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Nomenclature 
BEI: Baseline Emission Inventory 
BSC: Balanced Scorecard 
CO2e: Carbon Dioxide Equivalent 
CoM: Covenant of Mayors for Climate & Energy 
EU: European Union 
EPW: EnergyPlus Weather file format (archivo de datos climáticos utilizado en simulaciones 
de edificios en EnergyPlus) 
GHG: Greenhouse Gas 
GPC: Global Protocol for Community-Scale Greenhouse Gas Emission Inventories 
IPCC: Intergovernmental Panel on Climate Change 
LCSP: Public Sector Contracts Law (Ley de Contratos del Sector Público) 
LOEPSF: Law on Budgetary Stability and Financial Sustainability (Ley de Estabilidad 
Presupuestaria y Sostenibilidad Financiera) 
MRV: Monitoring, Reporting, and Verification 
NGO: Non-Governmental Organization 
OSM: Open Street Map 
PV: Photovoltaic Panels Energy Systems 
RES: Renewable Energy Sources 
SDGs: Sustainable Development Goals 
SECAP: Sustainable Energy and Climate Action Plan 
SEAP: Sustainable Energy Action Plan 
UHI: Urban Heat Island 
UNFCCC: United Nations Framework Convention on Climate Change 
UWG: Urban Weather Generator  
WP: Work Package  
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1.  Introduction 
1.1 Ambition, scope, objectives and structure of the deliverable 
The present deliverable addresses the challenges of implementing decarbonization measures 
in the field of cooling at the local level. What are the specific barriers and difficulties when 
implementing such policies at a local scale? Beyond the technological characteristics, 
advantages, or disadvantages of various technologies, and based on European or national 
directives and laws, local governments—municipalities, communities, regions, or councils—
are often the primary actors responsible for implementing these measures in both public and 
private buildings/sectors across Europe. These entities frequently manage and are directly 
responsible of those instruments – planning, permits, subsidy schemes, procurement, etc… - 
that enable building renovations, equipment replacement, and various measures promoting 
decarbonization, energy efficiency, and general functionality of such systems. This is the result 
of the general principles of subsidiarity, after which governance is primarily under the 
responsibility of those who are closer to the citizens. 
The question is whether there is effective alignment between the goals and objectives of large-
scale (European or national) policies and the localized policies or decision-making, often 
managed or implemented by governments with limited resources, technical expertise, and 
access to relevant data and information. In this work package, we specifically analyze this 
transfer from globally assessed objectives or ambitions to the possibilities and realities of local 
implementation. 
One of our primary and exemplifying reference, though not the only one, are the Sustainable 
Energy and Climate Action Plans (SECAPs), which provide an established methodology 
through the Covenant of Mayors for Europe for decarbonization policies. These SECAPs set 
forth a path, guidelines, and directives for greenhouse gas mitigation across many European 
municipalities, albeit not evenly distributed across Europe, offering a potential reference 
framework for evaluating and enhancing the efficiency of implementing certain types of 
measures. 
Despite European-level guidelines and directives, their implementation is also not uniform and 
the process for implementing these SECAPs has been left to national frameworks. In the 
specific context of the SECAPs conducted within the geographic area of the Valencian 
Community, particularly in Valencia and surrounding cities, the implementation of SECAP 
measures—not only in cooling but across other areas—faces several limitations and 
challenges. This document analyzes these, intending to propose methodological and technical 
improvements to implement energy efficiency measures in cooling more effectively. This is 
the goal of the present work package, which we will outline in this document, focusing on the 
following key areas: 
In the first part of this deliverable, we will analyze the actual impact of cooling within local 
energy systems, establishing not only the estimated contribution of cooling to greenhouse gas 
emissions, but also other issues related to the electrical grid balance and potential challenges 
that could arise from a significant increase in cooling demand. Future trends, such as the 
increase of the so-called Heat Island Effect in urban environments, will also be addressed in 
terms of modelling in the example of a district in Padova. This highlights an issue that policies 
like SECAPs and others will likely face in the future. 
In the second part of this document, we will examine the current structure of SECAPs as 
implemented locally in our area using a model termed SITE (a Spanish acronym of Territorial 
Emissions Information System). SITE is at the same time a tool to quantify emissions and 
prioritize measures, as well as a digital framework to facilitate their implementation and 
monitoring. Specifically, we propose novel ways to improve the deployment of technologies 
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analyzed in the Cooling Down project at local scale to translate global objectives into effective 
action within the existing legal and organizational backgrounds. We propose a general scheme 
that includes evaluating the potential of various sources to decarbonize cooling, as well as 
addressing the governance-related challenges that local governments face in implementing 
these measures in actual buildings. SITE provides a framework for introducing these 
technological improvements into SECAPs at the level of municipalities, not only in the 
Valencian Community but potentially adaptable to other contexts, given that it aligns with the 
general SECAP principles and methodologies aimed to incorporate information datasets and 
legislation boundary conditions. The implementation in the framework of the Valencia 
Regional Council SECAP model can be seen as just an illustration of such principles. 
Finally, we include a template of technical sheet, or collection of technical indicators, that 
would allow SECAP implementers to more effectively monitor and contract measures based 
on these technologies in a way that aligns with the technological possibilities available. Fiches 
are the current way SECAP measures are managed. Still, the current level of detail and 
information they contain is far insufficient to handle technical implementations such as those 
proposed in Cooling Down. It is of primary importance to improve these instruments for 
practical implementation in the local governance of the SECAP framework. 
 

 
Figure 1: Diagram of WP3 

 
Relationship with other worck package 3 tasks and actions 
The diagram shows in Figure 1 symbolizes the workflow and structure of Work Package 3 
(WP3), focusing of renewable cooling systems assessment across different scales. WP3 is 
organized into three interconnected layers: Case Studies Scale, Municipal - Local Scale, and 
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European - Macro Scale. The case studies, represented by demonstration sites, provide real-
world data or simulated data from real buildings on the thermal performance of renewable 
cooling systems, which subsequently could be used to inform municipal strategies, ensuring 
the adaptation of policies to local contexts. At the European scale, broader climate and 
geographic factors are analyzed to align local efforts with EU-wide energy and climate goals.  
The bottom layer of the diagram represents the Case Studies Scale, focusing on 
demonstration sites where actual buildings and districts are monitored. This level is under the 
leadership of UNIPD, which oversees the collection of real-world data from these specific case 
studies. This layer is crucial because it provides the practical, on-the-ground performance data 
that will be used for both monitoring and analysis. The key activities in this layer include: 
The second layer in the diagram represents the Municipal - Local Scale, led by UPV. described 
in this deliverable. This layer focuses on the strategic integration of renewable cooling 
solutions developed in WP2 into the Sustainable Energy Action Plans (SEAPs) of cities or 
municipalities, aiming to translate the insights gained from the case studies into actionable 
policies and plans at the municipal level. This layer is critical for ensuring that renewable 
energy solutions, particularly in the context of cooling, become a reality as part of a broader 
energy transition within cities, through the solution of municipal energy plans. Strategic 
Planning and Policy Implementation: The main objective of this Municipal - Local Scale layer 
is to incorporate findings from Cooling Down project into the SEAPs of municipalities. The 
renewable cooling strategies developed within Cooling Down project are designed to be 
practical and scalable, tailored to the specific needs and characteristics of each city. 

1. A crucial aspect of the Municipal - Local Scale layer is the impact assessment of the 
measures. This assessment evaluates the effectiveness of renewable cooling 
strategies in reducing energy consumption and mitigating GHG emissions.  

2. Monitoring and Verification (MRV): After integrating these cooling solutions into local 
policies, this layer proposes to make a mandatory step of monitoring and verification 
(MRV) of the action or measure. MRV ensures that the policies are being implemented 
as intended and that the expected energy savings and GHG emissions reductions are 
being realized. 

3. Another critical element involves developing technical specifications for the actions 
implemented. These specifications are intended to guide municipalities in adopting 
renewable cooling solutions effectively including information on the expected energy 
savings and GHG emissions reductions, allowing cities to align these actions with their 
broader sustainability targets. The detailed documentation supports a structured 
approach to implementing renewable cooling technologies and ensures municipalities 
have the necessary technical guidelines to proceed confidently. 

SITE acts as a key tool at the municipal level to study different measures or actions by 
municipal technicians. It allows the transfer of data and knowledge of municipal buildings to 
implement municipal energy strategies, considering regional climatic factors and building 
characteristics to provide municipal technicians with tailor-made strategies that best fit their 
needs.  
The third layer in the diagram represents the European - Macro Scale, led by TUM and 
included in the corresponding deliverable. This layer focuses on the broader regional and 
European context for renewable energy and cooling solutions, considering the climate, 
geographic factors, and energy market that influence the adoption and performance of these 
technologies. It deals with the large-scale strategies and frameworks necessary to support 
deploying renewable cooling solutions across Europe, including aspects such as regional and 
Local Climate and Geographic Factors, RES (Renewable Energy Sources) Cooling Options, 
UrbanHeatPro Tool and PyGreta tools to model and optimize cooling solutions and Grid 
Electricity Mix and GHG Emissions. 
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1.2 From SEAP to SECAP 
SEAPs (Sustainable Energy Action Plans) were originally developed to primarily focus on 
reducing greenhouse gas (GHG) emissions through mitigation strategies. The scope of 
SEAPs was limited to setting out measures aimed at decreasing energy consumption and 
increasing renewable energy use, contributing to the overall goal of GHG emission reduction. 
In contrast, SECAPs (Sustainable Energy and Climate Action Plans) represent an updated 
and more comprehensive version of SEAPs. They incorporate mitigation and adaptation 
measures, addressing not only the reduction of GHG emissions but also strategies to enhance 
resilience and adapt to the impacts of climate change. SECAPs are designed to address 
broader climate change actions, emphasizing the importance of adapting urban environments 
to climate change risks, such as extreme weather events, rising temperatures, and flooding. 
These plans include actions that improve the climate resilience of local communities and 
infrastructure. 
Furthermore, SECAPs are generally more ambitious in their objectives for reducing GHG 
emissions compared to SEAPs, aligning with the goals outlined in international climate 
agreements, such as the Paris Agreement. They involve stakeholder engagement, risk 
assessments, and measures for building resilience, aiming to create energy systems that are 
sustainable, low-carbon, and climate-adapted. 
At the time of drafting the proposal, the concept of SECAPs had not yet been formally 
established. Therefore, the reference to the SEAPs was made in the DoA (Description of 
Action). Please note that throughout the deliverable, SEAP or SECAP will be referred to 
interchangeably to refer to the same concept, particularly a municipal energy plan, from a 
technical point of view. 
Also, in the initial project proposal and Description of Action (DoA), the city of Valencia was 
designated as the primary location for implementing our renewable cooling integration 
methodology. However, due to unforeseen political changes within the Valencia City Council—
specifically, a shift in administration and the appointment of new contacts with differing 
priorities—the collaboration became unfeasible. In alignment with the project's objectives, the 
decision was made to shift the application city from Valencia to Paterna.  
In response to this issue, mitigation actions within project Cooling Down went in two directions: 
from the point of view of SECAP management, we contacted the Regional Council of the 
Valencia Province (Diputación de Valencia, in short, DIVAL), which coordinates SECAPs of 
more than 260 cities and towns in the area. DIVAL has delegated competencies of many towns 
and cities in several areas and coordinates, through a specific office (Area de Medioambiente), 
all activities related to SECAPS and other policies concerning buildings and infrastructure. Mr 
Joan Aguado, an officer in charge of these activities within DIVAL, has joined Cooling Down 
project as an advisor. He has held multiple contacts with the UPV team to analyze and 
exchange ideas about the questions dealt with within the project. Mr. Aguado’s collaboration 
ensures that the project's goals remain on track, even with a higher impact than foreseen, as 
replication potential and the scale of the population involved are larger due to the involvement 
of DIVAL. 
As a second important measure, efforts were redirected towards the municipality of Paterna, 
where successful partnerships with local authorities could be established. Paterna not only 
agreed to participate as a demonstration site but also consented to serve as the application 
example for the project's methodologies.  
It is important to note that these changes do not impact the project's outcomes. The primary 
focus was to develop a methodology for integrating renewable cooling technologies into 
municipal plans, designed to be adaptable and replicable across different urban contexts. 
Therefore, the application in the competence area of the Regional Council and the city of 
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impact of renewable cooling technologies (in italics). The numbering is an internal code within 
SITE to identify the IPCC source of primary information [2]: 

Table 1: List of indicators related to cooling 
Code (IPCC) Tree (SITE) Description 

3 1.1.1 Electricity generation as a primary activity 
43 1.7 Emissions from electricity consumption 
44 1.7.1 Residential (Electricity consumption) 

44.1 1.7.1.1 Residential building cooling 
44.2 1.7.1.2 Residential building heating 
44.3 1.7.1.3 Other consumptions 
46 1.7.3 Commercial/Institutional (Non-public) (Electricity consumption) 

46.1 1.7.3.1 Commercial building cooling 
46.2 1.7.3.2 Commercial building heating 
46.3 1.7.3.3 Other consumptions 
47 1.7.4 Municipal properties (excluding public lighting) (Electricity consumption) 

47.1 1.7.4.1 Municipal building cooling 
47.2 1.7.4.2 Municipal building heating 
47.3 1.7.4.3 Other consumptions 

2.1.2  Indicators of Electrical Grid Load 
The global electricity demand is projected to increase by approximately 31% by 2050 [3], 
underscoring the escalating importance of electrification across various sectors, including 
transportation, cooling, and heating. This surge necessitates a strategic adaptation to 
accommodate the heightened energy requirements. Renewable energy sources—such as 
wind, solar, and biomass—are anticipated to play a pivotal role in fulfilling this demand, as 
evidenced by their growing share in the energy mix over the coming decades. 
Concurrently, there is a notable upward trend in the global demand for cooling units. 
Projections indicate that countries like India and China will witness a significant increase in 
the number of installed air conditioning units by 2040, but also in the EU (see Figure 2 left). 
This trend accentuates the pressing need for renewable cooling solutions to manage future 
energy demands while mitigating environmental impacts effectively. 

 
              

Figure 2: Projected Increase in Global Electricity Demand and Comparison of Baseline and Efficient Cooling 
Scenario [4] 

Figure 2 right shows a critical juncture. The baseline scenario illustrates a sharp rise in cooling 
energy demand. However, the efficient cooling scenario presents an opportunity to 
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2.2 Cooling Energy Consumption and GHG Emissions in Europe  
To illustrate the cooling energy consumption in Europe, some results from Task 3.1 are 
presented. It is important to emphasize that the cooling demand considered in Task 3.1 
represents a theoretical demand for all residential buildings and does not reflect the current 
state of cooling energy consumption in Europe. However, with future developments, such as 
climate change and the increasing demand for comfort, it is anticipated that more buildings 
will require cooling. 
In Figure 3, the total electricity demand and the electricity required to meet the cooling demand 
are plotted for each modeled country. The data reveals that, for all countries, the electricity 
demand for cooling is significantly lower than the total electricity demand. Nevertheless, 
countries such as Italy, France, Spain, and Germany exhibit a relatively high share of cooling 
demand, exceeding 10% of the total electricity demand. This substantial share of cooling 
demand in these countries can have a significant impact on the electricity sector. 
Understanding the distribution of cooling demand across different countries can help in 
identifying regions that may require more significant infrastructure investments or policy 
interventions. For instance, countries with higher cooling demands might need to enhance 
their electricity grid capacity, invest in energy-efficient cooling technologies, and promote 
the use of renewable energy sources to meet the increased demand sustainably. 
Similarly, understanding the temporal distribution of cooling demand can help in identifying 
certain periods that might be problematic for the electricity grid in the future. For instance, 
during peak cooling demand periods, there might be a need to enhance electricity grid 
capacity or provide enough electricity from renewable sources or energy storage. 
Addressing these temporal variations ensures a stable and efficient energy supply 
throughout the year. The theoretical nature of the cooling demand simulated by Task 3.1 
underscores the potential future scenarios where increased cooling requirements could 
strain the electricity grid. As climate change progresses and temperatures rise, the demand 
for cooling is expected to grow, leading to higher electricity consumption. Additionally, the 
trend towards greater comfort in residential buildings will further drive the need for cooling 
solutions. The results of our work provide valuable insights into the potential future 
challenges, opportunities and possible solutions for managing cooling energy consumption 
in Europe. 
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Figure 3: Comparison of total electricity demand to space cooling load per country [source: results from T3.1] 

In Figure 4, the comparison between total electricity demand and electricity demand for 
cooling is illustrated once again, but this time focusing exclusively on the countries of the 
project partners for a more detailed analysis. This figure highlights that Romania has a 
relatively high share of theoretical cooling demand compared to its total electricity demand. 
This observation underscores the need for a comprehensive plan to develop a sustainable 
energy system in Romania. Such a plan should prioritize integrating renewable energy 
sources, ensuring their efficient utilization. Additionally, it is crucial to incorporate energy 
storage solutions to manage peak demand hours effectively. Enhanced grid infrastructure 
is also necessary to distribute high punctual loads over a broader region, thereby 
maintaining stability and reliability in the energy supply.  
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Figure 4: Comparison of total electricity demand to space cooling load for countries of project partners [source: 

results from T3.1] 

A similar pattern to the cooling demand can be observed in the share of CO2 emissions 
attributed to cooling shown in Figure 5 and Figure 6. Since all technologies considered in 
the energy system model of Task 3.1 are powered by electricity, it is understandable that 
the shares of CO2 emissions mirror those of cooling demand. However, it is important to 
note that in a temporal analysis, renewable energy sources such as Photovoltaic (PV) 
systems significantly overlap with cooling load profiles. This makes PV systems particularly 
well-suited for supplying cooling technologies with renewable electricity. 
Furthermore, transitioning to more efficient cooling technologies, such as geothermal heat 
pumps, can substantially reduce CO2 emissions. Geothermal heat pumps, among other 
types of heat pumps, are especially advantageous because they can be used for both 
heating and cooling with relatively low additional investment costs. This dual functionality 
makes them an ideal technology for a renewable and sustainable energy system. 
By leveraging the high temporal alignment of PV generation with cooling demand and 
adopting efficient technologies like geothermal heat pumps, we can significantly mitigate 
the environmental impact of cooling. This approach not only reduces CO2 emissions but 
also enhances the overall sustainability and resilience of the energy system. As we move 
towards a future with increased cooling needs due to climate change and rising comfort 
levels, these strategies will ensure a stable and environmentally friendly energy supply. 
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Figure 5: Share of CO2 emissions due to cooling for countries of project partners [source: results from T3.1] 
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Figure 6: Share of CO2 emissions due to cooling per country [source: results from T3.1] 
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Figure 12: Electrical consumption before and after the basal consumption subtraction for the CT19 

 

 
Figure 13: Electrical consumption before and after the basal consumption subtraction for the CT32 

 
Figure 14: Electrical consumption before and after the basal consumption subtraction for the CT158 

The results were employed to calculate the percentage of cooling and heating consumption 
concerning the baseline energy consumption following the equations presented in 
the previous Table 2 (see Table 4).  
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Figure 18 presents a further analysis of the emissions resulting from electricity consumption. 
It can be observed that industrial buildings are responsible for 43.4% of emissions, while 
residential buildings account for 35.2%. 

 
Figure 18: Distribution of the different emissions derived from electricity consumption 

The Figure 19 presents a comparison between the emissions from the electricity consumption 
of residential buildings and the emissions from fuel combustion in these buildings. It indicates 
the proportion of emissions from cooling and heating. 

 
Figure 19: Comparison of emissions from residential buildings, indicating the proportion of electrical consumption 

used for heating and cooling 
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2.4 Case Study: Cooling in Urban District Models of Munich and 
Padova 

In this Section, simulations of the districts of Padova and Munich are analyzed to better 
understand the cooling energy consumption and related carbon emission in the two case study 
districts of this project. This is meant to be a brief summary only dealing with results presented 
in this task, and the overall presentation of case studies and simulations is provided in 
Deliverable 3.1.  
Unterhaching is a municipality in the south area of Munich, with a population of around 25 000 
inhabitants. 185 buildings were selected as a case study for urban analyses in this project, 
including commercial, industrial, public, and residential buildings (Figure 20). The simulation 
has been carried out with both UrbanHeatPro (TUM) and EUReCA (UNIPD). Results in this 
section refer to the latter. In particular, the district georeferenced file has been created 
according to the actual footprint and end-use of buildings. At the same time, the age class was 
assigned randomly, considering the real distribution of age-old buildings in Germany. 
Envelope archetypes were created considering data from Tabula [6], and operational 
parameters were assigned based on the end-use of the building, considering ISO 18523 [7]. 
Moreover, several simulations have been carried out considering several weather files: the 
standard historic EPW of Munich, the 2022 weather condition and an updated version of the 
former considering climate change effects (CCWorldWeatherGen for 2050, [8]). Urban Heat 
Island effect was also considered using the Urban Weather Generator (UWG) [9]. 

 
Figure 20: Unterhaching district case study 

Figure 21 shows how the fraction of energy due to cooling can significantly change between 
the historic EPW condition and the 2050 forecast considering the UHI effect using UWG. The 
resulting fraction goes from 8% to 17%, becoming more than doubled. In this case, the cooling 
system was considered available in all buildings to avoid differences between the two cases. 
It is worth mentioning that considering an increasing number of cooling systems would provide 
an even larger difference. Figure 21 shows absolute values of CO2 yearly emission, 
considering an emission factor of 0.25 kg CO2/kWh. As the reader can see, emission from 
cooling systems increases when moving from the original EPW, 216 ton/year, the 2022 
weather condition, 331 ton/year, and the 2050 forecast, 473 ton/year. The urban heat island 
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effect additionally increases the emission in all cases. The 2050 UWG results are 552 ton/year, 
representing a 155% increase considering cooling systems carbon emission and an 11% 
increase of the total electric energy carbon emission. 

 
Figure 21: Electric energy share for historic EPW and 2050 with UWG weather conditions for Unterhaching district. 

 
Figure 22: CO2 emission for several weather conditions for Unterhaching district. 

The case study of Padova, Italy, consists in more than 500 buildings located in the city center. 
Most buildings in the district are residential, but many educational and office buildings of the 
University are present, as well as shops. Except for a few of them, the area was built during 
the 50s with poor insulation envelopes. As in the Munich case study, the simulation has been 
carried out with EUReCA UBEM tool. The city model was created using open geospatial 
datasets, such as Open Street Map (OSM) and regional and national geoportals. In particular, 
the age class was derived from the regional geoportal, the height of buildings was taken from 
the national geoportal, and the end use was extracted considering several queries from OSM. 
The creation of the dataset is described more deeply in Deliverable 3.1. As for Munich, age 
class archetypes are created starting from TABULA project results. Figure 23 shows an 
overview of the district. 
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540 Buildings: 
8 industrial 
286 residential 
8 school 
110 services 
20 shops 
55 university 

Figure 23: Belzoni District, Padua, Italy 

Similarly to Munich, a simulation with multiple weather files was run, looking at the effect of 
climate change and urban heat Islands on the cooling consumption and electric consumption 
of the district. The cases are similar to the Munich case study. Figure 24 shows the share of 
electric energy due to cooling in the two cases, historic EPW and 2050 with UHI effect. The 
share of cooling energy in this case is around 39% for the standard simulation and 49% for 
the 2050 forecast. A larger fraction of the cooling demand in comparison to the Munich case 
study is due to two factors: 1) the warmer climate and 2) the large number of educational and 
service buildings in this case study, which are also characterized by ventilation system 
operation. However, due to this larger fraction, in this case, the increase between the historical 
dataset and the 2050 forecast is 50%, lower than in the German case (Figure 25).  

 
Figure 24: Electric energy share for historic EPW and 2050 with UWG weather conditions, Padova 
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Figure 25: CO2 emission for several weather conditions, Padova 

 

3. SECAPs v2.0: Enhancing SECAPs with 
Renewable Cooling  

3.1 SECAP (Sustainable Energy and Climate Action Plan) 
The Covenant of Mayors for Climate & Energy (CoM) is a European initiative, also known in 
Spanish as the Pacto de los Alcaldes por el Clima y la Energía (PACE), that was launched in 
2008 to engage municipalities and regions in the fight against climate change. Over the years, 
this pact has evolved and expanded its scope to address not only the mitigation of greenhouse 
gas (GHG) emissions but also climate change adaptation and access to sustainable energy. 
Currently, the Covenant of Mayors is recognized as the largest global movement of local 
authorities committed to climate and energy, involving almost 20,000 municipalities worldwide. 
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Figure 26: Signatories to the Covenant of Mayors for Climate & Energy across Europe, 

Figure 26 illustrates the distribution of cities and municipalities across Europe that have signed 
the Covenant of Mayors for Climate & Energy. Notably, countries like Italy, Spain, and Belgium 
exhibit a high density of participating municipalities, reflecting a strong commitment to local 
climate and energy initiatives. Conversely, regions such as France, Germany, and parts of 
Eastern Europe show a more dispersed pattern of signatories, indicating varying levels of 
engagement with the Covenant. These disparities may stem from differences in local climate 
policy priorities, resource availability, or political engagement at the municipal level. The map 
underscores the potential for enhanced regional collaboration to promote more uniform 
participation in climate and energy policies across Europe. 

3.1.1  Objectives and Structure of the Covenant of Mayors 
The Covenant of Mayors for Climate & Energy establishes a voluntary framework for European 
cities and regions to commit to achieving climate and energy objectives that are more 
ambitious than those set at the national and community levels. The main commitments 
undertaken by signatory cities include: 

1. Reduction of CO2 Emissions: Carbon dioxide emissions (and, in some cases, other 
greenhouse gases) will be reduced by 55% by 2030 compared to 1990. 

2. Increase in Energy Efficiency and Use of Renewable Energy: A focus on 
enhancing energy efficiency and increasing the adoption of renewable energy sources. 

3. Climate Change Adaptation: Increasing the resilience of local areas to both current 
and future climate impacts. 

4. Alleviating energy poverty. 

To achieve these objectives, local authorities must develop and implement specific plans 
known as Sustainable Energy and Climate Action Plans (SECAPs), subject to periodic 
monitoring and evaluation. These plans are strategic documents that identify priorities, 
actions, and measures to be undertaken by cities to meet the goals set by the Covenant within 
the specified timeframe. In general, these plans will be referred to interchangeably as SEAPs 
or SECAPs throughout the deliverable to denote the same concept, namely municipal energy 
plans aimed at reducing GHG emissions and enhancing climate resilience. 

3.1.2  Sustainable Energy and Climate Action Plan (SECAP) 
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compliance, the office may issue recommendations and suggestions for improving 
the Reduction Plan. If a municipality shows no significant progress or fails to submit 
the report within the stipulated period, it may be required to justify the delay, and 
its status as an active signatory may be temporarily withdrawn. 

3.2.1 Importance of Proper Monitoring 
Proper monitoring of SECAPs is essential as it allows municipalities to identify obstacles 
that hinder the implementation of mitigation and adaptation measures, adjust strategies 
based on the results obtained, and optimize the use of available resources. Furthermore, 
it ensures transparency and accountability to citizens and the institutions that fund these 
plans. Effective monitoring also helps municipalities access additional funding by 
demonstrating their ability to execute complex projects and achieve measurable results. 
In conclusion, the Covenant of Mayors for Climate & Energy and the SECAP framework 
represent an integral tool for municipalities to plan, implement, and monitor local climate 
policies in alignment with European sustainability goals, strengthening their role as key 
players in the energy and climate transition. 

3.2.2 Advantages of Monitoring Measures in Sustainable Energy and Climate Action Plans  
The proper implementation and monitoring of Sustainable Energy and Climate Action Plans 
(SECAPs) bring substantial benefits to municipalities in the Covenant of Mayors for Climate & 
Energy, covering economic, environmental, social, and political areas: 

1. Resource Optimization and Cost Reduction: Effective SECAP monitoring 
allows municipalities to optimize resources, cut long-term costs, and reduce fossil 
fuel dependency. Benefits include lower energy bills in municipal operations and 
increased access to EU, national, and regional funding for sustainability projects. 

2. Environmental and Health Improvements: SECAPs contribute to air quality 
improvements and public health benefits by reducing greenhouse gas and pollutant 
emissions. This reduction helps decrease respiratory illnesses and enhances 
urban livability. 

3. Compliance with Climate Targets: Municipalities in the Covenant of Mayors 
commit to EU climate goals, such as a 40% GHG emissions reduction by 2030. 
Monitoring SECAPs ensures compliance with these targets, helping municipalities 
avoid penalties and align with broader policies. 

4. Promotion of Innovation and Sustainable Growth: SECAP measures foster 
local innovation, creating green jobs and encouraging investment in sustainable 
technologies. Climate adaptation strategies also boost resilience, safeguarding 
infrastructure and citizens from extreme weather. 

5. Improved Governance and Strategic Planning: Monitoring progress under 
SECAPs strengthens governance by facilitating data-driven decisions and 
prioritizing resources for high-impact sustainability areas. 

6. Increased Visibility in Sustainability: SECAP-aligned municipalities gain 
recognition as leaders in sustainability, attracting sustainable investments and 
positioning themselves as influential players in international climate initiatives. 

7. Enhanced Citizen Engagement: Transparent SECAP monitoring engages 
citizens, encouraging participation and fostering a collective sense of responsibility 
for local climate initiatives. Visible progress promotes sustainable lifestyles and 
reinforces community cohesion. 
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3.3 Current State of Municipal Energy Action Plans (SECAPs) in 
Europe 

3.3.1 Assessment on Sustainable Energy and Climate Action Plans (SECAPs) in eight European 
cities 
This section presents an assessment on the current status of Sustainable Energy and 
Climate Action Plans (SECAPs) in eight European cities: Brussels (Belgium), Berlin 
(Germany), Bucharest (Romania), Padova (Italy), Valencia (Spain), Munich (Germany), 
Orléans (France), and Oradea (Romania). The analysis aims to understand how these cities 
are implementing their municipal energy plans, the challenges they face, and the 
characteristics of their climate and energy strategies. 
The information has been gathered through surveys conducted in each of these cities, 
providing insights into their approach to local climate action, including adopting renewable 
energy measures, energy efficiency strategies, and monitoring practices. The details of these 
surveys and the individual responses from each city can be found in Annex 2: SECAP Survey 
Questionnaires of Cities for further reference. 
General findings (summary in Table 6): 

1. Most cities, such as Munich, Berlin, Padova, Valencia, and Oradea, currently have a 
SEAP, while Bucharest has not submitted a SEAP despite signing the Covenant of 
Mayors in 2011. Orléans aims for complete renewable energy use by 2050, indicating 
an ambitious goal compared to other cities.  

2. The public nature of these documents varies, with some cities like Berlin and Valencia 
confirming public accessibility, while others did not specify this aspect. This lack of 
transparency can hinder citizen engagement and evaluation of progress. 

3. The majority of the cities have linked their SEAPs to an emissions inventory, a crucial 
element for tracking the effectiveness of the implemented measures. However, the 
level of detail and accessibility of these inventories differ significantly. For example, 
Valencia follows the Global Protocol for Community-Scale Greenhouse Gas Emission 
Inventories (GPC) and complies with IPCC guidelines, providing a standardized 
approach. Oradea uses IPCC-standard emission factors combined with local data 
collection, demonstrating adherence to international standards while customizing for 
local data. 

4. In most surveyed cities, the development of SEAPs was primarily carried out by 
municipal technicians, ensuring alignment with local knowledge and resources. In 
some cases, external consultants were hired, indicating the need for specialized 
expertise beyond municipal capacities. There was no mention of direct citizen 
involvement in preparing SEAPs, suggesting limited community engagement during 
the planning phase. This reliance on internal staff and occasional external consultants 
reflects varying city capacities regarding technical expertise and resources. 

5. Only a few cities, such as Munich and Berlin, have established follow-up reports to 
monitor the effectiveness of measures taken under the SEAP. These reports are 
essential for adaptive management and improving the plan as new data becomes 
available. In Oradea, there is a notable absence of specific initiatives related to 
renewable energies for cooling, highlighting an area for potential improvement in future 
revisions. 

6. The inclusion of detailed information on investments, monitoring, and expected 
savings from SEAP measures is varied. Cities like Munich and Berlin include these 
details comprehensively, while others lack such specificity, making it difficult to assess 
the potential effectiveness of their SEAPs. In Valencia, the SEAP includes general 
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recommendations for replacing existing air conditioning systems with energy-efficient 
models but lacks detailed actionable measures. 

7. The inclusion of heating and cooling measures within SEAPs is inconsistent. Cities like 
Berlin focus on using waste heat and integrating renewable energy systems, such as 
geothermal cooling for the Berlin Brandenburg Airport, while cities like Oradea have 
yet to incorporate specific measures for cooling. Renewable cooling remains an 
underrepresented area across most SEAPs, suggesting an opportunity for further 
development and integration of these technologies into municipal plans. 

8. The analysis reveals that few cities have specific measures for renewable cooling. 
Berlin is working on expanding district cooling and geothermal systems, whereas 
Padova has general descriptions of energy efficiency measures but no specific actions 
for renewable cooling. 

Table 6: Summary of general findings 

City Has 
SEAP 

Public 
Availability 

Emissions 
Inventory 

Monitoring 
Reports 

Renewable Cooling 
Measures 

Munich Yes Yes Yes Yes Yes 
Berlin Yes Yes Yes Yes Yes 

Brussels Yes No Yes No No 
Padova Yes Yes Yes No No 

Valencia Yes Yes Yes Yes No 
Bucharest No No No No No 
Orléans Yes Yes Yes No No 
Oradea Yes No Yes No No 

 
For the emissions inventory report, here are the key findings (see Table 7): 
1. Most cities, including Berlin, Valencia, Orléans, and Oradea, have an inventory of 

emissions for the current year, as well as historical inventories from previous years. 
However, Brussels, while having an emissions-related document, does not have a 
formal inventory report that follows a structured methodology. 

2. There is a consistent approach across most cities to include emissions from municipal 
buildings, the private sector, and the household sector. Cities like Munich and Oradea 
specifically extend their inventories to include emissions from cooling. 

3. Cities such as Valencia use standardized protocols like the Global Protocol for 
Community-Scale Greenhouse Gas Emission Inventories (GPC), ensuring 
consistency with international standards. Other cities, like Oradea, rely on local data 
collection paired with IPCC-standard emission factors. 

4. The inventories are generally public documents, contributing to transparency and 
public awareness. However, in Brussels, the methodology and inventory are not fully 
accessible to the public. 

5. Most cities collaborate with consultants or municipal technicians to prepare the 
inventory. Orléans involves an association that works with the municipality and energy 
providers to compile the inventory. 

6. Some inventories only detailed emissions from residential electricity consumption, but 
without quantifying specific portions allocated for air conditioning and cooling. This 
limitation indicates that cities might not be fully capturing the impact of cooling, which 
is increasingly significant in the context of urban energy consumption and climate 
adaptation strategies. Additionally, some cities noted the lack of differentiation 
between general energy use and specific cooling measures, suggesting an area for 
improvement in future inventories to provide more granular data. 
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Table 7: Summary of inventory report findings 
City Current 

Inventory 
Previous 

Inventory 
Public 

Document 
Methodology Private 

Sector 
Household 

Sector 
Cooling 
Included 

Carried 
out by 

Munich Yes Yes Yes Measurements Yes Yes No Municipal 
Technician 

Berlin Yes Yes Yes Municipal 
Technician 

Yes Yes No Municipal 
Technician 

Brussels No No No Not available Yes No No Not 
available 

Padova Yes Yes Yes Municipal 
Technician 

Yes Yes No Municipal 
Technician 

Valencia Yes Yes Yes GPC, IPCC 
Guidelines 

Yes Yes No Municipal 
Technician 

Bucharest Yes Yes Yes IPCC 
Guidelines 

Yes Yes No Municipal 
Technician 

Orléans Yes Yes Yes Local Data 
Collection 

Yes Yes Yes Association 
with 

Providers 
Oradea Yes Yes Yes IPCC 

Emission 
Factors 

Yes Yes No Municipal 
Technician 

For the follow-up report on measures, a detailed analysis reveals some important aspects 
(summary on Table 8): 

1. Half of the cities (4 out of 8) currently have a follow-up report on measures, indicating 
varied approaches to monitoring and transparency. For instance, cities like Brussels 
and Munich have well-documented follow-up mechanisms, while others like Bucharest 
and Oradea do not. 

2. The same split of 4 cities reporting "yes" and 4 "no" was observed regarding whether 
there had been any historical follow-up reports in previous years. This reveals that only 
a subset of the cities maintains a long-term evaluation of their actions, which may 
impact their ability to learn from past initiatives and improve future implementations. 

3. Most cities are struggling to make these follow-up reports publicly accessible. Only a 
minority, including Orléans, have ensured the transparency of the reports. This 
limitation could hinder citizen engagement and the visibility of the municipalities' 
climate efforts. 

4. A mixed picture was evident regarding who is responsible for carrying out these 
reports. Both municipal technicians and consultants (external companies) are 
commonly involved, with some cities relying on a combination of the two. For example, 
Berlin utilizes both internal and external expertise, highlighting the need for both local 
knowledge and specialized skills. 

5. Not all cities included the impact of the measures in their follow-up reports. This 
inconsistency reduces the ability to evaluate whether the intended effects, such as 
greenhouse gas reduction, are being achieved. 

6. When it comes to monitoring the impact of renewable energy cooling measures, it was 
noted that specific cooling interventions were not included or were vaguely mentioned. 
In cities like Munich and Padova, monitoring lacks explicit references to cooling, 
suggesting that renewable cooling solutions are still insufficiently emphasised. 

7. Additional comments offered insights into the qualitative aspects of the follow-up 
processes, including challenges such as the need for increased citizen involvement or 
the technical hurdles in evaluating cooling measures specifically. 
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Table 8: Summary of follow-up report findings 

City 
Follow-up 

Report 
Present 

Historical 
Follow-up 

Report 

Publicly 
Available 

Responsible 
Entity 

Impact 
Included 

Renewable 
Cooling 

Monitoring 

Munich Yes Yes No Municipal 
Technician No No 

Berlin Yes Yes No 
Municipal 
Technician 
Consultant 

Yes Indirectly 

Brussels Yes Yes No 
Municipal 
Technician 

Citizens 
Yes Evaluated every 

two years 

Orléans Yes Yes Yes External Company No Not specified 
Valencia No No No Consultant No No 

Padova No No No Municipal 
Technician No No 

Oradea No No No Municipal 
Technician No No 

Bucharest No No No None No No 

Main conclusions: 
1. Most cities noted that the Sustainable Energy Action Plans (SEAPs) have positively 

influenced their regulatory strategies. For example, Munich highlighted that SEAPs 
facilitate communication of political actions to the public, enhancing transparency and 
accountability. Orléans also mentioned developing tools to support SEAP actions, 
such as investing in district heating and cooling systems. In contrast, Bucharest 
indicated that due to the lack of a SEAP, there is an absence of structured alignment 
with EU targets, which can hinder energy efficiency goals. 

2. Changes in Municipal Energy Strategy Responses generally acknowledged that 
SEAPs have influenced some changes in the municipal energy strategy. For example, 
Padova mentioned that SEAPs serve as an inspiration for various policies that have 
been implemented, while other cities, such as Munich and Orléans, were either 
unaware or did not specify specific changes brought about by SEAPs  

3. Changes in Citizen Habits The impact of SEAPs on citizen behavior and awareness-
raising efforts have been mixed. Padova mentioned that the participation of 
associations in drafting the SEAP fostered citizen motivation towards adopting 
efficiency measures. Meanwhile, Munich highlighted that although publicly available 
SEAP information may change awareness, no substantial changes in behavior have 
been observed so far. Orléans did not identify any significant changes in citizen habits. 

4. Strengths and Weaknesses of SEAPs: 
4.1. Strengths of SEAPs Across Cities 

1. Policy Alignment and Integration: One of the most consistent 
strengths of SEAPs is their ability to integrate local energy policies with 
broader regional, national, and European Union climate goals. Cities 
such as Munich and Oradea highlighted that SEAPs provide a 
structured framework that aligns local actions with international climate 
objectives. This alignment not only supports the municipalities in 
contributing to EU climate targets but also ensures consistency in 
climate action, making local plans more relevant and effective. The 
comprehensive nature of these plans helps align energy initiatives with 
policy frameworks and provides a roadmap for systematically 
addressing climate change. 
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2. Raising Awareness and Engagement of Stakeholders: Another 
prominent strength of SEAPs lies in their role as a communication tool 
for increasing awareness among the public and policymakers about 
climate action. For example, cities like Munich and Valencia have 
found SEAPs effective in promoting awareness and engaging 
stakeholders through transparency. Public access to SEAP documents 
fosters greater community understanding and participation in energy 
transition initiatives. By outlining clear objectives and expected 
outcomes, SEAPs allow stakeholders to understand the measures 
being taken and their expected impact. 

3. Comprehensive Framework for Long-term Interventions: SEAPs 
are also noted for their structured approach to long-term planning and 
intervention, especially in the public sector. Cities like Padova and 
Oradea benefit from SEAPs as they encourage systematic and long-
term interventions focused on energy efficiency, renewable energy, and 
reducing greenhouse gas emissions. This long-term perspective 
ensures that climate goals are not only reactive but also proactive, 
fostering sustained progress toward sustainability goals. 

4. Decentralized and Inclusive Monitoring Mechanisms: The 
involvement of diverse stakeholders in the monitoring and evaluation 
process is another strength noted in several cities. For instance, 
Brussels highlighted the establishment of a citizen-scientist panel for 
evaluating SEAP measures annually. Such decentralized mechanisms 
enhance transparency, promote civic engagement, and ensure that 
multiple perspectives are included during evaluations. This 
collaborative monitoring effort helps validate actions from multiple 
viewpoints, adding credibility to the measures being implemented. 

4.2 Weaknesses of SEAPs Across Cities 
1. Limited Citizen Engagement and Participation: A common 

weakness identified across several SEAPs is the insufficient level of 
citizen engagement during both the planning and implementation 
phases. Cities like Valencia and Padova specifically noted a lack of 
structured mechanisms for involving local communities. Limited citizen 
engagement reduces the effectiveness of SEAPs, as community buy-in 
is crucial for successful implementation. Without active citizen 
participation, the measures may lack local relevance, and opportunities 
to leverage grassroots innovation and support are missed. Moreover, 
engaging citizens can ensure that their needs and behaviors are 
aligned with broader climate initiatives, which is not being adequately 
realized in these plans. 

2. Outdated Data and Reporting Delays: Another significant weakness 
observed is the issue of outdated data and delays in reporting updates. 
Munich and Berlin reported that the basis for many of their SEAP 
actions was outdated data from several years ago. This results in a gap 
between current realities and the measures being implemented, leading 
to ineffective or misaligned actions. Without up-to-date data, SEAPs 
may miss opportunities to incorporate emerging technologies, respond 
to changing local conditions, or adjust actions in real time to maximize 
their impact. Timely updates and adaptive management are crucial to 
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ensure that SEAPs remain relevant and effective in dynamic urban 
environments. 

3. Lack of Specificity in Measures: Several cities pointed out that the 
measures proposed in their SEAPs were too vague or general, lacking 
specific, actionable details. For example, Valencia noted that many 
actions were broad recommendations without concrete steps or 
measurable outcomes. This lack of specificity makes it difficult to 
implement the plans effectively and track progress toward their goals. 
Cities like Padova and Oradea also lacked targeted interventions for 
the private sector, which limits the reach and impact of SEAPs. Without 
specific and well-defined measures, the execution of these plans risks 
becoming inconsistent, which diminishes their overall effectiveness. 

4. Weaknesses in Monitoring on follow up and Evaluation: The 
monitoring and evaluation mechanisms in many SEAPs were found to 
be lacking or insufficiently rigorous. Oradea and Orléans highlighted 
the inadequacy of existing mechanisms to comprehensively assess the 
effectiveness of the measures implemented. The lack of well-
established metrics and monitoring systems makes it challenging to 
track progress, measure the impact of actions, and make necessary 
adjustments to improve the outcomes. Effective monitoring is 
fundamental to adaptive management—an aspect where most cities 
seem to face significant limitations. Without continuous feedback, it 
becomes difficult to refine measures, identify areas of improvement, 
and ensure the SEAPs are meeting their intended targets. 

5. Sectoral Gaps and Insufficient Focus on Cooling: A noticeable gap 
in many SEAPs is the lack of comprehensive measures for addressing 
specific sectors, such as cooling requirements and the private 
sector. The absence of renewable cooling solutions was noted in 
several cities, including Munich and Orléans, highlighting an area that 
is becoming increasingly important due to rising urban temperatures 
and the urban heat island effect. Similarly, Padova and Valencia 
reported that their SEAPs focused mainly on public infrastructure, with 
insufficient attention given to the private sector and household-level 
interventions. Given the growing significance of cooling needs and 
private sector contributions, these omissions represent a substantial 
gap that could undermine the effectiveness of SEAPs in achieving 
holistic climate resilience. 

6. Dependence on Political Will: Another significant weakness 
mentioned, particularly in Orléans, is the dependence on political 
priorities for the successful implementation of SEAPs. This 
dependence makes SEAPs vulnerable to changes in political 
leadership, which can lead to shifts in priorities, fluctuations in funding, 
and inconsistencies in implementation. The effectiveness of SEAPs is 
thus linked to political stability and commitment, which can make long-
term climate goals precarious, especially if political agendas change 
after elections. 

The comparative analysis of SEAPs across these cities reveals several key strengths, such 
as effective policy integration, comprehensive frameworks for long-term interventions, and 
enhanced awareness among stakeholders. However, the weaknesses, including limited 
citizen engagement, outdated data, vague measures, insufficient monitoring, sectoral gaps, 
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and political dependencies, suggest considerable areas for improvement. Addressing these 
weaknesses will be essential for enhancing the robustness of SEAPs, ensuring their 
relevance, and maximizing their impact in mitigating climate change and fostering sustainable 
urban development. Strengthening citizen participation, establishing dynamic monitoring 
mechanisms, updating measures regularly, and expanding sectoral focus to include cooling 
and the private sector will be crucial steps in advancing the effectiveness of SEAPs across 
European cities. 

3.3.2 Low Compliance Rate of SECAP by Municipalities 
Despite the potential benefits of properly implementing a Sustainable Energy and Climate 
Action Plan (SECAP), municipalities that have signed the Covenant of Mayors for Climate & 
Energy have experienced a low compliance rate in following through with these plans. This 
low compliance rate results from a combination of factors, which are detailed below. 
Despite the potential advantages of implementing Sustainable Energy and Climate Action 
Plans (SECAPs), many municipalities under the Covenant of Mayors for Climate & Energy 
struggle to comply due to several challenges: 

1. Limited Local Capacity and Resources: Municipalities often face constraints in 
staffing, technical expertise, and finances, limiting effective SECAP management. 
Many lack dedicated personnel and funding for complex data monitoring, emissions 
tracking, and implementation, despite tools like SITE that offer automation and 
support. 

2. Complex Regulatory Requirements: The Covenant of Mayors requires rigorous 
reporting and inter-sectoral coordination across areas such as transport, buildings, and 
waste management, which can overwhelm local authorities. Automated platforms can 
help municipalities meet these demands but are not always accessible. 

3. Lack of Institutional Cooperation: Effective SECAP implementation relies on 
support from regional, national, and European entities. However, inadequate 
collaboration and limited international partnerships hinder local municipalities from 
learning best practices and leveraging broader support for climate goals. 

4. Political Prioritization Challenges: Local political priorities, such as economic issues 
and unemployment, often overshadow climate initiatives. Changes in administration or 
a lack of public pressure further reduce the momentum for climate action, leading to 
interrupted or deprioritized SECAP efforts. 

5. Delayed Impact of Climate Actions: Since climate measures typically yield benefits 
over the long term, municipalities may experience frustration, particularly when short-
term political and budgetary pressures demand immediate focus. 

6. Limited Advanced Monitoring Systems: Effective monitoring requires sophisticated 
technology, which is often too costly for municipalities and requires skilled personnel 
for upkeep. 

7. Unforeseen Circumstances: Events like the COVID-19 pandemic have forced 
resource reallocation toward immediate health concerns, leading to delays in climate 
initiatives. 

8. Fragmented Governance Structure: Dispersed responsibilities across departments 
create implementation bottlenecks, as a lack of centralized coordination within 
municipalities impedes cohesive decision-making and weakens the efficacy of 
SECAPs. 
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SITE automates processes related to standardized protocols in this area that affect both 
companies and public administrations, simplifying the attainment of specialized certifications 
that demonstrate compliance with environmental commitments. 

3.4.1 Implementation Protocol 
The implementation protocol is a structured approach to evaluate and execute measures 
within a municipality's Sustainable Energy and Climate Action Plan (SECAP). This protocol 
shown in Figure  ensures that each measure is technically feasible, financially viable, and 
aligns with the municipality's authority and sustainability goals. 
 

 
Figure 27: SITE implementation protocol 

1. Technical Feasibility Assessment: Begin by conducting a feasibility study to 
determine if the proposed measure is technically viable within the specific context of 
the municipality. If the measure is deemed infeasible, the evaluation process 
concludes at this stage. 

2. Authority and Jurisdiction Evaluation: If the measure is technically feasible, assess 
whether the municipality has the legal authority to implement it independently. If the 
measure requires collaboration beyond the municipality's jurisdiction and no such 
frameworks exist, the process terminates here. 



101077140 - LIFE-2021-CET - COOLING DOWN — LIFE-2021-CET 
42  

    
 

 
Funded by the European Union. Views and opinions expressed are however those of the 

author(s) only and do not necessarily reflect those of the European Union or CINEA. 

Neither the European Union nor the granting authority can be held responsible for them. 

3. Cost Analysis: For measures within the municipality's authority, perform a detailed 
cost analysis at two levels: 

o Implementation Costs: Expenses associated with the initial deployment of the 
measure. 

o Operational Costs: Ongoing expenses required to maintain and operate the 
measure effectively. 

If both cost assessments fall within the municipality's budgetary constraints, proceed to the 
next step. Otherwise, the measure is deemed financially unviable. 

4. Impact Assessment on Emissions and Energy Efficiency: Evaluate the measure's 
potential impact on greenhouse gas emissions and energy efficiency. While negative 
outcomes in this assessment do not necessarily disqualify the measure, they must be 
documented in relevant decarbonization protocols. 

5. Financing Evaluation: Assuming positive outcomes in technical feasibility, authority, 
cost analysis, and impact assessment, assess the availability of funding: 

o Allocated Budget: Determine if there is an existing budget for the measure. 
o Public Funding Opportunities: If no budget is allocated, explore public 

funding options to supplement resources. 
If financing is secured, the measure advances to the contracting phase. 

6. Contracting Process: Develop detailed parameters for the measure, including 
objectives, scope, and performance indicators. These parameters inform the 
preparation of public procurement documents, outlining specific conditions that 
contractors must meet. Enhancing these parameters can increase the likelihood of 
optimal contracting outcomes. 

7. SECAP Integration and Monitoring: Once contracted, integrate the measure into the 
SECAP framework using standardized templates to consolidate data. The public 
contract should specify costs, objectives, boundary conditions, execution and 
operational timelines, and any maintenance or supply needs. This comprehensive 
documentation facilitates effective monitoring of energy-related parameters, allowing 
for ongoing assessment and reporting of the measure's performance and its 
contribution to sustainability goals. 

By adhering to this implementation protocol, municipalities can systematically evaluate and 
execute measures that align with their sustainability objectives, ensuring technical feasibility, 
financial viability, and compliance with legal and jurisdictional requirements. 

3.4.2 Methodology  
The SITE methodology, developed in collaboration between UPV and Geminis Tools, consists 
of systematizing, segmenting, and automating the processes of managing these protocols. 
From the results of WP2 of the project, various renewable cooling technologies have been 
identified and categorized based on their technology readiness level (TRL) and market 
availability, as illustrated in Figure . The technologies range from mature, widely implemented 
options such as vapour compression chillers, to innovative solutions like vacuum ice slurry 
systems, which remain at the research stage with lower TRL levels. 
The diagram provides a comprehensive overview of the development stages, starting from 
market-proven technologies, which are readily available for mass adoption, to emerging 
methods still under research, indicating their potential yet limited practical application. The 
SITE platform focuses on facilitating the implementation of these technologies, considering 
both their current state of development and their practical applicability in urban environments. 
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Currently, around 95% of renewable cooling systems are based on heat pump technology, 
which includes both aerothermal and geothermal applications. The remaining 5% incorporates 
solar cooling technologies, contributing to the overall strategy for increasing efficiency and 
reducing greenhouse gas emissions. The diagram underscores the diverse strategies, ranging 
from building thermal activation and dynamic cooling management to more traditional 
approaches like evaporative cooling, providing a pathway to achieving sustainable cooling. 
 

 
 

Figure 28: Overview of renewable cooling technologies categorized by technology readiness level (TRL) and 
market availability, as identified in Work Package 2 (WP2) 

From this technology mapping, ten specific renewable cooling solutions have been selected 
as feasible options for implementation in a municipal building and subsequent integration into 
SITE. The selected solutions, categorized as electrically driven, thermally driven, and non-
compressor-based, are described below: 
Electrically Driven Cooling Technologies 

1. Closed Loop Heat Pump (Ground Source Heat Pump): Utilizes the stable 
temperatures of the subsurface to efficiently provide heating and cooling. 

2. Open Loop Heat Pump: Extracts groundwater as a direct source for heat exchange, 
allowing highly efficient thermal regulation. 

3. Air Source HP (Heat Pump): Extracts heat from the outside air, providing efficient 
heating or cooling depending on seasonal needs. 

4. HP with Simultaneous Cooling Production: Offers both heating and cooling 
capabilities simultaneously, optimizing energy use for diverse building needs. 

5. HP + Photovoltaic Integration: Combines the efficiency of a heat pump with solar 
electricity generation, enhancing sustainability and reducing grid dependency. 

Thermally Driven Cooling Technologies 
6. Solar Absorption: Uses solar thermal energy to power the cooling process, providing 

an eco-friendly alternative to conventional electricity-driven systems. 
7. Geothermal Heat Absorption: Employs geothermal heat as the driving force for the 

cooling cycle, offering renewable energy potential. 
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8. Waste Heat Absorption: Utilizes waste heat from industrial or other processes to drive 
absorption cooling, maximizing resource efficiency. 

Non-Compression-Based Cooling Technologies 
9. Passive Geothermal (Free Cooling): Takes advantage of naturally low underground 

temperatures to provide cooling without active mechanical compression, reducing 
energy consumption. 

10. Evaporative Systems: Cools the air through evaporation processes, suitable in dry 
climates, although effectiveness is limited in areas with high humidity. 

Following Table 9 provides a detailed calculation of the indicators presented in Table 3 of 
Section 2.1.3: Indicators of Renewable Cooling Technology Implementation for each of the 
previously defined technologies
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and Climate Action Plan (SECAP). This instructional video serves as a practical 
demonstration, offering a step-by-step guide on how municipalities can utilize SITE to enhance 
efficiency in climate control through automation, data management, and standardized 
processes. The goal is to make the application process clear, accessible, and aligned with 
best practices, supporting effective climate governance and accelerating progress toward 
sustainability objectives. 

 
 

4. Recommended Measures for the Integration 
of Renewable Cooling in SECAPs 

In a Sustainable Energy and Climate Action Plan (SECAP), various recommendations can be 
incorporated that directly or indirectly impact the efficiency of renewable cooling systems. 
Incorporating measures that enhance the efficiency of climate control systems (heating and 
cooling) in a SECAP is fundamental for reducing greenhouse gas emissions and energy costs, 
as these systems represent a significant portion of energy expenditure in buildings. 
These measures can be technical, regulatory, educational, or adaptive and should be 
approached from the perspective of building efficiency and urban planning. By applying these 
strategies, municipalities can make significant progress in the transition toward more 
sustainable and resilient cities in the face of climate change. 
Within its systematic catalogue of measures for emission reduction and climate adaptation, 
SITE includes a set of parameterized measures specifically designed to address climate 
control, particularly refrigeration. This focus is due to the specific needs of municipalities where 
SITE is most implemented, as climate change leads to increased cooling demands due to 
longer warm seasons, thereby increasing energy consumption. 
Outlined below are several categories of recommendations that can be included in a SECAP: 

1. Building Efficiency for Climate Control Efficient climate control depends largely on 
the overall building efficiency, as energy losses can significantly increase heating or 
cooling demands. Some of the most important measures include: 
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o Improving insulation of facades, roofs, and floors can reduce heat loss in winter 
and keep interiors cool in summer, thus reducing the workload on climate 
control systems. 

o Installing double or triple glazed windows with thermal breaks and using 
efficient doors and frames to minimize air leakage. 

o Promoting the construction of new buildings under efficiency standards like 
Passivhaus, which minimize energy demands for climate control. 

2. Modernization and Improvement of Climate Control Systems Measures that 
directly address the modernization and improvement of climate control systems are 
crucial for enhancing their efficiency. These include: 

o Encouraging the installation of heat pumps for both heating and cooling, which 
are much more efficient compared to traditional fossil fuel systems. 

o Replacing old boilers with natural gas condensing boilers, which are more 
efficient in utilizing heat. 

o Installing centralized climate control systems in buildings or neighborhoods 
(District Heating/Cooling) with optimized temperature control and heat 
recovery. 

o Using solar energy for hot water production and heating. 
o Utilizing geothermal systems that leverage the stable thermal properties of the 

subsurface for climate control, thereby reducing energy demand. 
3. Automation and Intelligent Control Automation technologies can significantly 

improve the efficiency of climate control systems by adapting them more precisely to 
actual needs. 

o Automatic control systems and smart thermostats that adjust climate control 
based on building occupancy, weather conditions, and specific energy needs. 

o Implementing Building Energy Management Systems (BEMS) to optimize 
energy usage, control climate equipment, and adjust energy consumption in 
real-time. 

o Using sensors and monitoring systems for the energy consumption of climate 
control systems to detect inefficiencies and adjust usage. 

4. Incentivizing Renewal of Old Equipment Encouraging the replacement of old 
appliances with more efficient ones is key to improving climate control efficiency. 
Citizens should be incentivized to replace obsolete climate control devices with those 
that have a higher energy rating (A+++, A++). 

5. Reducing the Need for Mechanical Climate Control Through Architectural and 
Urban Strategies Another effective measure to improve efficiency is reducing the 
need for mechanical climate control. 

o Implementing architectural designs that allow natural ventilation during the 
summer to reduce the need for air conditioning. 

o Promoting the use of awnings, pergolas, vegetation, and other solutions to 
reduce solar radiation exposure during hot periods, thereby decreasing cooling 
needs. 

o Encouraging the installation of green roofs or wall vegetation to enhance 
insulation and thermal efficiency. 

6. Promoting Urban Climate Networks and Energy Districts Creating urban climate 
networks and energy districts can provide a more efficient solution for climate control 
across multiple buildings. 
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To contextualize the energy consumption specific to cooling, Figure 31 offers a detailed view 
of the 'Centro Médico Municipal Campamento,' a municipal medical center serving as a 
demonstration site for the project. This facility's energy usage patterns, particularly concerning 
cooling requirements, are indicative of the broader trends observed in similar municipal 
buildings. 
By concentrating on these municipal structures, opportunities for enhancing energy efficiency 
and implementing sustainable cooling solutions can be identified. This targeted approach not 
only contributes to the municipality's overall energy reduction goals but also serves as a model 
for other public installations aiming to optimize their energy consumption. 

 
Figure 30: Distribution of Municipal Buildings of Paterna 

 
Figure 31: Detailed view of location of project demosite 

Based on the previous list of the municipal buildings of Paterna and their geometry and year 
of construction obtained from the cadastre, an in-depth energy simulation was carried out 
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