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1. Overview


EU Directives have reinforced both studies and research for the development of innovative technological solutions to improve building energy performance and to achieve a reduction in total energy consumption, with benefits in terms of reducing greenhouse gas emissions, as well as in economic terms [1,2,3].



To realize nearly/net Zero Energy Buildings (nZEB), sustainability has become a significant aspect and has been integrated into the design, construction and operation of buildings. For this reason, innovative sustainable technological solutions have been proposed to improve the thermal performance of the building envelope and to increase the use of energy from renewable sources. For example, they concern: (i) the stratigraphy of walls and the windows [4,5,6,7], through the use of phase change materials [8,9,10,11,12], new silica aerogel-based insulating [13,14], green vertical system [15,16] and green [17,18,19] and cool roofs [20,21], etc.; (ii) the integration of systems that employ renewable heat sources, namely solar radiation, wind, geothermal, etc. [22,23].



The aim of sustainable buildings is the ability to integrate and adapt buildings to environmental factors and climate conditions and convert them for space and comfort. The selection of proper sustainable building materials or technologies is an important issue in the building design. A correct selection should lead to high durability, energy efficiency, recyclability, maintainability, economic saving, and use of local materials to reduce the environmental impact of construction. In this context, there is a lack of common understanding in the field, and this Special Issue aims to collect contributions regarding the evaluation of the sustainability of nZEB. Overall, 30 original articles were submitted to this Special Issue, of which 15 high-quality papers successfully overcame the single-blind peer-review process and are summarized in this Editorial.




2. A Short Review of the Contributions to This Special Issue


Various topics were numerically and experimentally developed in this Special Issue. The study of the energy performance of some innovative window and opaque walls in new, existing, or laboratory prototypes was addressed worldwide in the context of achievement of Nearly Zero Energy Buildings (nZEB) target. For the numerical analyses, new and standard procedures were implemented in new simulation tools or existing ones. The main indices considered are the building heating and the cooling energy demand, and indoor comfort. The studies involved different climatic conditions, such as Italy, China, United Kingdom, South Korea, Norway, Poland, and Chile.



As regards the opaque envelope, six articles studied the impact of implementing passive solutions, such as phase change materials (PCM), green roofs, dynamic insulations, high-performance insulation materials and sunshades, flexible canopies and Prefabricated Straw Bale Construction (PSBL), on building energy performance and saving [24,25,26,27,28,29].



Lee et al. [24] used Esp-r simulation software to evaluate the heating and cooling load reduction and Predicted Mean Vote (PMV) for human comfort adopting multi variable PCM types as the building wall composite in a modernized Korean Hanok. They concluded that PCM helps reduce energy consumption also of 53.1%. Piro et al. [25] analyzed the hydraulics and energy performances of a real scale model of an extensive green roof at the University of Calabria (Italy) in Mediterranean area This study confirms that green roofs contribute to reducing thermal fluctuation on the external and internal surfaces, thereby lowering the energy consumption for the maintenance of indoor comfort conditions. From the point of view of stormwater management, a green roof system can significantly reduce stormwater runoff generation in terms of runoff volume reduction and peak attenuation. Gruner and Matusiak [26] tested dynamic insulation which has the task to potentially reduce heat loss through highly insulating windows in the Nordic climate. The new system was both numerically simulated using THERM and tested in full-scale in a Hot-box apparatus in a steady-state condition at the laboratory of SINTEF Building and Infrastructure in Trondheim, Norway. The results are promising and showed improvement of the thermal performance of a poorly insulated window. J.-H. Kim et al. [27] attempted to quantify the consumers’ willingness to pay for the governmental pilot net-zero energy apartments (NZEA), which use high-performance insulation materials and sunshades to minimize the use of household cooling and heating energy. Kwon et al. [28] analyzed the environmental role of a flexible canopy as a microclimate modifier in balancing indoor energy demands and outdoor thermal comfort using several environmental software packages (Ecotect, Rayman, WinAir, DaySim, and EDSL TAS). The results showed that the flexible canopy played a crucial role in reducing indoor energy demands (heating and electricity for lighting) and increasing outdoor thermal comfort under the canopy area. To analyze the performance of canopies, simulations using different transparencies and orientations were performed for flexible and fixed canopies in London, Manchester, and Glasgow, having different climates. The flexible canopy with higher transparency helped increase outdoor thermal comfort in Glasgow, while one with lower transparency showed better performance during summer in London. Yin et al. [29] presented an analysis of Prefabricated Straw Bale Construction (PSBC) in residential buildings to reduce energy consumption in this building type in severe cold regions and cold regions in northern China. The results show that the buildings with PSBC reduce both heating and cooling energy uses, as well as heating intensities, across all climatic regions in northern China, compared to the domestic buildings with conventional constructions.



Instead, two articles aimed to study the thermal performance of enhanced window systems [30,31]. Oh et al. [30] compared the impact of the recently developed electrochromic glazing technology on load reduction by comparing it with the double-glazing and shading devices that are available commercially for high-rise residential buildings in Korea. Using EnergyPlus software, electrochromic glazing was found to be more effective for reducing the cooling loads compared with the heating loads. Koo et al. [31] searched for a solution to the high-cost problem of the existing double-skin façade system by proposing a double-skin façade window with a smaller ventilated air cavity. Windows were installed in chambers of an artificial solar lab and real building test cells. The artificial solar lab test results showed that the solar heat gain coefficient can be lowered through ventilation by 28% to 52.9%. In addition, the cumulative power consumption was reduced by around 3% through ventilation in the air cavity.



The other four articles applied and compared different common international standards related to energy and comfort performance indices [32,33,34,35]. Y. Kim et al. [32] calculated energy requirements that satisfied the insulation standards, for each of the Korean regional climate conditions, of the Building Energy Conservation Code (BECC), a standard of mandatory energy-related minimum requirements to specify mandatory and energy performance indices of energy-saving design. For this issue, they used the methodology of ISO 13790. Finally, this study derived that a return of investment can be achieved in 10 years, which was determined through comprehensive economic feasibility analysis due to strengthening insulation performances, proving the rationalization of the legal strengthening. The same authors presented a methodology and process to establish a mandatory policy of zero-energy buildings (ZEBs) in Korea [33]. A self-sufficiency rate was also proposed to strengthen the passive standard of the buildings as well as to encourage new and renewable energy production. The overall scope is to define ZEBs following the technical and economic circumstances in Korea and to describe the study methodology for establishing the mandatory policies and criteria to this end. It also aims to investigate the characteristics of certified buildings through case analyses on zero-energy-certified buildings. Piasecki et al. [34] contributed to the actual state of knowledge as a “small and specific scale” validation of the existing thermal comfort model. They compared the thermal comfort measurement method based on the ISO-Fanger model with the actual comfort results obtained by the panelists in the experimental building of the Małopolska Laboratory of Energy Efficient Building in Cracow, Poland. Pérez-Fargallo et al. [35] analyzed the standards recommended by Chile’s Construction with Sustainability Criteria for the building of housing, in a social housing prototype located in the region of the Bio-Bio and analyzed under two international standards—the ASHRAE 55-2017 and the EN 15251:2007 adaptive comfort models—and one national standard, the Chilean ECCS. Results in numerical terms can be different depending on the standard, but all of them will point in the same direction.



Other topics treated in this Special Issue are the visual comfort while investigating energy consumption [36], innovative air-conditioning systems [37] and monitoring system [38] in nZEBs. Zhang et al. [36] presented an optimization method and industrial internet of things (IIoT) technology that is proposed for nearly zero energy buildings (nZEB), providing a comfortable visual environment by only utilizing natural light while improving its induced indoor air conditioner energy consumption. Five modes were defined and investigated for different applications, and the best visual comfort and energy consumption conditions were identified. Chuah et al. [37] experimentally studied an integrated dedicated outdoor air system (IDOAS), which integrates the enthalpy exchange and outdoor air cooling into a unitary system, to investigate a mean of saving air-conditioning energy while maintaining good indoor air quality. The test results show that about 44% of the energy needed to condition the outdoor air can be saved and the cooling coefficient of performance (COP) was improved by about 46%. Huh et al. [38] describe a monitoring solution, a power line communication (PLC) and Android Application, for the management of decrepit buildings or apartments. This platform technology for smart metering is proposed as a PLC-based monitoring system in zero energy building management. This technology allows a system operator or an operation center to monitor, calculate, or manage power use remotely through the existing power line so that individual suppliers will be able to grasp the present condition of power use and respond to any unexpected incidents. The authors expect that the proposed platform technology will be one of the promising technologies for sustainable building, since its uninterrupted power usage monitoring and remote power control/management functions will be quite useful for economizing power with convenience.



This Special Issue may help bridge the gap between sustainability and improvement of the building energy efficiency. Other Special Issues on the topic should be organized periodically to update the state of the art.
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