investments for all the interventions related to 
energy aspects in the PEBs. 
Total investment for all the interventions related to energy retrofitting in the district per 
conditioned area [€/m2] is the sum of investments for all the interventions related to 
energy retrofitting in the PEBs. 
Total new investment generated in the PEDs is the sum of investment related to all 
aspects of project interventions at district level. 

City Level: 

Aggregation at city level. 

Spatial Scale of 
Evaluation: 

Technology Level:   

Recommended 
Data Sources: 

This information can be obtained 
from municipal bodies, building 
owners, energy utilities and 
major technology and service 
providers related to energy 
aspects/retrofitting.  

Building Level: X 

Building Block Level (PEB): X 

District Level (PED): X 

City Level: X  

Life Cycle 
Compatibility: 

YES NO 

Recommended 
time interval of 
KPI reporting:  

Annually 
Recommended 
time interval for 
data monitoring: 

Annually 

PART C: KPI Governance and Clustering  

KPI 
Responsible: 

SEE APPENDIX C AND D 

Relevant 
Stakeholders: 

Energy Utilities X 

TSPs - Industry X 

TSPs - Research X 

Data Provider: SEE APPENDIX C AND D 

Policy-making Bodies/Governance X 

Representative Citizen Groups  

Citizens X 

Linked TA: TA#1 X TA#2 X TA#3 X TA#4 X TA#5 X 

Linked IS: 
IS-1.1 X IS-2.1 X IS-3.1 X IS-4.1 X IS-5.1 X 

IS-1.2 X IS-2.2 X IS-3.2 X IS-4.2 X IS-5.2 X  

Linked KERs: KER#1  KER#2  KER#3  KER#4  KER#5 X 

Linked Success 
Indicator 
Categories: 

ENVIRONMENT  ENERGY SAVINGS  BUILDING AREA 
POSITIVELY 
AFFECTED 

 TRANSPORTATION  RES UTILIZATION  

STORAGE  COST X  
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4.5.2 Total Annual Costs  

PART A: KPI Profile 

KPI Name: Total Annual Costs Type: CORE SUPPORTING 

Description: 

The total annual costs are defined as the sum of capital-related annual costs (e.g. 
interests and repairs caused by the investment), requirement-related costs (e.g. power 
costs), operation related costs (e.g. costs of using the installation, i.e. maintenance) and 
other costs (e.g. insurance). These costs (can) vary for each year. 
- Capital related costs encompass depreciation, interests and repairs caused by the 
investment; 
- Requirement-related costs include power costs, auxiliary power costs, fuel costs, and 
costs for operating resources and in some cases external costs; 
- Operation-related costs include among other things the costs of using the installation 
and costs of servicing and inspection;  
- Other costs include costs of insurance, general output, uncollected taxes etc. 
The total annual costs are related to the considered interval of time (year). To make 
different objects comparable the same types of costs have to be included in the 
calculation. 

Linked SDGs: SDG 11 SCIS Classification: YES – SCIS KPI 2.3.3 

PART B: KPI Calculation 

Unit: €/year  Baseline Estimations Required: YES NO 

KPI Formula: 

Technology Level: 

𝑇𝐴𝐶𝑖 = 𝐶𝐸 + 𝐶𝑂&𝑀 + 𝐶𝐹 
𝑇𝐴𝐶i = Total annual cost of the system after the intervention (i.e. energy, operation & 
maintenance, financial) for year i [€/year] 
𝐶𝐸 = Total annual cost of the system supply [€/year] 
𝐶𝑂&𝑀 = Total annual cost of the operation and maintenance of the facility [€/year] 
𝐶𝐹 = Total annual financing cost, if applies [€/year]  

Building/Building Block/District/City Level:  

Sum of the total annual costs of all systems/interventions in the respective level. 

Spatial Scale of 
Evaluation: 

Technology Level:  X 

Recommended 
Data Sources: 

This information can be obtained 
from municipal bodies, owners 
of the demo buildings, energy 
utilities and major technology 
providers participating in the 
project. Data may be gathered 
from studies carried out in 
similar projects for comparability 
of the results. 

Building Level: X 

Building Block Level (PEB): X 

District Level (PED): X 

City Level: X  

Life Cycle 
Compatibility: 

YES NO 

Recommended 
time interval of 
KPI reporting:  

Annually 
Recommended 
time interval for 
data monitoring: 

Annually 

PART C: KPI Governance and Clustering  

KPI 
Responsible: 

SEE APPENDIX C AND D 

Relevant 
Stakeholders: 

Energy Utilities X 

TSPs - Industry X 

TSPs - Research  

Data Provider: SEE APPENDIX C AND D 

Policy-making Bodies/Governance  

Representative Citizen Groups  

Citizens X 

Linked TA: TA#1 X TA#2 X TA#3 X TA#4 X TA#5 X 
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Linked IS: 
IS-1.1 X IS-2.1 X IS-3.1 X IS-4.1 X IS-5.1 X 

IS-1.2 X IS-2.2 X IS-3.2 X IS-4.2 X IS-5.2 X  

Linked KERs: KER#1  KER#2  KER#3  KER#4  KER#5 X  

Linked Success 
Indicator 
Categories: 

ENVIRONMENT  ENERGY SAVINGS  BUILDING AREA 
POSITIVELY 
AFFECTED 

 TRANSPORTATION  RES UTILIZATION  

STORAGE  COST X  

 

4.5.3 Payback Period 

PART A: KPI Profile 

KPI Name: Payback Period Type: CORE SUPPORTING 

Description: 

The payback period is the time it takes to cover investment costs. It can be calculated 
from the number of years elapsed between the initial investment and the time at which 
cumulative savings offset the investment. Simple payback takes real (non-discounted) 
values for future monies. Discounted payback uses present values. Discounted payback 
period is more reliable than simple payback period since it accounts for time value of 
money. Payback in general ignores all costs and savings that occur after payback has 
been reached. Payback period is usually considered as an additional criterion to assess 
the investment, especially to assess the risks. Investments with a short payback period 
are considered safer than those with a longer payback period. As the invested capital 
flows back slower, the risk that the market changes and the invested capital can only be 
recovered later or not at all increases. On the other hand, costs and savings that occur 
after the investment has paid back are not considered. Therefore, sometimes decisions 
that are based on payback periods are not optimal and it is recommended to also consult 
other indicators. It can be estimated for each technology/system/intervention and 
regarding all integrated solutions and related investments of the project (in accordance 
with SI 3.5) 

Linked SDGs: SDG 7, SDG 11 SCIS Classification: YES – SCIS KPI 2.3.4 

PART B: KPI Calculation 

Unit: Years Baseline Estimations Required: YES NO 

KPI Formula: 

Technology Level: 

EPP: Economic payback period 
 

Type A - Static: EPP =
EPIBR

m
 

m can be calculated as average total annual costs (TAC) in use savings (€/year) 
𝑚 = TACbeforeafter − TACafterbefore 

Type B - Dynamic: 

EPP =
ln(m ∙ (1 + i)) − ln(EPIBR − EPIBR ∙ (1 + i) + m)

ln(1 + i)
− 1 

Type C - Dynamic with energy price increase rate: 

EPP =
ln(m ∙ (1 + i)) − ln(EPIBR(1 + p) − EPIBR ∙ (1 + i) + (1 + p)m)

ln(1 + i) − ln(1 + p)
− 1 

𝐸𝑃𝐼𝐵𝑅 (€) = Energy-related investment 
i (%) = Discount rate, p (%) = Energy price increase rate, i should be unequal to p 
 
Type D – Discounted: 

EPP= A + 
B 

C 
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A = Last period with a negative discounted cumulative cash flow 
B = Absolute value of discounted cumulative cash flow at the end of the period A 
C = Discounted cash flow during the period after A. 

Building/Building Block/District Level:  

Different spatial scales of evaluation can be assessed by adding up the primary energy 
demand/consumption of all its components (buildings at minimum). 

Spatial Scale of 
Evaluation: 

Technology Level:  X 

Recommended 
Data Sources: 

Data should be sourced from the 
technology providers. Data may 
also be obtained from techno-
economic analysis and study of 
the related systems. 

Building Level: X 

Building Block Level (PEB): X 

District Level (PED): X 

City Level:   

Life Cycle 
Compatibility: 

YES NO 

Recommended 
time interval of 
KPI reporting:  

Once (during project 
implementation)  

Recommended 
time interval for 
data monitoring: 

Once (during project 
implementation) 

PART C: KPI Governance and Clustering  

KPI 
Responsible: 

SEE APPENDIX C AND D 

Relevant 
Stakeholders: 

Energy Utilities X 

TSPs - Industry X 

TSPs - Research X 

Data Provider: SEE APPENDIX C AND D 

Policy-making Bodies/Governance  

Representative Citizen Groups  

Citizens  

Linked TA: TA#1 X TA#2 X TA#3 X TA#4 X TA#5 X 

Linked IS: 
IS-1.1 X IS-2.1 X IS-3.1 X IS-4.1 X IS-5.1 X 

IS-1.2 X IS-2.2 X IS-3.2 X IS-4.2 X IS-5.2 X  

Linked KERs: KER#1  KER#2  KER#3  KER#4  KER#5  

Linked Success 
Indicator 
Categories: 

ENVIRONMENT  ENERGY SAVINGS  BUILDING AREA 
POSITIVELY 
AFFECTED 

 TRANSPORTATION  RES UTILIZATION  

STORAGE  COST X  
 

4.5.4 Return on Investment (ROI)  

PART A: KPI Profile 

KPI Name: Return on Investment (ROI) Type: CORE SUPPORTING 

Description: 

The return on investment (ROI) is an economic variable that enables the evaluation of 
the feasibility of an investment or the comparison between different possible 
investments. This parameter is defined as the ratio between the total incomes/net profit 
and the total investment of the project, usually expressed in %. 

Linked SDGs: SDG 11 SCIS Classification: YES – SCIS KPI 2.3.5 

PART B: KPI Calculation 

Unit: % Baseline Estimations Required: YES NO 

KPI Formula: 

Technology Level/Building Building Block/District Level: 

 

𝑅𝑂𝐼𝑇 =
∑ (𝐼𝑛𝑡 − 𝑇𝐴𝐶𝑎𝑓𝑡𝑒𝑟𝑡

) − (𝐼𝐵𝑅 + 𝐼𝐸𝑅)𝑇
𝑡=1

𝐼𝐵𝑅 + 𝐼𝐸𝑅
 

ROIT = Return on Investment [%]  
Int = Income in year t 
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𝑇 = Duration of the economic analysis period: T=10, 15 and 20 Years, depending on the 
common practice area 

Spatial Scale of 
Evaluation: 

Technology Level:  X 

Recommended 
Data Sources: 

This information can be obtained 
from municipal bodies and major 
technology providers related to 
energy aspects/retrofitting. Data 
may be obtained from techno-
economic studies carried out for 
other projects. 

Building Level: X 

Building Block Level (PEB): X 

District Level (PED): X 

City Level:  

Life Cycle 
Compatibility: 

YES NO 

Recommended 
time interval of 
KPI reporting:  

Once (during project 
implementation) 

Recommended 
time interval for 
data monitoring: 

Once (during project 
implementation) 

PART C: KPI Governance and Clustering  

KPI 
Responsible: 

SEE APPENDIX C AND D 

Relevant 
Stakeholders: 

Energy Utilities X 

TSPs - Industry X 

TSPs - Research X 

Data Provider: SEE APPENDIX C AND D 

Policy-making Bodies/Governance  

Representative Citizen Groups  

Citizens  

Linked TA: TA#1 X TA#2 X TA#3 X TA#4 X TA#5 X 

Linked IS: 
IS-1.1 X IS-2.1 X IS-3.1 X IS-4.1 X IS-5.1 X 

IS-1.2 X IS-2.2 X IS-3.2 X IS-4.2 X IS-5.2 X  

Linked KERs: KER#1  KER#2  KER#3  KER#4  KER#5 X 

Linked Success 
Indicator 
Categories: 

ENVIRONMENT  ENERGY SAVINGS  BUILDING AREA 
POSITIVELY 
AFFECTED 

 TRANSPORTATION  RES UTILIZATION  

STORAGE  COST X  
 

4.5.5 Percentage of the Total Distributed Energy Resources Capacity Traded  

PART A: KPI Profile 

KPI Name: 
Percentage of the Total Distributed 
Energy Resources Capacity Traded 

Type: CORE SUPPORTING 

Description: 

This KPI measures the amount of Distributed Energy Resources (DERs) capacity traded 
as a percentage of the total DERs capacity available. DERs are all resources within the 
PEB which can contribute with power generation or flexible capacity (production and 
consumption) independently from the centralized energy grid. DERs makes use of solar 
PV, wind, hydro, thermal and other renewable energy generation sources. All DER form 
part of a PEB and contribute to a micro-grid or larger community grid and is traded and 
regulated within the grid. 

Linked SDGs: SGD 7 SCIS Classification: - 

PART B: KPI Calculation 

Unit: %  Baseline Estimations Required: YES NO 

KPI Formula: 

Building Level:  

DER systems are implemented at building level. The percentage of DER capacity traded 
is calculated by dividing the total DER capacity traded by the total DER capacity 
(combined systems), by means of the following formula: 

Percentage of DERs Capacity traded =
DERs Capacity traded (kWh)

Total DERs Capacity (kWh)
∗ 100% 

Total DER capacity refers to traded and non-traded capacity. 
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Building Block/District Level: 

 Data captured at building level should be aggregated to PEB and district (PED) level. 

Spatial Scale of 
Evaluation: 

Technology Level:   

Recommended 
Data Sources: 

Data should be obtained from 
the energy provider or the 
department of energy of the 
municipality. 

Building Level: X 

Building Block Level (PEB): X 

District Level (PED): X 

City Level:   

Life Cycle 
Compatibility: 

YES NO 

Recommended 
time interval of 
KPI reporting:  

Annually 
Recommended 
time interval for 
data monitoring: 

Annually 

PART C: KPI Governance and Clustering  

KPI 
Responsible: 

SEE APPENDIX C AND D 

Relevant 
Stakeholders: 

Energy Utilities X 

TSPs - Industry X 

TSPs - Research X 

Data Provider: SEE APPENDIX C AND D 

Policy-making Bodies/Governance X 

Representative Citizen Groups X 

Citizens X 

Linked TA: TA#1 X TA#2 X TA#3 X TA#4 X TA#5  

Linked IS: 
IS-1.1 X IS-2.1 X IS-3.1 X IS-4.1  IS-5.1  

IS-1.2 X IS-2.2 X IS-3.2 X IS-4.2 X IS-5.2  

Linked KERs: KER#1  KER#2  KER#3  KER#4 X  KER#5  

Linked Success 
Indicator 
Categories: 

ENVIRONMENT  ENERGY SAVINGS X BUILDING AREA 
POSITIVELY 
AFFECTED 

 TRANSPORTATION  RES UTILIZATION X  

STORAGE  COST  
 

4.5.6 Energy Consumption Reduction Cost  

PART A: KPI Profile 

KPI Name: Energy Consumption Reduction Cost Type: CORE SUPPORTING 

Description: 

The choice of appropriate energy solutions (smart energy systems / building materials) 
can significantly reduce the cost of energy consumption. The energy consumption 
reduction cost refers to the sum of the total energy payments saved per unit of time (Cs). 
The indicator estimates the total cost savings related to energy consumption due to the 
interventions implemented by the project per year. It is the difference between 
measured (C2) and reference (baseline) data (C1). For this reason, it requires the cost 
estimation in the beginning of the project (before the interventions), and data during 
the implementation pertaining to the energy cost of the proposed energy-related 
interventions, in order to calculate the energy cost reduction after one year. It may also 
represent the benefit for the end-users in the energy bills.  

Linked SDGs: SDG 1, SDG 7, SDG 11, SDG 12 SCIS Classification: - 

PART B: KPI Calculation 

Unit: € (total) Baseline Estimations Required: YES NO 

 Building Level:  

The total cost savings due to the project interventions in the building per year. 

Building Block Level: 

The total cost savings due to the project interventions in the PEB per year. 

District Level: 
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The total cost savings due to the project interventions in the district per year. 
Cs = C2 – C1 

Spatial Scale of 
Evaluation: 

Technology Level:   

Recommended 
Data Sources: 

Data should be gathered from 
relevant measurements by the 
energy utilities, as well as from 
building owners/residents/end-
users (energy bills) 

Building Level: X 

Building Block Level (PEB): X 

District Level (PED): X 

City Level:  

Life Cycle 
Compatibility: 

YES NO 

Recommended 
time interval of 
KPI reporting:  

Annually 
Recommended 
time interval for 
data monitoring: 

Monthly; Annually 

PART C: KPI Governance and Clustering  

KPI 
Responsible: 

SEE APPENDIX C AND D 

Relevant 
Stakeholders: 

Energy Utilities X 

TSPs - Industry X 

TSPs - Research X 

Data Provider: SEE APPENDIX C AND D 

Policy-making Bodies/Governance X 

Representative Citizen Groups X 

Citizens X 

Linked TA: TA#1 X TA#2 X TA#3 X TA#4 X TA#5  

Linked IS: 
IS-1.1 X IS-2.1 X IS-3.1 X IS-4.1  IS-5.1  

IS-1.2 X IS-2.2 X IS-3.2 X IS-4.2 X IS-5.2  

Linked KERs: KER#1 X KER#2  KER#3  KER#4  KER#5 X  

Linked Success 
Indicator 
Categories: 

ENVIRONMENT  ENERGY SAVINGS X BUILDING AREA 
POSITIVELY 
AFFECTED 

X TRANSPORTATION  RES UTILIZATION  

STORAGE  COST X  
 

4.5.7 Number of patents per 100 000 inhabitants per year  

PART A: KPI Profile 

KPI Name: 
Number of patents per 100 000 
inhabitants per year 

Type: CORE SUPPORTING 

Description: 

The indicator reports the total number of patents identified during and due to the 
project implementation.  A patent is a form of intellectual property that confers its 
owner the legal right to prohibit others from exploiting or selling an invention for a 
limited period of time, in return for publishing an enabling public disclosure of the 
invention.  

Linked SDGs: SDG 9, SDG 11 SCIS Classification: - 

PART B: KPI Calculation 

Unit: # [number]  Baseline Estimations Required: YES NO 

KPI Formula: 
 

District/City Level: 

# of patents per 100 000 inhabitants per year  

Spatial Scale of 
Evaluation: 

Technology Level:   

Recommended 
Data Sources: 

Data could be sourced from the 
municipalities and the LH 
managers. Data could be 
obtained from Government 
Patent Offices, in collaboration 
with the European Patent Office 
(EPO), who maintain records of 

Building Level:  

Building Block Level (PEB):  

District Level (PED): X 

City Level: X 

Life Cycle 
Compatibility: 

YES NO 
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all patents registered to persons 
and enterprises, corporations 
across jurisdiction. 

Recommended 
time interval of 
KPI reporting:  

Once (end of project) 
Recommended 
time interval for 
data monitoring: 

Once (end of project)  

PART C: KPI Governance and Clustering  

KPI 
Responsible: 

SEE APPENDIX C AND D 

Relevant 
Stakeholders: 

Energy Utilities  

TSPs - Industry X 

TSPs - Research X 

Data Provider: SEE APPENDIX C AND D 

Policy-making Bodies/Governance X 

Representative Citizen Groups  

Citizens  

Linked TA: TA#1 X TA#2 X TA#3 X TA#4 X TA#5 X 

Linked IS: 
IS-1.1 X IS-2.1 X IS-3.1 X IS-4.1 X IS-5.1 X 

IS-1.2 X IS-2.2 X IS-3.2 X IS-4.2 X IS-5.2 X  

Linked KERs: KER#1 X KER#2 X  KER#3  KER#4 X  KER#5 X  

Linked Success 
Indicator 
Categories: 

ENVIRONMENT  ENERGY SAVINGS  BUILDING AREA 
POSITIVELY 
AFFECTED 

 TRANSPORTATION  RES UTILIZATION  

STORAGE  COST  

 

4.6 KPIs in Social Dimension  

4.6.1 People Reached 

PART A: KPI Profile 

KPI Name: People Reached  Type: CORE SUPPORTING 

Description: 

Percentage of people in the target group that have been reached and/or are activated 
by the project. A Smart City project is usually most successful if the entire target group 
of a service participates. For example, if all electrical car owners join in optimizing their 
battery use to improve the energy system efficiency of the district. In addition, a high 
score on people reached can be seen as a signal of increased community engagement 
due to the project. The effort the project will make towards reaching the full extent of 
its target group can vary and with it the size of the target audience. Therefore, this effort 
and target audience for each integrated solution must be clearly defined before 
assessing the indicator.  

Linked SDGs: SDG 5, SDG7, SDG 11 SCIS Classification: - 

PART B: KPI Calculation 

Unit: % Baseline Estimations Required: YES NO 

KPI Formula: 
District/City Level: 

(number of citizens reached/total number of citizens considered as the total target 
group of the project) * 100% 

Spatial Scale of 
Evaluation: 

Technology Level:   

Recommended 
Data Sources: 

LH managers can create a log file 
to record people reached 
through: a) communication 
campaigns (press, social media), 
b) events organized by 

Building Level:  

Building Block Level (PEB):  

District Level (PED): X 

City Level: X 
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Life Cycle 
Compatibility: 

YES NO 

RESPONSE, c) participation in 
third party events, and d) an 
estimation of people reached 
through social media and press 
is recorded.  

Recommended 
time interval of 
KPI reporting:  

Annually 
Recommended 
time interval for 
data monitoring: 

Annually 

PART C: KPI Governance and Clustering  

KPI 
Responsible: 

SEE APPENDIX C AND D 

Relevant 
Stakeholders: 

Energy Utilities X 

TSPs - Industry X 

TSPs - Research X 

Data Provider: SEE APPENDIX C AND D 

Policy-making Bodies/Governance X 

Representative Citizen Groups X 

Citizens X 

Linked TA: TA#1 X TA#2 X TA#3 X TA#4 X TA#5 X 

Linked IS: 
IS-1.1 X IS-2.1 X IS-3.1 X IS-4.1 X IS-5.1 X 

IS-1.2 X IS-2.2 X IS-3.2 X IS-4.2 X IS-5.2 X 

Linked KERs: KER#1  KER#2  KER#3  KER#4  KER#5 X 

Linked Success 
Indicator 
Categories: 

ENVIRONMENT  ENERGY SAVINGS  BUILDING AREA 
POSITIVELY 
AFFECTED 

X 

TRANSPORTATION  RES UTILIZATION  

STORAGE  COST  

 

4.6.2 Local community involvement in the implementation and planning phase 

PART A: KPI Profile 

KPI Name: 
Local community involvement in the 
implementation and planning phase 

Type: CORE SUPPORTING 

Description: 

The extent to which residents/users have been involved in the implementation process. 
As residents’ beliefs, needs, preferences and expectations towards sustainable living 
environments have a strong influence on project performance, public involvement 
during the implementation stage is essential to provide developers with input to ensure 
that the project will perform as intended. Moreover, a growing body of literature is 
exemplifying the importance of civil society/community participation in sustainable 
urban planning and execution, for example by means of smart city projects, to bring 
together information, knowledge, and skills from diverse backgrounds to articulate the 
often-ambiguous targets of smart cities and to create a sense of ownership over the 
outcomes. 

Linked SDGs: SDG 5, SDG 7, SDG 11, SDG 13 SCIS Classification: - 

PART B: KPI Calculation 

Unit: 5-Point Likert Scale (No Unit) Baseline Estimations Required: YES NO 

KPI Formula: 

District/City Level: 

The indicator provides a qualitative measure and is rated on a five-point Likert scale:  
No involvement – 1 — 2 — 3 — 4 — 5 — High involvement  
1. Not at all: No community involvement.  
2. Inform and consult: The more or less completed project is announced to the 

community either for information only, or for receiving community views. The 
consultation, however, is mainly seeking community acceptance of the project.  
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3. Advise: the project implementation is done by a project team. Community actors are 
invited to ask questions, provide feedback and give advice. Based on this input the 
planners may alter the project.  

4. Partnership: community actors are asked by the project planners to participate in 
the implementation process. The local community is able to influence the 
implementation process.  

5. Community self-development: the project planners have empowered community 
actors to manage the project implementation and evaluate the results. 

Spatial Scale of 
Evaluation: 

Technology Level:   

Recommended 
Data Sources: 

Project Documentation or 
Survey conducted at a district 
/city scale or interview with 
Project Leader and other 
involved stakeholders. 

Building Level:  

Building Block Level (PEB):  

District Level (PED): X 

City Level: X 

Life Cycle 
Compatibility: 

YES NO 

Recommended 
time interval of 
KPI reporting:  

Annually 
Recommended 
time interval for 
data monitoring: 

Annually 

PART C: KPI Governance and Clustering  

KPI 
Responsible: 

SEE APPENDIX C AND D 

Relevant 
Stakeholders: 

Energy Utilities  

TSPs - Industry X 

TSPs - Research X 

Data Provider: SEE APPENDIX C AND D 

Policy-making Bodies/Governance X 

Representative Citizen Groups X 

Citizens X 

Linked TA: TA#1 X TA#2 X TA#3 X TA#4 X TA#5 X 

Linked IS: 
IS-1.1 X IS-2.1 X IS-3.1 X IS-4.1 X IS-5.1 X 

IS-1.2 X IS-2.2 X IS-3.2 X IS-4.2 X IS-5.2 X 

Linked KERs: KER#1  KER#2  KER#3  KER#4  KER#5 X 

Linked Success 
Indicator 
Categories: 

ENVIRONMENT  ENERGY SAVINGS  BUILDING AREA 
POSITIVELY 
AFFECTED 

X 

TRANSPORTATION  RES UTILIZATION  

STORAGE  COST  

 

4.6.3 Satisfaction of people affected 

PART A: KPI Profile 

KPI Name: Satisfaction of people affected  Type: CORE SUPPORTING 

Description: 

Level of satisfaction and acceptance of people affected by the action in the topics: 

• Technical point of view: perceived adequateness, perceived benefit (e.g., comfort), 
perceived usefulness, perceived ease of use, aesthetical solution satisfaction. 

• Economic point of view: cost, risk, benefit. 

Linked SDGs: SDG 5, SDG 7, SDG 11, SDG 13 SCIS Classification: - 

PART B: KPI Calculation 

Unit: 5-Point Likert Scale (No Unit) Baseline Estimations Required: YES NO 

KPI Formula: 

Building Block/District/City Level: 

The indicator provides a qualitative measure and is rated on a five-point Likert scale: 
(could be measured separately for economic and technical)  
No satisfaction – 1 — 2 — 3 — 4 — 5 — High satisfaction 
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1. Not at all: No satisfaction.  
2. Fair: There is some satisfaction but overall, the solution is poorly developed. 
3. Moderate: the solution is somewhat satisfactory, with some technical / economic 

benefits for the users 
4. Much: There are some clear technical / economic benefits that makes the related 

investment meaningful.  
5. Very much: There is a very high degree of satisfaction. It is a solution that has created 

multiple versatile benefits i.e. level of adequateness, benefit (e.g. comfort), 
usefulness, ease of use, aesthetical solution satisfaction, cost reduction and risk 
reduction. 

Spatial Scale of 
Evaluation: 

Technology Level:   

Recommended 
Data Sources: 

Project Documentation or 
Survey conducted at a district 
/city scale or interview with 
Project Leader and other 
involved stakeholders 

Building Level:  

Building Block Level (PEB): X 

District Level (PED): X 

City Level: X 

Life Cycle 
Compatibility: 

YES NO 

Recommended 
time interval of 
KPI reporting:  

Annually 
Recommended 
time interval for 
data monitoring: 

Annually 

PART C: KPI Governance and Clustering  

KPI 
Responsible: 

SEE APPENDIX C AND D 

Relevant 
Stakeholders: 

Energy Utilities  

TSPs - Industry  

TSPs - Research  

Data Provider: SEE APPENDIX C AND D 

Policy-making Bodies/Governance X 

Representative Citizen Groups X 

Citizens X 

Linked TA: TA#1 X TA#2 X TA#3 X TA#4 X TA#5 X 

Linked IS: 
IS-1.1 X IS-2.1 X IS-3.1 X IS-4.1 X IS-5.1 X 

IS-1.2 X IS-2.2 X IS-3.2 X IS-4.2 X IS-5.2 X 

Linked KERs: KER#1  KER#2  KER#3  KER#4  KER#5 X 

Linked Success 
Indicator 
Categories: 

ENVIRONMENT  ENERGY SAVINGS  BUILDING AREA 
POSITIVELY 
AFFECTED 

X 

TRANSPORTATION  RES UTILIZATION  

STORAGE  COST  

 

4.6.4 Increased environmental and new technologies awareness 

PART A: KPI Profile 

KPI Name: 
Increased environmental and new 
technologies awareness 

Type: 
CORE SUPPORTING 

Description: 

The extent to which the project has used opportunities for increasing environmental and 
new technologies awareness and educating citizens about sustainability, the 
environment and new technologies. Awareness of environmental problems is important 
for creating support for environmental projects and programs. This indicator, therefore, 
assesses the extent to which the project has used opportunities for increasing 
environmental and technological awareness and educating about sustainability and the 
environment. 

Linked SDGs: SDG 5, SDG 7, SDG 11, SDG 13 SCIS Classification: - 

PART B: KPI Calculation 
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Unit: 5-Point Likert Scale (No Unit) Baseline Estimations Required: YES NO 

KPI Formula: 

District/City Level: 

Not at all – 1 – 2 – 3 – 4 – 5 – very much 
1. Not at all: opportunities to increase environmental and technological awareness were 

not taken into account in the project communication 
2. Poor: opportunities to increase environmental and technological awareness were 

slightly taken into account in the project communication. 
3. Somewhat: opportunities to increase environmental and technological awareness 

were somewhat taken into account in the project communication, at key moments 
in the project there was attention for this issue. 

4. Good: opportunities to increase environmental and technological awareness were 
sufficiently taken into account in the project communication, the project utilized 
many possibilities to address this issue in their communications. 

5. Excellent: opportunities to increase environmental and technological awareness were 
taken into account in the project communication, the project utilized every 
possibility to address this issue both in online and offline communications. 

Spatial Scale of 
Evaluation: 

Technology Level:   

Recommended 
Data Sources: 

Project Documentation or 
Survey conducted at a district 
/city scale or interview with 
Project Leader and other 
involved stakeholders for 
instance “PED inhabitants' 
awareness of solar energy 
solutions within PED” 

Building Level:  

Building Block Level (PEB):  

District Level (PED): X 

City Level: X 

Life Cycle 
Compatibility: YES NO 

Recommended 
time interval of 
KPI reporting:  

Annually 
Recommended 
time interval for 
data monitoring: 

Annually 

PART C: KPI Governance and Clustering  

KPI 
Responsible: 

SEE APPENDIX C AND D 

Relevant 
Stakeholders: 

Energy Utilities  

TSPs - Industry  

TSPs - Research  

Data Provider: SEE APPENDIX C AND D 

Policy-making Bodies/Governance X 

Representative Citizen Groups X 

Citizens X 

Linked TA: TA#1 X TA#2 X TA#3 X TA#4 X TA#5 X 

Linked IS: 
IS-1.1 X IS-2.1 X IS-3.1 X IS-4.1 X IS-5.1 X 

IS-1.2 X IS-2.2 X IS-3.2 X IS-4.2 X IS-5.2 X 

Linked KERs: KER#1  KER#2  KER#3  KER#4  KER#5 X 

Linked Success 
Indicator 
Categories: 

ENVIRONMENT  ENERGY SAVINGS  BUILDING AREA 
POSITIVELY 
AFFECTED 

X 

TRANSPORTATION  RES UTILIZATION  

STORAGE  COST  
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4.7 KPIs in Governance Dimension  

4.7.1 Legal Framework compatibility 

PART A: KPI Profile 

KPI Name: Legal Framework compatibility Type: CORE SUPPORTING 

Description: 

The level of suitability of the legal framework for the integration of a) self-consumption 
RES generation solutions in buildings, b) symbiotic waste heat solutions, c) energy 
flexibility policies (such as incentives for peak-shaving), d) private EVs and public 
transport EVs in the city mobility policies, e) a city information platform for the energy 
management and citizen engagement (this takes into account not only whether the 
platform is permitted, but also what measurements are taken in order to maintain 
system security and privacy). 

Linked SDGs: SDG 7, SDG 11, SDG 13 SCIS Classification: - 

PART B: KPI Calculation 

Unit: 5-Point Likert Scale (No Unit) Baseline Estimations Required: YES NO 

KPI Formula: 

City Level: 

The indicator provides a qualitative measure and is rated on a five-point Likert scale:  
Not compatible – 1 — 2 — 3 — 4 — 5 — Fully compatible 

1. No permission: The legal framework firmly prohibits the integration of the 
proposed technology solution. 

2. Legal barriers: The legal framework leaves very little space for the integration of 
the proposed technology making it almost impossible. 

3. Unclear legal platform: The legal framework has not taken into account the 
proposed technology solution, making it unclear whether its integration is 
allowed or not. 

4. Legal permission: The legal framework generally approves of the integration of 
the proposed technology solution. Some special guidelines are out of date 
making possible a legal lack of support. 

5. Full legal support: The legal framework fully approves the integration of the 
proposed technology solution. 

Spatial Scale of 
Evaluation: 

Technology Level:   

Recommended 
Data Sources: 

 
Interviews with the LH 
managers, the Department for 
urban planning of the local 
government, local government 
authorities and possibly from 
project documentation. 
 

Building Level:  

Building Block Level (PEB):  

District Level (PED):  

City Level: X 

Life Cycle 
Compatibility: 

YES NO 

Recommended 
time interval of 
KPI reporting:  

Annually 
Recommended 
time interval for 
data monitoring: 

Annually 

PART C: KPI Governance and Clustering  

KPI 
Responsible: 

SEE APPENDIX C AND D 

Relevant 
Stakeholders: 

Energy Utilities  

TSPs - Industry  

TSPs - Research  

Data Provider: SEE APPENDIX C AND D 

Policy-making Bodies/Governance X 

Representative Citizen Groups  

Citizens  

Linked TA: TA#1 X TA#2 X TA#3 X TA#4 X TA#5 X 
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Linked IS: 
IS-1.1 X IS-2.1 X IS-3.1 X IS-4.1 X IS-5.1 X 

IS-1.2 X IS-2.2 X IS-3.2 X IS-4.2 X IS-5.2 X 

Linked KERs: KER#1  KER#2  KER#3  KER#4  KER#5 X 

Linked Success 
Indicator 
Categories: 

ENVIRONMENT  ENERGY SAVINGS  BUILDING AREA 
POSITIVELY 
AFFECTED 

X 

TRANSPORTATION  RES UTILIZATION  

STORAGE  COST  

 

4.7.2 Open Government Dataset 

PART A: KPI Profile 

KPI Name: Open Government Dataset Type: CORE SUPPORTING 

Description: 
The number of open government datasets per 100.000 inhabitants. It measures how 
involved is the local government in building a smart city. Open data refers those data 
that can be freely used, re-used and redistributed by anyone. 

Linked SDGs: SDG 7, SDG 11 SCIS Classification: - 

PART B: KPI Calculation 

Unit: #/100,000 Baseline Estimations Required: YES NO 

KPI Formula: 
City Level: 

(number of open government datasets/total population) x 100.000 

Spatial Scale of 
Evaluation: 

Technology Level:   

Recommended 
Data Sources: 

Interviews with the LH 
managers, the Department for 
urban planning of the local 
government, local government 
authorities and possibly from 
project documentation. 

Building Level:  

Building Block Level (PEB):  

District Level (PED):  

City Level: X 

Life Cycle 
Compatibility: 

YES NO 

Recommended 
time interval of 
KPI reporting:  

Annually 
Recommended 
time interval for 
data monitoring: 

Annually 

PART C: KPI Governance and Clustering  

KPI 
Responsible: 

SEE APPENDIX C AND D 

Relevant 
Stakeholders: 

Energy Utilities  

TSPs - Industry  

TSPs - Research  

Data Provider: SEE APPENDIX C AND D 

Policy-making Bodies/Governance X 

Representative Citizen Groups  

Citizens  

Linked TA: TA#1  TA#2  TA#3  TA#4 X TA#5 X 

Linked IS: 
IS-1.1  IS-2.1  IS-3.1  IS-4.1 X IS-5.1 X 

IS-1.2  IS-2.2  IS-3.2  IS-4.2 X IS-5.2 X 

Linked KERs: KER#1  KER#2  KER#3  KER#4  KER#5 X 

Linked Success 
Indicator 
Categories: 

ENVIRONMENT X ENERGY SAVINGS  BUILDING AREA 
POSITIVELY 
AFFECTED 

X 

TRANSPORTATION X RES UTILIZATION X 

STORAGE  COST  
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4.7.3 Online visits to the municipal open data portal per 100 000 population 

PART A: KPI Profile 

KPI Name: Online visits to the municipal open 
data portal per 100 000 population 

Type: CORE SUPPORTING 

Description: 

Number of visits to the municipal open data portal a year per 100.000 population. An 
open data portal shall refer to a data portal operated by the city providing access to open 
data, which shall be defined as structured data that is machine-readable, freely shared, 
used and built on without restrictions. An online visit shall refer to an individual visitor 
who arrives at the city’s open data portal online and proceeds to browse and peruse the 
open data portal. A visit counts all visitors, no matter how many times the same visitor 
may have been to the open data portal. 

Linked SDGs: SDG 7, SDG 11 SCIS Classification: - 

PART B: KPI Calculation 

Unit: #/100 000 Baseline Estimations Required: YES NO 

KPI Formula: 
City Level: 

Total number of municipal open data portal visits (numerator) / 100 000 inhabitants 

Spatial Scale of 
Evaluation: 

Technology Level:   

Recommended 
Data Sources: 

Data on the number of visits to 
the open data portal should be 
obtained from websites hosting 
statistics related to a) Garbage 
and Recycling; b) Public Safety; 
c) Fire Department; d) Roads and 
Traffic; e) Bylaws, f) Violations 
and Enforcement; g) Permits and 
Licences; h) Planning; i) Building; 
j) Policies, Projects and 
Initiatives; k) Rentals and 
Catering of City Buildings; l) 
Water and Sewers; and m) 
Property Taxes and Utilities, 
obtained from the municipality’s 
website administration or 
provided by the domain host(s). 

Building Level:  

Building Block Level (PEB):  

District Level (PED):  

City Level: X 

Life Cycle 
Compatibility: 

YES NO 

Recommended 
time interval of 
KPI reporting:  

Monthly; Annually 
Recommended 
time interval for 
data monitoring: 

Monthly; Annually 

PART C: KPI Governance and Clustering  

KPI 
Responsible: 

SEE APPENDIX C AND D 

Relevant 
Stakeholders: 

Energy Utilities  

TSPs - Industry  

TSPs - Research  

Data Provider: SEE APPENDIX C AND D 

Policy-making Bodies/Governance X 

Representative Citizen Groups  

Citizens  

Linked TA: TA#1  TA#2  TA#3  TA#4 X TA#5 X 

Linked IS: 
IS-1.1  IS-2.1  IS-3.1  IS-4.1 X IS-5.1 X 

IS-1.2  IS-2.2  IS-3.2  IS-4.2 X IS-5.2 X 

Linked KERs: KER#1  KER#2  KER#3  KER#4  KER#5 X 

ENVIRONMENT X ENERGY SAVINGS X 
X 

TRANSPORTATION X RES UTILIZATION  
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Linked Success 
Indicator 
Categories: 

STORAGE  COST  BUILDING AREA 
POSITIVELY 
AFFECTED 

 

4.7.4 Percentage of city services accessible, requested online (e-Governance) 

PART A: KPI Profile 

KPI Name: 
Percentage of city services 
accessible, requested online (e-
Governance) 

Type: CORE SUPPORTING 

Description: 

The percentage of city services accessible online. City services shall refer to services 
provided by the city and typically cover the following areas: Garbage and Recycling; 
Public Safety; Fire Department; Roads and Traffic; Bylaws, Violations and Enforcement; 
Permits and Licenses; Planning; Building; Policies, Projects and Initiatives; Rentals and 
Catering of City Buildings; Water and Sewers; and Property Taxes and Utilities. City 
services is a broad term encompassing the many “touch-points” cities have with citizens 
and businesses. Particularly for city services accessible online this term can include, for 
example, requesting and receiving permits; assessing and collecting taxes; lodging and 
addressing complaints; and requesting information on services within the city’s 
jurisdiction or authority.  

Linked SDGs: SDG 7, SDG 11 SCIS Classification: - 

PART B: KPI Calculation 

Unit: #/100,000 Baseline Estimations Required: YES NO 

KPI Formula: 

City Level: 

(Total number of city services offered to people and businesses through a centralized 
Internet interface (numerator) / total number of city services offered by the city 
(denominator)) * 100 

Spatial Scale of 
Evaluation: 

Technology Level:   

Recommended 
Data Sources: 

City Planning, or economic, or 
ICT department should be able 
to provide an overview. Data 
should be gathered from the last 
year with available data. The 
value must be reported with the 
corresponding year. 

Building Level:  

Building Block Level (PEB):  

District Level (PED):  

City Level: X 

Life Cycle 
Compatibility: 

YES NO 

Recommended 
time interval of 
KPI reporting:  

Annually 
Recommended 
time interval for 
data monitoring: 

Annually 

PART C: KPI Governance and Clustering  

KPI 
Responsible: 

SEE APPENDIX C AND D 

Relevant 
Stakeholders: 

Energy Utilities  

TSPs - Industry  

TSPs - Research  

Data Provider: SEE APPENDIX C AND D 

Policy-making Bodies/Governance X 

Representative Citizen Groups  

Citizens  

Linked TA: TA#1  TA#2  TA#3  TA#4 X TA#5 X 

Linked IS: 
IS-1.1  IS-2.1  IS-3.1  IS-4.1 X IS-5.1 X 

IS-1.2  IS-2.2  IS-3.2  IS-4.2 X IS-5.2 X 

Linked KERs: KER#1  KER#2  KER#3  KER#4  KER#5 X 

ENVIRONMENT  ENERGY SAVINGS X X 
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Linked Success 
Indicator 
Categories: 

TRANSPORTATION X RES UTILIZATION  BUILDING AREA 
POSITIVELY 
AFFECTED 

STORAGE  COST  

 

4.8 KPIs in Propagation Dimension  

4.8.1 Technical Compatibility 

PART A: KPI Profile 

KPI Name: Technical Compatibility Type: CORE SUPPORTING 

Description: 

The extent to which the smart city solution fits with the current existing technological 
standards/infrastructures. This indicator aims to provide an indication of the technical 
compatibility of the smart city solution, meaning the extent to which the solution fits 
with current practices, administrative and existing technological 
standards/infrastructures. The large-scale implementation of micro-CHP in households, 
for example, is hampered by technical (and economic, regulatory and 
practical/organizational) barriers; problems “concerning voltage” profiles, power quality 
and voltage displacement of the star point of the utility grid” (Six, Vekemans and Dexters 
2009, 244) hamper the mass introduction of micro-CHP for domestic use. The 
culmination of such technical barriers hampers the technical compatibility of an 
innovation in society. 

Linked SDGs: SDG 7, SDG 9, SDG 11 SCIS Classification: - 

PART B: KPI Calculation 

Unit: 5-Point Likert Scale (No Unit) Baseline Estimations Required: YES NO 

KPI Formula: 

District/City Level: 

The indicator provides a qualitative measure and is rated on a five- point Likert scale: 
No technical compatibility – 1 — 2 — 3 — 4 — 5 — Very high 
1. No technical compatibility: the solution needs many and major adjustments to 

current (infra)structures and/or practices for its implementation. 
2. Low compatibility: the solution requires some major adjustments to current 

(infra)structures and/or practices for its implementation. 
3. Moderate: some adjustments to current (infra)structures and/or practices are 

necessary to implement the solution. 
4. High: only minor adjustments (think of a different type of plug, a specific internet 

connection, etc.) are needed to implement the solution. 
5. Very high: no adjustments to current (infra)structures and/or practices are needed, 

the solution can immediately be implemented. 

Spatial Scale of 
Evaluation: 

Technology Level:   

Recommended 
Data Sources: 

Interviews with the Project 
Leader, LH managers, and/or 
stakeholders and based on 
expert judgement. 

Building Level:  

Building Block Level (PEB):  

District Level (PED): X 

City Level: X 

Life Cycle 
Compatibility: 

YES NO 

Recommended 
time interval of 
KPI reporting:  

Annually 
Recommended 
time interval for 
data monitoring: 

Annually 

PART C: KPI Governance and Clustering  

SEE APPENDIX C AND D Energy Utilities X 
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KPI 
Responsible: 

Relevant 
Stakeholders: 

TSPs - Industry X 

TSPs - Research X 

Data Provider: SEE APPENDIX C AND D 

Policy-making Bodies/Governance X 

Representative Citizen Groups  

Citizens  

Linked TA: TA#1 X TA#2 X TA#3 X TA#4 X TA#5 X 

Linked IS: 
IS-1.1 X IS-2.1 X IS-3.1 X IS-4.1 X IS-5.1 X 

IS-1.2 X IS-2.2 X IS-3.2 X IS-4.2 X IS-5.2 X 

Linked KERs: KER#1 X KER#2  KER#3  KER#4  KER#5 X 

Linked Success 
Indicator 
Categories: 

ENVIRONMENT X ENERGY SAVINGS X BUILDING AREA 
POSITIVELY 
AFFECTED 

X 

TRANSPORTATION X RES UTILIZATION X 

STORAGE X COST X 

 

4.8.2 Solution(s) to development issues 

PART A: KPI Profile 

KPI Name: Solution(s) to development issues Type: CORE SUPPORTING 

Description: 

The extent to which the project offers a solution to problems which are common to 
European cities. If the smart city project connects to and/or offers a solution to problems 
that are common to European cities, the innovation is expected to possess a greater 
potential for propagation across cities. 

Linked SDGs: SDG 7, SDG 9, SDG 11, SDG 13 SCIS Classification: - 

PART B: KPI Calculation 

Unit: 5-Point Likert Scale (No Unit) Baseline Estimations Required: YES NO 

KPI Formula: 

District/City Level: 

The indicator provides a qualitative measure and is rated on a five-point Likert scale: 
Not a solution – 1 — 2 — 3 — 4 — 5 — Very much a solution 
1. The project does not offer a solution to a problem common to European 
districts/cities, it is only applicable to the local context. 
2. The project offers a solution for a problem common to few European districts/cities 
with similar circumstances. 
3. The project offers a solution for a problem common to some European districts/cities. 
4. The project offers a solution for a problem common to many European districts/cities. 
5. The project offers a solution for a problem common to most European districts/cities. 

Spatial Scale of 
Evaluation: 

Technology Level:   

Recommended 
Data Sources: 

To be derived from project 
documentation and/or 
interviews with the project 
leader and stakeholders. 

Building Level:  

Building Block Level (PEB):  

District Level (PED): X 

City Level: X 

Life Cycle 
Compatibility: 

YES NO 

Recommended 
time interval of 
KPI reporting:  

Once 
Recommended 
time interval for 
data monitoring: 

Once 

PART C: KPI Governance and Clustering  

KPI 
Responsible: 

SEE APPENDIX C AND D Relevant 
Stakeholders: 

Energy Utilities  

TSPs - Industry  

TSPs - Research X 

Data Provider: SEE APPENDIX C AND D Policy-making Bodies/Governance X 
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Representative Citizen Groups X 

Citizens X 

Linked TA: TA#1 X TA#2 X TA#3 X TA#4 X TA#5 X 

Linked IS: 
IS-1.1 X IS-2.1 X IS-3.1 X IS-4.1 X IS-5.1 X 

IS-1.2 X IS-2.2 X IS-3.2 X IS-4.2 X IS-5.2 X 

Linked KERs: KER#1  KER#2  KER#3  KER#4  KER#5 X 

Linked Success 
Indicator 
Categories: 

ENVIRONMENT X ENERGY SAVINGS X BUILDING AREA 
POSITIVELY 
AFFECTED 

X 

TRANSPORTATION X RES UTILIZATION X 

STORAGE X COST X 
 

4.8.3 Diffusion to other locations 

PART A: KPI Profile 

KPI Name: Diffusion to other locations Type: CORE SUPPORTING 

Description: 

The extent to which the project is planned to be copied or already copied in other cities 
and regions.  A smart city concept can attract the interest to be copied by other cities or 
regions. This can entail both the solutions within the project (e.g., technology, new 
product) as the institutional aspects of the project. The latter can for instance be the 
copying of procurement process, mimicking the way civil servants’ support for a new 
development, creating a culture conducive of change, or changing regulations in another 
location to free the way for a new development. An example of active copying of low 
carbon strategies is the ‘Replication Cluster’ in the SINFONIA project by ‘early adopter 
cities’. It is presumed that smart city projects have a higher potential for diffusion, when 
other locations have already copied the solutions or institutional aspects. 

Linked SDGs: SDG 7, SDG 9, SDG 11, SDG 13 SCIS Classification: - 

PART B: KPI Calculation 

Unit: 5-Point Likert Scale (No Unit) Baseline Estimations Required: YES NO 

KPI Formula: 

District/City Level: 

The indicator provides a qualitative measure and is rated on a five- point Likert scale: 
Not copied in other locations – 1 — 2 — 3 — 4 — 5 — Very much copied in other locations 

1. The innovation is not copied in other locations and no MoC is signed 
2. The innovation has attracted the interest to be copied once in another location 

within the same city/region and a MoC is signed. 
3. The innovation has attracted the interest to be copied several times within the same 

city/region and more than two MoC are signed 
4. The innovation has attracted the interest to be copied in projects within the same 

city/region with more than two MoC signed, as well as projects outside the original 
city/region with more than two MoC signed 

5. The innovation has been copied in its country of origin, as well as internationally. 
The number of MoC signed needs to be reported as well. 

Spatial Scale of 
Evaluation: 

Technology Level:   

Recommended 
Data Sources: 

Interviews with the Project 
Leader, LH managers, and/or 
stakeholders and online search 
with keywords. 
 

Building Level:  

Building Block Level (PEB):  

District Level (PED): X 

City Level: X 

Life Cycle 
Compatibility: 

YES NO 
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Recommended 
time interval of 
KPI reporting:  

Once 
Recommended 
time interval for 
data monitoring: 

Once 

PART C: KPI Governance and Clustering  

KPI 
Responsible: 

SEE APPENDIX C AND D 

Relevant 
Stakeholders: 

Energy Utilities X 

TSPs - Industry X 

TSPs - Research X 

Data Provider: SEE APPENDIX C AND D 

Policy-making Bodies/Governance X 

Representative Citizen Groups  

Citizens  

Linked TA: TA#1 X TA#2 X TA#3 X TA#4 X TA#5 X 

Linked IS: 
IS-1.1 X IS-2.1 X IS-3.1 X IS-4.1 X IS-5.1 X 

IS-1.2 X IS-2.2 X IS-3.2 X IS-4.2 X IS-5.2 X 

Linked KERs: KER#1  KER#2  KER#3 X KER#4  KER#5 X 

Linked Success 
Indicator 
Categories: 

ENVIRONMENT X ENERGY SAVINGS X BUILDING AREA 
POSITIVELY 
AFFECTED 

X 

TRANSPORTATION X RES UTILIZATION X 

STORAGE X COST X 
 

4.9 RESPONSE Success Indicators 

The efficiency and success of smart city projects can be highlighted by specific project-level metrics dealing 

with the holistic success assessment of the project at its end and beyond, pertaining to key areas of the long-

term city visions. Regardless of the selected KPIs presented above to assess the performance of the project 

interventions and actions, a set of thirty (30) success-oriented indicators were also defined by RESPONSE to 

evaluate the overall success of the project in terms of alignment with key EU policies and objectives as well as 

wider smart city, urban sustainability, and energy transition aspects. Thus, these indicators are called Success 

Indicators (SIs) and will be illustrated and reported separately from the aforementioned KPIs, since they 

present an overview of the project impact towards the realisation of green, smart, sustainable and resilient 

cities.  To provide a comprehensive analysis of the project success evaluation, RESPONSE introduced the 

classification of the defined SIs into seven (7) key categories relevant to the scope and objectives of the project 

representing key fields of sustainable transition in cities. These RESPONSE success indicator categories are:  

#1: Building Area Positively Affected,  

#2: RES Utilization,  

#3: Storage,  

#4: Energy Savings,  

#5: Transportation,  

#6: Environment and  

#7: Cost 
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They have been determined considering the specific project needs, strategic planning and implemented 

measures, as to be in line with PED deployment as well as smart and sustainable development in cities. The 

categories serve as focus areas for assessing the project in a holistic perspective, thus each category will be 

described in more detail. To that end, the SIs will be illustrated per category accompanied by well-defined 

threshold target values and linked when applicable with the selected KPIs. In case of SIs linked with KPIs, data 

gathered from the KPI measurements and KPI-linked required variables can and will be used to calculate the 

SIs. In some cases, more than one KPI is needed to calculate specific SIs.  

It should be noted also that, owing to the essential nature and scope of these indicators, the estimation and 

reporting of the SIs is considered an integral part of the project’s monitoring and evaluation framework and 

it should be performed in each reporting period. It is also highly recommended to be reported in all result-

oriented RESPONSE deliverables due to their high interrelation with replication, best practices, and 

dissemination of the project. For instance, all dissemination activities are reported into the Project/Technical 

Management deliverables as well as Technical Reports, thus the KPI “Number of PEDs/PEBs deployed due to 

RESPONSE until 2030” will be available for reporting by the end of the project, etc.   

In the following subsections the seven SI categories along with their sub-set of SIs are presented. A table with 

the relevant SIs, target values and correspondence with KPIs for each category summarizes the information.  

4.9.1 Success Indicator Category #1 – Building Area Positively Affected  

Given the fact that RESPONSE builds upon an energy transformation strategy through the deployment of PEDs 

in its cities, the first SI category defines success indicators pertaining to the building area positively affected 

by the implemented solutions and activities of the project. The scope of the indicators included in this category 

is to evaluate the overall PED realisation success and replication potential at the end of the project and until 

2030, and the successful development and implementation of Action Plans in all RESPONSE cities. As a result, 

this category is relevant to the demonstration actions of all five TA#1-TA#5.  

Table 7 Success Indicators of Category #1 – Building Area Positively Affected 

SI Category #1 - BUILDING AREA POSITIVELY AFFECTED 

SI# Success Indicator 
Target Value for 

Success 

SI 1.1 Number of PEBs deployed by the end of RESPONSE 3 

SI 1.2 Number of PEDs/PEBs deployed due to RESPONSE until 2030 3/10 

SI 1.3 Number of Cities with a SECAP approved and implemented 8 (100% of consortium) 

SI 3.1 Number of cities committed as new RESPONSE FCs until the end of the project 16 

SI 3.2 Floor area for demonstrating (LH) RESPONSE solutions 74,782 m2 

SI 3.3 Floor area for replicating (FC) RESPONSE solutions until 2030 >350,000m2 

SI 3.4 Number of residents living within the potential PEDs of LHs and FCs 148.103 
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In this context, the category is composed of seven (7) indicators, assessing the project contribution to the 

European PED reference framework and the EU energy performance requirements of buildings. This sub-set 

of SIs does not directly link with data or metrics of the selected KPIs, since it evaluates the overall strategic 

and sustainable action planning and vision by the project. The defined SI set for this category along with details 

for the targeted values is presented in Table 7.  

4.9.2 Success Indicator Category #2 – RES Utilization  

The specific category of RES utilization aims to provide an evaluation of the project in terms of maximisation 

of RES harvesting and increase of total RES share in the demonstration areas in compliance with the target of 

a 32% RES share of EU energy consumption by 2030 set in the revised Renewable Energy Directive II in 2018, 

as well as well with the climate and energy targets defined by the EU Energy Union and the EU Green Deal by 

2050. The category is highly associated with TA#1 (IS 1-1) towards delivering building integrated RES and TA#2 

(IS 2.1 and IS 2.2) enabling a high share of locally produced and consumed renewable energy on a district level 

via the upgrade of the electricity grid and the DHC network. The estimations deal with RES power that is 

utilized directly within the system/building etc., as well as their correlation with net energy demand. The 

successful deployment of clean energy from RES will be examined under the following five (5) success 

indicators linked with KPIs, presented in the Table below. 

Table 8 Success Indicators of Category #2 – RES Utilization 

SI Category #1 - RES UTILIZATION 

SI# Success Indicator Target Value for Success Linked KPIs 

SI 2.1 Total local RES produced within the PEBs 11,158 MWh/year KPI 4.1.4 

SI 2.2 
Percentage of total net energy needs covered by 

local RES within the PEBs 
124% (PEB1-Dijon), 117% (PEB2-

Dijon) and 131% (PEB1-Turku) 
KPI 4.1.4 

SI 2.3 Waste heat recovery within PEBs 3,659 MWh KPI 4.1.9 

SI 4.3 Increase of total out coming energy through PEBs 5,567 MWh/y KPI 4.1.3 

SI 4.5 Reduced energy curtailment of variable RES <2.0% KPI 4.1.5 

 

4.9.3 Success Indicator Category #3 – Storage  

This category refers to energy storage, which is considered a key technological domain in the global transition 

to a sustainable and clean energy system, strongly interrelated with TA#3 of RESPONSE. The type of energy 

storage is further divided to thermal, electricity and V2G storage.  

RESPONSE aims to demonstrate novel solutions and evaluate their results in all these types of storage which 

can support a wide range of services and aspects needed for the transition, as of sensible and latent (PCM) 

heat from TES (TA#3, IS 3.2), frequency response, reserve capacity, black-start capability, PV self-consumption 

support and other grid services from BESS (TA#3, IS 3.1), as well EV storing power, self-charging and grid 
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flexibility from V2G (TA#3, IS 3.2 and TA#4, IS 4.2). The category contains three (3) success indicators (SIs) 

alongside their target values and correspondence with the KPI 4.1.7 which will be used for the estimations, 

are summarized in the Table below.   

Table 9 Success Indicators of Category #3 – Storage 

SI Category #3 - STORAGE 

SI# Success Indicator Target Value for Success Linked KPIs 

SI 2.4 Thermal storage within PEBs 117.5 MWh KPI 4.1.7 

SI 2.5 Batteries storage within PEBs 610 kWh KPI 4.1.7 

SI 2.6 V2G storage within PEBs 180 kWh KPI 4.1.7 

 

4.9.4 Success Indicator Category #4 – Energy Savings 

This category refers to the evaluation of the project results in terms of implementing measures contributing 

to the reduction of energy consumption and promotion of energy efficiency in buildings, according to TA#1.  

To be compliant with the target set in the amended Directive29 (2018) of energy efficiency of at least 32.5% by 

2030, EU countries will have to achieve new annual energy savings of 0.8% on final energy consumption for 

the 2021-2030 period, aiming also to deliver higher energy savings by 2050. In line with that, RESPONSE 

introduces three (3) success indicators highly relevant to these EU policies and project objectives. Moreover, 

these indicators have very clearly defined target values which can be used as such, for the relevant estimations 

required from the linked KPIs.   

Table 10 Success Indicators of Category #4 – Energy Savings 

SI Category #4 - ENERGY SAVINGS 

SI# Success Indicator Target Value for Success Linked KPIs 

SI 4.1 Total net energy savings due to RESPONSE within PEBs 3,090 MWh/y KPI 4.1.2 

SI 4.2 Reduction of total incoming energy through PEBs 5,428 MWh/y KPI 4.1.1 

SI 4.4 
Percentage of total energy needs covered by resources 

coming from outside PEBs 
30% (PEB1-Dijon), 29% (PEB2-
Dijon) and 48% (PEB1-Turku) 

KPI 4.1.4 

 

4.9.5 Success Indicator Category #5 – Transportation 

The specific category refers to the success at project level regarding the promotion of clean and sustainable 

urban transport and EV uptake to contribute to the increasingly significant climate, energy, and transport 

objectives of the EU. This success evaluation examines whether the urban e-mobility targets of the project 

 
29EED 2018/2002/EU(L328/210-230):https://eur-lex.europa.eu/legal-ontent/EN/TXT/PDF/?uri=CELEX:32018L2002&from=EN 



 

135 

D2.1 

RESPONSE KPI Framework 

 

(TA#4, IS 4-2) towards delivering electrification, modernization and decarbonization of transport in the city 

are achieved.  

The category includes three (3) success indicators (SIs), namely: SI 5.1 Expected number of new e-vehicles 

rolled-out by the end of RESPONSE on a city level; SI 5.2 Number of EVs participating in car-sharing schemes 

by the end of RESPONSE; and SI 5.3 Expected number of new EV charging points rolled-out by the end of 

RESPONSE. These indicators are linked with relevant KPIs in the Mobility KPI Dimension, as their calculation 

requires monitoring data from them. Table 11 provides information about the success thresholds and the 

associated KPIs that will facilitate the SIs evaluation. 

Table 11 Success Indicators of Category #5 – Transportation 

SI Category #5 - TRANSPORTATION 

SI# Success Indicator Target Value for Success Linked KPIs 

SI 5.1 
Expected number of new e-vehicles rolled-out by the end 

of RESPONSE on a city level 
2,462 e-cars, 90 e-buses, 

7,500 e-bikes 
KPI 4.3.1 

SI 5.2 
Number of EVs participating in car-sharing schemes by 

the end of RESPONSE 
62 KPI 4.3.5 

SI 5.3 
Expected number of new EV charging points rolled-out 

by the end of RESPONSE 
267 (on a city level), 12 (within 

PEDs). 
KPI 4.3.2 

 

4.9.6 Success Indicator Category #6 – Environment 

The specific category is highly relevant to the successful impact of the project on climate and environment 

through improved air quality and public health as well as reduced GHG emissions, in compliance with the EU 

air quality standards and decarbonization strategy. The category includes eight (8) success indicators (SIs), 

which are presented in the Table below. The SI 2.7 Reduction of building energy related GHG emissions within 

PEBs and SI 6.1 Total carbon dioxide emission reduction; are considered critical indicators regarding the 

contribution of the project to a low-carbon building stock and a green future in Europe.  

Table 12 Success Indicators of Category #6 – Environment 

SI Category #6 - ENVIRONMENT 

SI# Success Indicator Target Value Linked KPIs 

SI 2.7  Reduction of building energy related GHG emissions within PEBs  1,444 t CO2eq/y KPI 4.2.1 

SI 6.1  Total carbon dioxide emission reduction  19,599 tCO2eq/year  KPI 4.2.2 

SI 6.2  Total nitrogen oxides emission reduction  56.8 tNOX/year  KPI 4.2.4 

SI 6.3  Total carbon monoxide emission reduction  19.3 tCO/y  KPI 4.2.4 

SI 6.4  Total dust particles emission reduction  0.7 tPM10/y  KPI 4.2.4 

SI 6.5  Total fine particles emission reduction  0.7 tPM2.5/y  KPI 4.2.4 

SI 6.6  VOC reduction (due to increased uptake of e-mobility)  1.5 tVOC/y  KPI 4.2.4 

SI 6.7  SO2 emission reduction (due to increased uptake of e-mobility)  0.09 tSO2/y KPI 4.2.4 
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The remaining seven SIs (SI 6.2 – SI 6.7) relate to ambient air quality, which is considered the most important 

environmental factor affecting public health. The Air Quality Index (KPI 4.2.4) of RESPONSE provides with the 

framework for the monitoring of air pollutant concentrations in the districts of the project, thus it is strongly 

linked with the SIs 6.2-6.7 and will support with data and relevant limit values the calculation towards project’s 

contribution to air quality improvement. 

4.9.7 Success Indicator Category #7 – Cost  

Last but not least, the SI Cost category attempts to evaluate the success of RESPONSE solutions in terms of 

cost-effectiveness, i.e. whether the technologies/solutions implemented can provide cost benefits and/or 

profits to the citizens, building owners and local authorities that will counteract the total investments in 

reasonable payback timeframes, earlier of their lifecycle. This category entails one indicator: SI 2.7 Payback 

period of RESPONSE solutions; which corresponds to the KPI 4.5.3 in the Economic Dimension of RESPONSE’s 

assessment framework. This category is horizontal as it refers to all the implemented RESPONSE solutions. 

Table 13 Success Indicators of Category #7 – Cost 

SI Category #7 - COST 

SI# Success Indicator Target Value Linked KPIs 

SI 2.7  Payback period of RESPONSE solutions  <10years KPI 4.5.3 
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Chapter 5 – Conclusions 

5. Conclusions 

The RESPONSE Key Performance Indicators (KPIs) were established through a comprehensive conceptual 

framework that closely relates to the requirements of LH cities and their residents as they transition to a more 

sustainable energy system. Concerns about energy, the environment, social issues, ICT, mobility, economics, 

governance, and diffusion/propagation are among these needs, which also apply to the various stakeholders 

involved in or interested in RESPONSE's activities. The performance of these interventions, as well as the 

overall progress of RESPONSE in terms of an SCC project, can be tracked and evaluated in a straightforward 

and comprehensive way by properly clustering the indicators to assessment levels (spatial, temporal, TA). The 

specified KPI cards, which include all metrics and formulas, as well as the Success Indicators, which are also 

defined in this deliverable, develop a proper structure for the required monitoring activities in RESPONSE, and 

will help significantly in achieving project objectives and properly and timely mitigating any related risks during 

demonstration activities. Based on the KPI framework (T2.1) and the Data Management Plan (D12.4.1), Task 

T2.2 will establish a conceptual Smart Cities Monitoring Framework (D2.2). There the monitoring parameters, 

factors and requirements to be used for the KPIs assessment and the respective datasets will be specified, to 

facilitate the refinements of the monitoring platform in T2.3.   
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Appendixes 

Appendix A - Correlation between IS & KERs (To be updated as some IEs will change) 

IS Innovative Elements and Social and Ecosystem solutions KER 

1.1 

1.1.1_(Click&Go façade system coupled with coloured vertical PVs  KER #1 

1.1.2 Pergola with bifacial PVs with albedo boost  KER #1 

1.1.3  BIPV Ballustrades  KER #1 

1.1.4 Urban canopies protruding from roofs  KER #1 

1.1.5 DC coupled smart bifacial PV system with optimized racking system for 
maximum bifacial yield) 

KER #1 

1.2 

1.2.1(Ready2Services (R2S) Digital architecture  KER # 4 

1.2.2 Building Operating System (BOS)  KER #1 

1.2.3 Artificial Intelligence (AI) enabled dynamic management of energy (ECO-
TOUCH tool)  

KER # 4 

1.2.4 Predictive home thermostats  KER #1 

1.2.5 Indoors air quality management system using smart probes  KER #1 

1.2.6 Intelligent energy management system (PANGA tool)  KER # 4 

1.2.7 Nano coating 4-glazing panels windows  KER #1 

1.2.8 Novel high-performance ventilation system  KER #1 

1.2.9 Novel human thermal sensation control  KER #1 

1.2.10 Self-sufficient IoT thermostats  KER #1 

1.2.11 Upcycling of the near-by city district cooling energy flows  KER #1 

1.2.12 Conventional Retrofitting (incl. insulation, replacement of radiators, repairs, 
LED lighting, polyurethane sealing, sensors and tracking systems etc.) (own 
funding) 

KER #1 

2.1 

2.1.1 Collective self-consumption  KER # 4 

2.1.2 “Super EMS”  KER #3 

2.1.3  Semi-transparent PV canopies (own funding)  KER #1 

2.1.4  Parking PV shades (own funding)  KER #1 

2.1.5  District smart public lighting (own funding)  KER #1 

2.1.6 LVDC microgrid  KER #1 

2.1.7 DC coupled heat pump  KER #1 

2.1.8 Cloud-based Smart Energy Management System  KER #3 

2.1.9 Building level RES generation (see IS-1.1)  KER #1 

2.1.10 DC coupled Battery Storage System for demand flexibility  KER #1 

2.1.11 Light EV charging hub (V2G)  KER #2 

2.1.12  Energy meters (own funding) KER #1 

2.2 

2.2.1 Heat exchanger substations  KER #1 

2.2.2 Biomethane injection produced from sewage sludge  KER #1 

2.2.3 Green Certificates Contracts  KER #1 

2.2.4 Upcycling of the near-by city district cooling energy flows with high COP (>5) 
heat pumps  

KER #1 

2.2.5 District heating flexibility optimizing network control and management  KER # 4 

2.2.6 Two-way consumer KER #1 

2.2.7 District heating network control and management with dynamic district 
heating tariffs  

KER # 4 
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2.2.8 Smart district heating substation for end user heat demand flexibility  KER # 4 

2.2.9  PCM-heat storage for district heating flexibility KER #1 

3.1 

3.1.1 Zn-Air battery  KER #1 

3.1.2 2nd life Battery Storage System (BESS)  KER #1 

3.1.3  V2G  KER #2 

3.1.4 DC coupled Battery Storage System (BESS) KER #1 

3.2 

3.2.1 PCM tanks  KER #1 

3.2.2  industrial hot water buffer tanks  KER #1 

3.2.3 Collective hot water tank with dedicated BEMS  KER #1 

3.2.4 Novel PCM Heat storage for DHW  KER #1 

3.2.5  District heating PCM heat storage-as-a-service)  KER #1 

3.2.6  low enthalpy geothermal boreholes KER #1 

4.1 

4.1.1 Control command connections and security layer (GENESYS)  KER #3 

4.1.2 Shared data-lake  KER #3 

4.1.3 PEB Multi-Energy Dashboard  KER # 4 

4.1.4 Automatic online energy and climate indicators computation  KER #3 

4.1.5 Energy-Climate Dashboard  KER # 4 

4.1.6 Heat Islands Dashboard (environmental quality)  KER #3 

4.1.7 Smart City Knowledge Graph ΑΙ  KER #3 

4.1.8 Journey planner (app) for cyclists and pedestrians  KER # 4 

4.1.9 District heating, cooling and flexibility control situational awareness and 
anomaly detection  

KER #3 

4.1.10 5G smart city lighting poles KER #1 

4.1.11  Vehicle-to-vehicle communication of robot cars via 5G  KER #3 

4.2 

4.2.1 Smart charging  KER #2 

4.2.2 Smartcharging infrastructure deployment planning tool  KER #2 

4.2.3  3D visualization of enhanced decision-making  KER #2 

4.2.4 V2G  KER #2 

4.2.5 LEV Hubs  KER #2 

4.2.6 EV sharing scheme KER #2 

5.1 

5.1.1 Local events meetings workshops  KER #5 

5.1.2  Children energy and environment days  KER #5 

5.1.3  Kids Labs  KER #5 

5.1.4 Replication methodology  KER #5 

5.1.5  Living Fab Lab  KER #5 

5.1.6  Collaborative workshops  KER #5 

5.1.7  Hackathons  KER #5 

5.1.8 Ideathons  KER #5 

5.1.9 Mobility Ones-Stop-Shop  KER #5 

5.1.10 Training modules  KER #5 

5.1.11  Cascade funding  KER #5 

5.1.12 Digital participation platform  KER #5 

5.1.13  Serious gaming  KER #5 

5.1.14  VR application  KER #5 

5.1.15  Informative touch screens  KER #5 

5.1.16 Co-creation and Capacity building events  KER #5 



 

142 

D2.1 

RESPONSE KPI Framework 

 

5.1.17  Training of peer mentors  KER #5 

5.1.18 Environmental quizzes  KER #5 

5.1.19  Activities implemented by mentors  KER #5 

5.1.20 Training sessions of digital tools  KER #5 

5.1.21  Avatar creation events  KER #5 

5.1.22 Open dialogues with policy level actors KER #5 

5.2 

5.2.1 Bike as a Sensor platform (inc. mobile air quality and noise gateway and 
dedicated app)  

KER #3 

5.2.2 Replicability of mitigation solutions assessment (modelling)  KER #3 

5.2.3 Climate scenarios and resilience assessment (modelling)  KER #3 

5.2.4 LES based PALM meteorological flow modeling system utilizing the 4-meter 
pre-calculated PALM wind fields  

KER #3 

5.2.5 5G sensor network for PM monitoring) KER #3 
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Appendix B – POOL of KPI’s 

KPIs Relevance Availability Measurability Reliability Familiarity  Score 

Energy Performance Indicators             

Energy demand and consumption  2 1 2 2 2 9 

Energy savings 2 1 2 2 2 9 

Reduction in annual final energy 
consumption 

1 1 2 2 1 7 

Electricity System Outage Frequency 0 0 0 0 0 0 

Electricity System Outage Time 0 0 0 0 0 0 

Degree of energetic self-supply by RES 2 1 2 2 2 9 

Increase in local renewable energy 
production 

2 1 1 2 2 8 

Reduced energy curtailment of RES and 
DER 

2 1 1 1 2 7 

Individual building energy balance 1 1 2 1 1 6 

 Annual final energy consumption  1 1 1 1 2 6 

Specific Yield 2 1 2 2 1 8 

kWp photovoltaic installed per 100 
inhabitants  

1 1 1 1 2 6 

Smart Storage Capacity 2 2 2 1 1 8 

Battery Degradation Rate 2 1 1 1 1 6 

Storage Energy Losses 2 1 1 1 1 6 

Influence of energy storage on cutting 
peak demand 

2 2 2 1 1 8 

Thermal load reduction 2 1 1 1 1 6 

Heat recovery ratio 2 2 2 1 1 8 

Peak demand reduction 2 1 1 1 1 6 

Integrated Building Management Systems 
in Buildings 

2 2 2 1 1 8 

Percentage of street lighting managed by 
a light performance management system 

1 2 2 2 2 0 

Energy used for lighting  1 1 2 2 2 8 

Percentage of buildings in the city with 
smart energy meters 

2 1 2 2 2 9 

Refurbished buildings improving energy 
performance  

2 2 2 1 1 8 

General environmental performance 
indicators 

            

Greenhouse Gas Emissions  2 2 2 2 2 10 

Primary Energy Demand and 
Consumption  

2 1 1 2 2 8 

Carbon dioxide Emission Reduction 2 2 2 2 2 10 

Climate resilience measures 1 2 1 0 1 5 

Climate resilience strategy 2 2 1 1 2 8 

Decreased emissions of Nitrogen oxides 
(NOx) 

1 1 1 2 1 6 

Nitrogen oxide emissions (NOx) 1 1 1 2 1 6 

Decreased emissions of Particulate 
matter (PM2,5) 

2 1 1 2 2 8 

Fine particulate matter emissions (or 
concentration) (PM2.5) 

2 1 2 2 1 8 

Indoor air quality 1 0 1 1 1 4 

Air quality index (Air pollution) 1 1 2 2 1 7 
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KPIs Relevance Availability Measurability Reliability Familiarity  Score 

Percentage of electrical and thermal 
energy produced from wastewater 
treatment, solid waste and other liquid 
waste treatment and other waste heat 
resources, as a share of the city’s total 
energy mix for a given year 

2 2 1 2 1 8 

General economic performance 
indicators 

            

Total Investments 2 2 2 2 2 10 

Total Annual costs 2 1 2 2 2 9 

Payback period 2 1 2 2 2 9 

Return on Investment (ROI) 2 1 2 2 1 8 

Average electricity price for companies 
and consumers  

2 2 2 1 2 9 

Percentage of the total Distributed 
Energy Resources capacity traded 

2 1 2 2 1 8 

Energy poverty  2 0 1 1 1 5 

CO2 reduction cost efficiency  1 1 1 0 2 5 

Financial benefit for the end- user 2 1 1 1 1 6 

Incentives for final users for low carbon 
measures 

2 1 1 1 1 6 

Energy consumption reduction cost  2 1 2 1 2 8 

Number of patents per 100 000 
population per year (SI) 

2 2 2 2 2 10 

General performance indicators for 
ICT related technologies 

            

Increased reliability 1 2 1 1 1 6 

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

1 1 1 1 1 5 

Increased system flexibility for energy 
players 

2 1 2 1 1 7 

Increased hosting capacity for RES, 
electric vehicles and other new loads 

1 1 1 1 1 5 

Cybersecurity & Level of Improvement  
(Impoved Cybersecurity) 

2 1 0 0 1 4 

Data privacy - Data Safety & Level of 
Improvement (Improved Data Privacy) 

2 1 0 0 1 4 

ICT Response time  2 1 1 1 1 6 

Improved Interoperability  2 2 1 1 1 7 

Municipal ICT Budget 1 2 2 2 2 9 

Quality of Open Data 2 2 1 2 0 7 

Platform downtime 2 1 2 2 1 8 

Social Indicators             

People reached 1 1 2 2 1 7 

Comfort conditions   0 0 0 0 0 0 

Local community involvement in the 
implementation and planning phase 

2 2 2 1 2 9 

% of citizens' participation in online 
decisionmaking  

2 1 1 1 1 6 

Comfort level 2 2 1 1 2 8 

Attitudinal change 2 2 1 1 2 8 

Empowerment 2 2 1 1 2 8 

Awareness level 2 2 2 1 1 8 

Governance (incl. Legal)  
Performance Indicators 
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KPIs Relevance Availability Measurability Reliability Familiarity  Score 

Involvement of the city administration 1 2 1 1 1 6 

Monitoring and evaluation 1 1 1 1 2 6 

Green Building self-consumption Legal 
Framework Compatibility 

2 2 2 2 1 9 

Energy flexibility policies Legal 
Framework Compatibility 

2 1 2 1 1 7 

Smart EVs Legal Framework Compatibility 2 1 2 1 1 7 

City platform Legal Framework 
Compatibility 

2 1 2 1 1 7 

Open goverment dataset  2 2 1 2 1 8 

Existence of local sustainability plans (e.g. 
Bold City Visions)  

2 2 1 2 1 8 

Annual number of online visits to the 
municipal open data portal per 100 000 
population 

1 2 2 2 2 9 

Percentage of city services accessible and 
that can be requested online (e-
Governance) 

2 1 2 2 1 8 

General performance indicators for 
mobility related technologies 

            

Low-Carbon Emission Passenger Vehicles 
& 
 Electric Vehicles in the city  
•Number of electric vehicles 
•Number of efficient and clean (biofuel 
and hydrogen) vehicles deployed in  the 
area 
•Percentage of vehicles registered in the 
city that are low-emission vehicles 

2 2 2 2 2 10 

Number of EVs charging stations and 
solar powered V2G charging stations 
deployed in the area 

2 2 2 2 2 10 

Clean mobility utilization 2 1 2 1 1 7 

Modal split (passengers, vehicles, trips) 1 1 1 0 1 4 

Access to vehicle sharing solutions for city 
travel & Level of Improvement 

2 2 1 1 2 8 

Annual Energy delivered by charging 
points - 
Use of public EV charging stations (total 
kWh recharged)  
   

2 1 2 2 2 9 

Total Number of recharges per year 
(public EV charging stations 
   

1 1 2 1 1 6 

Total Occupancy time of EV charging 
points  

2 1 1 1 1 6 

Annual number of passengers (or users) 
of new infrastructure 

1 1 1 1 1 5 

Shared Electric Vehicles Penetration Rate  1 2 2 2 1 8 

Propagation (Scalability & 
Replicability) 

            

Social compatibility 1 0 0 0 1 2 

Technical compatibility 2 2 1 1 1 7 

Solution(s) to development issues 1 2 1 1 2 7 

Market demand 1 1 1 1 1 5 

Diffusion to other locations 2 1 1 2 1 7 

New forms of financing 1 1 1 1 1 5 

Smart city project visitors 1 1 1 1 1 5 



 

 
 

Appendix C – KPI LIST FOR TURKU 

KPI Name MAIN KPI 
RESPONSIBLE 

Data 
Provider(s) 

Monitoring 
Interval 

Level Relevant IS 

E.1 Energy 
Demand and 
Consumption 

(CORE) 

Turku TYS building, 
block, district* 

hourly Building/PEB/PED IS 1.1, 1.2, 
2.1, 2.2 

E.2 Energy 
Savings (CORE) 

Turku TYS building, 
block, district*; 

monthly Building/PEB/PED IS 1.1, 1.2, 
2.1, 2.2 

E.3 Degree of 
energetic self-
supply by RES 

(CORE) 

Turku TYS building, 
block, district*; 

TE city 

hourly Building/PEB/PED/CITY IS 1.1, 1.2, 
2.1, 2.2, 3.1, 

3.2 

E.4 Increase in 
local renewable 

energy 
production 

(SUPPORTING) 

Turku TYS building, 
block, district*; 

TE city 

monthly Building/PEB/PED/CITY IS 1.1, 1.2, 
2.1, 2.2 

E.5 Reduced 
energy 

curtailment of 
RES and DER 

(SUPPORTING) 

Turku TYS/TE building, 
block, district* 

annually Building/PEB/PED IS 1.1, 1.2, 
2.1, 2.2, 3.1, 

3.2 

E.6 Specific Yield 
(SUPPORTING) 

TUAS TYS building, 
block, district* 

hourly Building/PEB/PED IS 1.1, 1.2, 
2.1  

E.7 Smart 
Storage Capacity 

(CORE) 

Turku TYS building, 
block, district*; 

annually Building/PEB/PED IS 1.1, 2.1, 
2.2, 3.1, 3.2, 

4.2 

E.8 Influence of 
energy storage 
on cutting peak 

demand 
(SUPPORTING) 

Turku TYS building, 
block, district* 

hourly** Building/PEB/PED IS 2.1, 2.2, 
3.1, 3.2 

E.9 Heat 
Recovery Ratio 
(SUPPORTING) 

TUAS TYS/HögförsGST 
building 

hourly** Building/PEB IS 1.1, 1.2 

E.10 Integrated 
Building 

Management 
Systems (BMS) in 
Buildings (CORE) 

TYS TYS block, 
district*; Turku 

on city level 

annually PEB/PED/City IS 1.1, 1.2, 
2.1, 2.2  

E.11 Refurbished 
buildings 

improving 
energy 

performance 
(SUPPORTING) 

TUAS TYS block, 
district*; Turku 

on city level 

annually PEB/PED/City IS 1.1, 1.2, 
2.1, 2.2  



 

 
 

EN.1 
Greenhouse Gas 
Emissions (CORE) 

Turku VTT/TUAS 
building, block, 

district*; 
Turku/TE on 

city level 

hourly Building/PEB/PED/CITY IS1.2, 2.1, 
2.2, 3.1, 3.2, 

4.2, 5.1 

EN.2 Carbon 
Dioxide Emission 

Reduction 
(CORE) 

Turku VTT/TUAS+TYS 
building, block, 

district*; 
Turku/TE on 

city level 

hourly Building/PEB/PED/CITY IS1.2, 2.1, 
2.2, 3.1, 3.2, 

4.2, 5.1 

EN.3 Climate 
Resilience 

Strategy (CORE) 

Turku Turku annually CITY IS5.2 

EN.4 Air Quality 
Index (CORE) 

Turku Turku on city 
level; district 

only modelled 
estimation 

continuous/ 
hourly 

CITY IS 1.2, 4.2, 
5.2 

EN.5 Primary 
Energy Demand 

and 
Consumption 

(SUPPORTING) 

Turku VTT/TUAS 
building, block, 

district*; 
Turku/TE on 

city level 

annually Building/PEB/PED/CITY IS1.2, 2.1, 
2.2, 3.1, 3.2, 

4.2, 5.1 

EN.6 Energy 
from waste 
resources 

(SUPPORTING) 

Turku VTT/TUAS 
building, block, 

district*; 
Turku/TE on 

city level 

annually Building/PEB/PED/CITY IS 2.1, 2.2 

M.1 Electric 
Vehicles & Low-
Carbon Emission 

Vehicles 
deployed in the 

area (CORE) 

TUAS TYS district?; 
Turku on 

district and city 
level 

annually PED/CITY IS 4.2 

M.2 Number of 
EV charging 
stations and 

solar powered 
V2G charging 

stations 
deployed in the 

area (CORE) 

TUAS TYS district?; 
Turku on 

district and city 
level 

annually PED/CITY IS 4.2 

M.3 Clean 
mobility 

utilization 
(SUPPORTING) 

TUAS TYS district?; 
Turku on 

district and city 
level 

annually Will explore later on if 
it is doable 

IS 4.1 

M.4 Annual 
Energy delivered 

TUAS TYS district?; 
Turku on 

daily** PED/CITY IS 2.1, 3.1, 
4.2 



 

 
 

by charging 
points (CORE) 

district and city 
level 

M.5 Shared 
Electric Vehicles 

and Bicycles 
Penetration Rate 

(CORE) 

TUAS TYS district?; 
Turku on 

district and city 
level 

annually PED/CITY IS 4.2 

ICT.1 Increased 
System 

Flexibility for 
Energy Players 

(CORE) 

VTT TYS district*; TE 
city level 

hourly** PED/CITY IS 1.2, 2.1, 
2.2, 3.1, 3.2, 

4.2 

ICT.2 Quality of 
Open Data 

(CORE) 

Turku Turku on city 
level 

once CITY IS 4.1, 5.1 

ICT.3 ICT 
Response Time 
(SUPPORTING) 

VTT HogforsGTS, 
FerroAmp, 

eGain, Oilon?, 
TYS, VTT, TE, 
TCD?,Turku 

continuous/ 
hourly** 

CITY IS 4.1, 5.1 

ICT.4 Improved 
Interoperability 
(SUPPORTING) 

VTT HogforsGTS, 
FerroAmp, 

eGain, Oilon?, 
TYS, VTT, TE, 
TCD?,Turku 

once CITY IS 4.1, 5.1, 
5.2 

ICT.5 Platform 
Downtime 

(SUPPORTING) 

Turku Turku continuous CITY IS 4.1, 5.1 

EC.1 Total 
Investments 

(CORE) 

TYS TYS building, 
block and 
district*; 

Turku/TE on 
city level 

annually Building/PEB/PED/CITY all IS 

EC.2 Total 
Annual Costs 

(CORE) 

TYS TYS building, 
block and 
district*; 

Turku/TE on 
city level 

annually Building/PEB/PED/CITY all IS 

EC.3 Payback 
Period (CORE) 

TYS TYS building, 
block and 
district* 

once Building/PEB/PED all IS 

EC.4 Return on 
Investment (ROI) 

(SUPPORTING) 

TYS TYS building, 
block and 
district* 

once Building/PEB/PED all IS 

EC.5 Percentage 
of the Total 
Distributed 

Energy 

TYS TYS building, 
block and 
district* 

annually Building/PEB/PED IS 1.1, 1.2, 
2.1, 2.2, 3.1, 

3.2, 4.2 



 

 
 

Resources 
Capacity Traded 
(SUPPORTING) 

EC.6 Energy 
Consumption 

Reduction Cost 
(SUPPORTING) 

TYS TYS building, 
block and 
district* 

annually Building/PEB/PED IS 1.1, 1.2, 
2.1, 2.2, 3.1, 

3.2, 4.2 

EC.7 Number of 
patents per 100 
000 inhabitants 

per year 
(SUPPORTING) 

VTT 
 

once CITY  

S.1 People 
Reached (CORE) 

TUAS TYS district*, 
Turku - city 

level 

annually PED/CITY all IS 

S.2 Local 
community 

involvement in 
the 

implementation 
and planning 
phase (CORE) 

TUAS TYS district*, 
Turku - city 

level 

annually PED/CITY all IS 

S.4 Degree of 
satisfaction of 

people affected 
(CORE) 

TUAS TYS block and 
district*, Turku 

- city level 

annually PEB/PED/CITY all IS 

S.5 Increased 
environmental 

and new 
technologies 
awareness 

(SUPPORTING) 

TUAS TYS district*, 
Turku - city 

level 

annually PED/CITY all IS 

G.1 Legal 
Framework 

Compatibility 
(CORE) 

Turku Turku on city 
level 

annually CITY all IS 

G.2 Open 
government 

dataset 
(SUPPORTING) 

Turku Turku on city 
level 

annually CITY IS 4.1, 4.2, 
5.1, 5.2 

G.3 Online visits 
to the municipal 
open data portal 

per 100 000 
population 

(CORE) 

Turku Turku on city 
level 

annually CITY IS 4.1, 4.2, 
5.1, 5.2 



 

 
 

G.4 Percentage 
of city services 
accessible and 

that can be 
requested online 
(e-Governance) 
(SUPPORTING) 

Turku Turku on city 
level 

annually CITY IS 4.1, 4.2, 
5.1, 5.2 

P.1 Technical 
compatibility 

(CORE) 

VTT VTT/TUAS/city annually CITY all IS 

P.2 Solutions to 
development 

issues 
(SUPPORTING) 

Turku VTT/TUAS/city once CITY all IS 

P.3 Diffusion to 
other locations 

(CORE) 

Turku VTT/TUAS/city once CITY all IS 

 

  



 

 
 

Appendix D – KPI LIST FOR DIJON (Relevant IS as in KPI cards 

KPI Name KPIs 
Responsible 

Data Provider(s) Monitoring Interval Level 

E.1 Energy 
Demand and 
Consumption 

(CORE) 

Dijon 
Métropole + 
Datanumia 

Datanumia (EDF) 
(Building Level + 

PEB) 
City Platform (DM 
David Fau & EIFER 

Samuel) (PED + City 
Level) 

Those platforms 
are collecting data 

from : 
ENEDIS (electricity) 

GRDF (Gas) 
SODIEN, Dalkia & 

GDH (Heating 
Network) 

ATMO BFC (Wood, 
fuel & mobility) 

RTE (big consumers 
--> industrials & 

SNCF) 

annualy, monthly PEB/PED/CITY 

E.2 Energy 
Savings (CORE) 

Dijon 
Métropole + 
Datanumia 

Datanumia (EDF) 
(Building Level + 

PEB) 
City Platform (DM 
David Fau & EIFER 

Samuel) (PED + City 
Level) 

OGGA/PANGA for 
their own 

technology 

Monthly;Annualy PEB/PED/CITY 

E.3 Degree of 
energetic self-
supply by RES 

(CORE) 

Dijon 
Métropole + 
Datanumia 

Datanumia (EDF) 
(Building Level + 

PEB) 
City Platform (DM 
David Fau & EIFER 

Samuel) (PED + City 
Level) 

Those platforms 
are collecting data 

from : 
ENEDIS (electricity) 

GRDF (Gas) 
SODIEN, Dalkia & 

GDH (Heating 
Network) 

ATMO BFC (Wood, 

Monthly;Annualy PEB/PED/CITY 



 

 
 

fuel & mobility) 
RTE (big consumers 

--> industrials & 
SNCF) 

E.4 Increase in 
local renewable 

energy 
production 

(SUPPORTING) 

Dijon 
Métropole + 
Datanumia 

Datanumia (EDF) 
(Building Level + 

PEB) 
City Platform (DM 
David Fau & EIFER 

Samuel) (PED + City 
Level) 

Monthly;Annualy PEB/PED/CITY 

E.5 Reduced 
energy 

curtailment of 
RES and DER 

(SUPPORTING) 

Datanumia 
(EDF) 

Technology 
provider + Grid 

Network --> only at 
PEB Scale &/or 

technology level 
ENEDIS, Grdf & 

Heating Network --
> Oanez + 
Massinissa 

Annually Building/PEB 

E.6 Specific 
Yield 

(SUPPORTING) 

Datanumia 
(EDF) 

Datanumia (EDF) 
(Building Level + 

PEB + PEBs) 

Monthly;Annualy PED 

E.7 Smart 
Storage 

Capacity (CORE) 

Dijon 
Métropole 

TBD Annually PED/CITY 

E.8 Influence of 
energy storage 
on cutting peak 

demand 
(SUPPORTING) 

Datanumia 
(EDF) ? --> 
technology 

level not 
clear 

Datanumia (EDF) 
(Building Level + 

PEB +PEBS) 

Annually PED 

E.9 Heat 
Recovery Ratio 
(SUPPORTING) 

Dijon 
Métropole 

City Platform (DM 
David Fau) 

monthly Building/PEB 

E.10 Integrated 
Building 

Management 
Systems (BMS) 

in Buildings 
(CORE) 

Dijon 
Métropole 

Dijon Métropole 
but PED Level 

Annually Building/PEB 

E.11 
Refurbished 

buildings 
improving 

energy 

Dijon 
Métropole 

Dijon Métropole 
Sarah Bello for 

District Level & PEB 
Level 

once Building/PEB/PED 



 

 
 

performance 
(SUPPORTING) 

Sarah Magnière for 
City Level 

EN.1 
Greenhouse 

Gas Emissions 
(CORE) 

Dijon 
Métropole + 
datanumia 

City Platform (DM 
David Fau & EIFER 

Samuel) 
Datanumia (EDF)  

GHGEmissionFactor 
: 

ENEDIS (Elec)  
Gas (GRDF) 

HN (SODIEN, 
DALKIA, GDH) 

Annually PEB/PED/CITY 

EN.2 Carbon 
Dioxide 

Emission 
Reduction 

(CORE) 

Dijon 
Métropole + 
datanumia 

City Platform (DM 
David Fau & EIFER 

Samuel) 
Datanumia (EDF) 

Annually PEB/PED/CITY 

EN.3 Climate 
Resilience 

Strategy (CORE) 

Dijon 
Métropole 

Dijon Métropole Annually CITY 

EN.4 Air Quality 
Index (CORE) 

ATMO ATMO BFC (City 
Level + PED Level) 

Daily, Annually CITY / PED 

EN.5 Primary 
Energy Demand 

and 
Consumption 

(SUPPORTING) 

Dijon 
Métropole + 
Datanumia 

Datanumia (EDF) 
(PEB) 

City Platform (DM 
David Fau & EIFER 

Samuel) 
ENEDIS + HN + Grdf 

--> Oanez + 
Massinissa PEB, 
PED + City Level 

Annually ; monthly PED/CITY 

EN.6 Energy 
from waste 
resources 

(SUPPORTING) 

Dijon 
Métropole 

City Platform (DM 
David Fau & EIFER 

Samuel) 
HN --> 

SODIEN,DALKIA, 
GDH 

Annually PED/CITY 

M.1 Electric 
Vehicles & Low-

Carbon 
Emission 
Vehicles 

deployed in the 
area (CORE) 

EDF EDF Annually CITY 



 

 
 

M.2 Number of 
EV charging 
stations and 

solar powered 
V2G charging 

stations 
deployed in the 

area (CORE) 

EDF EDF Annually CITY 

M.3 Clean 
mobility 

utilization 
(SUPPORTING) 

EDF EDF Annually NOT DOABLE 

M.4 Annual 
Energy 

delivered by 
charging points 

(CORE) 

EDF/DREEV EDF  
To be checked with 

ENEDIS 

Annually CITY 

M.5 Shared 
Electric Vehicles 

and Bicycles 
Penetration 
Rate (CORE) 

EDF/DREEV TBD Annually CITY 

ICT.1 Increased 
System 

Flexibility for 
Energy Players 

(CORE) 

Dijon 
Métropole 

City Platform (DM 
David Fau & EIFER 

Samuel) 
 

to be checked with 
ENEDIS/RTE/GRDF 

Daily,Monthly,Annualy CITY 

ICT.2 Quality of 
Open Data 

(CORE) 

Dijon 
Métropole 

TBD Once during the projet CITY 

ICT.3 ICT 
Response Time 
(SUPPORTING) 

Dijon 
Métropole --
> City Level 

& PED 
Technology 
Level -> IE 
provider 

TBD Daily CITY 

ICT.4 Improved 
Interoperability 
(SUPPORTING) 

Dijon 
Métropole 

TBD Once during the 
project 

CITY 

ICT.5 Platform 
Downtime 

(SUPPORTING) 

Dijon 
Métropole 

City Platform (DM 
David Fau & EIFER 

Samuel) 

Daily CITY 

EC.1 Total 
Investments 

(CORE) 

Dijon 
Métropole 
(Hadrien 

ROUCHETTE) 

Orvitis / GDH / VDD 
(Energy 

Department) 

Annually Building/PEB 



 

 
 

EC.2 Total 
Annual Costs 

(CORE) 

Dijon 
Métropole 
(Hadrien 

ROUCHETTE) 

Orvitis / GDH / VDD 
(Energy 

Department) 

Annually Building/PEB 

EC.3 Payback 
Period (CORE) 

Dijon 
Métropole 
(Hadrien 

ROUCHETTE) 

Orvitis / GDH / VDD 
(Energy 

Department) 

once Building/PEB 

EC.4 Return on 
Investment 

(ROI) 
(SUPPORTING) 

Dijon 
Métropole 
(Hadrien 

ROUCHETTE) 

Orvitis / GDH / VDD 
(Energy 

Department) 

once Building/PEB 

EC.5 Percentage 
of the Total 
Distributed 

Energy 
Resources 

Capacity Traded 
(SUPPORTING) 

ENEDIS ENEDIS  (just for 
solar panels) 

Annually PED 

EC.6 Energy 
Consumption 

Reduction Cost 
(SUPPORTING) 

EDF  --> Eric 
T 

Datanumia (EDF) 
City Platform (DM 
David Fau & EIFER 

Samuel) 

Annually PEB/PED 

EC.7 Number of 
patents per 100 
000 inhabitants 

per year 
(SUPPORTING) 

Dijon 
Métropole 

TBD once CITY 

S.1 People 
Reached (CORE) 

Dijon 
Métropole 

DM Suzie Annually PED/CITY 

S.2 Local 
community 

involvement in 
the 

implementation 
and planning 
phase (CORE) 

Dijon 
Métropole 

DM Suzie Annually PED/CITY 

S.4 Degree of 
satisfaction of 

people affected 
(CORE) 

Dijon 
Métropole 

DM Suzie Annually PEB / PED / CITY 

S.5 Increased 
environmental 

and new 
technologies 
awareness 

(SUPPORTING) 

Dijon 
Métropole 

DM Suzie Annually PED / CITY 

G.1 Legal 
Framework 

Dijon 
Métropole 

Light House City 
manager 

Annually CITY 



 

 
 

Compatibility 
(CORE) 

G.2 Open 
government 

dataset 
(SUPPORTING) 

Dijon 
Métropole 

Light House City 
manager 

Annually CITY 

G.3 Online 
visits to the 

municipal open 
data portal per 

100 000 
population 

(CORE) 

Dijon 
Métropole 

DM David Fau Annually CITY 

G.4 Percentage 
of city services 
accessible and 

that can be 
requested 
online (e-

Governance) 
(SUPPORTING) 

Dijon 
Métropole 

DM David Fau Annually CITY 

P.1 Technical 
compatibility 

(CORE) 

Dijon 
Métropole 

DM David Fau Annually CITY 

P.2 Solutions to 
development 

issues 
(SUPPORTING) 

Dijon 
Métropole 

DM David Fau once CITY 

P.3 Diffusion to 
other locations 

(CORE) 

Dijon 
Métropole 

DM David Fau once CITY 

 

 

 

  



 

 
 

 

 
 

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

Agreement nº 957751. The document represents the view of the author only and is his/her sole responsibility: it cannot be 

considered to reflect the views of the European Commission and/or the European Climate, Infrastructure and Environment 

Executive Agency (CINEA). The European Commission and the Agency do not accept responsibility for the use that may be made 

of the information it contains.  


