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Abstract

:

The purpose of this paper is to explore the challenges of an old low-standard urban district with a strong historical and cultural heritage and propose more sustainable renovation solutions, acceptable for the residents and municipality. The challenges of physical renovation or refurbishment are complex due to poor condition of the buildings, municipal ownership and governance, mixed management with community and low rents, which are insufficient to cover the costs. The paper discusses the proposed solutions of living standards, supported by the research in two directions: (i) available resources and reuse of materials, (ii) developing a renovation guidance for inhabitants from the building physics perspective, including indoor environment quality. Challenges related to energy efficiency are addressed from the decision-making perspective to overcome the barrier of lack of motivation to invest in energy-efficient measures at the individual and community level. The interdisciplinary approach complements engineering-focused studies with a focus on the comfort conditions and the influence of occupant habits in sustainable buildings. The methods used were literature review, case studies with observations and survey, looking to cover all technical, social, and historical aspects of sustainable renovation of cultural heritage buildings with the same level of importance. Results show that to keep a sustainable, low-cost urban living model, instructions for self-renovation are a valuable guidance for non-professional actors to make more sustainable choices. In conclusion, we can emphasize that inhabitants are accustomed to lower living standards, so the project is aimed to present the proper solutions for improvement as a balance between new sustainable technical solutions, personal self-renovation skills, habits, and health.
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1. Introduction


An increasing body of scientific literature has put the focus on energy efficiency measures for cultural heritage buildings, but this approach tends to undermine cultural values which are often described only as constrains [1]. In the extensive systematic literature review on sustainable refurbishment of historical buildings, Loli and Bertolin (2018) [2] pointed out the “Scandinavian paradox”, which often shows the Scandinavian countries as frontrunners when it comes to implementing and operationalizing sustainability goals [3], but on the other hand, the scientific production on methods for sustainable maintenance and renovation of cultural heritage buildings in Scandinavia is relatively scarce [2]. Norway is quite advanced in terms of energy-efficiency renovation with a yearly rate of 2.5% of the existing building stock compared to the 13 other EU countries where data are available, which have rates between 0.5% and 2.0% [2]. However when it comes to “deep renovation” defined as interventions that fundamentally affect the buildings performance, the European rate is stagnating at 0.2% [4,5].



The renovation of cultural heritage buildings can produce positive effects for the socio-economic regeneration of the cities [6] and boost the application of contemporary living models, sustainable management strategies, and maintenance procedures, which can balance the up-to-date requirements of energy efficiency, human comfort, and operating cost reduction [7] ensuring also energy and economic benefits [6,8].



In this regard, different studies indicated that the most critical factors for deep renovation of existing housing concern the non-technical barrier related to social, logistic, legislative, and financial constraints [9], while behavior and local cultural factors, in particular, can reduce the efficiency of the renovation initiatives, impacting on energy use, conservation state, management, and maintenance operations [6,9,10]. The importance of cultural heritage for the community and the specific character it has built over time are two sensitive elements that need to be combined with the contemporary expectations and responsible and sustainable lifestyle.



For policy makers, supporting self-renovation projects of residential buildings can contribute to lessen social exclusion and spatial segregation and encourage tenants to feel a sense of responsibility for their dwellings [11]. However, the lack of technical and legal knowledge among residents combined with the high costs are still major barriers in the implementation of energy efficient renovation measures [12,13]. In addition, some of the researchers emphasize the lack of motivation as a barrier for more sustainable renovation solutions [14,15,16], and proposing the focus on social sustainability aspects [17], more concretely: ‘factors affecting participation’ [18,19], ‘relationship between participants’ [20,21,22], ‘engagement strategy’ [23,24,25], and ‘influence of participation’ [26,27,28]. As stated by Esmaeilpoorarabi et al. (2020) [29], it is important to mobilize resources, improve relationships, promote cooperation, and ultimately achieve community engagement and trust [30,31]



The art of self-renovation in low-income urban communities is quite unique in the sense that it transcends a purely technical approach and often constitutes an opportunity for them to feel more ownership of their homes, promote social inclusion, and strengthen community bonds [32]. Financing and education of workforce are also central challenges that need to be addressed [12]. The social aspects are widely underrepresented in energy research, and although there is no question that technological engineering studies are of utmost importance to improve technical performances of buildings, due to the fact that energy-efficiency relies on human actions and informed choices, more interdisciplinary research is needed to include a softer approach and address social barriers and drivers to a successful energy transition [33,34,35]



1.1. National Regulations for Conservation of Cultural Heritage Buildings


The purpose of building protection is to preserve our sources of cultural heritage and history. Building protection became a formal matter in Norway in 1913 when the first national antiquarian was hired. Since then, it has been the Directorate for cultural heritage national antiquarian that has been responsible for cultural heritage policy [36]. In Norway, there is a broad political will to preserve cultural heritage buildings [37]. It points out further that the preservation of cultural heritage can contribute with knowledge and input to sustainable resource management by providing insight into how environmental problems have affected our patrimony and give a better understanding of how they can be solved. About listed buildings, it says: “From a long-term socio-economic perspective, preserving valuable parts of the building stock rather than demolishing and rebuilding can be significantly more profitable” [37].



The Norwegian Planning- and Building Act § 31-1 states that when doing renovation or rehabilitation, the municipality shall ensure that historical, architectural, or other cultural value associated with a building is preserved as far as possible. Nevertheless, there is a challenge associated with the maintenance and preservation of the protected building stock due to the ever-increasing demands for lower greenhouse gas emissions [38].



The existing building stock in Norway accounts for around 40% of the total energy consumption in the country, 22% of which is for residential and 18% for non-residential buildings [39]. In addition, most buildings built before 1950 were without insulation, which makes both protection and improvement of this building stock challenging. Fulfilling the requirements related to energy savings could mean major structural interventions and may lead to changes that affect cultural historical values of the building [36].




1.2. Improving Energy Efficiency in Existing Buildings


According to Ugarte et al. (2016) two of the main problems that low-standard households need to face as a consequence of low energy efficiency are extreme indoor temperatures and high humidity levels. Rehabilitation could address these problems by taking measures with three main outcomes: improvements in indoor air quality, humidity levels, and indoor temperature [40]. For this matter, retrofit programs may focus on a weatherization based on changes in the shell of the building, such as insulation of facade wall, ceiling and basement, facade painting, or replacement of windows and doors [41,42].



Given the environmentally friendly nature of wood, its low maintenance cost, and broad accessibility, wood is one of the most renewable materials in construction [43]. However, when it is used in building facades, it needs careful treatment and maintenance to minimize thermal and humidity discomfort sources in buildings. Energy wastage in the facade tends to be derived from humidity, since it provokes expansions and contractions of the material and mold growth, causing degradation of timber. From an environmental point of view, one of the best ways to protect wood is with linseed oil [44]. It saturates the external layer of the wood, so that it is impossible for water to penetrate the structure. Moreover, it allows water kept inside to evaporate [45]. It is important to plan the functioning of the building envelope for the future degraded climate conditions; in northern Europe, climate adaptation has to take into account moisture resistance (due to increased precipitation) and slight increase of temperatures [46,47].



When refurbishing the wooden structure, two main aspects need to be considered. First, if replacement of a timber member needs to be made, the new item must belong to the same species of wood and have the same quality. Secondly, it is also recommended to use the same (or similar) techniques that the original craftsmen used to convert the timber and assemble it [45].



This way, the identity of the building can be preserved. Moreover, some materials should be avoided or, at least, reduced to a minimum. Such as epoxy resins, steel reinforcements and plastic paint for coating [45].



Existing retrofit programs for low-standard buildings are based on weatherization of households; this way comfort improves and costs are reduced [48]. Weatherization is usually focused on changes in the structure, as insulation of ceilings and walls, air sealing, and duct sealing, and the electricity savings can reach up to almost half the original price [41]. Some of the actions that can be taken in order to achieve a good weatherization are [42,49]:




	-

	
Insulation of roof or upper ceiling.




	-

	
Insulation of façade wall.




	-

	
Insulation of basement ceiling.




	-

	
Painting and mending the façade.




	-

	
Replacement of doors and windows.




	-

	
Use of hybrid HVAC systems.









Regarding the refurbishment of doors and windows, they play an undoubtable role in the ventilation and weatherization of a household, but sometimes their high prices might keep the owners from fixing them. Anyway, it is a key element to address, as old doors can be leaky and have extremely poor insulation; similarly, single glaze windows are inefficient and should be switched to double-glazing or interior storm windows which provide moderate insulation and avoid air infiltration [41].



Insulation is a key element in order to achieve a good energy efficiency level. Some natural and renewable materials have been proved to have a great performance as insulating materials, presenting important advantages regarding costs, ecology, and energy savings, if compared to traditional materials.



Natural fibers, such as technical hemp, jute, and flax have very good mechanical, acoustic, and thermal insulation properties. Moreover, they can be combined in different proportions and be useful in façades, roofs, floors, partition walls, and external walls [50]. Natural fibers, such as technical hemp, jute, and flax, have very good mechanical, acoustic, and thermal insulation properties. Moreover, they can be combined in different proportions and be useful in façades, roofs, floors, partition walls, and external walls [50].



Some additional costs can derive form the insulation of the façade, since activities as scaffolding and painting cannot be overlooked and homeowners rehabilitating a building exterior need to pay for them no matter what [42].



Other non-structure related improvements that could be applied are [42]:




	-

	
Installation of a low temperature boiler.




	-

	
Installation of wood pellet or wood chip heating systems (biomass heating systems).




	-

	
Insulation of heating pipes.




	-

	
Installation of solar heating collectors.




	-

	
Installation of heat pumps.









This said, it is clear that some good weatherization methods can be decisive for inhabitants of the building, not only in economic terms but also healthwise, as inadequate heating, cooling, or ventilation of the spaces can be a life-or-death issue [51,52].




1.3. The Scope of This Study


The scope of the study, considering the transformation of historical and cultural background of Svartlamon, poor housing condition, reuse of materials, insufficient funding, and existing self-renovation model, aligns with the New Bauhaus European initiative which vouches for a softer approach to the challenges in reaching sustainability goals. The European Commission’s initiative aims to bridge the world of science and technology with the world of art and culture by developing affordable and accessible living spaces, striving to improve quality of life and highlight simplicity, functionality, and circularity of materials while accounting for the need for comfort and attractiveness in citizens’ daily life [53]. Building upon this initiative, this study focuses on three principles:




	(i)

	
To keep the alternative community acting as a pioneer in terms of sustainable, low-cost urban living models and retaining the strong identity of the district;




	(ii)

	
To advance the relationship between the community and the municipality by improving the co-management model facing the safety building level as a foundation for self-renovation outset;




	(iii)

	
To self-renovate the houses more in accordance with sustainable refurbishment principles.









The paper aims to address some of the challenges linked to unsupervised self-renovation work that can result in alteration of the cultural heritage buildings, negative consequences of the maintenance backlog, and unsustainable technical solutions. At the same time, this study looks into approaches that will increase the sustainable renovation rate that is currently lagging behind due to socio-cultural barriers [54]. The case study proposed in this paper focuses on “soft approach” to energy renovation. This paper deals with energy efficiency from the decision-making perspective addressing the challenge of lacking motivation to invest in energy-efficient measures. The interdisciplinary approach complements engineering-focused studies with a focus on the comfort conditions and the influence of occupant habits in sustainable buildings. It proposes a practical self-renovation guidance for residents with a focus on sustainable technical and technological solutions, focusing on indoor environment, health, and wellbeing. This is motivated by a gap identified in previous studies that revealed communication challenges between public authorities and residents in the field of energy retrofitting of cultural heritage buildings that resulted in decaying buildings rather than improving their sustainability [13]. This can be also seen as an urban experimentation (Newton and Frantzeskaki 2021) case which can be replicable for similar circumstances.



The main research question is how to raise the self-renovation standards of cultural protected though poorly maintained area. The aim is to explore how it is possible to refurbish the houses, keeping all the existing aspects of the community, the history, the culture for re-use of materials, and the low budget and adding new ones like thermal insulation and general improvements of the indoor environment. The analysis of the physical properties of buildings such as ventilation, lighting, thermal weaknesses, and thermal insulation will be explained, in order to propose appropriate measures to meet the growing demand for a pleasant indoor climate while safeguarding the cultural heritage values. In addition, a survey conducted among residents of a low-standard urban community is presented to understand the opportunities and challenges of sustainable self-renovation of cultural heritage buildings.



This paper is structured as such: Section 2 presents the overview of the material and methods used for the study; Section 3 shows the study results; Section 4 presents a guidance for sustainable self-renovation in accordance with the theoretical and empirical background, and Section 5 concludes with the main findings.





2. Materials and Methods


To address the research question, we investigate in three directions: (i) improving the living standards and culture of a low-income intentional community, (ii) widening the reuse of materials as a part of circular economy solution, and (iii) finding high quality LCC solutions for specific problems. A number of buildings with a focal point on observation in the intentional community of Svartlamon in Trondheim, Norway, were chosen as the case study. This was combined with multiple on-site visits and a questionnaire survey. The case of Svartlamon was selected for its uniqueness and self-organized maintenance and operation system. The economic, socio-cultural, and environmental challenges posed by its ownership structure and eventful history as well as the subversive nature of Svartlamon will be presented in the following section. The present study is a result of several projects running at the Norwegian University of Science and Technology with master’s students since 2018.



The data collection and observation have been conducted in collaboration between master’s students and the authors of this paper during the spring and fall semesters, from 2018 to 2020 [55,56]. Initial data about Svartlamon’s historical and cultural background were collected through informal meetings with Svartlamon housing foundation (Svartlamon boligstiftetse) and desk research at Trondheim Municipal Archive Center (Trondheim Byarkiv). Observation of indoor has been organized by Svartlamon housing foundation several times per year for the students and the research team. The observations of the outdoor environment were taken and documented whenever was needed.



A questionnaire survey was designed to investigate the living conditions in Svartlamon, the self-renovation work organized and done by residents, and their perception of sustainable technologies. The questionnaires included 4 sections; the first section collected demographic information such as age, employment status, composition of the household, living period in Svartlamon, the affiliation to a sub-community, and types of facilities respondents shared with others (bathrooms, toilets, kitchen, living room, laundry room, etc.) The second section on the living conditions consisted of questions about social aspects of the community life, motivation factors for living in Svartlamon, opinions on possible changes or improvements that could be made, and their perception of the core-values of the community. The third section collected data on self-renovation habits and culture, the respondents’ involvement in such work, and their will to participate more in the future. The last section of the questionnaire addressed the available technologies within the households as well as their perception of innovative sustainable technologies.



The questionnaire was distributed in digital and hard copy versions to all inhabitants in Svartlamon (ca. 200 people), and answers from 24 people were collected. A qualitative analysis of the results was then conducted by the authors in order to serve as a basis for the recommended renovation measures that respect and reflect the spirit of the Svartlamon community.



The Overview of the Study Area


Svartlamon is a neighborhood in the city of Trondheim, Norway, with a strong presence of listed buildings (Figure 1). It is inhabited by an alternative low-income community and regulated as the first urban ecological research area in Norway, which makes it a particularly relevant experimental case to explore the challenges of sustainable renovation of cultural heritage buildings.



The origin of Svartlamon dates back to 1860, established as a settlement in the outskirts of Trondheim for dock workers, sailors, and workers from nearby factories. Due to railway construction in 1889, the area was exempted from the bigger district Lademoen and became the dirtiest and poorest part of it; thus, it got nicknamed Svartlamon or “black” Lamon [57]. There was no water or sewage system, which made it a sullied residential area with precarious living conditions. During World War II, some houses were demolished to allow the construction of the Dora II Bunker. Even though Svartlamon was later incorporated into the city, the basic infrastructure was severely lacking (Figure 2) [58]; therefore, by 1980, the municipality changed plans for this district to be demolished and become an industrial area. As the demolition operations started, a small area comprising of wooden houses remained untouched and was squatted by outcasts and criminals.



However, in the 1980s the cultural heritage character of the houses was brought to the attention of a community of artists and activists who occupied the houses and settled in, starting the first wave of basic renovation to repair damages caused by negligent tenants [59]. They made the area livable again and started their own alternative-living community. Svartlamon is also defined as an intentional community [60], a community ‘which choose to live together with a common purpose, working cooperatively to create a lifestyle that reflects their shared core values’ [61].



In 1990, the municipality attempted once more to tear down the Svartlamon area arguing that the houses were unfit for living and had not met the regulations in place for residential buildings. This marked the beginning of a fight between the municipality and the residents who organized themselves into the Svartlamon Residents’ Association, ‘Svartlamon Beboerforening’.



After long years of discussions and conflicts, the municipality decided in 2006 (Figure 3) to consider Svartlamon as an experimental urban ecological area, the first of its kind in Norway [62,63]. Since 2001 the Housing Foundation ‘Svartlamon Boligstiftelse’ has been acting as a steering organ, collecting the rents, and managing the everyday operations of the community. It also bridges communication between the community and their municipal landlord.



The challenges it faces today are caused by the long period of neglecting the area, mixed governing and managing structure, unclear distribution of responsibilities, and insufficient maintenance funding as the income is based on low rents. All these lead to poor infrastructure in indoor and outdoor housing condition. Regardless of the very active and social oriented community, their self-renovation attitude and habits and their demographic background with lower income and short-term tenants’ contracts lacked enough security to search for high quality solutions and resulted in the multiplication of quick fixes rather than long-term solutions. Today, the contract period is extended to twenty years, which gives better planning foundation for more sustainable renovation solutions and future development.



In line with the aforementioned and having in mind the presented history of its origin and basic function, the settlement can be characterized as industrial heritage with significant social value, as important evidence about the life of ordinary people and their identity [64,65,66]. In addition, it has a technological and scientific value with regard to the history of manufacturing, engineering and construction, as well as a significant esthetic value in terms of architecture, design, and planning. These values exclusively refer to industrial heritage, its materials, components, equipment, and method of installation in industrial environments, as well as written documentation and intangible records related to the memory of the people and customs [67].



Svartlamon is covered by zoning plan R0219b, which came into effect on the 27th of June 2006. Based on the zoning plan, urban ecological efforts at Svartlamon include both physical and process related efforts. The physical experiments involve testing of new and affordable solutions in housing types, technology, and architecture. With the main focus on utilizing physical resources in the area [68].



Process-related trials, on the other hand, involve testing new planning, management, rehabilitation, and collaboration processes, with the main focus on utilizing the human resources in the area. According to the zoning plan, the concept of urban ecology therefore implies a holistic view where development in the area is based on an interaction between the physical and human resources, where one cannot be seen separate from the other [68].



Further on, the zoning plan states regulations in regard to refurbishment at the area. According to § 3–5, in the zoning plan, it is specified that: “Existing buildings shall be preserved except for the buildings marked as demolition objects in the planning map of the area. For existing buildings, no major reconstruction, extensions or facade changes can be made without this being presented to the Cultural Heritage Management Office in advance.” [68]



In this study, we highlight both the technical, social, and cultural aspects with equal importance. This combined approach of sustainable renovation of cultural heritage buildings is seen as an added value to tackle the challenges in this domain.





3. Results


3.1. Case Study Description—Observation


At Svartlamon, there are a total of 25 residential buildings with 130 dwellings/tenancies. The total gross area of the residential buildings is approximately 7000 m2. About 200 people live in the dwellings rented by svartlamoen boligstiftelse by the municipality. There are also four commercial buildings, and the gross area that the culture and industry foundation rents from the municipality constitutes ca 2500 m2 (Table 1).



Svartlamon is a district located to the east of the Trondheim city center, which hosts in addition to the residential buildings, a reusable shop, free shop, cultural festival, concert venue, kindergarten and book café. Most residents share some facilities like bathrooms (toilets and showers) and kitchens. The old houses are wooden and brick buildings. Inhabitants tried to renovate some parts of the buildings since their construction in the 19th century, but the buildings are in a general bad condition now. Lack of money and complex organization between the municipality and inhabitants lead to insufficient investments in maintenance of the buildings and regeneration of the area. The buildings are owned by the municipality, and since 2001, the housing foundation has been responsible for collecting rents and ensuring the maintenance. This was formalized in the contract that binds the foundation and the municipality, by which the municipal landlord transferred all its responsibilities for maintenance and preservation to the foundation. Today, the foundation manages 151 leases divided into 35 houses with about 200 people living there. The foundation has three people working full-time, a manager, a carpenter, and an electrician. The money collected by the foundation finances the salaries of the three employees, renovations, and maintenance operations. In order to keep the rent as low as possible, residents are expected to do as much work as possible by themselves. The Housing Foundation has a permanent office and meeting place on site. In addition, in 1990, Svartlamon residents’ association was founded with the purpose to preserve the houses and to defend low-income people’s right to live downtown. Everyone who has a lease with the Housing Foundation is automatically a member of the Residents’ Association. They have monthly meetings and govern with a flat structure and consensus. The residents of Svartlamon have a leading role in the renovation. They manage to do almost everything by themselves with low budget, reusing materials from the old houses from other parts of Trondheim and trying to keep the buildings in their original state. The focus of this study is mostly on the technical and technological aspects, but reflecting also the economic, organizational, social, cultural, and historical ones.



Svartlamon is located close to the city center of Trondheim, with a climate type dominated by the winter season, cold period with short daylight, relatively little precipitation which is mostly in the form of snow, and low humidity. It is located north of the humid continental climate. There is an average of 272.0 days of precipitation. The average temperature for the year in Trondheim is 4.8 °C. The warmest month is July with an average temperature of 13 °C. The coolest month is January, with an average temperature of −3 °C.



Wooden buildings (Figure 4) are houses with bedrooms and kitchen. Each house does not necessarily have a bathroom. The community shares few bathrooms. Most of the houses were built at the end of 19 century; they are now deteriorated even though people tried to keep them in a satisfactory condition. Most of them are two-story houses. In the area, we can notice a sloping terrain, some gardens, pebbles on the ground, and brick floor in some paths. There are no paved roads or sidewalks between houses. The site is located near the Strandveien road with cars and bus. There is some lighting next to the main road but not in the smaller paths between houses. There is also the railway right next to houses. Most of the houses do not have any basements except the storage room for the ancient milk shop.



Foundations are in bad condition. Houses have many windows, but they are damaged, showing problems with condensation and humidity. All the facades are painted; however, the painting is very old and is deteriorating (Figure 5). Roofs are not insulated, and all houses have a steep roof. Many houses have tile roof. Clay tiles are a traditional kind of roofing material, it is a material that is both widely available and easy to shape into forming a channel to direct the flow of water. Some of the houses have a corrugated metal roof which is inexpensive and quick to install. Mainly, the rainwater gutters and downpipes are in good condition close to the roof, but the lower parts are worse (leakages), causing constant humidity on the walls, allowing moisture to seep into the houses, so molds, fungus, and mosses are spotted. They affect the health and well-being of people. The façades are complicated to insulate due cultural protection, so the design of the facades and windows should be original. Walls, doors, windows, partitions, and finishes are wooden and old.



Many walls are not straight, and they lean (Figure 6), likely because the houses were built on poorly compacted embankments or on a heterogeneous soil. No drainage systems could be seen around them. Some of the load bearing elements are rotten. Even some entry doors are not straight. Most of the houses do not have any bathroom, and the only sink in their house is the kitchen one. The houses with bathrooms share them. The plumbing system is old and partly maintained but not to the standards that we can find in newer houses. The electrical system is at its full capacity, old but safe.



A typical example of housing block is presented: two buildings Strandveien 19 and 21 (Figure 7), from 1893, with four flats each, shared facilities in the common basement, and a shop in the ground floor. The foundation material is stone; basement walls are made of brick, and upper floor levels have a wooden structure. During the time only some small interventions were done, and foundations were stabilized in 2001; a wind barrier on the north façade was installed in 2016, and the damaged wooden panels were replaced (Figure 8). Both houses need major refurbishments as some foundations and walls are falling apart, and the structure is in a very bad condition, showing many cracks.



A comparison of the floor plans shows some smaller changes in the usability of the space in the floors and basement. An apartment in the basement is changed to a bathroom and storage place for inhabitants, and some internal walls were removed to create a larger common space. In one of the flats in the second floor, an extra bedroom and own bathroom was built.



An analysis of technical condition is presented, based on the observation (Figure 9). The foundations of the two buildings are connected and have the same structure, consisting of stones. They support brick walls with a thickness around 0.40 m and a height equal to the basement height, which is up to 3.00 m. There is no drainage system on the outer side of the walls. The inner walls structure from the basement on is carried by wooden columns. The wooden façade is made from stacked timber with a thickness of 7 cm.



The structure of the slabs is made of primary beams resting on the columns and the brick wall. The wooden slab is made in classic form: secondary layer of beams with space of 50 cm between each, another layer for wooden panel floors, and clay or gravel in between as insulation. The frame of the buildings is classic with a wooden truss, which is supported by the columns in the walls. Above the trusses, there are purlins that support perpendicular wooden boards. The distance between the trusses is more than 6 m.



Windows are not the original ones, and they are in simple or double glazing. However, we saw that some frames are damaged mainly due to humidity.



Almost no insulation is found, and it is only in the basement, in front of the brick wall (15 cm of glass wool). Some of the residents put an internal insulation.



The walls have many cracks both inside and outside the buildings. A large crack in the cladding of the north façade between the two houses extends along the entire height of the ground floor, and the thickness is from 1 to 2 cm. From documented material, it is there from 2012 and is still the same size, without any changes (Figure 10). There are many other smaller cracks in the brick walls, missing cement binders and in the wooden walls as well. On the north façade several humidity traces could be seen (Figure 11).



The situation extended for a longer period could cause the structural and health problems due to humidity indoor (Figure 12), which could freeze during the winter, or formation of molds and fungi. In addition, the cladding contact between the brick and wooden wall is not tightened enough (Figure 11, upper left corner). There are some damages on the south wall: some pieces of bricks are falling; there are cracks between the bricks with missing binders and traces of humidity coming from the outside, i.e., from the soil (the bedrock in Svartlamon is very shallow). The analysis shows various causes of humidity in the wall: cracks outdoor, poor cladding condition, no drainage, capillary rise, bad condition of the gutters causing too much water streaming on the façade, and the wooden board above the wall of the ground floor does not play its part to ‘drop’ off water. The humidity traces are located at the top of the wall or on the ground, behind the cracks, in the contact area of two different cladding materials, and behind the wooden façade, panels are not tightened enough and have no vapor barrier.



The ventilation is not efficient in the buildings. The air exchange is only through the doors and windows, somewhere through leaks in the walls, and small extractors in bathrooms (Figure 13). There is no ventilation system in the kitchen.



The acoustic is problematic, and there is a lot of sound transmission. During the visit to one of the apartments, the discussion from another one was heard as well as a washing machine from the common stairs. Inhabitants made an agreement between the residents to respect a certain schedule of “making noise”. The noise could be heard through the windows of the north façade, which is facing to the railway.



The electrical system is old, safe, but insufficient, so they should consider new equipment. They use mostly electrical heaters. The lighting conditions are quite poor.



The municipality conducted an evaluation of the maintenance backlog of the building stock of Svartlamon in 2016. Their findings, which align with our on-site observation (Table 2), support the evidence that the available funds for maintenance were very low compared to the required renovation work (examples given in Table 3 for Strandveien 19 and 21).



In the case study of Svartlamon, different local resources were found. The observations revealed several workshops available at no cost to the residents; photos of the workshop are shown in Figure 14 and Figure 15. Here, the renters have both materials and tools that can make it easier to maintain their home and houses. There is also a dedicated group that manages the workshops.



The workshop voluntary group manages the workspaces (Figure 15) at Svartlamon with associated tools, materials, and a recycling stock that is available both to the residents and to the residents association.



They receive a lot of recycled materials from both outside and inside Svartlamon. From time to time, Svartlamon also receives old material and equipment from houses that the municipality is tearing down. The idea is that access to tools and materials should stimulate reuse and local refurbishment. It is stated as a cautious estimate that the voluntary group organizing the workshop produces about 250–300 h of work per year [69].



Based on their own observations and this information, the students decided to investigate solutions that could improve the living standards in the buildings in a more sustainable way with respect for the low-budget and self-renovation culture deeply anchored in the Svartlamon community.




3.2. Results of the Survey


Based on the results of the questionnaire, relevant information regarding the living conditions in Svartlamon are presented in this section. 54.2% of the respondents share bathrooms and toilets with other households. The respondents rated their relationship to their neighbors above average (on a scale from 0–6, 100% rated it above 3; with 58.3% rating it as a 6/6). The main factors that influenced their choice to move Svartlamon were Social aspect/sense of belonging (83.3%), Freedom (79.2%), Budget/economic reasons (66.7%), Having friends/family that were already living in Svartlamon (66.7%). To the open question on what they liked the most about living in Svartlamon, the social aspects came out the most, including community feeling, local democracy, shared facilities and green areas, economic freedom (non-binding leases, possibility to settle in a mobile home, no mortgage, cheap rent that allow to focus personal investments elsewhere, e.g., “pursuing their dreams”), general feeling of freedom (to set up art installations, start new activities and events, DIY projects). To the open question on whether they would like to change anything in Svartlamon, most respondents would like to have an even bigger community engagement, i.e., that more people would actively participate in the collective activities and decisions.



The interesting thing about the self-renovation culture in Svartlamon is that a majority of the respondents have experience in renovation work (Figure 16).



Furthermore, results point towards a strong community aspect of these projects with respondents being involved not only in their own house renovation but also those of other residents (Figure 17), and a further engagement of the community at large beyond the household (Figure 18).



However, most of them did not discuss the project with the community beforehand (Figure 19), and a vast majority expressed their will to be involved in future projects (Figure 20).



Regarding the technologies available to their household, results show that the most basic needs are met, while more sustainable technologies are not (Figure 21). However, a majority of respondents expressed no need for new technologies (Figure 22).



From the open question about the use for new technologies in their daily life, some respondents expressed a will to have more sustainable energy sources such as solar panels combined with thermoelectric generator, heat pumps, and bio toilets.




“We are saving up to buy a thermoelectric generator which will help us utilize our solar energy system better during the dark months of winter, via the wood stove. We are also saving up for a bio/compost toilet”.



(Survey respondent)





Others expressed a need for keeping up the basic comfort with examples of kitchen fans and floor heating systems. For the majority who expressed no need for new technologies, respondents expressed a will to keep the simple living standards as they are for cultural reasons or lack of space in their dwellings.




“I have what I need”, “My house doesn’t need anything else, nor is our house big enough”, “The rooms are original 1880s, and I like the quiet atmosphere in the rooms”.



(Survey respondents)





An analysis is designed to address challenges and find solutions from different perspectives that could be useful for inhabitants with low budget and a ‘do it yourself’ mindset.



The students covered different areas, such as indoor temperature, air quality, noise disturbance, energy consumptions, cracked walls, fire safety, and lack of private bathrooms.





4. Guidance for Sustainable Refurbishment for Improving Indoor Environment


As a result of the observations and the survey, the students developed under supervision of academic and professional experts, a practical guide in form of a small magazine for residents in which they addressed each part of the sustainable renovation work (Figure 23, Trouillon et al. (2019)).



The first part of this magazine recalled information about the cultural heritage background and communicated the results of the survey. Further on, each element of the sustainable renovation guide was addressed in the most practical way yet easily understandable for a non-expert audience. This practical guide provided background information on the buildings’ symptoms, the importance of addressing them, the potential for reusing materials, and the possible renovation measures to be taken.



The following section goes into the details of each element covered more succinctly in the magazine.



4.1. Reuse of Materials


While global concerns are saving energy, protecting the environment, as well as the scarcity of resources, re-use and recycling take place in the very first steps towards a promising future. The inhabitants and the entire community of Svartlamon have a good understanding of these issues, and many of them explain that they are living in this neighborhood not only for the low rent price, but rather to live a simple life and have a low environmental impact. Furthermore, this practice is the preferred one in the community, both for economic and environmental reasons. Svartlamon could also benefit from a collaboration with Loopfront, a digital platform created in Trondheim that enables the reuse of materials in the construction industry, promoting a circular economy [70].



More specific information about the reuse of construction materials is presented below in order to provide a basis for technical guidance for non-professional residents who engage in self-renovation work.



Bricks



Brick is a robust material with a long service life. Thus, recycled bricks have great potential for use in new constructions. Recycled bricks can be used in different contexts depending on the technical characteristics of bricks. Reclaimed bricks that are frost-proof can be used for cladding in facades while those that are not frost-proof are used in a plastered façade. Bricks used over several floors must have sufficient compressive strength. The reuse potential of bricks varies for different periods of time. Bricks covered with paint or treated with surface treatment that may contain PCBs, chlorine paraffins, heavy metals and other hazardous substances should be avoided [71,72].



A project at Lilleborg in Norway shows the following figures on the cost of unit price for reuse of bricks:




	-

	
Demolition and cleaning: approx. 5.5 NOK/brick;




	-

	
Re-burning of brick with low frost resistance: approx. 3NOK/brick;




	-

	
Price for new brick: 3kr/stone.









Results of the Lilleborg project indicate that due to the costs associated with sample extraction and quality control, the reuse volume per demolition object should be at least 50,000 bricks [72].



Wood



Results from the project “Reuse House Trondheim” showed that wood is one of the most popular materials for reuse [73]. Re-used material groups include all types of treated and untreated wood, glued-laminated timber, and wood fiber products, where spruce and pine are the most commonly used types of wood in Norway. Wood is most often used in constructive elements. It makes up about 30–40% of the total waste during a demolition. In the “Reuse House Trondheim”, approximately 85% of the timber-frame and cladding were made of reclaimed wood, and smaller wood elements like doors, window frames, and kitchen interiors were also reused [74]. It is important to keep a record of quality assurance process when re-using or repurposing wood so that the material keeps its quality and usability. Wood that should be avoided is CCA- and creosote impregnated wood which belongs to the group impregnated wood and is considered hazardous waste.



Metal



Metals such as steel, zinc, copper, and aluminum components are sorted for reuse. One should be aware that materials that belong to the hazardous waste category should not be reused. Surface treatment must be assessed against limits for hazardous substances and whether there may be a risk of leakage [74]. One must be careful about the metal components with surface treatments that contain sensing substances (asbestos, heavy metals, Pcb, chlorine paraffins).




4.2. Indoor Environment


In the case of low-standard buildings, retrofit recommendations are based on weatherization of households, to improve indoor comfort and reduce energy-consumption costs. Weatherization is usually focused on changes in the structure, such as insulation of ceilings and walls, air sealing, and duct sealing.



Ventilation



To have a healthy indoor environment, fresh air is required in buildings to lighten and minimize odors, to improve the oxygen level for respiration, and to increase thermal comfort [75]. Natural ventilation could be a good environmentally friendly solution in Svartlamon buildings to improve air quality as the budget is very tight and the cultural heritage must be preserved [76]. This ventilation system can not only bring in fresh air using the natural force of wind and provide a high ventilation rate, which can be cost and energy efficient compared to mechanical systems, but also (if applied properly) can provide the opportunity of accessing daylight in buildings [77].



The proposed solution implies having straight pipes (re-used when applicable) through the roof and the ceilings of the apartments in order to exhaust the polluted air from the secondary rooms (kitchens in this case). Each apartment would have its own pipe as shown in Figure 24 which refers to a possible solution for the house of Strandveien 21. Putting vents through the walls is also a good solution for air change. However, the location and orientation of these pipes are crucial in terms of controlling the airflow, pollution release rate, and the amount of fresh air coming in [78], not having vents close to the exhaust pipe, but at the opposite side to improve airflow and preferably placed facing the wind, but also not close to the windows which is a cold area.



Ventilation outlets would be a vertical duct (at the opposite side of the air inlets) from the ceiling of the apartment to the roof of the house but also air extractors. The vertical straight pipe will evacuate hot air through the roof due to the low density of heated air.



Sound insulation



Materials which will be used for sound insulation need to be selected carefully. The goal is to prevent, or at least reduce, the sound coming from other apartments since it is the most annoying sound source. For keeping a low budget, only the walls (separating the common stairs and the apartments) and the floors (separating the first floor and the second floor) are addressed. Sound absorbent materials act as springs in a mass–spring–mass system. The sound absorbent is a soft, porous material that dampens sound and which is placed between two rigid walls considered as the masses [79]. These rigid walls stop a part of the sound according to the mass law: the heavier and denser a material, the higher the acoustic insulation is. The growing environmental awareness triggered a shift towards more environmentally friendly materials from renewable resources, such as waste wool and recycled polyester fibers [80]. Wooden fiber is good for acoustic since it is quite heavy but also mineral wool that has a good absorption factor at all frequencies [81,82].



Frames can be created in front of the existing walls separating the apartments from the common stairs/area, in which the insulation will be placed. For optimal insulation, the frame must be detached from the wall. That way, if one wall vibrates, it does not transmit its vibration to the second wall.



Lighting conditions



Ensuring good natural lighting conditions in a building is important to improve the health and wellbeing of residents [83]. A solution to enhance natural lighting in buildings would have been putting larger windows, but the cultural heritage regulations make this impossible. The alternative solution is to choose colors that reflect natural light. The reflection value of light can vary from very high percentage for white glossy finish to almost null for mat black. This can affect daylight illuminance in the room and impact the visual comfort of residents [84]. Finally, improving the artificial light equipment in the rooms can contribute to better conditions.



Windows



One solution will be to use windows with the lower U-value than windows already installed in order to reduce heat loss through window, especially in the north façade where there is the least solar gain [85,86,87]. However, windows with low U-Value are expensive and have a lower transmittance which deteriorates the properties of natural lighting [88]. A better performing frame like an insulated frame allows to reduce heat loss through the frame, and if they are well installed, they will highly reduce air leakage [89]. However, some of them could be expensive, and the design of the building does not allow to put any windows, as the external visual aspect must be kept. In the cheapest way, it is recommended to stop air leakage around the windows just with a seal and the use of reclaimed material to replace damaged parts.



Wind barrier



Airtight building envelope in lightweight constructions in cold and moderate climates is normally realized by a continuous interior air- and vapor-tight barrier. However, a proper interior air barrier that fulfills the stricter environmental requirements is usually labor intensive due to many internal joints in buildings (e.g., interior walls, perforations necessary for electrical and plumbing devices) [90,91].



Given the high possibility of unwanted infiltration of cold air in buildings through forced convection, using “wind barrier” can help to protect the outside insulation layer from such cold air infiltration into the constructions [92]. The wind barriers can also serve as a drainage plane to prevent water infiltration into the structure [92].



Air leakage



Uncontrolled infiltration of air through the building results from holes in the envelope (chimneys and ducts), gaps between building components especially at the roof, joints around movable elements such as doors and windows, and penetration of air through building components under pressure from wind. These infiltration means a high heat loss (up to 30%). Reducing infiltration will therefore significantly reduce heat loss and reduce overconsumption [93]. The following actions can be taken to reduce infiltration:




	-

	
Replace air windows with low leakage units;




	-

	
Seal around door and window frames and other components with flexible mastic seal;




	-

	
Seal cracks and holes in the envelope, mainly around duct, pipe passage.









An old building breaths due to its air infiltration weaknesses, ventilation is mainly due to low airtightness. Therefore, in reducing air leaks, the building will be more airtight and this type of natural ventilation will be less efficient. It is important to consider ventilation in the renovation planning, in order to avoid reduction of inside air quality causing moisture, material degradation and health problems for the residents thereafter [94].



Insulation of exterior components



Given the considerable influence of building envelope properties on the construction energy performance, one of the most common methods to improve energy efficiency in constructions is to insulate the internal and external walls [95]. To minimize energy use in buildings, providing thermal and moisture insulation in the layers tend to be very efficient. Thermal insulation can be installed on the external or internal side of the building envelope. However, in case of historical buildings, applying insulation in the external walls should be done in a more careful way due to the necessity of preserving the ancient and distinctive appearance in such buildings [96].



However, the influence of moisture transfer and condensation inside the walls (which would affect the thermal performance of the materials as well) is usually overlooked. For instance, it is shown by Barbosa and Mendes (2008) [97] that ignoring the influence of moisture in thermal insulation layers may lead to underestimation of yearly heat flux in buildings, which will result in huge waste of energy. Hence, it is crucial to view both thermal and humidity aspects in installing insulation in both internal and external wall layers.



The given circumstances in Svartlamon offer both advantages and disadvantages in terms of wall insulation of external walls. The usual measures used in the performance of insulation techniques are usually characterized by a high-cost factor. However, Svartlamon has to deal with limited budgets. Due to this fact as well as the historical and heritage characteristics of buildings in this area, it is not advisable to install insulation in the outer shell of the building, as a composite thermal insulation system. On the contrary, techniques can be used which may differ slightly from the state of the art or which do not fully comply with the regulations. The loosened requirements for building standards in Svartlamon offer a great advantage in this respect. Thus, apart from fire protection, the energy standards for new buildings do not necessarily have to be fully met. In the following section, different possibilities will be explained which can lead to an enhancement of the living situation and comfort.



Internal insulation is characterized by numerous disadvantages, as poor execution can result in extensive consequential damage [85]. Internal insulation in historical buildings can also lead to reduction of floor area, change of spatial room pro-portions, loss of historic fabric, and influence on the hygrothermal behavior of the insulated walls [98]. However, with careful execution it also offers several advantages with regard to Svartlamon. For instance, single rooms such as the living room can be insulated as desired to reduce heating times and energy loss. Although this means that valuable living space is lost, it also saves costs as no scaffolding is necessary, and the wooden cladding of the façade does not have to be removed and replaced.



Due, among other things, to the widespread use of timber-/timber-framed constructions in Norway, blow-in insulation should also be taken into consideration. With the help of this technique, all cavities are filled with loose bulk material and the insulating effect of the wall is significantly increased without a change in the external appearance of the building being visible after the measure. However, the installation should be carried out or at least supervised by a specialized company, since a deficient execution leads to large consequential damages. Nevertheless, it is a very cost-effective and above all very fast method with few working hours. There are also numerous sustainable and natural materials available for the choice of insulation material. For example, old newspapers can be collected and recycled to provide a much cheaper alternative to manufactured raw materials.



The structural and physical properties of the exterior walls are influenced by the right choice of materials and therefore also by the choice of insulating materials. Nowadays, many different insulating materials are used in the building industry. The Table 4 and Table 5 were adapted from Gabriel and Ladener (2018) [99] and Kolb (2014) [100] and developed by one of the student [101] to be incorporated in the practical guidance and each give an overview of the individual properties of the selected insulating materials and techniques.



Provided information consists of approximate costs per square meter for the materials and their technical parameters as well as indications regarding insulation techniques that could be more or less easily applicable for self-renovation work. A point system is used to describe the insulating efficiency, summer heat protection, and moisture control (Table 4), whereby five filled out points stand for very high (very good) and five empty points for low (very bad). The same point system is used to assess the insulation techniques (Table 5).





5. Discussion and Conclusions


The purpose of this study was to explore the challenges related to sustainable refurbishment of an experimental urban ecological area with a strong historical and cultural heritage. We proposed possible renovation solutions and instructions with respect to the self-renovation culture that dominates in the community while also accounting for the complex ownership structure, governance, and insufficient funds for the maintenance backlog. Findings from this paper provided insight in two aspects of self-renovation:




	(i)

	
Available resources and reuse of materials;




	(ii)

	
Renovation guidance for inhabitants from the building physics perspective and improvements to the indoor comfort.









The research prepared together with master’s students from NTNU is based on on-site observation and a close collaboration with the housing foundation of Svartlamon, thus providing solid basis for recommending real-life practical solutions that reflect the needs and the will of the community while trying to improve the overall sustainability of the building stock.



Based on the research, this study presents answers to the research question How to raise the self-renovation standards of a culturally protected although poorly maintained area?



Results show that in order to keep a sustainable, low-cost urban living model, instructions for self-renovation including information on their impact on sustainability are valuable as a guidance for non-professionals to make informed choices. We can emphasize that inhabitants are used to lower living standards, so the project is aimed to present the proper solutions for improvement as a balance between new technical solutions, personal self-renovation skills, habits, and health. This study addresses the challenges related to lack of motivation, knowledge, and communication that constitute major barriers to the implementation of sustainable renovation measures by proposing concrete actions based on state-of-the-art energy-retrofit interventions that account for the pre-existing cultural and economic factors influencing community decisions and capabilities.



The community has had a long history of fighting for the preservation of the area as a low-standard independent neighborhood. Despite of the maintenance backlog, the will of the community to work together to renovate the buildings is an asset. Having only a low budget and little knowledge, they constantly found creative ways to address their problems, for example, the infrastructure and network systems for re-using materials are already well implemented. However, the local storage of the materials is a limit to their ambitions, and the community as well as the municipality could benefit from being part of a wider network as proposed by Loopfront. This pre-existing culture should be combined with more sustainable solutions such as improving the thermal insulation, upgrading the windows with better glazing and frames, etc. With an improved maintenance strategy and access to the proper tools and resources, the community could develop their self-renovation culture towards more efficient and environmentally friendly practices.



Recommendations for future self-renovation work should provide some key-knowledge to the inhabitants about insulation, structure, indoor climate, building physics, and energy efficiency. This would allow them to make better-informed choices when engaging in self-renovation projects. All aspects of a renovation plan are closely linked and should be considered simultaneously. For instance, repairment, sealing of cracks and sealing of air infiltration weaknesses, adding new layers like wind barrier and insulation lead to buildings more airtight which means that ventilation system must be considered and improved. Regarding the indoor comfort in the building, it is relevant to point out that they were not initially designed for the modern lifestyle and hygiene habits; inhabitants’ activities and use of the kitchens and bathrooms have caused humidity damages that should be fixed in order to insure an acceptable indoor air quality.



Furthermore, when developing a practical maintenance guide, the effects and the actual cost-benefit factor for the residents of Svartlamon must also be considered, and a balance must be found between technical solutions and user behavior.



To improve the living standards in Svartlamon, thermal comfort and building physics, the proposed solutions and recommendations aforementioned might be a promising start to sustainably improve the houses in the long-term.
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Figure 1. Trondheim Historic Centre, Svartlamon, and National Railroad (©Google 2021, edited by authors). 
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Figure 2. Svartlamon in 1964 (Trondheim Municipal Archive Center). 
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Figure 3. Timeline of Svartlamon’s history (by the authors). 
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Figure 4. Svartlamon wooden buildings (NTNU). 
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Figure 5. Deteriorating façade (NTNU). 
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Figure 6. Leaning house (NTNU). 
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Figure 7. Strandveien 19 and 21 (Trondheim Municipality, 2016). 
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Figure 8. Renovation of the façade (Trondheim Municipality, 2016). 
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Figure 9. Illustrated section of the building in Strandveien 19 (Sekkal, 2019). 
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Figure 10. Crack between the buildings Strandveien 19 and 21 (NTNU). 
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Figure 11. Humidity damage (NTNU). 
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Figure 12. Indoor wall in one of the rooms (NTNU). 
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Figure 13. Integrated humidity control, occupancy sensor, and downtime (NTNU). 
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Figure 14. Workshop session on window restauration (Svartlamon residents association, 2016). 
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Figure 15. Workshop at Svartlamon (NTNU). 
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Figure 16. Participants’ involvement in renovation/refurbishment projects. 
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Figure 17. The type of buildings and the participants involvement in renovation plans. 
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Figure 18. Involved groups in renovation plans. 
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Figure 19. Participants interest in involvement in future renovation plans. 
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Figure 20. Respondents’ engagement with community before renovations. 
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Figure 21. The technologies available in the respondents’ houses. 
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Figure 22. Participants’ interest in applying new technologies. 






Figure 22. Participants’ interest in applying new technologies.



[image: Energies 14 04056 g022]







[image: Energies 14 04056 g023 550] 





Figure 23. Practical guide developed by NTNU Students for Svartlamon residents. 
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Figure 24. Simplified drawing of the proposed ventilation system for Strandveien 21 (Practical guide by Gendarme, 2019). 
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Table 1. Characteristics of Svartlamon.
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Aerial picture of Svartlamon (©Blom)

 [image: Energies 14 04056 i001]

	
area

	
Ca. 27 km2




	
population

	
Ca. 200 inhabitants




	
type and number of buildings (year of construction)

	
25 residential buildings and 4 commercial buildings




	
type and number of flats

	
130 dwellings




	
main infrastructure

	
Kindergarten, culture house, shops, railways, and roads




	
maintenance funding (per year)

	
Housing Foundation ca. 1.3 M. NOK + Municipality ca. 1.2 M NOK








About 80 people work in varying positions in Svartlamon. In addition, the kindergarten is managed by the municipality. The area is regulated as special conservation area and has about 35 antiquarian classified buildings (residential buildings and outbuildings) [69].
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Table 2. Problems of the building stock based on site-observation.






Table 2. Problems of the building stock based on site-observation.





	Foundation, Basement
	Facade
	Walls
	Floors
	Windows
	Basic

Infrastructure





	humidity, stability, cracks, missing drainage
	cracks on the wall, rotten wooden panels, deteriorating paint
	cracks on the walls, molds, fungus, rotten elements, humidity
	noise disturbance between floors
	simple glazing, humidity damages on wood frames
	missing toilets, baths
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Table 3. Estimated renovation costs compared to available funds (Trondheim Kommune, 2016).
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	Further Improvement Costs
	Available Funds





	Strandveien 19
	709,090 NOK
	126,270 NOK



	Strandveien 21
	591,936 NOK
	105,408 NOK
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Table 4. Insulation materials and their properties (Beck, 2019).
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Material

	
Thickness [cm]

	
Aprox.Cost* [NOK/m²] W/m²k

	
Primary Energy Consumption [kwh/m³]

	
Heat Insulation Effect

	
Summer Heat Protection

	
Moisture Control




	
For U-Value= 0.2 W/m²K






	
Flax

	
20

	
250–300

	
200–400

	
 [image: Energies 14 04056 i002]

	
 [image: Energies 14 04056 i003]

	
 [image: Energies 14 04056 i002]




	
Hemp

	
22.5

	
200–300

	
200–400

	
 [image: Energies 14 04056 i002]

	
 [image: Energies 14 04056 i003]

	
 [image: Energies 14 04056 i002]




	
Mineral bonded wood wool board

	
45

	
750–950

	
450

	
 [image: Energies 14 04056 i004]

	
 [image: Energies 14 04056 i002]

	
 [image: Energies 14 04056 i002]




	
Sheep wool

	
20

	
350–600

	
40–80

	
 [image: Energies 14 04056 i002]

	
 [image: Energies 14 04056 i005]

	
 [image: Energies 14 04056 i006]




	
Cellulose

(a) loose

(b) panels

	
20–22.5

	
150–200

250–300

	
25–30

100–600

	
 [image: Energies 14 04056 i002]

	
 [image: Energies 14 04056 i004]

	
 [image: Energies 14 04056 i006]




	
Calcium silicate boards

	
50–100

	
250 (50 mm)

	
–

	
 [image: Energies 14 04056 i003]

	
-

	
 [image: Energies 14 04056 i006]




	
Mineralfiber

(a) glass wool

(b) rock wool

	
17.5–25

	
100–300

	
95

	
 [image: Energies 14 04056 i006]

	
 [image: Energies 14 04056 i007]

	
 [image: Energies 14 04056 i008]




	
Expanded perlite 

(a) thermal insulation 

(b) impact sound insulation

	
22.5–30

	
200–400

	
300–500

	
 [image: Energies 14 04056 i003]

	
 [image: Energies 14 04056 i003]

	
 [image: Energies 14 04056 i008]




	
Polystyrene panels

(a) EPS

(b) XPS

	
12.5–20

	
100–150

400–500

	
360–600

600–900

	
 [image: Energies 14 04056 i006]
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Table 5. Insulation techniques and their potential for self-renovation (Beck, 2019).
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	Sustainable Raw Materials Usable
	Change in Facade Appearance
	Thermal Bridge Reduction to a Minimum
	Fire Protection Improvement
	Personal Contribution Possible
	Area of Application
	Costs [NOK/m²] at Thickness t [cm]





	Curtain wall
	 [image: Energies 14 04056 i006]
	 [image: Energies 14 04056 i006]
	 [image: Energies 14 04056 i002]
	 [image: Energies 14 04056 i009]
	 [image: Energies 14 04056 i011]
	All building types
	1300–1700; t = 16



	Thermal insulation composite system
	 [image: Energies 14 04056 i003]
	 [image: Energies 14 04056 i003]
	 [image: Energies 14 04056 i006]
	 [image: Energies 14 04056 i005]
	 [image: Energies 14 04056 i009]
	All building types
	1100–1500; t = 10



	Internal insulation
	 [image: Energies 14 04056 i007]
	 [image: Energies 14 04056 i008]
	 [image: Energies 14 04056 i007]
	 [image: Energies 14 04056 i010]
	 [image: Energies 14 04056 i007]
	Listed facades
	900–1200; t = 10



	Blow-in insulation
	 [image: Energies 14 04056 i006]
	 [image: Energies 14 04056 i008]
	 [image: Energies 14 04056 i010]
	 [image: Energies 14 04056 i008]
	 [image: Energies 14 04056 i008]
	Double-shell wall

(cavities needed)
	150–300;



	Insulation plaster
	 [image: Energies 14 04056 i008]
	 [image: Energies 14 04056 i002]
	 [image: Energies 14 04056 i002]
	 [image: Energies 14 04056 i004]
	 [image: Energies 14 04056 i009]
	All building types
	600–800;



	Above rafter insulation
	 [image: Energies 14 04056 i006]
	 [image: Energies 14 04056 i003]
	 [image: Energies 14 04056 i006]
	 [image: Energies 14 04056 i009]
	 [image: Energies 14 04056 i002]
	Rafter roof construction
	2000–2500;



	Between-/under- rafter insulation
	 [image: Energies 14 04056 i006]
	 [image: Energies 14 04056 i009]
	 [image: Energies 14 04056 i005]
	 [image: Energies 14 04056 i009]
	 [image: Energies 14 04056 i002]
	Rafter roof construction
	400–600;



	Attic insulation
	 [image: Energies 14 04056 i006]
	 [image: Energies 14 04056 i008]
	 [image: Energies 14 04056 i002]
	 [image: Energies 14 04056 i009]
	 [image: Energies 14 04056 i006]
	All building types
	400–600;
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