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Abstract. Cities are increasingly confronted with the need to provide short-
term and cost-efficient housing as several factors, such as natural disasters, 
migration due to political or climatic circumstances or other unpredictable 
events can result in a sudden and at times temporary need for additional 
housing. Providing affordable, and flexible but at the same time sustainable 
and re-useable housing concepts that are easy to construct and quickly to 
implement are thus requirements that cities must face. Currently there is 
limited research available in this field, as disaster architecture and temporary 
housing have not yet been widely researched in an interdisciplinary manner. 
The project “Urban pop-up housing environments and their potential as local 
innovation systems” has aimed at addressing this research gap by 
investigating in a highly interdisciplinary approach how and under which 
circumstances temporary housing solutions could be implemented under 
challenging framework conditions. The aim of the project was to 
systematically investigate and evaluate existing temporary housing options, 
and to develop and assess innovative and sustainable models for pop-up 
living systems in urban environments regarding resource uptake as well as 
social aspects, which may serve as incubators for urban innovation. From a 
technical perspective the models are focused on integrating aspects related 
to architecture, energy technologies, resources and materials, water as well 
as landscape design. Starting with a data pool of international examples, a 
classification and systematization of relevant typologies has been carried out 
in combination with user profiles for the different housing situations. On this 
basis, potential urban areas have been identified for selected scenarios and 
finally six theoretical temporary housing models have been created and 
subsequently assessed and analyzed in detail. The purpose of this paper is to 
present the key findings related to the scenarios and models, that have been 
developed within this basic research project and the methodologies that have 
been applied to assess them. The challenges of the scenarios and overall 
project results are summarized to provide an outline for potential 
implementation and future pilot projects. 
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1 Introduction 

Cities increasingly need to provide high quality living environments for their inhabitants 
whilst at the same time also considering that a rise in population does still ensure a transition 
towards a resilient and sustainable urban system. Providing adequate and affordable housing 
is a key topic and challenge against the backdrop of population growth, however it is also a 
driver for energy and resource needs. Permanent housing structures are the backbone of every 
city to ensure a lasting and well-established infrastructure. However temporary housing can 
address certain needs that arise out of urgency or an unforeseen demand. Thus, temporary 
housing is associated with a multitude of facets: these building typologies become more 
widely recognized as cities are faced with heterogeneous and interlinking challenges such as 
migration, densification, climate change and the requirement to provide high quality living 
environments for their permanent or temporary residents. 

Several examples highlight the importance of this typology for short-term living 
accommodation after disasters or for imminent migration needs. Case studies in Sweden [1] 
and Italy [2] outline approaches and strategies in this respect. Making the transition from the 
temporary to the permanent for the inhabitants is in this context a crucial aspect as a return to 
their original habitat is often not (immediately) possible for people who have moved to 
temporary shelter [3]. Other relevant applications address the experimentation with cultural 
activities [4] or the use of temporary vacant urban plots for the application of processes in a 
cultural context [5]. These creative applications of urban space or temporarily unused 
buildings have been extensively covered in one of the research papers that resulted from the 
here discussed project [6]. In other urban examples, temporary housing is faced with 
profitability issues, thus moving away from typologies that are urgently needed for a particular 
user group towards typologies that are wanted as part of urban densification [7]. 

Whilst the temporary aspect can be both positive and negative from a social perspective, 
the same applies for the ecological sustainability. Whilst “temporary” often means that there 
is no foundation and thus no sealing of urban surfaces or that re-usable structures are used, it 
can also mean that buildings are of low quality as they are not built to last. Structures that are 
not built for permanence are thus not per se sustainable as the framework conditions related 
to e.g., material, fabrication, construction, and re-use must be considered to assess the 
environmental impact. Life Cycle Assessments (LCAs) are applied in this respect also for 
temporary housing [8] to analyse the sustainability of temporary buildings. Building 
deconstruction as a fundamental strategy is thus highly relevant as resources can be more 
extensively used when components and whole buildings are re-used. Temporary structures 
can in this context serve as examples and prototypes for larger scale-up [9]. In addition to the 
impact of the material and construction, the impact during operation must be considered as 
these building types also need energy and resources in use. Assessments in this respect have 
been published regarding disaster building types [10]. However, there is still a need to 
comprehensively assess these temporary structures to provide factual decision support for 
urban development scenarios related to design type, site selection and cost [11]. 

In the research project “Urban pop-up housing environments and their potential as local 
innovation systems” [12, 13] an inter- and transdisciplinary approach has been used to 
systematically investigate and evaluate existing temporary housing options and to create 
integrative, innovative, and sustainable models for pop-up living systems in urban 
environments. The core objective of the project was to develop a sound interdisciplinary 
scientific basis for temporary housing for diverse scenarios such as selected target groups, 
different temporarily unused as well as vacant urban areas and diverse building densities in 
the Viennese context. Within the project, several research groups from the field of water and 
sanitary engineering, energy engineering, waste management, architecture and urban 
planning, spatial planning, landscape planning and social sciences worked together within a 
highly interdisciplinary setting to define sustainable, low-impact scenarios and housing 
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models. In the context of the project, “temporary” refers to a duration span of several weeks 
up to five years. The structures are considered temporary in terms of their use as a living 
space and the re-purposing of permanent structures for temporary residential use. The 
relevance for the City of Vienna relates to the diversity of user groups with a need for 
temporary housing that already exists or that can be expected in the near future thus 
considering both the scope in terms of number of people and the relevant urgency from the 
individuals seeking shelter. From an urban planning perspective, the availability of adequate 
areas or vacancies within the city and the likelihood of decisive or disastrous events, such as 
heatwaves, earthquakes, energy disruption or sudden increase in numbers of asylum seekers 
is considered as a relevant prerequisite. 

The above-described project has aimed at addressing several aspects related to temporary 
housing, one of which is focusing on the overall sustainability of these structures. The aspects 
of temporary forms of housing are being analysed from different angles including energy 
technology, architecture, circular economy, landscape planning, spatial planning, risk 
assessment, waste, and wastewater management as well as technology assessment and social 
sciences. Due to the lack of disciplinary methods that cover all these areas in an integral 
approach and the lack of possibilities to make important aspects of the different considerations 
understandable to every discipline in a clear and simple way, a specific, tailor-made 
assessment methodology has been developed to address this gap. 

This paper provides an overview and partly summary of the approach and methodology 
for the sustainability assessment of temporary building types that has been developed within 
an interdisciplinary team as part of the research project “Urban pop-up housing environments 
and their potential as local innovation systems”. The paper is based on the key results that 
have been outlined in the final reports of the research project [12, 13]. 

2 Methodology sustainability assessment 

The goal of the methodological development was on the sustainability assessment of 
temporary housing models for different applications under the same framework conditions. 
In the area of interdisciplinary and transdisciplinary research a multitude of subjects, sectors 
and topics should be addressed ideally within a single approach, which is a challenging task, 
given the multitude of methodological approaches and methods of measurement and 
evaluation the various disciplines are working with. Within the context of the research project, 
the focus to assess the sustainability of temporary housing solutions was set on the ecological, 
technical, site-related and social aspects. Encompassing this wide range, research 
effectiveness can be limited by difficulties in the interplay of these varied aspects. The 
development has been carried out in a three-step approach starting with the (1) definition of 
goals and evaluation criteria, followed by the (2) definition of specific indicators and the (3) 
definition of the overall evaluation system as outlined in Fig. 1. 
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Fig. 1. Approach for the methodology for the assessment of the sustainability of temporary housing 
models [12,13]. 

 
To cover and include all relevant aspects from the various scientific fields, the 

incorporation of a formal structure has been necessary as an initial step in the development 
of the methodology. For clarity and structure, four general areas were derived and determined 
to serve as ‘indicator quality groups’, these include (1) Ecological Quality, (2) Technical 
Quality, (3) Site Quality and (4) Social and Residential Quality (Table 1). Within these four 
groups, aspects that have been determined relevant related to sustainability assessments for 
temporary housing structures have been included. 
 

Table 1. Key aspects in indicator quality groups for the sustainability assessment of temporary 
housing environments [based on 12,13]. 

Ecological Quality  
[13 Indicators] 

Technical Quality  
[15 Indicators] 

Site Quality  
[11 Indicators] 

Social and Residential 
Quality [12 Indicators] 

Utilization of resources Energy consumption Sustainable land use Health and well-being 

Emission-related 
environmental effects 

Material cycle Mobility and access to 
services 

Functionality 

 Comfort Image and condition  

 Operation   

 
To enable a justifiable and balanced assessment, an evaluation system algorithm has been 

developed. The strategy was, to find a common value space for the different partial aspects. 
Due to the inter- and transdisciplinary variety, it has been a challenging task to define suitable 
value spaces, i.e., solution strategies that satisfy all the contributing disciplines. In addition 
to very different terminologies, which are used by each of the respective disciplines, one can 
easily reach a conflict when evaluating different approaches, as, for example, a solution 
approach might work very well for one specific discipline but might not be acceptable for 
another one. Also, the same terms are sometimes used for different meanings in different 
disciplines. For example, the term ‘Impact’ usually has a negative connotation from an 
ecological perspective but can be associated with a positive meaning from a social point of 
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view. For the methodology, the proposed value space has been developed to cover all aspects, 
so-called qualities, considering the definition of acceptance-mapping. Regarding individual 
indicators, suitable disciplinary evaluation approaches already exist. However, these differ 
greatly in the choice of the evaluation space and the choice of a proper set of values. These 
differences made it difficult to find an evaluative comparison between individual indicators 
that considers very different aspects fairly and comprehensibly. The goal was therefore to 
define an evaluation space that could be applied to each indicator with a generally 
understandable set of values. Also, a key aim was to apply a practicable method that can 
accompany the process of a sustainability assessment within a planning process. With this 
approach it has been possible to use existing evaluation methods for the various disciplines 
and to map them in the common value space. This approach greatly simplified the 
collaboration between the various disciplines and made it easier to identify any conflicting 
aspects that might arise. 

Within the four quality groups, a series of indicators has been defined, with the objective 
to render these indicators comparable. The objectives of the development of the indicators was 
focused on four key characteristics: (1) Equality of the individual indicators (comparability); 
(2) Evaluation via expert methods or expert assessment; (3) Standardized representation and 
(4) Comprehensibility and traceability without expert knowledge. For each indicator a 
measure in the sense of an acceptance measure has been developed. This measure reflects the 
expert's assessment about the quality of the fulfilment for the respective indicator. 

In the following an overview of the indicators of the four ‘indicator quality groups’, 
totalling in 51 individual indicators is given: 

Ecological quality (Table 2): The first indicator quality group deals with all relevant 
aspects related to environmental consequences of the build, operation / use, and 
deconstruction of the temporary housing model, covering aspects such as Global Warming 
Potential (GWP) and emissions of CO2 equivalent. during the whole life cycle of a specific 
temporary housing model. The key parameters are mainly taken from well-known LCA 
guidelines and standards. 

 
Table 2. Overview and abbreviations of Ecological Indicators [based on 12,13]. 

No. Abbreviation Indicator 
1 GWP_MEPP GWP material extraction and production phase 
2 GWP_EC GWP construction phase 
3 GWP_OMP GWP operational phase and maintenance 
4 GWP_DP GWP deconstruction phase 
5 GWP_EOL GWP end of Life phase 
6 GWP_T GWP emissions Total 
7 W_Ru Water reuse 
8 PED_O Primary energy demand – operation 
9 W_Fp Full water footprint 
10 WP_FP Product water footprint of materials used in building 
11 WU_DO Water use during operation 
12 WU_CD Water use during construction and disassembly 
13 S_UF Stock usage factor 

 
Technical quality (Table 3): The second indicator quality group addresses building-

relevant technical aspects such as energy (consumption) figures (e.g., heating, domestic hot 
water, cooling, primary energy demand), the degree of building automation, the ease of (dis-
)assembly and maintenance and other parameters which significantly influence the overall 
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operational quality of the building. Energy parameters are mainly taken from existing energy 
guidelines and standards and are being calculated accordingly. 

Site quality (Table 4): The third indicator quality group includes parameters like the 
suitability of a site and the suitability for a specific building use. Parameters like ecologically 
sensitive areas on site are also included. Various inputs derive from the theory of open space 
planning as well as basic data from publications by the City of Vienna and relevant gender 
mainstreaming in urban planning and urban development strategies. 

Social and Residential Quality Indicators (Table 5): The fourth indicator quality group 
refers to indicators related to the quality of life that is facilitated by the organizational, built- 
and spatial structures of the building and open spaces on the plot. The indicators were 
developed within an interdisciplinary approach by social scientists together with landscape 
planners and gender and diversity specialists. 

Table 3. Overview and abbreviations of Technical Indicators [based on 12,13]. 

Nr. Abbreviation Indicator 
1 CED Energy demand- cooling 
2 Crenewe,E Coverage energy, electrical 
3 DLQ Daylight quality 
4 SEPrenewe Share of Energy Production Renewable 
5 HED Energy demand - heating 
6 Lass Level of ease of assembly 
7 BA Level of building control 
8 MB Maintenance building structure 
9 MBES Maintenance building engineering Services 
10 RP Recycling potential 
11 Dreuse Reuse potential (end of life) 
12 Ldisass Level of ease of disassembly 
13 SMU Secondary material utilization 
14 MCI Material circularity indicator 
15 RR Realizable recycling factor 

 

Table 4. Overview and abbreviations of Site Quality Indicators [based on 12,13]. 

Nr. Abbreviation Indicator 
1 CTP Connection to public transport 
2 AMP Active mobility on the plot 
3 AMQ Active mobility in the quarter 
4 POF Proximity to use-specific objects and facilities 
5 POSQC Access to public open spaces in the district and city 
6 GIP Green Infrastructure on the Plot 
7 AADO Accessibility for assembly, dismantling and operating phase 
8 SRAN Suitability for residential use depending on ambient noise 
9 LUE Land use efficiency 
10 SSite Suitability of site 
11 CES Consumption of ecologically sensitive areas 
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Table 5. Overview and abbreviations of Social and Residential Quality Indicators [based on 12,13]. 

Nr. Abbreviation Indicator 
1 EaPP Effective area per person 
2 FC Facility category 
3 EaPC Effective area per person (Community) 
4 SCC Spaces conducive to communication 
5 BFAR Barrier-free accessible rooms 
6 CSL Changeability of the room size and layout 
7 GDA Gender+ and diversity aspects of built and open space structures 

on the plot 
8 PR Empowerment & type of participation 
9 OSP Private open spaces 
10 OSC Communal open spaces 
11 AMUP Open spaces of areas with mixed use 
12 RQd High residential quality in the district 
 
The methodology and key results are based on the publications resulting from the research 

project [12, 13]. The overall methodology and detailed mathematical approach used to 
numerically describe the indicators has been published as part of the research project [14]. 

3 Results sustainability assessment 

The above-described methodology has been iteratively adapted and tested using the six 
temporary housing models, which have been developed as theoretical case studies as part of 
the research project. The models show in general a high level of diversity to demonstrate the 
quality of the assessment method. 

To illustrate the application of the methodology within the context of this paper, the 
results of the sustainability assessment for two examples out of the six developed housing 
models are described and summarized. Figures 2 and 4 show the designs for the exemplary 
housing models, figures 3 and 5 show the visualization of the interdisciplinary assessment 
using the developed housing model as case studies. All 51 indicators were normalized and 
scaled between 0 (low quality) and 1 (high quality) and grouped into the four indicator quality 
groups: ecological quality, technical quality, site quality and social and residential quality. 
The closer the indicator reaches "1”, the higher the quality. For the overall plot it means, that 
if a larger area of the plot is covered, the higher the quality (respectively the sustainability) 
in these four categories. In general, it must be noted that the design of the housing models 
was developed within the Viennese context and the associated high housing standards. Thus, 
the requirements for the housing quality were already a priori very high, which in turn 
resulted in a higher technical and a more complex configuration. This is reflected in the 
evaluation in the partly quite low ratings of some of the technical and ecological indicators. 

The symbols/ abbreviations of the indicators used in the plots can be found in the list of 
symbols as outlined in Tables 2 to 5. 

Scenario 1: Beat the Heat (Fig. 2): In the first exemplary scenario temporary spaces for 
the use during heat waves are considered. As central European cities such as Vienna are 
increasingly faced with high summertime temperatures and subsequent heat island effects in 
dense urban areas, vulnerable groups that live in buildings that cannot adequately cool down 
during summer overheating could face an increased health risk. Thus, in this example, 
temporary housing is planned primarily for the duration of heatwaves by temporarily setting 
up de-constructible environments in cooler areas of the city. 
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Fig. 2. Rendering of the design for exemplary housing model and scenario 1 [12,13]. 

 
Fig. 3 shows the visualization of the interdisciplinary assessment in four assessment plots 

using this housing model within the scenario “beat the heat” as a case study. As noted above, 
the design already included a very high quality of housing standard requiring a high level of 
technical systems. This is subsequently reflected in the evaluation in the partly quite low 
ratings of some of the technical and ecological indicators. However, this model can be 
constructed and dismantled easily and quickly (indicators level of ease of 
assembly/disassembly) but it was assumed that the exterior spaces would need to be 
extensively adapted to ensure a high living quality, which resulted in the low values in the site 
related parameters. 

 

 
Fig. 3. Exemplary assessment plots for the housing model 1 (Scenario “Beat the Heat”) [12,13]. 
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Scenario 2: Gap Module (Fig. 4): In the second exemplary scenario vacant building lots 
within dense urban areas, that are temporarily empty are considered for short-term 
accommodation between two and five years. These potential plots would need to be at least 
1000m2 in usable area to construct and operate multi-storey temporay buildings that are 
prefabricated and that can be constructed and de-constructed within a short timeframe. The 
focus for this example is on easily accessible plots that have a good connection to urban 
infrastructure and that can be used for a limited time. 

 

 
Fig. 4. Rendering of the design for exemplary housing model and scenario 2 [12,13]. 

 
Fig. 5 shows the visualization of the interdisciplinary assessment using the housing model 

for scenario 2 as the theoretical case study. Similarly to the above example, for this housing 
model, the housing quality was given a high priority, which required a higher technical and a 
more complex configuration. This is reflected in the evaluation in the partly quite low ratings 
of some of the technical and ecological indicators. Moreover, the model assumptions for the 
site quality were selected as very appropriate, resulting in a very high score for these 
indicators. 

 
Fig. 5. Exemplary assessment plots for the housing model 2 (Scenario “Gap Module”) [12,13]. 
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4 Conclusions 

There are a multitude of influencing factors that limit or foster the development and 
subsequent implementation of temporary housing within the urban environment of a city. The 
temporary housing models developed as part of the described project show some potential 
solutions for flexible, sustainable, and reusable concepts, that are easy to construct and swift 
to implement, to fulfil the requirements of environmental and social sustainability. Including 
temporary uses and applications in urban planning strategies can subsequently provide 
readily accessible measures when they are urgently needed. 

For the sustainability evaluation and a comparison of different housing models and 
scenarios, an interdisciplinary assessment method was needed. Due to the lack of suitable 
existing methods, a new methodological approach for the evaluation of sustainability related 
to ecological, technical, site-related, and social aspects has been developed. Within the 
framework of the discussed project, it has been important to find a quantitative method, which 
not only allows an evaluation, but also accompanies and supports the interdisciplinary 
cooperation in general. The core of the developed methodology is the set of 51 indicators that 
are grouped according to the four indicator quality groups. The indicator set has been assessed 
in a first step using temporary housing models as theoretical case studies. 

Overall, the results show that the developed indicators and methodology can serve as an 
adequate, basic assessment approach for the sustainability evaluation and refinement of 
temporary housing options regarding ecological, technical, site-related, and social aspects. 
The assessment plots, which result from the detailed analysis of the 51 indicators, provide a 
sound overview and comparison of different temporary housing examples. The graphical 
representation can support the facilitation of discussions within diverse stakeholder groups 
and can thus help to make informed decisions for the adequate design for a particular 
application and urban scenario. 

However, there are several limitations, that need to be considered when applying the 
developed approach: Even though the methodology has been tested for the theoretical 
temporary housing types, a more in-depth sensitivity analysis would need to be carried out 
to analyse the scaling for each indicator, and the derivation and abstraction of general 
principles and interrelations between the assessment indicators. For example, the investigation 
of the tolerance limits of the individual indicators as well as the analysis of the dependencies 
and influences among each indicator requires further evaluation and subsequently validation. 

Nevertheless, the methodology can provide an initial indication and is unique in a sense 
that it combines in an interdisciplinary approach within one common tool a quantitative 
assessment from various disciplines. 

Acknowledgments 

The project “Urban pop-up housing environments and their potential as local innovation systems” has 
been funded by the Vienna Science and Technology Fund (WWTF) [10.47379/ESR17010]. 

References 

1. Stepanova, O.; Romanov, M. Urban Planning as a Strategy to Implement Social 
Sustainability Policy Goals? The Case of Temporary Housing for Immigrants in 
Gothenburg, Sweden. Sustainability 2021, 13, 17, doi:10.3390/su13041720. 

2. Dotsey, S.; Lumley-Sapanski, A. Temporality, refugees, and housing: The effects of 
temporary assistance on refugee housing outcomes in Italy. Cities 2021, 111, 11, 
doi:10.1016/j.cities.2020.103100. 

10

MATEC Web of Conferences 396, 17003 (2024)	 https://doi.org/10.1051/matecconf/202439617003
WMCAUS 2023



3. Wagemann, E. Need for adaptation: transformation of temporary houses. Disasters 
2017, 41, 828-851, doi:10.1111/disa.12228. 

4. Karachalis, N. Temporary Use as a Participatory Placemaking Tool to Support Cultural 
Initiatives and Its Connection to City Marketing Strategies-The Case of Athens. 
Sustainability 2021, 13, 13, doi:10.3390/su13041652. 

5. Madanipour, A. Temporary use of space: Urban processes between flexibility, 
opportunity and precarity. Urban Studies 2018, 55, 1093-1110, 
doi:10.1177/0042098017705546. 

6. Bertino, G.; Fischer, T.; Puhr, G.; Langergraber, G.; Österreicher, D. Framework 
Conditions and Strategies for Pop-Up Environments in Urban Planning. Sustainability 
2019, 11(24), 7204; https://doi.org/10.3390/su11247204. 

7. Debrunner, G.; Gerber, J.D. The commodification of temporary housing. Cities 2021, 
108, 10, doi:10.1016/j.cities.2020.102998. 

8. Dong, L.; Wang, Y.; Li, H.X.; Jiang, B.Y.; Al-Hussein, M. Carbon Reduction 
Measures-Based LCA of Prefabricated Temporary Housing with Renewable Energy 
Systems. Sustainability 2018, 10, 22, doi:10.3390/su10030718. 

9. Bertino, G.; Kisser, J.; Zeilinger, J.; Langergraber, G.; Fischer, T.; Österreicher, D. 
Fundamentals of Building Deconstruction as a Circular Economy Strategy for the 
Reuse of Construction Materials. Appl. Sci. 2021, 11, 939. 
https://doi.org/10.3390/app11030939. 

10. Park, B.; Cho, J.; Jeong, Y. Thermal Performance Assessment of Flexible Modular 
Housing Units for Energy Independence Following Disasters. Sustainability 2019, 11, 
17, doi:10.3390/su11205561. 

11. Perrucci, D.; Baroud, H. A Review of Temporary Housing Management Modeling: 
Trends in Design Strategies, Optimization Models, and Decision-Making Methods. 
Sustainability 2020, 12, 19, doi:10.3390/su122410388. 

12. Huber-Humer, M; Ornetzeder, M; Österreicher, D; Bertino, G; Fischer, T; Gazsó, A; 
Geier, S; Kisser, J; Kotík, J; Märzinger, T; Pfeifer, C; Rose, G; Schneider, G; 
Zeilinger, J.; (2021): Urban pop-up housing environments and their potential as local 
innovation systems - Executive summary; WWTF, 54. 

13. Bertino, G; Geier, S; Märzinger, T; Rose, G; Stocker, M; Zeilinger, J; (2021): Urban 
pop-up housing environments and their potential as local innovation systems, 
Description of scenarios; WWTF, 95. 

14. Maerzinger, T.; Kotik, J.; Pfeifer, C. Application of Hierarchical Agglomerative 
Clustering (HAC) for Systemic Classification of Pop-Up Housing (PUH) 
Environments. Applied Sciences-Basel 2021, 11, doi:10.3390/app112311122. 

 

11

MATEC Web of Conferences 396, 17003 (2024)	 https://doi.org/10.1051/matecconf/202439617003
WMCAUS 2023


