

  buildings-11-00525




buildings-11-00525







Buildings 2021, 11(11), 525; doi:10.3390/buildings11110525




Article



Super Insulation Materials—An Application to Historical Buildings



Brigitta Vajó 1 and Ákos Lakatos 2,*[image: Orcid]





1



Marcell-Ház Kft. Debrecen, Hunyadi János u. 22, 4026 Debrecen, Hungary






2



Department of Building Services and Building Engineering, Faculty of Engineering, University of Debrecen, Ótemető u. 2-4, 4028 Debrecen, Hungary









*



Correspondence: alakatos@eng.unideb.hu; Tel.: +36-524-151-55 (ext. 77771)







Academic Editor: Angela D. La Rosa



Received: 8 October 2021 / Accepted: 5 November 2021 / Published: 7 November 2021



Abstract

:

The main purpose of this paper is to present the use of super thermal insulation materials for a historical building through a calculation-based case study. The development of the insulation materials is based on the objective of making buildings as energy efficient as possible, and the energy loss should be kept to a minimum, for both new and existing buildings. For this purpose, the thermal insulation materials used so far have not always achieved maximum effectiveness. In the case of historical buildings, it is particularly difficult to solve insulation issues, as the building cannot lose its former appearance. However, aerogel and vacuum insulation panels can also be used as thin thermal protective layers. In this paper, we will specifically deal with the presentation of the possible application of super thermal insulation materials, such as vacuum insulation panels and aerogels. We will present thermal conductivity measurement results as well as their application through building energetic calculations applied to a historical building as a case study. We will also present certain calculations regarding the costs. The paper highlights that savings of energy costs of approximately 30% can be reached using vacuum insulation sandwich panels. Furthermore, the overall thermal transmittance of the building also decreases by about 35% if vacuum insulation sandwich panels are used for the refurbishment.
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1. Introduction


Energy is used in buildings to maintain an acceptable level of comfort. The main aim is to keep the energy consumption as low as possible without diminishing comfort. In order to ensure and maintain the appropriate values, certain regulations should be applied [1,2]. The directive issued by the European Union is only a framework regulation, so the detailed descriptions must be determined by each Member State. However, there must be consistency between the regulations laid out by the Member States. A key action to reduce the energy use of buildings is the application of thermal insulation materials. Thermal insulation has been understood as a separate building structure layer since the XIX. century, but this does not mean that humanity did not previously use different materials for thermal insulation. However, with the development of the industry, the development of thermal insulation materials has arisen [3,4]. With the development of I4.0, the development of thermal insulation materials has also become an important point. Nowadays, one needs thinner and thinner insulation with high thermal resistance. In order to achieve these objectives, so-called super thermal insulation materials were created, which refer to vacuum insulation panels and advanced nano-porous materials such as aerogel. They appeared on the market around 2013 after the launch of the IEA-EBC Annex 65 (EBC = Energy in Buildings and Community) program [5]. Super insulation materials have garnered special attention in the construction sector in the last decade [6,7]. Although their market price is much higher than the price of conventional insulation materials, such as expanded polystyrene, their most important advantage is that they can be used in thinner layers (approximately 2–3 cm) [8,9,10,11]. Earlier, it had been well documented that both vacuum insulation panels and aerogel-type blankets could be used effectively in buildings where the available space for the insulation is smaller, or they could be applied as internal insulation [12]. Another case where they can be utilized is in historical buildings [13,14,15,16,17]. This paper focuses on the possible use of super insulation materials, namely an aerogel and a vacuum insulation panel. Their thermal conductivities were measured by Holometrix-type lambda 2000 equipment and the results were used for energetic calculations. For the calculations, an encapsulated (sandwich) vacuum thermal insulation panel and Slentex-type aerogel were used. As a result, the paper will show the possible use of these insulation materials as an energetic refurbishment in a historical building. The paper also presents cost calculations and the calculated energy performance certificate categories.




2. Materials and Methods


2.1. Tested Materials


2.1.1. Vacuum Insulation Panel


The production of vacuum thermal insulation panels (VIP) is based on simple manufacturing tests one after the other. Firstly, the core panel is compacted into a specific mold, to remove all ambient gases. Often, panels are produced in a vacuum chamber as the pressure in the chamber should be low. They are then packed in a cover film designed to protect them from dust, dirt, and impacts of the external environment. Then they are dried slowly, as far as possible, and covered with an airtight aluminum foil, the edges of which are glued together [18,19]. In addition to these materials, a so-called “getter” material is added inside the core, which is responsible for binding the disturbed gas molecules. The use of vacuum panel thermal insulation has many advantages that set it apart from other thermal insulation materials [20]. With the rise of energy-conscious architecture, it has become important to use thermal insulators that are as efficient as possible, but for many materials, this has only been achieved by thickening the layers. In terms of construction and material costs, this is not always an option. Vacuum panels, on the other hand, are made to a maximum thickness of 5–6 cm, while they are also made to a thickness as small as 1 cm [21]. Due to these properties, their use is widespread in places with a high price per square meter, or when it is necessary to save on useful areas. Vacuum panels are thermal insulation elements with a center-of-panel thermal conductivity of 0.0035–0.008 W/mK. Beside the advantages, unfortunately, it is also important to mention their disadvantages. One of the most important properties to highlight in this respect is the sensitivity of the outer layer to mechanical effects. Even the slightest damage can destroy the panel [22]. This means that during construction, builders must be careful to exercise due care in the installation. After describing the properties of vacuum panel thermal insulation materials, the article also has to briefly establish in which parts of the buildings the vacuum insulation panels can be used. It follows from their unusual thermal properties that they can serve as excellent thermal insulation systems for flat roofs, facades, terraces, floor structures, parapet glazing of curtain walls, and interior insulation.




2.1.2. Aerogel Insulations


Another super thermal insulation material is aerogel, which belongs to the advanced porous materials (APM) group [5,15,23]. These materials contain nano-sized open pores. Their porosity is high. Aerogel materials have a special appearance as well as structure. They are considered to be one of the lowest density, and at the same time, most effective thermal insulation materials. Aerogels can be grouped into two major categories: Organic and inorganic aerogels. The definition depends on the nature of the materials used to produce them. Organic aerogels are generally less brittle and less sensitive to compression than inorganic aerogels. The group of organic aerogels consists primarily of oxide, metal, fluoride, chalcogen, and silica aerogels. Silica aerogels are usually used as the raw material for aerogel-based thermal insulation. They are among the best-known and most applied types of aerogels. In general, they are very porous and light, but structurally very rigid. They consist of silicon bonds in which the particle size is approximately 0.5–4.0 mm with a pore diameter of 10–100 nm. They are extremely low-density materials with a value of approximately 0.03–0.6 g/cm3. Their volume contains approximately 95–98% air, so they are an extremely light material. The longitudinal propagation speed of sound in the materials is 100–120 m/s, which means that they are also excellent sound insulators. Silica aerogels can be prepared in monolithic, powder, granular, and quilt forms. The present study deals with fibrous silica aerogel-based thermal insulation. Aerogel insulation blankets are one of the most common types of super thermal insulation materials in the construction industry. These super-thermal insulators are flexible composite materials embedded in their cross-linked aerogels. The quilts are mechanically flexible and have a very low thermal conductivity of up to 15 mW/(mK). They are compressible materials to some extent, so they can be used in different places without losing their tensile strength and flexibility. Regardless of the manufacturer, thermal insulation blankets are available in different material compositions in order to suit both temperature ranges and fires [24,25]. They are mainly used as post-insulation for thermal bridge interruptions, as well as in the case of historical buildings, where it is necessary to maintain the characteristics of the original building. In addition, they are ideal for areas where there is small space to implement insulation, for example in for thermal bridges and window sills behind blinds. They can be used in buildings of special structure and shape, as well as to improve thermal problems in critical junctions such as plinths, pillars, and pipes [26,27].




2.1.3. Thermal Conductivity Measurements


The experimental tests were performed in the Building Physics Laboratory of the University of Debrecen as Refs. [23,26,27]. In the study, the main goal was primarily to determine the thermal conductivity (λ) of the two selected super thermal insulation materials by Holometrix Lambda 2000 equipment (Bedford, MA, USA, HFM) presented in Figure 1a. Here, the authors will describe the composition of the equipment used during the measurements, as well as the measurement process and the measurement results of the examined thermal insulation. The measurements were based on two thermal insulation materials, namely a Slentex aerogel thermal insulation blanket and an encapsulated VIP SP-2 vacuum panel. At first, the samples were placed one after the other in the Venticell 111 type oven (MMM Medcenter Facilities GmbH, Münich, Germany) (see Figure 1b). The device can provide even heating in a short time, which makes the internal space heat distribution extremely unique. Thanks to its ventilation system, it can reach temperatures of up to 300 °C. During the measurement, the drying temperature was set to 50 °C. The drying time lasted for 1 day. During the process, the equipment dried the thermal insulation materials until they reached mass equilibrium, and after removing them from the dryer, their thermal conductivity was characterized with a Holometrix Lambda 2000 heat flow meter. During the measurement, the temperature of the plates was set to 40 °C and 20 °C, thus creating an average temperature of 30 °C. After the heat balance was established, the temperature of the heating plate, the temperature difference, and the heat flow in the sample were constant. The equipment can determine the thermal conductivity of thermal insulation materials from these constant values. Despite having an excellent insulation performance, these materials are relatively expensive and little is known about their durability, long-term performance, and basic thermal properties. In Table 1 the most important thermal parameters and information are collected regarding the tested materials.






3. Results


3.1. Measurement Results


3.1.1. Slentex Insulation Results


The first thermal insulation tested was the Slentex aerogel thermal insulation blanket (see Figure 2). Slentex thermal insulation is also known as Spaceloft A2. From its name, one can conclude that it is a Spaceloft thermal insulation blanket, which is classified as fire protection class A2, i.e., non-combustible [28]. Due to this property, it is mainly used on surfaces where increased fire safety is expected. It has extremely low thermal conductivity as well as outstanding flexibility, pressure resistance, and hydrophobicity. Of course, the properties and areas of application highlighted in the previous chapter for thermal insulation blankets are also applicable to this material. Table 2 represents the thermal conductivity measurement results executed on the aerogel. It was notable that after the measurements, according to standard ISO 10456 [29], the average thermal conductivity value was approximately 0.022 W/mK.




3.1.2. Vacuum Panel Results


Figure 3a–c presents the tested encapsulated vacuum insulation panels. The special feature of this vacuum panel thermal insulation (and at the same time, a huge advantage) is that it is protected from all sides, with expanded polystyrene foam boards as a protective cover [21,22]. It is surrounded on both sides by a 10 mm polystyrene panel and on four sides by a 25 mm thick polystyrene. So, the total thickness of the material is 3 cm, of which the VIP is 1 cm. The insulating core consists of pressed powder, the main component of which is microporous silica. The core of the panel is non-flammable, i.e., it is classified as fire protection class A1. The density of the vacuum panel together with the polystyrene boards is 106.29 kg/m3. Table 3 represents the thermal conductivity measurement results executed on the VIP board covered with the Expanded Polystyrene (EPS). We noticed that after the measurements, according to standard ISO 10456, the average thermal conductivity value was about 0.021 W/mK. As mentioned above, these values were measured at 30 °C mean temperature, within the value range of the standard ISO 10456.



It is worth recalling that the measurement results are for the aerogel with 1 cm thickness and the VIP, in total (3 cm). For the calculations below, 3 cm was used for the VIP–EPS sandwich panel, and 1 cm for the Slentex.





3.2. The Model Building


In order to determine the possible applicability of the tested materials, a historical building was chosen to be hypothetically renovated from an energetic point of view. This building is a secondary school in Hungary, in Karcag, and was built in the 19th century (see Figure 4).



3.2.1. BIM (Building Information Modeling) of the Building


Building information modeling, i.e., BIM, is a method that allows the design, implementation, and optimization of individual industry processes using a 3D model [30,31]. This type of modeling ensures that all information about a given building becomes available in one place, covering all disciplines. The BIM model includes an architectural model, a structural model, an MEP model, and linked databases. The great advantage of this method is that it shortens each workflow by making relevant information available even at the design stage. After a brief introduction, the paper will now focus on the presentation of the created BIM model, as well as the presentation of the energy analyses performed on the building. The building was modelled using software called Revit, an Autodesk product (see Figure 5). As the first step in modeling, we determined exactly what “workset” settings were necessary during modeling. The use of a “workset” is important because it helps to systematize and increase the transparency of the model.




3.2.2. Calculation Results on the U-Values of the Building


To determine the positive effects of the thermal insulation applied to the wall, the overall heat transfer coefficients (U-value, W/m2K) were calculated with the following equation:


U = 1/((1/αi) + Σ(d/λ) + (1/αe))



(1)




where d (m) is the thickness of the layer, λ (W/mK), and αi and αe (W/m2K) are the internal and external surface heat transfer coefficients, respectively. The base wall was a 50 cm-thick small solid brick, covered with 1.5 cm-thick plaster at both sides. For the calculations, the measured thermal conductivities of the insulations were used. The results can be found in Table 4. It can be concluded that the application of the 3 cm-thick EPS/VIP sandwich panel results in a 70% reduction of the U-value while the 1 cm-thick Slentex decreases it from 1.296 to 0.741 W/m2K.




3.2.3. Cost Calculations—Use of Natural Gas


We assessed the energy condition of the building through the energy certificate and the yearly energy use. From these, one can estimate that with the use of the vacuum insulation panel, approximately 30% energy savings can be expected (see Table 5). In Table 5, the calculation results of the energetic performance of the three cases are also presented. The calculations regarding the energetic performance were executed by the 7/2006 decree issued by the minister without portfolio. For the calculations, the measured thermal conductivities were used. In Appendix A, Table A1, we present the most important constructional and building services system parameters of the building. After the refurbishment of the external wall with VIP, we reached a 66% reduction in the primary energy consumption of the building.




3.2.4. Cost of Renovation—Thermal Insulation


A rough cost calculation was executed depending on the market price of the insulation and the function of the total free surface to be insulated. The total surface to be insulated is 2197.3 m2. By using the actual market price of the Slentex of approximately 95 Euro/m2 and the VIP (about 100 Euro/m2), the total costs were also estimated and were found to be approximately 207,000 and 220,000 Euros as full insulation costs. It must be mentioned that the cost of the VIP is greater, but the potential energy saving is twice as much as in the case of Slentex. The calculations for the savings were executed using the yearly gas usage, between the values of the original building and the modelled building. It should be concluded that the costs for the insulation with VIP and the aerogel seem too high compared to the value of other conventional methods of insulation (e.g., expanded polystyrene). However, from a sustainability point of view and in terms of conservation, the use of super insulation materials would be beneficial with respect to space, as it is also mentioned in Refs. [14,15,16,17] and Refs. [32,33]. In contrast to those papers [15,17,32], where the implementation of the aerogel-based refurbishment was presented, the novelty of our paper is the use of measured thermal conductivities for energy calculations for buildings and the possible application in Hungary. Nowadays, in the western countries of the EU, the use of super insulation materials may not be a problem, while in other countries, the possible application of SIMs has only reached a theoretical level. Moreover, our goal was to present the early design phase of refurbishment.






4. Conclusions


In Europe, the use of super thermal insulation materials in historical buildings is receiving increasing attention. This is mainly due to the innovations and regulations that have taken place in certain Western European countries. Highlights include Switzerland, for example, where the use of super-thermal insulation materials for insulation is highly recommended when refurbishing historical buildings. Due to these notions, their domestic spread and regulation may be expected soon. We performed measurements and made calculations based on experiments from an energy point of view. The thermal conductivity values of the abovementioned super insulation materials were measured, such as the Slentex aerogel and encapsulated vacuum insulation panels, and the values reached approximately 0.022 and 0.021 W/mK for the 1 cm-thick Slentex and the 3 cm-thick VIP, respectively. Based on the results, one can conclude that the examined vacuum insulation panel has more benefits from an energetic point of view; however, its costs are greater. It must be mentioned here that this advantage comes from the nature of this insulation, because the thickness of this insulation is 3 cm in its entirety. It must be also concluded that the use of the tested materials is promising from an energetic refurbishment point of view for historical buildings. It was also shown that by using super insulation materials in such a thin layer, energy savings of approximately 15–30% can be reached in historical buildings, thus increasing their energetic category. Another interesting result to be highlighted is the reduction of the natural gas usage of the building to about 70%–85% compared to the initial state. Furthermore, the yearly primary energy consumption can also be reduced.
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Table A1. Model building parameters—original state.






Table A1. Model building parameters—original state.





	Building Element
	Information





	External wall:
	50 cm thick solid brick with 1.5 cm thick plaster at both sides.



	Internal walls between internal heated spaces:
	brick walls with 10 to 20 cm thicknesses



	Windows:
	Uw = 1.15 W/m2K, glazing ratio 80%, g-value of glazing: 0.87.



	Doors:
	Ud = 1.15/1.45 W/m2K.



	Attic floor:
	0.55/0.876 W/m2K



	Floor:
	0.554 W/m2K



	Heating and hot water system:
	Condensing gas boilers (VIESSMANN Vitodens 200-W—3 pieces) with two round radiators (60/40 °C).



	Electricity:
	120 db KYOCERA KD 245GH-2PB 245Wp solar panel, produces 32,340 kWh/year electric energy










References


	



Riahinezhad, M.; Hallman, M.; Masson, J.-F. Critical Review of Polymeric Building Envelope Materials: Degradation, Durability and Service Life Prediction. Buildings 2021, 11, 299. [Google Scholar] [CrossRef]

	



Sajjadian, S.M. Performance Evaluation of Well-Insulated Versions of Contemporary Wall Systems—A Case Study of London for a Warmer Climate. Buildings 2017, 7, 6. [Google Scholar] [CrossRef]

	



Török, L. Industry 4.0 from a few aspects, in particular, in respect of the decision making of the Management, /Will the new industrial revolution change the traditional management functions. Int. Rev. Appl. Sci. Eng. 2020, 11, 140–146. [Google Scholar]

	



Moga, L.M.; Bucur, A.; Iancu, I. Current Practices in Energy Retrofit of Buildings. In Springer Tracts in Civil Engineering; Springer Nature Switzerland AG: Cham, Switzerland, 2021; pp. 1–41. [Google Scholar]

	



Heinemann, U.; Adl-Zarrabi, B.; Brunner, S.; Foray, G.; Johansson, P.; Kono, J.; Kücükpinar, E.; Milow, B.; Quénard, D.; Sprengard, C.; et al. IEA Annex 65 International Energy Agency (IEA)—Energy in Buildings and Communities (EBC) Annex 65 “Long-Term Performance of Super-Insulating-Materials (SIM) in Building Components and Systems”—Report of Subtask I: State of the Art and Case Studies; IEA. 3 January 2020. Available online: https://www.iea-ebc.org/projects/project?AnnexID=65 (accessed on 23 August 2020).

	



Aegerter, A.; Leventis, N.; Koebel., M. (Eds.) Aerogels Handbook; Springer: New York, NY, USA, 2011; pp. 537–564. [Google Scholar]

	



Lakatos, Á.; Csík, A.; Csarnovics, I. Experimental verification of thermal properties of the aerogel blanket. Case Studies Thermal Eng. 2021, 25, 100966. [Google Scholar] [CrossRef]

	



Galliano, R.; Wakili, K.G.; Stahl Th Binder, B.; Daniotti, B. Performance evaluation of aerogel-based and perlite-based prototyped insulations for internal thermal retrofitting: HMT model validation by monitoring at demo scale. Energy Build. 2016, 12, 275–286. [Google Scholar] [CrossRef]

	



Cannavale, A.; Martellotta, F.; Berardi, U.; Rubino, C.; Liuzzi, S.; De Carlo, V.; Ayr, U. Modeling of an Aerogel-Based “Thermal Break” for Super-Insulated Window Frames. Buildings 2020, 10, 60. [Google Scholar] [CrossRef]

	



Buratti, C.; Moretti, E.; Zinzi, M. High Energy-Efficient Windows with Silica Aerogel for Building Refurbishment: Experimental Characterization and Preliminary Simulations in Different Climate Conditions. Buildings 2017, 7, 8. [Google Scholar] [CrossRef]

	



Fantucci, S.; Fenoglio, E.; Grosso, G.; Serra, V.; Perino, M.; Marino, V.; Dutto, M. Development of an aerogel-based thermal coating for the energy retrofit and the prevention of condensation risk in existing buildings. Sci. Technol. Built Environ. 2019, 25, 1178–1186. [Google Scholar] [CrossRef]

	



Cornaro, C.; Basciano, G.; Puggioni, V.A.; Pierro, M. Energy Saving Assessment of Semi-Transparent Photovoltaic Modules Integrated into NZEB. Buildings 2017, 7, 9. [Google Scholar] [CrossRef]

	



Basińska, M.; Kaczorek, D.; Koczyk, H. Economic and Energy Analysis of Building Retrofitting Using Internal Insulations. Energies 2021, 14, 2446. [Google Scholar] [CrossRef]

	



Andreotti, M.; Bottino-Leone, D.; Calzolari, M.; Davoli, P.; Dias Pereira, L.; Lucchi, E.; Troi, A. Applied Research of the Hygrothermal Behaviour of an Internally Insulated Historic Wall without Vapour Barrier: In Situ Measurements and Dynamic Simulations. Energies 2020, 13, 3362. [Google Scholar] [CrossRef]

	



Ganobjak, M.; Brunner, S.; Wernery, J. Aerogel materials for heritage buildings: Materials, properties and case studies. J. Cult. Herit. 2020, 42, 81–98. [Google Scholar] [CrossRef]

	



Wakili, K.G.; Stahl Th Heiduk, E.; Schuss, M.; Vonbank, R.; Pont, U.; Sustr, C.; Wolosiuk, D.; Mahdavi, D. High Performance Aerogel Containing Plaster for Historic Buildings with Structured Façades. Energy Proc. 2015, 78, 949–954. [Google Scholar] [CrossRef]

	



Lucchi, E.; Becherini, F.; di Tuccio, M.C.; Troi, A.; Frick, J.; Roberti, F.; Hermann, C.; Fairnington, I.; Mezzasalma, G.; Pockelé, L.; et al. Thermal performance evaluation and comfort assessment of advanced aerogel asblown-in insulation for historic buildings. Build. Environ. 2017, 122, 258–268. [Google Scholar] [CrossRef]

	



Alam, M.; Singh, H.; Limbachiya, M.C. Vacuum Insulation Panels (VIPs) for building construction industry—A review of the contemporary developments and future directions. Appl. Energy 2011, 88, 3592–3602. [Google Scholar] [CrossRef]

	



Sprengard, C.; Holm, A.H. The thermal bridging effects are only reduced by covering layers made of insulating materials on the surfaces of the VIP. Energy Build. 2014, 85, 638–643. [Google Scholar] [CrossRef]

	



Fantucci, S.; Garbaccio, S.; Lorenzati, A.; Perino, M. Thermo-economic analysis of building energy retrofits using VIP—Vacuum Insulation Panels. Energy Build. 2019, 196, 269–279. [Google Scholar] [CrossRef]

	



Biswas, K.; Desjarlais, A.; Smith, D.; Letts, J.; Jiang, J.Y.T. Development and thermal performance verification of composite insulation boards containing foam-encapsulated vacuum insulation panels. Appl. Energy 2018, 228, 1159–1172. [Google Scholar] [CrossRef]

	



Lakatos, Á.; Kovács, Z. Comparison of thermal insulation performance of vacuum insulation panels with EPS protection layers measured with different methods. Energy Build. 2021, 236, 110771. [Google Scholar] [CrossRef]

	



Lakatos, Á. Comprehensive thermal transmittance investigations carried out on opaque aerogel insulation blanket. Materials Struct. 2017, 50, 1–12. [Google Scholar]

	



Berardi, U.; Nosrati, R.H. Long-term thermal conductivity of aerogel-enhanced insulating materials under different laboratory aging conditions. Energy 2018, 147, 1188–1202. [Google Scholar] [CrossRef]

	



Ihara, T.; Jelle, B.P.; Gao, T.; Gustavsen, A. Aerogel granule aging driven by moisture and solar radiation. Energy Build. 2015, 103, 238–248. [Google Scholar] [CrossRef]

	



Lakatos, Á.; Csík, A.; Trník, A.; Budai, I. Effects of the Heat Treatment in the Properties of Fibrous Aerogel Thermal Insulation. Energies 2019, 12, 2001. [Google Scholar] [CrossRef]

	



Lakatos, A. Investigation of the thermal insulation performance of fibrous aerogel samples under various hygrothermal environment: Laboratory tests completed with calculations and theory. Energy Build. 2020, 214, 109902. [Google Scholar] [CrossRef]

	



Available online: https://www.aerogelszigeteles.hu/termekek (accessed on 20 October 2021).

	



ISO 10456:2007. Building Materials and Products—Hygrothermal Properties—Tabulated Design Values and Procedures for Determining Declared and Design Thermal Values; ISO: Geneva, Switzerland, 2007. [Google Scholar]

	



Barone, G.; Buonomano, A.; Forzano, C.; Giuzio, G.F.; Palombo, A. Improving the Efficiency of Maritime Infrastructures through a BIM-Based Building Energy Modelling Approach: A Case Study in Naples, Italy. Energies 2021, 14, 4854. [Google Scholar] [CrossRef]

	



De Ruggiero, M.; Forestiero, G.; Manganelli, B.; Salvo, F. Buildings Energy Performance in a Market Comparison Approach. Buildings 2017, 7, 16. [Google Scholar] [CrossRef]

	



Walker, R.; Pavía, S. Thermal performance of a selection of insulation mate-rials suitable for historic buildings. Build. Environ. 2015, 94 Pt 1, 155–165. [Google Scholar] [CrossRef]

	



Wakili, K.G.; Dworatzyk, C.; Sanner, M.; Sengespeick, A.; Paronen, M.; Stahl, T. Energy efficient retrofit of a prefabricated concrete panel building (Plattenbau) in Berlin by applying an aerogel based rendering to its façades. Energy Build. 2018, 165, 293–300. [Google Scholar] [CrossRef]








[image: Buildings 11 00525 g001 550] 





Figure 1. (a) Holometrix lambda 2000 equipment; (b) Venticell 111 drying apparatus. 
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Figure 2. Tested Slentex aerogel insulation. 
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Figure 3. Tested encapsulated vacuum insulation Panel (a) sketch; (b) cross-section; (c) core material with the foil. 
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Figure 4. Historical building—secondary school in Karcag. 
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Figure 5. The BIM model of the building. 






Figure 5. The BIM model of the building.



[image: Buildings 11 00525 g005]







[image: Table] 





Table 1. Technical parameters of tested materials.






Table 1. Technical parameters of tested materials.





	Slentex
	Protected Vacuum Panel





	Class A2-s1, d0
	Polystyrene and Fume Silica



	Entirely mineral-based product
	Sandwich panel 3 = core + foil covering (VIP) with aluminium/aluminium and circumferential EPS insert edge band



	Thermal conductivity declared by the manufacturer: 0.019 W/mK
	Thermal conductivity declared by the manufacturer VIPcop: 0.007 W/mK, PS: 0.035 W/mK



	Open to diffusion
	Polystyrene closed cell



	Sold in rolls
	Slabs



	Non-combustible
	Polystyrene is combustible, fume silica non-combustible
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Table 2. Thermal conductivity test results of the Slentex aerogel.
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	Measurement Row
	Thermal Conductivity

(W/mK)
	Average Deviance (W/mK)





	1
	0.021781
	0.000197



	2
	0.021945
	0.000033



	3
	0.022027
	0.000049



	4
	0.0221
	0.000132



	5
	0.022027
	0.000049



	Average
	0.021978~0.022
	0.000046
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Table 3. Thermal conductivity test results of the vacuum panel.
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	Measurement Row
	Thermal Conductivity

(W/mK)
	Average Deviance (W/mK)





	1
	0.0206
	0.0003



	2
	0.0207
	0.0002



	3
	0.0211
	0.0001



	4
	0.0210
	0.0002



	5
	0.0211
	0.0001



	Average
	0.0209~0.021
	0.0001
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Table 4. The overall heat transfer coefficients.






Table 4. The overall heat transfer coefficients.





	Case
	U-Value

(W/m2K)





	U-value before renovation
	1.296



	U-vale with the Slentex insulation
	0.741



	U-value with VIP
	0.429
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Table 5. Results of energetic calculations.






Table 5. Results of energetic calculations.





	State of the Building
	Ep

Specific Primary Energy Consumption (kWh/m2year)
	Energetic Category

According to 7/2006 Decree in Hungary
	Yearly Use of Natural Gas

(MWh/year)
	Savings Compared to the Current State (%)





	Current
	112.87
	DD (up-to-date)
	391.15
	-



	With Slentex
	93.33
	CC (modern)
	328.48
	16



	With VIP
	75.46
	CC (modern)
	273.44
	30
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