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Abstract

Adaptive reuse typically involves repurposing existing buildings to extend their functional
lifespan while preserving their historical and cultural value. But what if the building no
longer exists in its physical form? Sustaining or transforming its use becomes non-viable,
and additionally, its cultural life and impact get significantly shortened. Digital technologies
offer innovative opportunities to revive lost architecture in the virtual wotld. This study
explores virtual adaptive reuse through the case of Bodénska Huset, a demolished building
in Uppsala, Sweden, investigating how virtual environments can extend architectural
heritage beyond physical loss. Bodénska Huset was a notable example of 19th-century
neo-Renaissance architecture, bearing local cultural significance, located near Vaksala Torg
in central Uppsala, designed by Carl Axel Ekholm, the first city architect. Its demolition, in
2005, to accommodate a modern concert hall sparked debates about heritage conservation
and urban change. This study investigates how Bodénska Huset might have been adaptively
reused if it had survived, balancing contemporary needs with its historical significance. It
aims to envision the building’s potential legacy and influence Uppsala’s cultural and spatial
development. The study comprises three phases. Phase one focuses on 3D reconstruction,
utilizing archival materials to digitally model Bodénska Huset. Phase two employs
speculative design, including interviews to explore new possible uses in both alternative
and virtual scenarios. Phase three presents a proposed design, contributing to discussions
on heritage conservation and virtual adaptive reuse, highlighting how virtual environments
can introduce new functions and engagements with lost architectural heritage. This study
contributes to the emerging discourse on heritage conservation by demonstrating how
virtual adaptive reuse can extend the life and relevance of lost architecture. By combining
3D reconstruction with speculative design, it offers a novel framework for engaging with
demolished buildings beyond traditional adaptive reuse methods. The research highlights
the potential of digital environments to foster new cultural interactions and spatial
experiences, thereby enriching urban identity and expanding possibilities for sustainable
heritage management in contemporary cities.
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Introduction

Adaptive reuse means giving an old building a new purpose or function instead of tearing it
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down. This practice is encouraged because it helps the environment, supports communities,
saves resources, and keeps cultural values alive by extending a building’s life. Adaptive reuse
is important because it helps preserve cultural heritage and keeps people connected to their
past. However, this usual approach to adaptive reuse relies on the existing building and
requires changing its structure and use (Vafaie et al. 2022). A major challenge occurs when a
building is destroyed or no longer exists, such as when it’s ruined or removed by history or
new development. In this case, traditional adaptive reuse can’t be used because the building
no longer exists. Instead, researchers explore new methods like 3D digital reconstructions
to recreate and visualize lost buildings (Mascio et al. 2019).

Digital tools help manage heritage sites by allowing digital recording, study, and management
through systems like Heritage Building Information Modeling (HBIM) (Samy et al. 2024).
Using methods like 3D laser scanning and photogrammetry, these tools record building
details and create new ways to preserve lost architecture. Virtual environments can recreate
lost buildings and turn them into useful tools for research, preservation, and cultural
tourism, not just for viewing (2019). Immersive virtual environments can show how a site
changed over time, giving life to limited remains and letting people virtually visit completely
lost places. (Guidi 2011). Building on adaptive reuse, “virtual adaptive reuse” uses digital
versions of existing or lost buildings and gives them new purposes online, like in the
Metaverse. This idea uses virtual spaces to give heritage buildings new digital purposes, like
education or creative projects, using virtual objects instead of physical ones to keep their
value and presence alive (Yanti et al. 2023).

This paper focuses on Bodénska Huset, formerly in Kvarteret Gerd at Vaksala Torg,
designed by Carl Axel Ekholm. It was demolished to give way to Uppsala Konsert &
Kongress (UKK) music hall. This study looks at how this building can be reused in a virtual
space, using digital tools to preserve its cultural value and shate its history. The research
has three steps: first, rebuild the building in 3D using archives; second, imagine speculative
uses; third, create a virtual design proposal combining the 3D model and speculative ideas.

Towards Virtual Adaptive Reuse

Adaptive reuse means giving an old building a new purpose, often requiring physical
changes to fit its new use. Adaptive reuse began in the 1970s as a response to large-scale
urban clearing, using creative design to fit old buildings to new functions. Philosophically,
it is seen to preserve memory and links across time and space. Adaptive reuse supports
sustainability by meeting environmental, social, and cultural goals. Adapting a building is
often cheaper than tearing it down and rebuilding, saving 10-12% in costs and reducing
project time by reusing existing parts. Adaptive reuse helps preserve cultural heritage by
keeping a place’s important features while adding new, compatible uses. Adapted historic
buildings strengthen a community’s connection and cultural identity by keeping memories
of the past alive (2022). Adaptive reuse cannot be applied when a building is completely
gone. In these cases, digital reconstruction using 3D models, virtual environments, and
archives is used for research, cultural tourism, and preserving lost heritage (2019).

Digital heritage uses digital tools to digitally reconstruct, preserve, and explore lost cultural
heritage. This technology makes detailed 3D models that show the historical development
of an artifact over time. A key issue is authenticity on how to show missing parts versus
real remains and indicate uncertainty in the reconstruction (2019). Authenticity is complex,

598



including both physical features and intangible elements like culture and the spirit of a
place (2024). Digital heritage works best when it immerses users, helping them understand
the function and look of a reconstructed space better than traditional 2D records (Yu et
al. 2022). This shift moves focus from saving physical buildings to preserving their cultural
values digitally, for history, tourism, and decision-making, especially when the original is
lost (2023).

Speculative Design is a type of design that challenges current social, economic, and political
systems instead of creating ready-made solutions. It is used to question assumptions and
encourage reflection, not to solve problems or give answers. Speculative Design mainly
imagines alternative futures, broadening our thinking and offering new ways to approach
complex challenges (Mitrovi¢ et al. 2019). These visions explore different kinds of futures,
from likely and possible to ideal or unexpected ones. Future-focused thinking helps heritage
and architecture move from reacting to problems to planning. Speculative Design helps
architects think beyond limits and explore bold ideas, rethinking architecture for social
or technological changes (Zahatin, Gutierrez 2025). Speculative architecture creates bold
design scenarios that inspire discussion and help imagine new roles and meanings for lost

buildings (Sleem 2025).
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Fig. 1. Virtual Adaptive Reuse Framework

Combining adaptive reuse, digital heritage, and speculative design creates Virtual Adaptive
Reuse (Fig. 1), which applies adaptive reuse to lost buildings through immersive 3D
reconstructions. Digital tools preserve heritage values, while speculative design imagines
new futures and uses for lost spaces. This approach merges preservation, innovation,
and imagination, treating lost architecture as a living resource for cultural engagement,
discussion, and design, connecting history with imagined futures. The Bodénska Huset case
study tests this framework, demonstrating how Virtual Adaptive Reuse can both preserve
and reimagine lost architecture.

Bodénska Huset and Uppsala’s Urban Memory

Bodénska Huset, designed in the 1870s by Uppsala’s first city architect Catl Axel Ekholm, is
shown in fig. 2 in the Neo-Renaissance style, reflecting his studies under Fredrick Wilhelm
Scholander at the Royal Academy of Fine Arts in Stockholm. While Neo-Renaissance was
common in Uppsala, it featured a unique corner entrance designed like a tower, with an
octagonal slate roof and decorative iron railing. Its exact purpose is unknown, but Uppsala
Nya Tidning archives show Kvarteret Gerd, where it stood, was mostly home to farmers
and workers. When Ekholm arrived, Uppsala was largely farmland with immigrant labor at
brickworks, tile factories, and construction sites. Before its demolition in 2004, interviews
indicate it served as both housing and local businesses.

In the late 1980s and early 1990s, plans began for Uppsala’s first music hall, with resid-
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Fig. 2. Kvarteret Gerd, Uppsala 1900 by Larsson, Anders - Upplands Museum, Sweden

ents involved, and Kvarteret Gerd among three proposed sites. Plans shifted repeatedly
until 2004, when nearby wooden houses next to Bodénska Huset burned down. Before the
fire, locals and groups like Ridda Kvarteret Gerd protested Bodénska Huset’s demolition,
valuing it for local culture and community life. After the fire, the municipality demolished
Bodénska Huset, citing fire risk, sparking debate since the stone building was undamaged.
Music hall plans had been approved before the fire; UKK was completed around 2007. Its
construction changed Kvarteret Gerd and Vaksalatorg from a local community area to a
high-culture space with hotels, expensive shops, and restaurants. One interviewee noted
that UKK “doesn’t match the historic style of Vaksala Torg.”!

Bodénska Huset is a fitting case study because it reflects tensions between urban growth,
memory, and the loss of everyday heritage. Its demolition erased not only a building but
also part of the community’s identity and working-class history in Kvarteret Gerd. The
simple Neo-Renaissance style symbolized Uppsala’s growth and the aspirations of workers
and immigrants. Demolition, justified by modernization and safety, illustrates how cultural
value is often sacrificed for economic and visual priorities. Bodénska Huset raises questions
about which heritage is preserved and whose memories are valued. Virtual reconstruction
goes beyond nostalgia, using virtual adaptive reuse to reconnect with forgotten urban
stories and turn absence into a space for reflection and connection. The study applied a
three-phase Virtual Adaptive Reuse process to explore this.

Methodology and Design Process

The first phase digitally rebuilt Bodénska Huset using HBIM, integrating archives, geometry,
and modelling while noting uncertainties. Archival sources—including floor plans and
elevations from the City Archives of Uppsala, historical maps, photos from the Europeana
collection and newspapers, reference books from local libraries, and iconographical
records—were collected, analysed, and cross-checked for consistency. Without direct
survey data, 2D drawings and visuals were converted into accurate 3D models in Autodesk
Revit, guided by similar building types and period architecture. Gaps were resolved through
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careful interpretation, not guesswork. Twinmotion created immersive visualizations to
explore adaptive reuse ideas (fig. 3). All modelling choices and sources were documented,
with certainty levels recorded for transparency and future use.

Fig, 3. 3D Reconstruction Render

Speculative design exploration involves interviews. We used the ‘concept testing study’
format from market research. We wanted to include many Uppsala residents, but since
Bodénska Huset was demolished over twenty years ago, public memory of it has faded.
Concept testing studies explain a phenomenon to participants so they can evaluate if it
meets their needs or how it should be framed to do so (Meyer et al. 2025, 19-44). Speculative
design data was gathered through semi-structured interviews conducted in person and via
Zoom. Participants were asked about five questions based on their education, knowledge
of the area, and age. The participants were heritage experts and local Uppsala residents.
Each interview began with a brief history of Bodénska Huset to inform participants who
didn’t know about it. The second part asked standardized questions about how Bodénska
Huset might have been reused if it still existed and how it could exist in virtual form.

The final design concept for virtual adaptive reuse was created by transforming interview
data into Stable Diffusion prompts, producing multiple visual schematics of real and
digital buildings. This phase examined AI not just as a creative tool but as a force shaping
how we perceive, produce, preserve, and interpret culture, memory, and human—machine
interactions. It addressed ethics, biases, accessibility limits, and differences from real-world
experience. Using concepts like co-creation with machines, technosymbiosis, sociotechnical
imaginaries, and critical legal theory, and methods such as interviews, dataset analysis, and
participation, the study showed new ways to preserve heritage digitally while highlighting
AT’s challenges and uncertainties in shaping cultural knowledge.

Extending Heritage Beyond Loss

The 3D reconstruction of Bodénska Huset revealed important insights into digitally
reviving lost heritage. Creating a clear model from incomplete archives required balancing
accuracy, interpretation, and creativity, as differences between plans, photos, and
descriptions demanded cross-checking and repeated modelling, highlighting archival limits
and the subjectivity of reconstruction. Despite these challenges, the process uncovered key
aspects of Catl Axel Ekholm’s style, the rhythm of the facade, and the balance of structure
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and decoration. Digital rendering allowed examination of light, depth, and the building’s
fit within Uppsala’s urban landscape. At the same time, the process raised questions of
authenticity, showing the tension between fact and interpretation. The virtual model is
thus not just a visual copy but a thoughtful reinterpretation, turning the lost building into
an active site for study and demonstrating how digital heritage can recover, examine, and
expand architectural memory.

Considering the participants’ backgrounds, most agreed on how they imagined Bodénska
Huset today, both physically and digitally. Today, Vaksala Torg is a high-culture and
entertainment area with upscale restaurants. Participants felt that if Bodénska Huset still
existed, it would likely have been repurposed to match the area’s cultural role. Bodénska
Huset might have been used for high-end restaurants, hotels, shops, or even the music hall
it was demolished for. The digitally reconstructed Bodénska Huset allows for cultural uses
beyond what currently exists in Vaksala Torg. Academic participants suggested that the
model should show both the building and the area’s historical environment or cultural use.
Participants proposed making the virtual Bodénska Huset a digital museum that captures
the cultural role and history of Uppsala and Vaksala Torg, Non-academic participants
added that losing Bodénska Huset also removed a space where commerce and community
connected. The virtual Bodénska Huset could act as a museum and a meeting place for
former residents, preserving their history while allowing new residents to contribute. This
expands Bodénska Huset’s cultural memory into a living digital archive for everyone who
visited Uppsala, beyond its original use.

When looking at generated prompts and images (Fig. 4), whether a building still exists is
judged by its materials, surroundings, and real-world use. If a building exists only digitally,
its real-world use disappeats, and virtual reuse focuses on visualization rather than function.
When using Virtual Adaptive Reuse, interpretation emphasizes memory and narrative,
letting digital reuse go beyond the physical world. Here, the experience is more interactive,
focusing on preserving meaning and memory rather than physical form. This raises questions
for virtual adaptive reuse: should memory and narrative matter more than physical form?
While 3D building research often emphasizes replicating physical reality (Malik et al. 2021),
these perspectives suggest that digital heritage should be treated separately, with transparent
and honest interpretation of meaning and memory.

What makes a building’s cultural identity? Does it disappear when the building is gone?
Does its memory then become a useless part of the area’s cultural history? To answer
this, we must see how identity forms. Identity comes from actions and context—through
storytelling, rituals, and daily interaction with heritage (Cassar et al. 2025, 205). Even
though Bodénska Huset no longer exists, interviews showed it remains important in how
the community sees Uppsala’s history and culture. This shows that heritage authenticity
and identity aren’t just about how a building looks or is built (2025). In our project, the
community’s interest in the virtual Bodénska Huset shows that its cultural value goes
beyond its physical form. Doing a virtual adaptive reuse of the building starts a continuous
conversation between heritage and the community, linking past, present, and future (2025).
By including memory in the virtual adaptive reuse (2025), Bodénska Huset represents
Uppsala’s diverse heritage and keeps its cultural life alive beyond the physical building.
Using the reinterpretation of 3D reconstruction to revisit Bodénska Huset helps identify
cultural losses, like the need for community gathering spaces that the UKK does not fully
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Fig. 4. Virtual Adaptive Reuse Concept

provide. Our project’s participatory approach made sure the virtual adaptive reuse reflected
many voices, not just one official story (2025). This reinterpretation lets locals identify the
area’s cultural needs themselves.

By combining archival research and community participation, we can recreate a lost heritage
building virtually, preserving its cultural life and memories. This opens new possibilities
for studying virtual heritage conservation and the heritage of lost or unbuilt structures.
Unlike traditional reuse, this approach preserves not just the building’s physical features but
also the experiences, memories, and sense of belonging tied to the space. However, virtual
adaptive reuse still faces the same core questions as traditional adaptive reuse. Traditionally,
adaptive reuse is guided by the area’s current cultural function; for us, it focuses on memory

and narrative. Since memory is key in virtual adaptive reuse, the question is whose memory
should be prioritized. The concept of Memory Twins (2025) helps incorporate multiple
narratives, but it requires detailed paradata and metadata, which is resource-intensive
(Ammirati et al. 2025, 36-51).

Reimagining Heritage Futures

The Bodénska Huset project shows that while the loss of physical heritage limits traditional
reuse, digital technologies offer new ways to preserve, interpret, and extend cultural
memory. Many digital reconstructions exist, but they are often static, highlighting the
difference between physical heritage, tied to its material form, and digital heritage, which
allows reinterpretation, participation, and virtual reuse. Using digital tools allowed us to
explore different uses and meanings, showing how virtual adaptive reuse can preserve
memory, community engagement, and cultural identity without relying on the building’s
physical form. The project develops a framework for virtual adaptive reuse and shows its
practical value for public engagement, heritage policy, and inclusive cultural storytelling.
The project creates a framework for virtual adaptive reuse and highlights its value for the
public and heritage preservation. Virtual adaptive reuse makes heritage dynamic, but the
challenge is keeping digital heritage updated as communities and cultural memory change
in the real world.

Notes

1. Articles in Uppsala Nya Tidning (1994-2004) traced the Musikens Hus project from proposal to
completion, covering public optimism, setbacks such as a major fire, and eventual approval of the new
music hall.
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