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Abstract

:

The renovation of buildings involves multidisciplinary issues and multistakeholder involvement, which makes the process complex to manage. The purpose of this paper is to present a transparent, openly accessible, adaptable framework to ensure a sustainable renovation process, covering the technical, environmental, economic, social, and cultural historical aspects to be considered by the various actors during the renovation process. A framework with an associated process was drawn up, focusing on practical usefulness together with the fundamental idea that sustainability cannot be a sub requirement but must be the overall requirement present in all stages of the process. The framework contains an overview, description of activities, links to external tools and documents, and finally a checklist to be completed after each stage. Depending on which stakeholder uses the framework, there are different examples and suggestions for activities and tools. Contrary to many other assessment schemes, the SIRen process focuses on the renovation process itself, and the self-evaluation gives a numerical value that represents to what extent the actors have considered and implemented different aspects of sustainability in the stages of the renovation process. The SIRen process was partially implemented in four renovation projects during the iterative development of the SIRen framework.
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1. Introduction


Sweden, like many other nations in Europe, faces a need for large-scale, urgent renovation of the post-war building stock that is past its technical, economic, and service life endpoint. Buildings are responsible for 40% of energy consumption and 36% of CO2 emissions in the EU, and it is predicted that 50% of the building stock that will exist in 2050 will have been built before 1975 [1]. Therefore, the renovation of existing buildings has the potential to lead to significant energy savings, potentially reducing the EU’s total energy consumption by 5–6% and lowering CO2 emissions by approximately 5% [1]. This must be done without compromising environmental, social, and economic quality. The environmental sustainability category includes aspects of energy and environmental impact and use of resources; the social category includes aspects of indoor environment quality, architectural quality, functionality, quality of life, employment, and cultural historical aspects; and the economic category includes costs related to construction and operation. There is no general definition to describe building interventions, but a large variety of partly overlapping terms are in use, e.g., alteration, adaptation, renovation, rehabilitation, refurbishment, retrofitting, restoration, and reconstruction. In this paper the word renovation means a range from repairs with a minimum of interventions to major alterations of the original building, depending on the identified need.



In general, a renovation process includes more or less the same stages as the process of new construction (predesign, preliminary investigation and program formulation, design, construction, commissioning, and follow up during use phase). However, in renovation, more emphasis should be placed on the preliminary investigation in terms of the time and resources needed to achieve good results [2]. A schematic overview of a renovation process [3,4,5] can include: the needs of renovation caused by technical or functional obsolescence, inventories and documentation, early discussions with authorities, preinvestigation, designing alternative solutions, preliminary cost calculations, the decision to design, design, the discussion with users, the decision to construct, construction consent, alteration and renovation works, and the user phase and maintenance. During the renovation process, a number of decisions are made throughout the different stages, from the initial decisions on which buildings to renovate and to what extent, to the design of renovation measures to implement, to which methods of construction to use and how the renovation will be organized in terms of interaction with tenants, etc. There are also indications that uninformed architectural decisions lead to the replacement of existing, and often still functional, materials and building components with new ones that have shorter technical and aesthetic lifespans, resulting in increased material flows as well as the loss of architectural and historical value [6]. From this perspective, renovation involves a complex decision-making process in which multiple requirements and conditions must be taken into consideration simultaneously. Sustainable renovation, where environmental, social, and economic aspects are encompassed in a balanced way, therefore requires a multidisciplinary approach, involving experts from different fields of knowledge working alongside building owners, tenants, and practitioners to design, reconstruct, and operate buildings [3,7,8,9].



To understand the multidisciplinary and multiactor process, including how to make balanced decisions at each stage, it is necessary to obtain a sustainable renovation process. Working within the Sustainable Integrated Renovation (SIRen) research network [10] has been an opportunity for researchers and actors to meet, discuss, and elaborate upon the technical, environmental, economic, social, and cultural historical aspects of the renovation of buildings, as well as to identify and discuss new challenges. The SIRen research environment gathers researchers from engineering, architecture, social sciences, and real-estate management from a number of academic institutions and institutes in Sweden as well as committed industrial and public actors representing building owners, housing companies, facility managers, contractors, consultants, architects, building conservationists, authorities, and tenants’ organizations. The SIRen research environment focuses on the complexities of the renovation of existing buildings. For example, the meaning of the words “sustainable renovation” was understood very differently by the different stakeholders when the research environment was established. The research environment’s aim was thus to gather existing knowledge and build new knowledge in order to increase the understanding of sustainable renovation and to make renovation methods and processes more sustainable. This will strengthen Swedish competitiveness for renovation in terms of both practice and research and development, both nationally and internationally.



It was identified that there is a lack of practical methods and methodologies for sustainable renovation. In order to manage the complex issues arising during different stages in the renovation process, and to succeed with a sustainable renovation, the need both for an overarching, descriptive framework and process providing guidance throughout the renovation process and for references to supportive tools that can be used by different stakeholders at different stages was identified.



The aim of this paper is to present a transparent, openly accessible, adaptable framework for a sustainable renovation process, covering the technical, environmental, economic, social, and cultural historical aspects to be considered by the various actors during different stages. The intended use of the framework is the renovation of one or several buildings and the physical space between buildings. The research has focused on two questions:




	
How could a framework for a sustainable renovation process be designed?



	
What components in terms of stages, activities, and actors should be included?








The structure of the paper begins with a review of previous research in Section 2, and then the development and iterative improvement of the framework and process is described in Section 3. In Section 4, four renovation projects that were used as case studies in the iterative development process of the framework are described. The results shown in Section 5 include the outlines of the framework and the process together with associated descriptions of activities, links to tools and documents, and supporting documents, such as checklists for self-evaluation. In Section 6, the results are discussed in relation to earlier research, and conclusions are drawn.




2. Previous Research


Sustainable renovation generally refers to a renovation that fulfills the dimensions of environmental, social, and economic sustainability for the changes to buildings [5]. Several tools and frameworks for supporting sustainable renovation have been developed. Nielsen et al. reviewed and categorized 43 tools for early-stage decision support, which is perhaps the most common type of tool [7]. From here on, the concept framework is used to describe a set of tools covering more than just one stage in the renovation process. A pure decision support tool is not a framework in this sense, but many authors use the word framework even if it covers a more limited part of the building process. Some authors focus on the early decision-making stages for a project [5,8,9]. Thuvander et al. [5] made an inventory of different decision-making tools and processes that could fit within a framework using a literature survey and a workshop with stakeholders. Golic et al. [8] developed a framework which was based on the Swiss Sustainable Building Standard, with extra focus on social aspects. This framework covered the early stages of a project with emphasis on criteria and goal setting. Kamari et al. developed a multimethodology framework, also with emphasis on the early investigation and decision stages [9]. Kamari et al., on the other hand, developed a sustainability framework to audit, develop, and assess building renovation performance, and support decision making during the project’s lifecycle [4]. A design framework was developed by Passoni addressing life cycle thinking and holistic perspectives in each phase of the design [11]. A framework was developed by Kamari et al. using empirical information to investigate the mapping of 18 criteria with 118 subcriteria to 139 renovation alternatives [12]. Blum and Grant presented a methodological framework and toolkit to support the decision-making process at different stages of a neighborhood development process using an aggregated index and directory of assessment tools for the built environment, based on credits awarded against a set of performance criteria [12]. As part of the RE-VALUE project [13], a metasynthesis of seven sustainability assessment methodologies was carried out, amongst others the Danish version of the German certification DGNB with indicators for economic, social, and environmental factors as well as for process sustainability [14].



For tools and frameworks that include decision support, the choice of criteria and quantified sustainability goals is, of course, critical. Zhang and Lai Lei suggested a framework for renovation of existing residential buildings based on environmental efficiency, which they defined as functional quality divided by environmental loading [15]. Environmental efficiency is derived from ecoefficiency, which is defined by the World Business Council for Sustainable Development (WBSCD) as the product or service value divided by its influence on the environment [16]. Ecoefficiency thus has much more focus on economic than environmental efficiency. The functional quality in [15] was calculated from functional ability, durability and reliability, flexibility and adaptability, and outdoor environment. For environmental loading, energy, resources and materials, and an off-site environment were used. Some authors, e.g., Kamari et al. [4] and Medinecke [17], used an existing set of sustainability criteria or certification systems, such as BREEAM [18], DGNB [14], and LEED [19]. However, many assemble their own set of criteria. Tupenaite used 8 criteria with 48 subcriteria [3], Jensen and Maslesa used 8 parameters with 34 subcriteria [20], and Kamari et al. used 18 criteria with 118 subcriteria [13]. There are different strategies for deciding on the criteria, e.g., having them chosen by the researchers in the scientific project [3], with focus groups of experts [8,15,21], by using stakeholder input [4,12,22], or with a mix of these strategies. Taillandier et al. developed a method for decision support regarding the choice of renovation solutions that enables a merging of the project stakeholder points of view, based on a deep interaction between experts and owners [22]. Femenias et al. conducted a postreflective analysis of actor and stakeholder engagement to handle the decision-making process regarding the renovation of housing of cultural historical value [6].



To be able to quantify the sustainability goals or criteria, aggregated values of estimated or measured subcriteria must be implemented. Tupenaite et al. calculated an index representing the built and human environment from 48 subcriteria using simple additive weighting (SAW) [3], whereas Kamari et al. calculated three indexes: functionality (29 subcriteria), accountability (36 subcriteria), and feasibility (34 subcriteria) [4]. Malmqvist et al., on the other hand, used two indexes: external load index, including mostly energy aspects, and internal load index, based on a questionnaire about indoor environment [23]. Some authors use more standardized values, such as life cycle cost [24] or greenhouse gas (GHG) [25].



To display the results, simple diagrams [23] or rose diagrams with 4 axes [26], 7 axes [15], 8 axes [20], 14 axes [11], or 30 axes [4] can be used. Instead of diagrams or quantitative indexes, Taillandier et al. used the elimination and choice translating reality (ELECTRE) method to create a ranking [22].



The systems and methods for solving multiple criteria problems are called multiple criteria decision management tools (MCDM) and include strategies or mathematical algorithms for finding the “best” solution. If there are subcriteria with values (measured or estimated), weighting methods such as SAW (simple additive weighting), MEW (multiplicative exponential weighting), or COPAS (multiple criteria complex proportional evaluation) can be used [17]. The actual weighting factors can be set by qualitative estimation or a more systematic method such as analytic hierarchy process (AHP) [3,17].



Medineckie presented a tool that combined multicriteria decision-making (MCDM) methods and building certification systems in order to make weighted decisions in complicated construction tasks [17]. Jimenez et al. developed a multicriteria decision support method to select feasible and sustainable housing renovation strategies [27].



From the literature survey, it was clear that the questions about decision-making and performance methods have been studied at least since 1995 [7]. The field has a mature theoretical framing. The questions and problem formulations are “soft” in the sense that there is an acceptance that no well-defined optimal solution can be found; instead, the solutions to how a sustainable renovation method might be implemented is a matter of negotiation between the stakeholders in a given situation [4,28].




3. Materials and Methods


3.1. Development of Framework


In order to answer the two research questions, a starting point for developing a renovation framework was needed. This starting point was chosen to be a framework inspired by the successful example ByggaF for assuring moisture safety in the building process [29]. ByggaF consists of a set of systematic activities, checklists, documents, and guidelines for all stages in a construction project. In a similar way, a renovation framework with an associated process was drawn up. This framework did not focus heavily on the theoretical methodologies and nomenclature but rather on the practical usefulness, together with the fundamental idea that sustainability cannot be a sub requirement but has to be the overall requirement present in all stages of the process. The reason a new framework was developed, as opposed to using an existing one, was that practitioners in the SIRen project were reluctant to use methods with too much theoretical overhead. The new framework was called the SIRen framework (Sustainable Integrated Renovation framework), and each activity was linked to existing methods and tools openly accessible on the market or web (in Sweden). In this way, the framework can be adopted using the same general activities, but linking different methods and tools for different countries and regions and adapting to national constraints, such as building regulations, rent regulations, financial and market constraints, ownership, subsidies, energy targets, climatic conditions, etc.



The purpose of the framework is to provide a holistic view of sustainable renovation and to guide the building owner and other stakeholders involved through all stages of the renovation process, introducing important activities that must be carried out to achieve a sustainable renovation process and a sustainable renovated building. Methods that can be used for inventories, analyses, the evaluation of alternative renovation measures, and guiding decision making are referenced. The framework suggests different tools and methods to be used by stakeholders during all stages of the renovation process. The framework has both an informative part and an evaluative part. Throughout, all activities and methods must contribute to a long-term and/or life cycle perspective. Depending on the particular aspect that is analyzed, a long-term or life cycle perspective is most suitable. For example, the aspects of indoor environment and cultural values are best analyzed using a long-term perspective, whereas the environmental impact of components and structures, e.g., relining vs. changing pipes and upgrading vs. installing new kitchens, is best analyzed using a life cycle perspective. The SIRen framework emphasizes the importance of a holistic perspective and includes the following areas: technology, environment, economy, social values, architectural and cultural environment, functionality, and the renovation process inspired by the German system DGNB [14]. This particular choice of system was partly made due to its emphasis on social and cultural aspects, which was something that was deemed important by the stakeholders involved in the SIRen research environment (see Figure 1).




3.2. Improvement of Framework through Interaction with Stakeholders


During a number of workshops arranged from 2014 to 2018 within a network of researchers and stakeholders from the Swedish renovation sector, the structure of the framework was drawn up and gradually improved: more activities were added, the different process chains were described in more detail, and more examples of already existing tools for inventory and decision support were added. The leading principle for the workshops was to find practical methods and agreeable values for sustainable renovation. In 2017, parts of the framework were tested in active renovation projects [30,31]. In 2018, a checklist was added for self-evaluation of sustainability, partly inspired by the Swedish Agency for Economic and Regional Growth’s Sustainable Business [32].



Information and links to existing tools were gradually identified and replenished. Division into stages and actors’ groups was developed in consultation with the participants of the SIRen researchers and practitioners network. Actors linked to the research network were asked to use the process in active renovation projects. As feedback was received from the users, improvements to the process structure and content were made.





4. Case Studies Used in the Iterative Development Process


Four renovation projects shown in Figure 2 were used as case studies in the iterative development process of the framework. The outline of the process was introduced and followed up by one or two researchers and practitioners in the SIRen network, and results and experience were reported back to the network at meetings and used for improving the framework.



4.1. Residental Housing Area in the West of Sweden


The residential area Siriusgatan is one of many areas built in the 1960s in urgent need of renovation. Technical deficiencies, such as leaking facades, and high costs for operation and maintenance were identified, which led to the planning of an extensive renovation project, including both reconstruction and renovation of apartments and energy efficiency measures. The renovation would involve high costs for investments as well as increased rent levels, which caused the management group to halt and restart the process [33].



During the late spring of 2015, a housing company contacted researchers within the SIRen research network to request advice on how to plan and execute a sustainable renovation, in terms of social, environmental, and economic sustainability. The housing company expressed that they mostly focused on new construction, but that maintenance and renovation had to be delayed despite major challenges in several existing areas with neglected maintenance and major renovation needs. The housing company also wanted to increase the attractiveness of these areas with existing housing. After some initial meetings, the researchers suggested that they should follow the SIRen process for a strategic holistic approach with the aim of achieving a more sustainable renovation as described above. As a result, careful work on an action program was initiated, where support was provided by researchers in the SIRen network. Several action packages were studied based on the opportunities and risks. Taking into account the residents’ minimal ability to afford an increase in rent and the city’s goal that no one should have to move apartments as a result of a rent increase caused by renovation, the management group decided to proceed with a renovation with limited interventions, including measures on facade and in the outdoor environment. Interior renovations are still needed but are planned to be implemented at a later stage. The planned gentle renovation will be implemented stepwise and at multiple stages. The measures involve some new facades and windows, additional insulation of some facades and roofing, decontamination of PCB in facade joints, installation of PVs on roofs, new drainage, and the rehabilitation of waste rooms, laundry rooms, and the outdoor environment. There will also be energy efficiency measures leading to a 20–25% energy savings, and the buildings will be prepared for future installation of a supply and exhaust ventilation system with heat exchangers. The renovation that is now planned will lead to a low rent increase.



The renovation of Siriusgatan illustrates the conflicting objectives where political targets in terms of energy savings and development goals for the suburbs are difficult to fulfil in tandem with social consideration for residents, given the municipality goals that no one should have to relocate as a result of renovation. By working according to the SIRen process and taking into consideration economic, social, and environmental aspects, these conflicts were raised early in the process, which means that more informed decisions could be made [33].




4.2. Residental Housing Area in the Middle of Sweden


The residential area Tjärna Ängar, consisting of 36 residential buildings constructed in 1970s and owned by the public housing company Tunabyggen AB, is undergoing extensive renovation. Initially the company worked according to an established construction process, but the approach was gradually developed with new findings from research, industry, and authorities. In this specific case, Tunabyggen applied a method for careful renovation proposed by the researchers, which is well in line with the SIRen framework. The ambition was to implement and establish sustainable renovation with caution, e.g., with solutions that involve reasonable costs, which means that a close to zero energy solution also fulfils the owners’ requirements of return on investments, and solutions that allow for residents to remain in their apartments during renovation with minimal disturbance to avoid costly and impractical evacuation. In addition, there was a focus on choosing robust techniques, but also on improving the thermal comfort in the apartments in connection with energy efficiency measures. Decisions and processes also had to be in line with the ability and competence of the actors involved in the project, which also required that information be available at the right time to facilitate for strategic actors to impact decisions as well as the quality of work. Tunabyggen engaged researchers from Dalarna University to support them in developing packages of renovation measures as well as in following up on the renovation process. The focus for the researchers has been on presenting sustainable solutions with the intention to identify and demonstrate sustainable solutions to proceed with in the entire building stock. The project started off with a workshop gathering the building owner and all consultants and contractors to discuss common goals and ambitions, resulting in a target document. At the early stage, a number of investigations, such as an energy survey and energy measurements, were done to obtain information on the status of the building before renovation, and these were repeated after renovation for assessing the effect of the performed actions. Qualitative interviews with residents in 10 apartments in the first pilot building were conducted two times, before and after renovation. The specific issues that were brought up in the interviews with tenants were formulated by researchers from social and behavioral science in consultation with researchers from technical science, mainly considering indoor comfort but also disturbance during the ongoing renovation. The interview study was complemented with interviews in the other two buildings as the project progressed.



In Tjärna Ängar, three pilot buildings were renovated with different systems in order to evaluate which system to proceed with. The first renovated building has 36 apartments in three floors, an exhaust ventilation system, and a single-pipe heating system connected to a district heating system. Renovation measures included additional insulation, new windows, and the installation of a heat exchanger on the exhaust ventilation using heat pump and supply air radiators, which could be installed without the evacuation of tenants. In the next building, only renovation measures at the building envelope, including additional insulation and new windows, were made. The third building had a traditional heat exchange system on exhaust ventilation installed, which required the evacuation of tenants.



Conclusions from the project were that it has been possible to implement sustainable renovation in the residential area of Tjärna Ängar. The monitoring of the three pilot projects will go on for one more heating season in order to evaluate the effect of different renovation packages. The interviews done after the renovation proved that the preheating of incoming air at the radiators has eliminated the problems with draft at the windows and improved thermal comfort in general. The owner estimates a 40% reduction in time for evacuation compared to the traditional heat exchange solution and, in total, a reduction of 15 weeks construction time for renovation. If no interior measures are completed, evacuation is not needed at all. Reduced return temperature results in higher efficiency in the district heating system, which contributes to a higher efficiency in the system on a city scale, which could have consequences on tariffs. The LCA analysis of renovation packages proved that the global warming potential decreased after the renovation for all pilot buildings, with a payback time between 13 and 32 years, depending on which renovation package was completed [24].




4.3. Residental Housing Area in the East of Sweden


The public housing company Stockholmshem, with a multifamily housing stock of 27,500 apartments, is part of the SIRen research network. They implemented the first part of the SIRen process in the renovation of an area of 700 apartments in Skärholmen as a case study. Together with an architectural firm and a consultant with expertise in gentle interior renovation, they started off the work by organizing a workshop on sustainable renovation with the site manager, project manager, business developer, project communicator, and tenant/customer relations officer. According to practice, technical inventories, such as fire safety, electricity, acoustics, environment, status of roof and laundry rooms, and heating and ventilation, were performed prior to renovation, which resulted in a list of suggested measures. In addition, a number of investigations were planned considering moisture safety, elevators, structures, cultural historical values, and accessibility. However, there were no investigations planned for tenants’ experience and architectural qualities of the apartments and the local environment. During the workshop, a local area analysis was presented. In addition, the consultants suggested methods for energy efficiency, renewable energy production, and interior renovation analysis, including inventory and identification of architectural qualities. Conclusions from the workshop were that gentle renovation which included the development of existing qualities, accessibility, long-term profitability, and energy efficiency, in combination with the possibility to produce renewable energy on site, was important.



The installation of photovoltaics for the production of renewable energy on the roof was planned and designed for. An expert was consulted for the choice of location of the PVs and to foresee both the technical and aesthetic interests, considering both existing installations and the view from buildings nearby and from the ground.



According to the SIRen process, both existing architectural and cultural historical values should be investigated before renovation. As a result, interior inventories were made in all apartments with the aim to preserve and refurbish as much of the interior as possible instead of tearing it out. The results of the inventories showed that solid interior structures such as cabinets in the kitchen, bathroom, and entrance were in good condition, so the recommendation was to refurbish them rather than to tear them out and insert new kitchens and bathrooms, in combination with changing drain pipes. A major part of the kitchen cabinet doors could be repainted and upgraded with new knobs.



The results from both the technical, architectural, and cultural historical interior investigations served as a basis for decisions on renovation measures. The extended inventories and analyses gave better conditions for the procurement of the right competence as well as for making decisions on sustainable renovation. In the case of Stockholmshem, the focus clearly changed during the time of the project with an increased interest to preserve and refurbish as much of the interior as possible, instead of tearing out and inserting new kitchens and bathrooms, which was the initial plan. The result was a gentle but more sustainable renovation [34].




4.4. School Building in the South of Sweden


The municipal school and preschool in Växjö, with 350 pupils ranging in age from 1 to 5 and 6 to 12 years, respectively, are in need of total reconstruction due to poor indoor and outdoor environments, but also due to high costs for maintenance. Moreover, accessibility requirements are not fulfilled, and the premises are not appropriate for today’s educational activities. The options discussed were: retain existing buildings and carry out necessary maintenance; conduct less extensive renovations of a few buildings; conduct extensive renovation of the entire school; demolish and reconstruct some buildings; and demolish all buildings and build a new school.



During the renovation process, the SIRen framework was used to take a holistic approach and highlight more sustainability aspects for discussion at an early stage. Two researchers introduced the SIRen framework to the project group consisting of representatives from the building owner and the municipality, guided them through the different stages, and presented the available tools. The researchers participated in nine project meetings and followed up the decision process with the purpose to evaluate how decisions are taken in early stages up to the design brief. The methods used were document analysis and participation in and documentation of discussions at meetings.



The main discussion was considering targets for renovation with the purpose of presenting different renovation alternatives. It was noted that aspects such as technical status, energy use, and indoor environment were not discussed to a large extent from the start. The discussions mainly handled accessibility, functionality in terms of a stimulating the teaching and learning environment, the flexibility of the premises for adopting new teaching and learning methods, the efficient use of space for covering the municipality’s need for places for education, and safety aspects (for example, traffic generated when parents pick up and drop off their children at school). A few inventories were carried out for determining technical status and accessibility. These were complemented by investigations on energy use, indoor environment, and cultural historical values, which did, among other things, lead to the decision to preserve a building that was intended to be demolished in the first stage. Financial aspects were discussed to a very limited extent, even though a political decision is required for investments. The users of the buildings were not involved due to a change in personnel until the first renovation plan was presented, which led to a reactive, rather than proactive, dialogue process, which is a lesson to carry over to the next project and must be stressed when implementing the SIRen process. Another important group of people that should be involved early in the process are the politicians, who will be the ones making the final decision on investments in order to complete the renovation. This study illustrates that a comprehensive analysis is needed when renovating a building and brings up the difficulties of addressing and evaluating all the viable aspects of concern as well as the importance of involving the stakeholders concerned as early as possible. It shows that the planning of a renovation is not a straight line but rather a process where conditions continuously change. The conclusion is that using the holistic SIRen framework and working according to the suggested SIRen process assured that technical, environmental, social, economic, and cultural historical aspects were considered and supported the project group in taking the necessary actions and making the necessary decisions at early stages [30,33].





5. Results


5.1. Overall Structure of the Framework


The framework is divided into four steps: overview, description of activities, links to external tools and documents, and finally a checklist to be completed after each process stage. The results from the checklist are reported as rose diagrams. Depending on the stakeholder who will use the framework, there are different examples and suggestions for activities and tools at all process stages. The framework can be used by property owners, architects, consultants, contractors, suppliers, operation and management teams, representatives for the users, authorities, etc. The framework is implemented in an Excel sheet supported by a written manual. The idea is that the framework can be used not only during the actual project work but also when individual process stages are completed and are to be evaluated.




5.2. Overall Structure of the Process


The suggested process in the SIRen framework starts out from the operation and management stage, since this is where the foundation for sustainable integrated management, maintenance, and renovation of buildings is formed. With deep knowledge about the technical status of the buildings stock as well as knowledge of the degree of satisfaction and wellbeing of the occupants of the buildings, it is possible to have a long-term strategy for well-planned maintenance and renovation without any emergency actions, which often involve high costs and inconvenience for the users. The denomination of the various process stages has been worked out during the workshops with researchers and practitioners in the SIRen network (see Figure 3). The vocabulary is necessarily a compromise because different companies and organizations use partly different terms.



Table 1 shows activities that are to be carried out at the first four stages of the process and map who is responsible for and carries out these activities. Table 2 shows the same for the last five stages.




5.3. Links to Tools, Routines and Documents


To support the actors locating useful tools, the framework provides references to existing tools, routines, and templates (national and international): for example, methods that can be used for inventories, certification, and decision support. In this way, the actors can access help with tools and documentation that are suitable during each process stage. Examples of tools and documentation include:




	
Routines for user dialogue during the renovation process [8];



	
Tools for multicriteria sustainability analysis (ReBo [35], RenoBuild [36]);



	
Tools for certification (BREEAM [18], DGNB [14], LEED [19]);



	
Tools for social and cultural inventory;



	
Documents such as building code and best practices.








For obvious reasons, many of the tools and documents are specific for the country where the framework is used—in this case, Sweden. As shown above, however, there are also many international references.




5.4. Check List and Self Evaluation


The framework also provides a template for self-evaluation (a checklist) that can be used after each stage to evaluate what relevant aspects of sustainability have been taken into consideration and to what extent.



When a stage in the SIRen process is completed, this stage can be evaluated by answering the relevant part in a checklist consisting of a total of about a hundred statements for which the users rate their contribution from a sustainability point of view. The rating (R) is on a scale of 0–3, where 0 means “not implemented” and 3 means “detailed implementation”. Each statement is associated with a weight that is distributed on all the sustainability aspects in Figure 1. See Figure 4 for two examples of statements and weights.



The entire checklist is presented in Appendix A. All aspects are grouped under a certain stage, and a rose diagram is made to visualize the sustainability that has been achieved. The rose diagram’s axes are based on the grouping of sustainability aspects according to Figure 1. Figure 5 shows examples of the results from the first six stages.



The current version of the SIRen framework is not a certification or standardization method, but rather a methodology guiding building owners and other stakeholders to carry out sustainable renovations with a holistic view. The long-term goal is that the models, methods, and tools for integrated sustainable renovation that have been developed will be used widely and on a large scale in the renovation sector in the future.





6. Discussion and Conclusions


The aim of this paper is to present a transparent, openly accessible, adaptable framework for a sustainable renovation process covering technical environmental, economic, social, and cultural historical aspects that must be considered by the various actors during different stages of the renovation process. It has been noted many times that there is a need for practical methods to complement the strong focus on economy in decision processes aiming at sustainable solutions [3,5,6,8,24,30,37].



The first research question was: how could a framework for a sustainable renovation process be designed? By starting with the advantages of existing tools for renovation (project management tools, status inventories, and multicriteria evaluation tools) as well as the experiences and feedback from previous projects, a framework and an associated nine-stage process for sustainable integrated renovation was developed. The framework was built to include activities, methods, and tools applicable throughout the entire renovation process. The structure and criteria for the sustainability analysis were based on the German Sustainability Building Council system (DGNB) [14]. From the literature survey it was clear that many different methods have been suggested for sustainability analysis [3,4,12,13,17], among them DGNB [14]. This particular structure was chosen due to its emphasis on social and cultural aspects, which were deemed important in the SIRen project. The framework and process were developed to satisfy the identified need from practitioners in the SIRen project for simple and straightforward methods and tools for renovation.



These type of “meta” frameworks have been suggested before [5,8,9,11,12,17], but often with a specific numerical MCDM method, resulting in one or more aggregated numbers [3,13,20,27] or a ranking [3,22]. A numerical value can point to a specific renovation choice but will always be dependent upon the numerical weighting factors in a more or less hidden way [17]. Previously developed “meta” frameworks have not been frequently used in practice [5], probably because of the perceived complexity of such frameworks. The SIRen framework proposes a process for sustainable renovation referring to existing tools, routines, and reference works that should be used by different actors in different stages of the renovation process. The advantage is that it is possible to adopt the framework to other countries’ conditions in terms of legislation, building traditions, structure of the renovation sector, ownership, and relations to tenants.



The second research question was: what components in terms of stages, activities, and actors should be included? The SIRen framework is very much based on the same stages as a traditional construction project, with emphasis on the early planning stages, including prestudies, investigation, and program formulation. The most prominent difference, however, is that it starts with the operation and management stage. The reason is that this is the most important stage where all information is obtained and preparations are made for forthcoming renovations. If the owner and manager of the building or buildings are well aware of the technical status of building components, installations, and user satisfaction and needs, all necessary interventions can be planned well in advance, in terms of investments, relocation of tenants, etc., and no emergency actions are needed. Based on the information obtained during the operation and management of the building or buildings, all necessary data on, for example, energy performance, remaining lifetime of components, complaints by users, arising problems or damages, decisions on prestudies, and further investigations can be obtained. The result from these steps provides the basis for the focus and extent of the renovation program formulated in the program stage. The planning stage mainly involves experts or consultants conducting the different prestudies and investigations, whereas the owner and architect are involved in the program stage. The next step involves system design and then detailed design. At this point, it is possible to evaluate different renovation alternatives from the perspective of different sustainability aspects in order to identify the optimal solution and support the decision of what reconstruction or renovation actions are to be performed. The next stage is to perform the reconstruction or renovation work, followed by the commissioning stage and finally the follow up during operation and use of the renovated building(s).



When presenting the SIRen framework and the checklist with self-evaluation to people in the building industry, it became obvious that there was a pedagogical problem in not specifying a certain requirement level or grading system.



Many certification systems and sustainability tools focus on and analyze how sustainable the object, i.e., a building, is. This is done in different ways described above, e.g., by calculating energy demand, land, and water usage [12]. Contrary to many proposed MCDM models [3,9,15,22,26], the SIRen process focuses on the renovation process itself, and the self-evaluation gives numerical values in the form of rose diagrams, representing to what extent the actors have considered and implemented the different aspects of sustainability in the different stages of the renovation process. The SIRen framework highlights all important steps to be taken and helps to keep track of these steps. Currently, this idea of focusing on a sustainable process is not proven to work, but there are positive results from the four projects in which the SIRen process was partially implemented during the iterative development of the SIRen framework. Note that using certifications and MCDM tools in a project gives a value in the weighted self-evaluation, which means that a sustainability grading of the actual buildings is included indirectly.



The next step is to use the framework through the entire renovation process in more renovation projects. This is especially needed for the evaluation checklist, which has not yet been used in a real active renovation project. Using knowledge and information within the SIRen researcher and practitioner network and other resources, it should be possible to continually update and improve the framework. Since the framework is openly accessible, transparent, and adaptable, it gives opportunities for replication and adaptation to other countries’ conditions.
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Appendix A


Figure A1, Figure A2, Figure A3, Figure A4, Figure A5 and Figure A6 show all the statements/questions in the self-evaluation.
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Figure A1. Questions 1.01 to 2.07. 
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Figure A2. Questions 2.08 to 2.25. 
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Figure A3. Questions 3.01 to 4.08. 
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Figure A4. Questions 5.01 to 6.04. 
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Figure A5. Questions 7.01 to 8.07. 
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Figure A6. Questions 9.01 to 9.13. 
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Figure 1. Sustainability aspects taken into consideration in the SIRen process. 
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Figure 2. The four case studies: (a) Skärholmen, Stockholm; (b) Siriusgatan, Gothenburg; (c) Tjärna Ängar, Borlänge; (d) The Ulriksberg School, Växjö. 
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Figure 3. Stages and actors used in the process in the SIRen framework. 
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Figure 4. Two examples of statements that are self-evaluated by a number R between 0 and 3. Weighting factors for each sustainability aspect is also shown. 
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Figure 5. Example of results from self-evaluation of the first 6 stages shown in Figure 3: (a) Operation and management; (b) Prestudy; (c) Investigation; (d) Programme; (e) System design; (f) Detailed design. 
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Table 1. Activities that are to be carried out at the first 4 stages according to the SIRen process.
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	Actor
	Operation and Management
	Feasibility Study
	Investigation
	Program





	Owner
	Develop strategy for maintenance and a vision for renovation with a focus on sustainability. Mapping status stocks. Develop a policy for user dialogue/communication with residents.
	Define the framework for the project. Ensure that an inventory is made of energy, moisture, construction, user needs, indoor environment, security, accessibility, cultural-historical values, and technical status.
	Ensure that necessary investigations are done, especially with a focus on sustainability. Involve residents.
	Choose program options and vision. Use of tools to compare the sustainability of different options.



	User/Resident
	Participate in the dialogue with the property owner.
	Participate in the dialogue with the property owner.
	Participate in dialogue with the property owner (e.g., about rent increase alternatives).
	Participate in the dialogue with the property owner.



	Expert
	
	Perform inventory of architecture, user needs, indoor environment, security, accessibility, cultural values, energy, moisture, construction, plumbing, indoor environment (thermal comfort, acoustics, air quality), technical status of materials and components.
	Perform investigations based on the inventory.
	Assist with analysis and documentation for various alternatives based on the investigation.



	Contractor
	
	
	Assist with cost estimates.
	Assist with cost estimates.



	Supplier
	
	
	Assist with cost estimates.
	Assist with cost estimates.



	Managers
	Ongoing management and maintenance. Follow up of operation. Information to owners. Ongoing communication with users/tenants. Deal with minor deviations/damages.
	Contribute documentation to the inventory.
	Contribute documentation to the investigation.
	Contribute documentation to the investigation.
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Table 2. Activities that are to be carried out at the last 5 stages according to the SIRen process.
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	Actor
	System Design
	Detailed Design
	Reconstruction
	Commissioning
	Follow Up





	Owner
	Ensure that construction documents are produced. Ensure that requirements for sustainability are included in the procurement of the design. Choose strategies for remaining or evacuating.
	Ensure that requirements for sustainability are included in the procurement of an entrepreneur.
	Training/info for all employees of the project’s goals and how these should be followed up. Information meetings for users, especially with a focus on sustainability goals.
	Ensure that manager and users are trained in the function of the house, especially with a focus on sustainability aspects.
	Evaluation of process and results. Ensure that energy declaration is produced. Submit energy verification of the building permit. Feedback to own management.



	User/Resident
	Participate in the dialogue with the property owner
	
	
	Participate/take part in training.
	Respond to user surveys and present comments.



	Expert
	Develop construction documents. Protect architectural and cultural values.
	Follow up on detailed design.
	Follow up on the requirements, e.g., energy, fire, accessibility, moisture safety, etc.
	
	



	Contractor
	
	
	Ongoing information to and contact with users. Handle special conditions, e.g., remaining tenants. Minimize and sort waste in a sustainable way.
	Education manager. Heat and ventilation system adjustment.
	



	Supplier
	
	
	Quality control.
	
	



	Manager
	
	
	Ongoing information and contact with users.
	Become educated.
	Measurement of operation/energy. Survey of social status and indoor environment.
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" report/inform about problems and possible solutions
2. Feasa biity study
Actor |Acctivity Qual.
0 : Define the conditions for the project (timeframe, financial and human 1
resources)
Owner: | Define long-term sustainability goals 2 15 15 15 15 15
. Se-t fr.ameworks and define goals by applying a business model 1
thinking
Owner: |Structure the process, set intermediate goals 1
Owner: | Define roles for different actors 1
. : Set ru!es for cooperation and communication within the project 1
organisation
Owner: |Involve the residents, develop a communication plan 1 1
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9. Follow up

Aktor |Aktivitet Kvalitet
Owner: |Process evaluation 2
Owner: |Evaluation of results 1
Owner: |Evaluation of economy. 1
Owner: |Enerrgy performance declaration (EPDB) 3
Owner: |Verification of performance according to building code 0
Owner: |Evaluation of how goals for social sustainability were met. 1
O, Evalu-atior-r_of goals for architectural and cultural historical 2
sustainability.
Owner: |Evaluation of goals for economic sustainability. 1
Owner: |Evaluation of goals for environmental sustainability 1
Contraci Feedback and experience within the organization 1
Manage| Follow up information from operation and management 1
Manage| Follow up user satisfaction 1
User: [Answer the user/residents survey 1
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5. System design

Actor |Acctivity Qual.
Ensure that requirements for ecological, economic and social
sustainability are included in the procurement process. Make
Owner: [demands on, for example: employing local labor outside the labor 2 15 15 15 15 15 15 15
market, trainees, good resource management, good waste
management, recycling, etc.
Decide whether renovation should take place with remaining
Owner: [residents or evacuation. Investigate costs for evacuation sheds, 3 1
relocation, reduced rental income, etc.
Owner: [Collect and compile all documentation 3
User: |Participate in the dialogue with the property owner 2
Prepare building permit documents. Monitor architectural and
X: cultural-historical values. Selects surface layers, interior design, 1 1 1 1 1
monitors architectural and cultural-historical values.
X: Assist with documentation for different alternatives. Do energy 1 3 1
' calculation.
Enterpe|Assist with cost estimates for different design options (detailed) 2 1
Supplier Assist with cost estimates for different construction options (detailed) 1 1
6. Detailed design
Actor |Acctivity Qual.
Decisions on implementation, procurement of contractor, ensure that
Owner: [requirements for ecological, economic and social sustainability are 2 15 15 15 15 15 15 1
included in the procurement of contractor
Owner: |Collect and compile all documentation 3
X: Detailed design, Choice of materials and products 2 1 1 1 1
X: Detailed design, Design of wet rooms, selection of products 1 1 1
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