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Title 1 

From Nearly Zero Energy Buildings (NZEB) to Positive Energy Buildings (PEB): the next challenge - The 2 

most recent European trends with some notes on the energy analysis of a forerunner PEB example  3 

Abstract 4 

The European energy policies introduced the Nearly Zero Energy Building (NZEB) objective (Directive 5 

2010/31/EU and 2018/844/UE) to stimulate the energy transition of the construction sector. EU programs, 6 

specifically “Horizon 2020”, promote the NZEB design and also its evolution, namely the Positive Energy 7 

Building (PEB) model. 8 

Based on the most recent developments, a critical review of the main actions of the European Union towards 9 

the development of the NZEB and PEB design models has been conducted. Some considerations on 10 

advanced materials and technologies (PCM, VIP, smart glass, integrated photovoltaic systems) have also 11 

been added. Finally, a case study is presented (single-family residential NZEB) to show how a careful and 12 

integrated design of the building envelope and systems not only allows to obtain an almost total coverage of 13 

the energy consumption by renewable sources, but also to generate an energy surplus that could be shared 14 

with urban grids (PEB potential).  15 

Keywords 16 

Energy efficiency policy, Nearly zero energy building (NZEB), Positive energy building (PEB), Energy 17 

performance of buildings, Renewable Energy Sources (RES). 18 

1. Introduction 19 

The European Union is focusing on the NZEB target, trying to respond effectively to the problems that, 20 

particularly in the last decades, are affecting the environment: pollution, resource depletion, global warming. 21 

The climate change perceived by society today is nothing more than the result of past political, economic and 22 

technical choices, no longer in conformity with the present needs. 23 

The construction sector, in particular, is one of the main causes of pollution, due to the excessive emissions 24 

released into the environment as a result of the processes of heating and cooling systems in buildings. 25 
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Therefore, a turnaround is required, entrusted to the design of new buildings with a reduced annual energy 26 

requirement, supported by the inclusion of systems powered by Renewable Energy Sources (RES). The 27 

challenge, however, is not limited to new buildings. In fact, according to the EU Building Stock Observatory 28 

- the observatory that monitors the energy performance of buildings across the Member States - the building 29 

stock is inexorably aging, as confirmed by the alarming figures, composed of 75% buildings built before 30 

1990 [1] with a renewal rate around 1.2% [2].  31 

A probable, and already outlined, further step is represented by the possibility of connecting the individual 32 

NZEBs to an intelligent energy distribution network, also called smart grids. Positive Energy Buildings 33 

(PEBs) could be a new target, through their contribution to the energy support of other buildings connected 34 

to them, producing more energy than necessary to their needs. A system of units connected together at the 35 

neighbourhood level, aiming of achieving neutrality or, in extreme cases, energy positivity is the next 36 

challenge. The buildings will thus become collectors and energy storage structures. 37 

The following aspects will be addressed below: 38 

- European regulatory situation; 39 

- Some of the most recent results provided by the European Construction Sector Observatory (ECSO); 40 

- Some design features (building envelope, systems) of the current European NZEB model; 41 

- The PEB model: definition and diffusion; 42 

- An example of NZEB with the potential to achieve the PEB status. 43 

The aim of this review is to consider some of the most recent developments promoted by European directives 44 

to increase the energy performance of buildings, rather than to present a thorough review of materials and 45 

techniques. 46 

The development of the work lies in outlining the tools and practical application of the indications of the 47 

European Union for the resolution of environmental problems, which involve air pollution, the depletion of 48 

natural resources and climate change. In order to mitigate these problems, the EU has offered several tools to 49 

its Member States: energy policies, observers, action programs to finance NZEB and PEB projects and 50 

research into promising materials and technologies. 51 
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Considering the current target for NZEBs as a base reference, the evolutionary model PEB will be outlined, 52 

which represents the possibility of further improvement in a long-term perspective.  53 

Energy consumption and production will be analyzed for a case study, represented by a building built with 54 

the utmost attention to energy aspects, located in areas outside densely populated urban centres. Its location 55 

and energy potential allow it to be considered an exemplary case and a starting point for guidelines on an 56 

intelligent planning of the realization of energy-independent diffused building areas. 57 

The creation of positive energy districts (PED) or entire urban neighbourhoods would allow to achieve 58 

neutrality or, in extreme cases, even energy positivity. 59 

2. Energy efficiency policies for the European Construction Sector 60 

2.1 European regulatory framework 61 

The international regulatory situation allows stating that the continuous attention on building energy 62 

consumption [3] has led to the drafting of increasingly stringent laws, which aim at the energy efficiency of 63 

both new and existing buildings and at the reduction of polluting emissions. In fact, recently the premises of 64 

the EU Commission Recommendation on building renovation [4] reaffirms: “Buildings are central to the 65 

Union's energy efficiency policy as they account for nearly 40% of final energy consumption”, of which 27% 66 

is attributable to the residential sector. 67 

A first indication about NZEB was introduced in the EU Directive in the year 2010 ([5], art.2): “a building 68 

that has a very high energy performance, … The nearly zero or very low amount of energy required should 69 

be covered to a very significant extent by energy from renewable sources, including energy from renewable 70 

sources produced on-site or nearby”. 71 

The application of the NZEB model in Europe became mandatory starting from 31 December 2018 for new 72 

public buildings and it will be the same for all new buildings at the end of this year (31 December 2020) [5]. 73 

Moreover, in order to achieve the Union’s own targets for decarbonisation and energy efficiency in a cost-74 

effective manner, the non-ETS (Emissions Trading Scheme) sectors - such as buildings and transport - must 75 

deliver on their potential. The goal is the reduction of greenhouse gas emissions by 80 to 95% by 2050, as 76 

compared with 1990, to increase the proportion of used renewable energy [6]. 77 
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Finally, the most recent Directive (EU) 2018/844 [7], entered into force on 9 July 2018, amended the EPBD 78 

introducing (Art.2a) the target of NZEB also for existing buildings in the long-term renovation strategies. 79 

These strategies are implemented through the use of building automation and control technologies, as well as 80 

the introduction of smart grids for energy sharing. 81 

The NZEB model, already applied for new buildings in several European Countries, is representing the target 82 

for the energy performance improvement also for the renovation of existing buildings, even if it is possible 83 

only for a part of the building stock, depending on a cost optimal analysis. Despite this, there is another 84 

model that could be considered, by overtaking the NZEB target towards the so called Positive (or Plus) 85 

Energy Building (PEB). This one can be considered different from a net-ZEB that in some periods produces 86 

excess energy that uses in other times, because the PEB should produce excess energy all over the year. 87 

Therefore, the PEB model could be considered as a mean to make zero-energy-consumption one building 88 

and contemporarily to cover, even partially, the needs of some other existing buildings, leading perhaps to 89 

reach the energy independence of whole building stocks, when the mix of existing buildings and PEB can 90 

balance the energy needs. Several studies are already developed on this building model, and its potentialities 91 

(ref. 4.2 par.), even if a common definition and features have not yet been indicated. 92 

In the following parts, a review of several examples of the development of the NZEB model in Europe is 93 

synthetized, also referring to EU projects on NZEB pilot cases. Finally, the near future on PEB is outlined: 94 

by means an overview on the main objectives and expected results of some EU projects. Furthermore, an 95 

example of a particular NZEB is described and some energy consumption data are discussed. This building, 96 

designed before EU indications on NZEB, falls within the current requirements for NZEB and could be 97 

adequate to be considered as a PEB. This project demonstrates that a smart integrated approach between 98 

building envelope and systems, right from the design phase, allows to obtain results that can go well beyond 99 

a NZEB. 100 

2.2 Monitoring the policies application 101 

The energy transition is a process essential to raise the construction sector, following the economic recession 102 

caused by the debt crisis in Europe. Some notes on the EU energy policies are here considered. 103 
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Since 2010, with the publication of the “Europe 2020” strategy proposal, the European Commission has 104 

shown growing interest in supporting “smart, sustainable and inclusive growth” among its Member States.  105 

The construction sector in particular is an important economic engine for Europe, to such an extent that in 106 

many countries the strength or weakness of the construction sector is the main indicator of the economic and 107 

development situation.  108 

Subsequently, in 2012, the “Strategy for the sustainable competitiveness of the construction sector and its 109 

companies” and the “Construction 2020” action plan were presented, which aim to support the construction 110 

sector in its adaptation to the main upcoming challenges. 111 

However, what stimulated the pursuit of the energy transition in Europe was the “Clean energy for all 112 

Europeans” package [8]. The development of a “sustainable, competitive, safe and decarbonised” energy 113 

system should be achieved through the following main themes: 114 

- energy efficiency in first place: the new Energy Efficiency Directive (2018/2002 / EU - EED), in fact, 115 

sets a new energy efficiency target of 32.5% in 2030; 116 

- more renewable sources: target of at least 32% of energy production from renewable sources by 2030; 117 

- governance of the Energy Union: strengthened through the Integrated National Plans for Energy and 118 

Climate for the period 2021-2030; 119 

- consumer rights: improvement of rules to guide consumer decisions on how to produce, store, sell or 120 

share one's energy; 121 

- electricity market: introduction of new laws that ensure supply, also through the integration of renewable 122 

energies in the network. 123 

2.2.1 European Construction Sector Observatory 124 

Following the publication of strategies and packages aimed at setting the objectives to be pursued, European 125 

observatories have been activated to monitor the progress of the construction sector.  126 

The European Construction Sector Observatory (ECSO) [9] worked in this direction, presenting in 127 

November 2018 analyses, statistics and comparative assessments between the 28 EU countries, with the aim 128 

of raising awareness among policy makers and stakeholders about market conditions, staff skills and energy 129 

efficiency. 130 
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The economic recession caused by the debt crisis in Europe has affected many southern European countries 131 

(e.g. Greece, Cyprus, Portugal, Spain, Italy and Bulgaria), immediately leading to cuts in national budgets 132 

and thus affecting the share of GDP dedicated to public and private investments in the construction sector.  133 

The slow economic recovery has been facilitated by the disbursement of national and EU funds in the 2014-134 

2020 programming period and by the implementation of around 120 smart specialization strategies, which 135 

involve aid of over 60 billion euros, promoting the competitiveness and interregional cooperation [9]. 136 

Another aspect that struck the attention of ECSO are the conditions of human capital in the construction 137 

sector [10]. Energy efficiency and sustainable construction will offer significant market potential, as only the 138 

renewable energy sector is expected to employ up to 2 million people by 2020, with most new jobs created in 139 

the energy sector. Therefore, an increase in the level of education, specialization of staff and skills in the 140 

field of energy efficiency must be initiated. 141 

It is known that EU policies aim at encouraging Member States (MS) to reduce the energy consumption of 142 

their national building stock and to stimulate their conversion from energy consumers to energy producers 143 

through retrofit measures and integration of renewable energy sources [1].  144 

This transition is made possible by improving resource efficiency, environmental performance and 145 

commercial opportunities. In fact, buildings are goods with a long life and a natural tendency to low 146 

replacement and renovation rates. At the current rate of renovation (around 1% per year depending on each 147 

MS), it will take more than 100 years to renovate the EU building stock [11]. Therefore, in addition to the 148 

new construction of NZEBs, it will be necessary to focus above all on the redevelopment of the existing one. 149 

Finally, the good news is that there is a positive change of trends in building energy performance: new 150 

buildings today consume only half of the typical buildings of the 1980s. This was facilitated by the 151 

introduction of the EPBD and subsequent transpositions into national codes, which allowed consumers to 152 

make informed choices to save energy and money. 153 

2.2.2 EU action programmes for the NZEB promotion 154 

In addition to the policies, strategic measures and financial instruments implemented by more than two thirds 155 

of the Member States to facilitate the spread of energy efficient homes [12], the 8th European Framework 156 

Programme for Research and Innovation “Horizon 2020” [13] (2014-2020) has been launched by EU in 157 
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order to promote “smart, sustainable and inclusive” economic growth for the sectors of science, industry and 158 

society.  159 

Thanks to nearly €80 billion of funding available - in addition to the private investments - some projects 160 

have been activated with the aim of improving the knowledge and skills of the designers in the construction 161 

field and pursuing the ultimate goal of creating new buildings or energetically renovating existing ones, 162 

according to NZEB standards. 163 

Some of the most recent “Horizon 2020”-funded projects are summarised below, with their objectives: 164 

- CoNZEBs [14]: identify technological solutions to reduce the construction costs of multi-family 165 

buildings. 166 

- CRAVEzero [15]: identify and eliminate extra costs, promoting innovative business models. 167 

- A-ZEB [16]: reduce the construction and life cycle costs, optimizing the process in all design phases. 168 

- ABRACADABRA [17]: increase the real estate value of existing buildings through an architectural and 169 

energy transformation. 170 

- FIT-TO-NZEB [18]: improve worker training on energy efficiency in buildings. 171 

Finally, the next Research and Innovation Framework Programme “Horizon Europe” (2021-2027) [19] will 172 

contribute to the goals of sustainable development by focusing on three pillars:  173 

- Excellent Science 174 

- Global Challenges and European Industrial Competitiveness 175 

- Innovative Europe 176 

3. The today’s NZEB model in EU: some features and developments 177 

Some main objectives and characteristics of the NZEB model are here resumed, through an excursus among 178 

design features, recent developments on materials that optimize the building envelope, and systems that 179 

support the coverage of energy needs. 180 

3.1 Design features and objectives 181 

In the EPBD, numeric thresholds or ranges are not clearly defined to identify the NZEB characteristics, 182 

therefore several interpretations both for the NZEB definition and limits are available in the EU Countries. 183 
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The different choices could be justified by specific climate conditions, local targets, or building traditions, 184 

that allow different national targets.  185 

Some general criteria, usually adopted also in the bioclimatic architecture, have contributed to define the 186 

NZEB target:  187 

- the building position and orientation help to control the solar radiation contributions on the opaque and 188 

transparent envelope and the wind exposition; 189 

- the building thermal mass allows to reduce the temperature variations due to the outdoor climatic 190 

conditions; 191 

- the thermal regulation is finalised to maintain the design indoor conditions, with the aim both to 192 

guarantee the internal comfort and to limit energy consumption; 193 

- the solar shading is fundamental to avoid overheating in summer. 194 

The main targets of the NZEB model regard the energy needs reduction and the energy efficiency improving.  195 

An important role is played by the heating and cooling systems that should be used to cover the extremely 196 

low energy needs and should be driven mainly by renewable energy.  197 

With the application of the EU Directives on new and existing building, a decrease of heating needs can be 198 

expected in the next future, due to higher attention to thermal insulation and higher systems efficiency.  199 

Also the constantly increasing demand (3.14% per year) of air conditioning in summer, mainly in Central 200 

and Southern European countries (68% of total EU demand) [20], due to climate change [21] must be 201 

considered. 202 

The introduction of the NZEB target in the building design will encourage a decrease in the amount of 203 

energy required, thus abandoning fossil fuels: a graphical interpretation of the NZEB energy balance is 204 

indicated in the scheme of fig.1 [22]. 205 

 206 
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Figure 1 – The NZEB model according to EPBD indications. 207 

3.2 Promising Technologies: advanced material solutions and sustainable energy generation 208 

To reduce the energy demand, considering the boundary conditions of the building system and the constrains 209 

affecting the building performance, innovative materials (PCM, VIP, aerogel, etc.) can be used in 210 

combinations with traditional solutions, active and passive technologies for space heating and cooling, 211 

supported by RESs depending on the source availability in the project site [23]. 212 

Starting from an integrated design approach, which involves both a careful selection of materials and 213 

components and a complete set of installations, it is possible to realize very high-performance buildings. 214 

Moreover, thermal insulation of the building envelope, optimized glazing, high air tightness, reduction of 215 

thermal bridges and a high-efficiency ventilation system are means that would allow to achieve, not only 216 

energy efficiency, but also a high degree of thermo-hygrometric comfort.  217 

3.2.1 Advanced material solutions: thermal insulation and glazing 218 

Researches on new materials and on technologies widely investigated in the past can be considered both, also 219 

taking inspiration from studies carried out by the European Construction Technology Platform (ECTP). 220 

Through the Energy Efficient Buildings Project (E2B) [24], the Platform focused attention on materials to 221 

optimize the building envelope, such as advanced materials and nanotechnologies (including aerogel, VIP - 222 

Vacuum Insulation Panel, PCM - Phase Change Material, electrochromic glazing). 223 

Thermal insulation: aerogel, PCM, VIP 224 

Recent researches have investigated the use of nanomaterials, such as aerogel or vacuum insulation panels, 225 

characterised by high thermal insulating properties and small thickness [25].  226 

On the other side, Phase Change Materials (PCMs) represent one of the passive technological solutions that 227 

has already been extensively studied. They allow to store the energy supply of solar radiation, when located 228 

in the external layers of walls. In the form of mixtures of salts or paraffins, they are able to retain thermal 229 

energy under form of latent heat, to pass it successively in correspondence with a phase change (from solid 230 

to liquid and vice versa), in a temperature range compatible with human comfort (between 20°C and 30°C). 231 

The integration of these materials in the building envelope involves a series of advantages, including the 232 

reduction and the phase shift of the summer and winter thermal load peaks, the reduction of energy 233 
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requirements (thanks to the use of more dynamic energy), and the potential improvement of the thermal 234 

comfort of the environment.  235 

For the above-mentioned advantages, researchers have extensively studied a new approach to develop a 236 

building envelope with high energy efficiency by increasing the ability of latent heat storage of the buildings 237 

through the macro-encapsulation technique [26]. This method improves the internal thermal behaviour of 238 

buildings and it has various advantages: high strength, durability, and thermal stability, and prevention of 239 

PCM losses during phase transformation. To prevent losses, maintain the density of thermal energy storage 240 

and increase the thermal conductivity of PCM through the use of porous materials based on carbon as 241 

support materials; a research was carried out on an aerosol based on porous carbon [27].  242 

Moreover, PCMs could help to improve the thermal inertia of light structures [28]. Recent study has been 243 

carried out on a hybrid type cladding panel, consisting of three types of PCM with different phase change 244 

temperatures, which can be used efficiently depending on the season (29°C for summer, 18°C for the mid-245 

season and 12°C for the winter) [29].  246 

The application of PCMs is quite wide, ranging from building materials (brick, plaster, concrete) to opaque 247 

and transparent components up to systems. Despite the advantages and applied research set out, PCMs would 248 

need further research to find solutions to still open problems, including the high cost of encapsulation 249 

production, the possible variation of thermal storage capacity after several cycles of use and the absence of 250 

real and practical reliable results. 251 

Vacuum Insulation Panels (VIP) have been recently considered, thanks to their ability to improve the thermal 252 

performance of buildings with reduced thickness. Together with aerogel, VIP belongs to the promising 253 

family of Super-Insulation Materials (SIM). The thermal insulation is obtained by means of a gas-tight 254 

enclosure surrounding a rigid core, from which the air has been evacuated. Thanks to their high thermal 255 

resistance, VIPs would allow to reach ZEB standards with a reduced thickness when compared with 256 

traditional insulation (rock wool or EPS) and are declared to reach a thermal transmittance of 0.18 W/(m2·K) 257 

[30]. Their application in buildings energy retrofit could be interesting. In fact, if an internal insulation is 258 

used - preferable in the case of historic or listed buildings - a larger usable floor area is saved, compared to 259 

the installation of traditional insulators, resulting in an economic advantage for the building owner [31].  260 
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In this direction, E2PBEER (Affordable and Adaptable Public Buildings through Energy Efficient 261 

Retrofitting) - a four-year research project partially financed by “Horizon 2020” - has developed a cost 262 

effective, “energy efficient retrofitting” methodology for public buildings, drawing on the expertise of over 263 

21 partners from 11 European countries. A practical example is the application of very thin (3 cm) VIP 264 

rationally pre-dimensioned to an external insulated façade [32]. The total finished ventilated façade, 265 

including VIP, anchoring, air chamber and the covering is 10 cm thickness only, achieving a heat 266 

transmittance (U-value) of 0.276 W/(m2·K). 267 

Nevertheless, the current barriers to the wide application of this technology are: the risk of damage during 268 

installation; the lack of knowledge about their durability and useful service life; the thermal bridging effects 269 

between the panels which, if not properly mitigated, may compromise the final performance; and the high 270 

initial cost compared to common insulating materials [31]. 271 

Glazing 272 

Since the design phase, a great deal of attention must be paid to glazing, as they determine comfort or 273 

discomfort, increase in the annual heat demand, possibly lowering the use of electricity for lighting using 274 

daylight supplies, depending on their quality. In fact, they are considered the weakest link in the building 275 

envelope, in terms of thermal insulation; heat loss through windows is responsible for almost 30% of a 276 

building's energy consumption [33]. 277 

In order to improve their thermal performance, on an experimental level, numerous researches have been 278 

carried out which concern multiple glazing with gap where the vacuum is realized (reducing the heat transfer 279 

by conduction and convection), and “smart” glazing, i.e. photochromic, thermo-chromatic, electrochromic 280 

and electro-thermal glazing.  281 

A study [34] on the different orientations of the windows, through the impact of the windows-to-wall ratio 282 

(WWR) on the energy performance of buildings in three Italian climatic zones, by means of a dynamic 283 

simulation model show the advantages of a reduced WWR. In order to reach the NZEB objective, it is not a 284 

good design practice to increase the WWR, since, in general, for all locations and orientations, the use of 285 

large glass surfaces increases both the heating and cooling energy demand and the peak power. Therefore, to 286 
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balance the increasing energy consumption in summer, it is recommended to design high-performance 287 

shielding devices. 288 

Among the “smart” glazing mentioned above, the electrochromic glazing allows to increase the WWR and to 289 

improve the building openings without a negative impact on the energy performance of the building, thus 290 

offering designers greater flexibility [35]. 291 

In the last decade, numerous methods have been proposed to improve the thermal resistance of transparent 292 

components, such as the optimization of the spacing between the glass sheets, the filling of the gap between 293 

the slabs with a participating gas or aerogel, the application of multilayer glass and coating of glass surfaces 294 

with low-emissivity materials. The incorporation of PCM in the glass structure seems promising as allows to 295 

increase the thermal storage capacity. In fact, this type of technology is able to absorb part of the solar 296 

radiation for the storage of thermal energy, letting the visible radiation enter the internal environment for 297 

daylighting. Thanks to their potential, PCMs can be used in various types of glazing, such as conventional 298 

windows, facades and roofs [36].  299 

3.2.2 Sustainable energy generation 300 

Renewable Energy Systems (RES) are decisive to achieving NZEB goals. The European directive 2018/844 301 

encourages Member States to increase the share of energy consumption from renewable sources, depending 302 

on the territorial and climatic conditions. Renewable energies on site, such as solar thermal and photovoltaic 303 

systems, are more convenient in Mediterranean climates (e.g. Spain, Italy, Greece) characterized by greater 304 

solar radiation. Biomass products used in heating systems and heat pumps (geothermal energy) are 305 

particularly common in cold climate countries in northern Europe (e.g. Finland, Sweden, Latvia). A study 306 

[37], in 12 European capitals, demonstrated the importance of the role played by renewable energy sources 307 

in reaching the nZEB target. Compared to the basic building, the NZEB configuration, optimized by the 308 

combination of insulation, air tightness, class A++ appliances, and home energy management systems 309 

together with photovoltaics, is characterized by 90% energy savings. 310 

Once all the building envelope optimization measures, feasible from a technical-economic point of view, 311 

have been implemented to reduce the energy demand, RES must intervene to balance the demand for 312 
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residual energy. They can be integrated during the initial design process as part of the structure or could be 313 

added as a retrofit. In Italy, heat pumps, supported by photovoltaic panels, are largely diffused. 314 

In order to achieve the goal set by the directive of a completely decarbonised stock of buildings by 2050, the 315 

contribution of integrated photovoltaic systems (BIPV) in existing buildings is a good mean. As an 316 

alternative to the common integration in coverage or ground installation, research has been developed on the 317 

integration of innovative semi-transparent photovoltaic systems on the façade. The main difficulty of this 318 

type of integration is to allow sufficient penetration of daylighting, which can also be guaranteed by the 319 

recent appearance of perovskite-based solar cells, characterized by an increase in photovoltaic conversion 320 

efficiency [38]. The manifesto of this technology, patented by Professor Michael Grätzel, was the Austrian 321 

Pavilion of Expo 2015.  322 

Recent studies have proved the advantages of the application of the PCM in the photovoltaic system, for a 323 

passive cooling technique. The connection of a PCM panel on the back of the photovoltaic panel guarantees 324 

the maintenance of a lower temperature of the photovoltaic cells, thus obtaining a higher conversion 325 

efficiency and a lower need for maintenance compared to the more traditional photovoltaic / thermal 326 

technologies [39].  327 

4. The next future: the Positive Energy Building (PEB) model 328 

After citing some of the most recent design elements that can support the NZEB targets, a review of the 329 

model evolution is now outlined: definition, design features and deployment methods. 330 

4.1 Definition and design features 331 

One possible further step is represented by Positive Energy Buildings (PEB) that could be considered as a 332 

sort of NZEB, but so efficient as to produce more energy than they consume, leaving users with extra energy 333 

to employ in other ways, such as powering mobile devices, electric tools or even the electric car.  334 

These would represent therefore an evolution of the NZEB model, since, by producing more energy than 335 

necessary to their needs, they could contribute to the energy support of other buildings connected to them, 336 

creating a system of units connected together at the neighbourhood level, with the aim to obtain neutrality or, 337 

in extreme cases, energy positivity. 338 



14 
 

Some characteristics of the PEB model are resumed in Table 1, which highlight the distinctions with the 339 

NZEB model. 340 

Table 1 – Comparison between the main features of the NZEB and PEB models [40].  341 

NZEB model PEB model 
A bidirectional exchange of energy between a 
single building and the network 

A more complex set of exchanges and energy 
partnerships 

A one-year period of balance between demand and 
energy generation 

A time span of an entire life cycle 

Power generation is based on individual buildings 
for export 

Energy performance is maximized in a system-
based approach. 

 342 

A PEB does not only aim to generate more energy, but upstream there must be attention to the purpose and 343 

distribution of excess resources [40]. Therefore, rather than considering individual and isolated PEB, it is 344 

interesting to develop the concept of a Positive Energy District (PED), composed of several buildings 345 

connected each other at the neighbourhood level to contribute to the energy support of the whole through a 346 

“smart” distribution of energy networks.  347 

4.2 The prosumer concept 348 

Before some notes on the PEB model and its application at the district level, a brief discussion focuses on the 349 

dual energy role that a PEB is able to play. In recent decades there has been a progressive evolution of the 350 

energy market. The traditional production-consumption model, operating according to a static distribution 351 

system (Distribution Network Operator - DNO) and focused on the supply of one-way electricity, threatens 352 

to be replaced by a more fluid distribution system: the Distribution System Operator (DSO), based on more 353 

active and decentralized energy management. This is made possible by the introduction of innovative 354 

technologies: production of energy from renewable sources, data management systems, smart grids and 355 

energy storage systems.  356 

The birth of this new model of the energy market involves the creation of “prosumers” (PRO-ducers + 357 

conSUMERS of energy, simultaneously), term indicating buildings that not only use the energy produced on 358 

site from renewable energy sources for self-consumption, but which also share the excess of energy 359 

produced with their neighbours through the connection to a smart grid. A bi-directional flow of energy and 360 

information is therefore triggered between users and the public network [41].  361 



15 
 

Among the possible interpretations of the “prosumer” concept existing in the literature, the following can be 362 

mentioned:  363 

- buildings equipped with smart technologies in order to stimulate active management of energy 364 

consumption and production by proactive energy customers [42];  365 

- units connected to a smart grid to encourage energy sharing at the district level [43];  366 

- economically active and motivated entities that consume, produce and store electricity, playing a key 367 

role in energy optimization [44].  368 

The spread of prosumers would have positive implications for the three spheres of sustainability: 369 

- environment, reduction of CO2 emissions thanks to the use of clean energy from RES; 370 

- society, creation of a community based on solidarity that works together for the common purpose of 371 

energy support; 372 

- economy, compared to the initial investment in smart grids and integration of RES in buildings, users 373 

can count on economic savings in energy costs. 374 

The concept of prosumer can be a solution to the increase in energy demand from buildings, due to the 375 

introduction of energy-efficient electronic equipment, introduced by users to improve their lifestyle [45]. In 376 

order to maximize the share of energy destined for self-consumption, a prosumer must be equipped with a 377 

mix of efficient technologies, such as photovoltaic system, heat pump, energy and thermal storage systems 378 

and electric vehicles [46].  However, the most pressing problem now is the adaptation of existing urban 379 

networks to this small-scale proliferation of resources [47].  380 

In this regard, it is necessary to conduct studies and comparisons between the energy regulatory frameworks 381 

of European countries and to highlight the main challenges and opportunities for the diffusion of smart grids 382 

and prosumers. It should be emphasized that the EU promotes the integration of entire prosumer 383 

communities in each Member State, through increasingly stringent energy policies, such as the EU Clean 384 

Energy Package [48].  385 

Hence, the theory of individual prosumer that cooperate for the energy needs of entire communities perfectly 386 

aligns with the concept of PED. 387 
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4.3 EU promotion of multifunctional elements and smart energy management systems 388 

The Energy Positive Neighbourhoods were investigated in a FP7 project regarding the ICT infrastructures 389 

working on possible uses of the surplus energy and on managing the connection to the electric urban grid.  390 

In general, the surplus energy produced by a PEB is electric energy, more commonly coming from the 391 

photovoltaic systems, rather than from wind turbines or another sources. It could be used to supply buildings 392 

and infrastructures in the vicinity (public lighting, etc.), contributing to distribute sustainable energy in urban 393 

areas.  394 

In some European countries (Germany, Denmark and Belgium) attention is focused on a better use of on-site 395 

generation to partially satisfy local consumption and contribute to the evolution of smart grids by means of 396 

more efficient control of electrical flows between the photovoltaic system, loads and the electricity grid. 397 

Buying and selling the electric energy by the grid could be a solution, even if the grid itself must be ready to 398 

accept the contribution because it could have problems of stability due to the variation of production and 399 

needs [49, 50, 51]. In these researches, PEB has been considered as a building that with its renewable energy 400 

production could positively contribute to the optimization and safety of the urban electricity grid, and 401 

contemporarily satisfying quite completely its very small needs. 402 

Therefore, to achieve the performance of a PEB, both of these aspects are fundamental: 403 

- A careful design of the building envelope, with the possibility of introducing multifunctional elements; 404 

- An accurate design, control and management of the systems, through Building Control Systems (BCS) 405 

and Building Management Systems (BMS). 406 

As regards the first aspect, multifunctional elements, i.e. elements that can perform multiple functions 407 

simultaneously (e.g. providing energy and resisting structural loads), are sometimes used to increase the 408 

performance of a building, reducing thickness and therefore loads. Contrary to the traditional sequential 409 

design, in which each construction element performs its function, the performance of these elements is 410 

defined at assembly level 52] and requires an innovative approach that gives priority to the use of renewable 411 

energy sources and to the reduction of the use of standard building materials [53].  412 
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One of the application cases that can be cited to exemplify this concept is HiLo (High performance, Low 413 

energy) 54], the first research and innovation unit launched by the NEST (Next Evolution in Sustainable 414 

Building Technologies) project, promoted by Empa (Swiss Federal Laboratories for Materials Science and 415 

Technology). This building, which houses both research offices and duplex housing modules, has three types 416 

of multifunctional elements: a lightweight shell roof, a funicular floor and an adaptive solar facade. Thanks 417 

to a design based on structural lightness, material saving, TABS (Thermo-Active Building Systems) and 418 

BIPV (Building Integrated Photo Voltaics), the experimental building in Zurich boasts a PEB classification, 419 

with an annual energy requirement of around 38 kWh/m2 and a surplus of generated energy of 45%. 420 

The second concept deals with the continuous monitoring of the internal and external conditions, which aims 421 

to maintain indoor comfort and optimal energy production and consumption. These needs are supported by 422 

wide analyses on the indoor environmental quality and energy efficiency of building systems to be optimised 423 

by means of Building Management Systems (BMS) application [55]. The use of interoperable and low-cost 424 

wireless communication systems is indicated as a priority, even if studies should be developed to use low 425 

power solution and wireless real-time connection of all elements that must work together. 426 

Nevertheless, at the moment, there are a few indications about a possible PEB target by the European 427 

Commission, perhaps because they still represent the evolution of a small part of the new building 428 

construction.  429 

4.4 Two ways of spreading of the PEB model: PED and Horizon 2020 Programmes 430 

The PEB model has been widely addressed over the years, especially at a theoretical level, as evidenced by 431 

the ninth edition (2014) of the European Sustainable Energy Week (EUSEW), the largest event organized by 432 

the European Commission, dedicated to renewable energy and to its efficient use in Europe.                                433 

The Buildings Performance Institute Europe (BPIE) together with Fraunhofer IBP discussed the role that the 434 

PEBs could play in achieving the next EU objectives for 2030, through the presentation of some pilot 435 

projects in France (BEPOS) and Germany (Energy Positive House / Plus Energy House), countries where 436 

these innovative building practices are fully integrated into national legislation, unlike the other European 437 

countries. The goal of this event was to understand whether positive energy buildings could represent a 438 

viable option for future European standards or were rather “an exotic niche technology” [56]. 439 
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4.4.1 The PED Programme 440 

In 2017, in order to achieve the ambitious energy objectives, the EU launched the “Positive Energy Districts 441 

and Neighbourhoods for Sustainable Urban Development” programme as part of the SET Plan Action 3.2  442 

“Smart Cities and Communities”, which aims to support the planning, deployment and replication of 100 443 

PEDs by 2025 with the support of 20 Member States [57].  444 

The PED programme is entrusted to JPI Urban Europe [58], a Joint Programming Initiative created in 2010 445 

to address current global urban challenges. Its vision is to become the European research and innovation 446 

platform, able to create and to make available knowledge and concrete evidence for sustainable urban 447 

development. Furthermore, during the last edition of EUSEW (2019) [59], JPI Urban Europe studied the 448 

topic of “Policies and models for the energy transition: from barriers to breakthroughs” by introducing the 449 

concept of PED through: 450 

- Meaning: A positive energy district with an annual net import of zero energy and zero net CO2 451 

emissions, which produce a surplus of renewable energy to integrate it into an urban energy system. 452 

- Target: The transition from individual PEBs to positive energy blocks towards entire neighbourhoods 453 

could activate a new level of impact on sustainable urban development. 454 

- Transition : Innovative ideas and solutions transmitted in the form of apps, products, services, platforms, 455 

networks or political change are needed to engage the community [60]. Indeed, the PED Programme is a 456 

tool for involving stakeholders, such as cities, industry, research and innovation organizations and 457 

citizens' organizations. Thanks to the participation of 20 countries (fig.2), over 70 projects have been 458 

funded with around € 100 million of public investment. 459 

 460 

Figure 2 – Countries involved in the PED Programme [58]. 461 
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4.4.2 Horizon 2020 Programme 462 

Some of the most recent projects funded by “Horizon 2020” for the diffusion of the PEB model are 463 

summarised in Table 2. It was not possible to report for the moment the results for each project, as many of 464 

the following are still in progress; however, for the most recent ones, an estimate of the expected impacts is 465 

indicated. 466 

 467 
  468 
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Table 2 – Selection of the most recent projects funded by the EU’s Horizon 2020 research and innovation 469 
programme. 470 

Project Objectives (O) and Results (R) Participants n. Case studies 

ZERO-PLUS  
2015-2020 
[61] 

O: Development of innovative solutions both 
for the design of new high-performance 
buildings and for the housing district. 

Italy, France, 
Germany, United 
Kingdom, Greece, 
Cyprus, Israel 

n.4: (UK), (IT), 
(CY), (FR) R: Examples of technologies (solar and 

ventilation) for the feasibility of zero / positive 
energy buildings. 

RESPOND 
2017-2020 
[62] 

O: Implementation of cooperative energy 
automation from the building unit to the entire 
building up to the district. Spain, Denmark, 

Ireland, Serbia, Czech 
Republic 

n.3: (ES), (DK), 
(IE) R: Applications of home automation devices in 

3 pilot projects to sensitize end users and their 
behaviour towards energy saving. 

Pro-GET-OnE 
2017-2021 
[63] 

O: Indications on new solutions to renovate 
buildings by drastically reducing energy 
consumption. Italy, Germany, 

Greece, Netherlands, 
Romania, Spain, 
Belgium, Switzerland 

n.4: (IT), (NL), 
(GR), (RO) R: Definition, development and feedback of 

strategies for prefabrication, the flexibility of 
the envelope and the integration of RES, with 
feedback in 4 case studies. 

IRIS 
2017-2022 
[64] 

O: Improvement of urban life through 
integrated sustainable solutions that can be 
replicated at European level. Holland, France, 

Sweden, Spain, 
Romania 

n.2: (FR), (SE) 
R: The main technologies for excess energy 
production concern envelope, ventilation, RES 
and storage systems. 

MAKING-
CITY 
2018-2023 
[65] 

O: Development of new long-term strategies to 
transform the urban energy system towards 
PED. 

Spain, Netherlands, 
Finland, Italy, 
Turkey, Slovakia, 
Bulgaria, Poland, 
France 

n.8: (NL), (FI), 
(ES), (IT), (TR), 
(SK), (BG), (PL) 

R: The expected impacts will concern the 
transformation of the local economy of 8 pilot 
cities, where a positive annual energy balance 
is expected. 

+CityxChange 
2018-2023 
[66] 

O: Development and distribution of positive 
energy blocks and districts across Europe by 
2050. 

Ireland, Norway, 
Romania,  
Czech Republic, 
Spain, Bulgaria, 
Estonia, Italy, 
Netherlands, 
Germany 

n.7: (IE), (NO), 
(RO), (ES), 
(CZ), (BG), (EE) R: The 11 demonstration projects are expected 

to increase efficiency, share and accumulate 
energy and improve air quality. 

EXCESS 
2019-2023 
[67] 

O: Demonstration that near zero energy 
buildings can be transformed into positive 
energy buildings Finland, Spain, 

Belgium, Cyprus, 
Germany, Greece, 
Austria, France 

n.3: (ES), (BE), 
(AT) R: Study of innovative materials and 

technological systems to optimize generation, 
storage and energy consumption at the district 
level. 

POCITYF 
2019-2024 
[68] 

O: Transformation of the cultural and historical 
urban environments through blocks and 
districts with positive energy. 

Portugal, Spain, Italy, 
Germany, Greece, 
Netherlands, 

n.8: (PT), (NL), 
(ES), (ΙΤ), (SI), 
(HU), (GR), 
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R: The research fields focus on RES, energy 
storage and management, smart grids and 
digitalization. 

Slovenia, Hungary, 
Denmark, Finland, 
Austria, Switzerland 

(DK) 

CULTURAL-
E 
2019-2024 
[69] 

O: Definition of modular and replicable 
solutions for Plus Energy Homes, considering 
climatic and cultural differences. Italy, Spain, 

Germany, United 
Kingdom, Belgium, 
France, Norway 

n.4: (IT), (FR), 
(DE), (NO) R: The expected results integrate design tools 

(climate atlas) with intelligent technologies 
(ventilation systems and home automation 
management). 

ATELIER 
2019-2024 
[70] 

O: Development of PED through innovative 
solutions that integrate efficient buildings and 
technologies. 

Netherlands, Spain, 
Switzerland, 
Germany, Hungary, 
Poland, Latvia, 
Denmark, Slovakia, 
Portugal, Italy 

n.8: (NL), (ES), 
(SK), (HU), 
(DK), (PL), 
(PT), (LV) 

R: Establishment of long-term roadmaps 
(2050) for the expansion of positive energy 
solutions. 

 471 
To conclude this overview of PEB and PED, the references of the latest European project buildings, 472 

belonging to different countries, are summarised in Table 3, indicating if they refer to new building or 473 

retrofit. 474 

Table 3 – Selection of the most recent PEB and PED projects located in Europe, sorted in chronological 475 
order and divided between new building (N) and retrofit (R). 476 

Country 
Hungary 

[71] 
France 
[72] 

Italy 
[73] 

Denmark 
[74] 

Norway 
[75] 

Spain 
[76] 

Finland 
[77] 

Czech 
Republic 

[78] 
(N) / (R) R N N N N N R N 

Country 
Ireland 

[79] 
Estonia 

[80] 
Netherlands 

[81] 
Turkey 

[82] 
Austria 

[83] 

United 
Kingdom 

[84] 

Romania 
[85] 

Germany 
[86] 

(N) / (R) R R R N N N N N 
 477 

5. An exemplary building 478 

An example of good design regarding a building realised when the NZEB model was not widespread, and 479 

therefore largely before the PEB, is presented here. This helps to testify that the technology is already mature 480 

and that the constructions can be made according to this model, without great difficulties, if not those, 481 

perhaps, mainly due to a certain resistance opposed by designers and builders.  482 

The building is intentionally characterized by a traditional and uniform architectural shape, typical of the 483 

hilly context in which it is inserted (fig. 3). In fact, although it is a high efficiency building, this does not 484 

imply that it must necessarily have modern lines, which may cause a great visual impact on the urban and 485 

landscape context. 486 
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This single-family residential building was built in northern Italy in 2013, so before the publication of the 487 

national Minimum Requirements Decree [87], which indicates the national NZEB requirements, and came 488 

into force on 1st October 2015. Despite this, the building design features correspond to the current NZEB 489 

requirements and, for this reason, in 2011, the project won a regional tender that promoted the construction 490 

of NZEB following the EPBD recast indications [5].  491 

 492 

Figure 3 – Investigated building: overview (left); lateral view (right). 493 

5.1 Description of the case study 494 

The building is distributed over three levels (usable area of 322.4 m2): basement, which houses cellars, 495 

garages, a bathroom and the thermal power plant; ground floor, with the living area and a part of the 496 

mezzanine which houses two bathrooms and two bedrooms; first floor, where the master bedroom with its 497 

bathroom and vestibule is located, and a loft with the function of a study. The private residence has the 498 

capacity to accommodate 4/6 people. 499 

From a constructive point of view, its opaque envelope (52 cm thick, of which 35 cm of half-filled blocks of 500 

brick and 14 cm of insulation in fiberglass) has a thermal transmittance U = 0.19 W/(m2K), while triple 501 

glazed wooden window frames characterized by U = 1.30 W/(m2K). 502 

As for the technical systems, the “brain” of the house resides in the thermal power plant in the basement. It is 503 

composed of: 504 

- the electrically powered air-water heat pump, with a useful heat output of 13.1 kW and ON-OFF 505 

operation, which is responsible for both winter air conditioning with coupling to the radiant floor and the 506 

production of DHW; 507 
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- the Controlled Mechanical Ventilation (CMV), which consists of an enthalpy exchanger operating 24 508 

hours a day all year round and involves a flow of inlet air varying between 50 m3/hour and 550 m3/hour; 509 

- a dehumidifier, necessary for radiant cooling in summer mode; 510 

- a water storage tank, with a capacity of 500 litres, connected to the panels of the solar thermal system. 511 

It is known that a NZEB, after carefully designing it, according to a synergic approach between the building 512 

envelope and the system, also requires a Building Control (BCS) and Management System (BMS), capable 513 

of maintaining the indoor comfort conditions required by users unchanged, and reducing the energy 514 

consumption. Therefore, a regulation system with climatic control unit has been provided, which acquires for 515 

each room temperature and humidity data from the climatic probe placed on the north side of the building. 516 

In addition, one of the peculiarities of the building is the presence of a captive greenhouse facing south, as an 517 

extension of the living area on the ground floor. In the heating period only, it acts as a positive accumulation 518 

of heat, which can be exploited through a second intake-only system, which draws air from the greenhouse, 519 

by means of two 100 m³/h fans, when the greenhouse temperature exceeds 3°C the temperature of the 520 

internal environment, entering it in the living room. Another interesting applied technique is the free cooling, 521 

in order to reduce the temperature of the rooms up to 4°C in summer nights. 522 

The 45% inclined coverage, with respect to the horizontal plane on the south side, houses both a photovoltaic 523 

system (about 79.5 m2 and 10.33 kWp) that meets the electricity demand, and a solar thermal system (6.6 524 

m2), which assists the heat pump to produce Domestic Hot Water (DHW). This solution guarantees an almost 525 

total coverage of consumption from renewable sources (94%).  526 

Finally, in addition to LED lighting both inside and outside, attention has also been paid to the recovery of 527 

rainwater, a need dictated by the not negligible amount of water (2800 m3/year) for the garden. 528 

5.2 Experimental monitoring results  529 

The energy performance of the building was analysed by comparing the design and real energy performance, 530 

by means of the simulated results of a commercial software, taking into account reference monthly mean 531 

climatic data, and the experimental data by the monitoring carried out from the end of construction (data 532 

from May 2014 to January 2020).  533 
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In Figure 4 the comparison between calculated primary energy consumption (the same for each year, as the 534 

calculation doesn’t take into account real climatic conditions) and the measured one is shown, expressed in 535 

terms of electric energy, in kWhe. 536 

 537 

Figure 4 – Comparison between design electric energy consumption and real consumption. 538 

It should be noted that in the summer period they can be superimposed, thus highlighting that the estimates 539 

made in the design phase reflect the actual energy behaviour of the building. Starting from year 2017, in 540 

summer, a peak is shown, due to the heat pump use for the dehumidification, depending on a different set-541 

point adopted on cooling water. This effect is not visible in 2018 summer period because of a temporary 542 

failure. In winter the two trends show significant differences, with measured values lower than expected. 543 

This is probably due to the careful management of the systems: the adoption of a positive offset of 3°C of the 544 

internal temperature during the sunshine hours involves forcing the operation of the heat pump for air 545 

conditioning during photovoltaic self-production hours, in order to reduce the consumption of electricity 546 

from the network during the night. 547 
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 548 

Figure 5 – Comparison between real electric energy consumption and real photovoltaic energy generation.  549 

The comparison between the production of electric energy from the photovoltaic (PV) system and the 550 

consumption of total electricity taken from the network in the real case (Figure 5) shows that the electrical 551 

coverage from photovoltaics is guaranteed for almost the whole year, however in winter it is  necessary to 552 

use electricity from the grid. All the not used energy, mostly from February to November, is transferred to 553 

the grid. 554 

5.3 Discussion 555 

The comparison between the overall share of electricity consumed and that produced by the photovoltaic 556 

system shows that the building uses only 34% of the energy available from photovoltaics to satisfy user’s 557 

needs. Therefore, the energy surplus is sold to the urban grid, with a consequent much higher economic 558 

return compared to the small expenses during the winter months, in which the solar radiation exploitation is 559 

not sufficient to cover energy consumption. 560 

In particular, the last year of data collection of energy consumption and production (data from January 2019 561 

to December 2019) has been analyzed. For this period, the maximum production of electricity by the 562 

photovoltaic system was recorded, equal to 2100 kWhe. In addition, for the winter months of January and 563 

February, consumption was lower than the energy generated by photovoltaics, while for the months of 564 

November and December, higher consumption was recorded, probably attributable to reduced solar radiation 565 

and  a greater energy demand for indoor heating service. 566 
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 567 

Figure 6 – Real electric energy consumption and real photovoltaic energy generation in the year 2019.  568 

The most recent calculations have led to show that the building uses only 37% of the energy produced by the 569 

photovoltaic system for self-consumption. The remaining share of renewable energy is destined for sale in 570 

the urban network, with peaks of up to 1890 kWhe, recorded in the summer months.  571 

By these results, it will be interesting to consider some improvements: 572 

- the addition of a secondary generation system, such as a biomass boiler, which supports the heat pump in 573 

the winter months, while remaining a renewable energy source; 574 

- to avoid the energy needs from the grid in the colder months, an energy storage system could use part of 575 

the considerable excess of energy produced by the photovoltaic system in the remaining months of the 576 

year; 577 

Moreover, the building connection to smart grids would involve sharing about 1800 kWh of electric energy 578 

produced by the photovoltaic system in the summer months. This surplus could cover the energy needs of 579 

other buildings connected to the network, up to four times as much energy as necessary for heating and 580 

cooling this building. 581 

The results of the analysis are also due to the importance of the provision of home automation management 582 

systems in the design phase which, has been properly used here, not only guarantee the expected 583 

performances but in some cases can even improve them, adapting the energy behaviour of an NZEB 584 

according to the specific user needs. 585 

6. Challenges and future directions of the research 586 
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If the NZEB design model has now become part of the regulatory system of European countries, thanks to 587 

Directive 2010/31/EU, on the contrary the PEB model is not yet known uniformly at European level. 588 

Nevertheless, there are indications [69] that presume the introduction of guidelines and targets for the next 589 

drafting of the EPBD in 2026.  590 

Some of the decisive reasons why the PEB model has not yet found wide and concrete application on the 591 

European territory are regulatory, economic, social and technological barriers [88], which make complex the 592 

diffusion of smart grids for energy sharing. Therefore, one of the future challenges will be to overcome the 593 

multiple obstacles met by member states, depending on territorial configuration and needs, in order to 594 

creating communities that work together to achieve energy autonomy. 595 

A significant task is carried out by European observatories, who periodically monitor the conditions of the 596 

construction sector and of the buildings that make up the existing real estate assets. A further step for the 597 

future should consist in expanding these monitoring, down to national detail.  598 

A deeper knowledge of exemplary buildings could help the diffusion of the PEB model: experimental data 599 

on energy consumption and production can help to analyse the best practices, also considering economic 600 

costs. Moreover, building performance dynamic simulation can help both to design accurately the building 601 

(envelope and systems) and to manage the energy use.  602 

The location of the case study in an area not densely populated suggests the concrete possibility of creating 603 

energy-independent areas spread over the territory. 604 

The study conducted so far is believed to represent a promising starting point for thinking about a new 605 

design approach, without a complete revolution of shape, materials or technologies: highly efficient 606 

individual buildings could connect to other buildings at the district level to contribute to the energy support 607 

of the community.  608 

7. Conclusions 609 

In the last decade, the European Union has been implementing energy efficiency policies that encourage the 610 

energy transition, abandoning fossil fuels in favour of renewable energy sources, which have less impact on 611 

the environment. Therefore, the construction sector must also necessarily align itself with the objectives set 612 
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by the EU. This involves embracing an innovative design model for new buildings, but also for existing 613 

ones, which require interventions on the building envelope and on the energy supply systems. 614 

The paper has presented some of the most recent developments of the EU dispositions related to high 615 

efficiency buildings, referred to NZEB, but also to PEB. These ones represent the enhancement of NZEB and 616 

consist of buildings interconnected with smart grids, capable of distributing the surplus of energy generated 617 

and not self-consumed by the building, to support other less performing buildings. 618 

In summary, the following aspects have been analysed: 619 

- European regulatory framework 620 

- European energy policies 621 

- Tools to improve the energy efficiency of the construction sector: observatories and action programmes 622 

- Notes on promising technologies applied to the design of NZEB 623 

- Theoretical bases and concrete promotional tools of the PEB model 624 

Finally, to show the potential of the application of these design models, an exemplary building was described 625 

and its energy consumption were considered. Although this project was built before the NZEB concept was 626 

widespread, therefore largely in advance, respect the PEB target, it appears to comply with current European 627 

directives and national regulations, demonstrating an almost total coverage of energy consumption by RESs 628 

integrated into the building. In particular, thanks to the monitoring of the experimental data collected by the 629 

building accounting system, it was possible to conduct an extended monitoring from 2014 to 2020 and the 630 

comparison between the energy produced by the photovoltaic system and the electricity consumed by the 631 

building to satisfy user needs (heating, cooling, lighting and power supply of household appliances and 632 

equipment).  633 

The study shows that, with a careful design and sizing of the building envelope and the plant system, it can 634 

be realised a production of electricity from renewable sources much higher than the energy that the building 635 

would need for self-consumption. This energy surplus demonstrates the PEB potential of the building. The 636 

results may allow to support the development of a roadmap for a greater diffusion of the PEB in the territory 637 

and to encourage the creation of energy independent districts. 638 
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The next step of the research will be represented by a more detailed analysis of the case study. In fact, 639 

through dynamic simulation, the emphasis will be placed on the energy needs of the building. Moreover, by 640 

means of the evaluation of some variants of design solutions, different plant management will be analysed, 641 

also in terms of costs, to give more detailed indications aimed at supporting the diffusion of the PEB model. 642 
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