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Abstract
As sustainability is now a standard for the proposed developments, the focus ought to be shifted towards the existing
buildings and, among them, the worldwide stock of large panel system (LPS) buildings. Major upgrades and retrofits were
done to some of the LPS estates in Germany and France, but a leading sustainable way must still be developed for LPS
buildings in Eastern European countries, where apartments in those half‐a‐century‐old estates are privately owned. Both
sustainability and ownership issues make the demolition option redundant, and therefore the method for deep thermal
retrofit and urban intervention is being developedwith the use of BIM simulation tools. Digital twin (DT) technology allows
for calibration to intertwine with the Internet of Things applications that reward the inhabitants for sustainable behaviour
while feeding the relevant data back to the DT. Thanks to this, smart technology can be used to raise the level of social
participation in the projects and thus help educate the end‐users, which is paramount in establishing andmaintaining good
ecological habits, and as such, also for the efficacy and viability of the final endeavour. This article proposes a procedure
of creating a 3D model typology repository for facilitating DT technology to provide a good analytical tool for community
consultation and enable virtual testing of technical and urban solutions before implementation. It aims to determine the
method for virtual technology to give deteriorating estates a new lease of life and improve their perception in the wider
community while being a conduit for the adaptation of CEE to the digital revolution.
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1. Introduction

This article is the first output of a project that aims to find
a new lease on life for the existing modular estates built
widely across post‐WWII Europe. This article assesses the
possibility of using modern design techniques in thermal
retrofit projects for such buildings to inform and advise
policymakers, and provide a clear path forward to reduce
the buildings’ operational carbon footprint.

The technology that prevails in modern design is
building information modelling (BIM), which has gained

recognition in the construction industry since its imple‐
mentation as it enables early clash detection and there‐
fore reduces the construction cost. The next step taken
by the construction industry was the integration of the
buildings’ predicted and actual performance, which has
been achieved by building performance simulation (BPS)
tools (Hopfe et al., 2017) widely used in the preparation
of building management systems (BMS). Nowadays, the
use of BIM and BPS does not stop with the completion
of the construction works—the BMS and the Internet
of Things provide a steady data flow to the simulation
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software, creating a constantly growing virtual twin of
the actual building. This article provides an overview
of the possibilities of using the above methods in the
retrofit projects of existing buildings, particularly in large
panel system (LPS) buildings.

As described in the Statistical Review ofWorld Energy
by BP (2020), primary energy consumption continues to
grow every year and, as such, each action in this regard
requires a substantial reduction in energy consumption.
Since buildings are responsible for 36% of CO2 emis‐
sions in the EU, as shown by Lorenzo‐Sáez et al. (2020),
reducing their energy consumption should be a prior‐
ity. LPS buildings constitute a high percentage of all res‐
idential buildings in Eastern Europe. Due to comparable
technologies, one solution may affect a significant num‐
ber of buildings by similar initiatives; therefore, finding
an answer for the most cost‐effective thermal retrofit
of LPS buildings may significantly reduce CO2 emissions
considering the scale effect. Based on this, as well as
on the climate change and our response to it being our
collective responsibility, LPS buildings were chosen for
the research.

The first part of this article describes the LPS and iden‐
tifies its general strengths and weaknesses. The second
part explores the software that may be used to create
new opportunities for LPS estates. This is followed by
section 3, which considers the impact new technologies
have on end‐user education and the way it affects estate
sustainability. The conclusion summarizes the results of
the analysis and provides a roadmap for the next steps
of the project.

2. Main Considerations of the Research

2.1. Principles of the Large Panel System

LPS is a construction system used since the late 1950s
that allowed for swift assembly of the building from pre‐
fabricated modules. Due to the centralized design and
management of the construction process at the govern‐
ment level, a closed typology of solutions was utilized.
However, the possibility to provide big quantities of hab‐
itable units in a short time through the erection of prefab‐
ricated LPS buildingswas part of the proposed solution to
themain hindrance of the quick‐pacedprogression of the
second Industrial Revolution post‐WWII, which was the
insufficient workforce influx due to the lack of housing
for labour workers willing to migrate into cities in search
of a better life (Korzeniewski, 1981, p. 9). This approach,
described also by Dekker and Van Kempen (2005), was
widely adopted inmany countries,withmore than 50mil‐
lion LPS type apartments created in 1956–1991 (Eurostat,
2018); such solutions remained popular until as late as
the 1980s, primarily in countries under the influence of
the former USSR, where the central government estab‐
lished the housing market strategy and policy. While
some LPS buildings were erected in Western Europe as
well, the free‐market laws of the Western economies

allowed for the diversity of the systems adopted, and the
idea of a typical LPS was swiftly abandoned due to the
lack of design diversity. Currently, prefabricated concrete
elements are still widely used in the construction indus‐
try however, since they do not fulfil the typology criteria,
they are not covered by this research article.

The LPS systems varied between countries and
received local names, which demonstrates the local
societies’ connection to them: Germany–Planttenbau,
Russia–Panelnye‐doma, Poland–Wielka plyta, Romania–
Bloc or Systematization, Czechia and Slovakia–Panelák or
Sidlisko, and Hungary–Panelház.

LPS buildings have become a familiar part of the
urban landscape. Due to the commondenominator—the
closed typology of solutions in prefabricated reinforced
concrete elements, enabling effective building construc‐
tion by using modules—the local varieties were omitted
in this article and are all referred to as “LPS” for ease
of comprehension.

2.2. Strengths and Weaknesses

LPS estates were typically built‐in rural areas adjacent
to the existing towns. It was an extensive urban design
undertaking—the new areas of the city developed on
pristine sites. Up until that time, Europe’s urban sys‐
tem development was predominantly a slow‐paced and
long‐term endeavour (Bosker et al., 2008). It was the
first time in history with so many extensive develop‐
ments happening at once. The urban planners were
experimenting with various designs in terms of road lay‐
out, as well as locations of service outlets and ameni‐
ties, all of which were designed from scratch. Since then,
LPS estates have become part of the city with broad
transport and connections, but the original urban design
remained part of the estates. The centralized policy at
the early stages of the rapidly increasing urbanization
of East European cities post‐WWII enforced the univer‐
sal use of the urban design standard. The standard, as
described by Korzeniewski (1981, pp. 64–67), consisted
in setting up basic amenities like estate‐level services and
a primary school within walking distance—nomore than
800 meters away from the furthest residential building
entrance. Incidentally, this approach has now resurged
due to the publication of Jeff Speck’s bookWalkable City
Rules (2018).

The main idea of LPS estates was based on the
uniform needs of the citizen, as described by the cen‐
tralized standard, which resulted in the lack of indi‐
vidualism and poor aesthetics—a weak point indicated
by residents in all media and internet relations (see,
for example, “Wady i zalety bloków z wielkiej płyty,”
2020), and also described by Gribat and Huxley (2015,
Chapter 8, p. 165). However, the national design stan‐
dard provided an outline of the space required to fulfil
the social and active recreation needs of the community
members as understood by policymakers. As the land
was obtained by expropriation of farmers for the greater
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good of society, the estates were designed lavishly,
with free space between the buildings often exceeding
60 meters.

As further described by Korzeniewski (1981,
pp. 61–63), the central urban guidelines included the
requirements for natural air corridors, sunlight, and over‐
shadowing, as well as the distance between buildings.
This is because such estates were intended for people
moving in from rural areas, who were used to having
fences to guard them against their neighbours’ prying
eyes. The spaces between the buildings allowed for
greenery, private and public garden areas adjacent to the
buildings, wide pavements, and playgrounds surrounded
by trees that provided shade for playing children while
also being far enough from the buildings not to cause
any issues due to root overgrowth or overshadowing of
apartment windows. LPS estates feature various green
areas suitable for various uses, ranging from neighbour‐
hood fairs, through outdoor sports, to enabling everyday
activities for the elderly and young children.Modern resi‐
dential developments use the space available more spar‐
ingly as they need to increase the revenue gained from
the site. The distances between buildings and the green
areas on the estates are two of the most often raised
advantages of LPS estates over their 21st century coun‐
terparts, as described in many online articles providing
information for potential buyers in Poland, like the law
firm Pewny Lokal (2020). Nonetheless, at the time the
LPS estates were built, vehicle use was not as prevalent
as it is nowadays. Therefore, the lack of sufficient parking
spaces is the primary disadvantage always indicated by
LPS estate inhabitants, as is the deteriorating condition
of open spaces—anopinion often shared on socialmedia
and online message boards for inhabitants, amongmany
others, on the online forum of Gazeta.pl (2018).

The LPS estates were erected on the pristine sites
that had been used as agricultural land only a few years
before, and as such, had no proper roads or ameni‐
ties; however, these quickly followed once the estates
became populated. Nowadays, the proximity to local
amenities was shown to be advantageous for inhabi‐
tants in several studies, although the deterioration of
local services under pressure from bigger shopping cen‐
tres was also described as a growing tendency, with
only 37% of respondents to public opinion polls using
local shops to satisfy most of their shopping needs
(Frendler‐Bielicka, 2013).

Low workmanship standards are another issue com‐
monly raised in the debate on LPS buildings’ future, as
described in energy analyses (Ostańska, 2009). The con‐
nections between the panels allowed for higher levels
of infiltration and raised concerns regarding the safety
of welded connections due to their exposure to ele‐
ments (Tofiluk, 2017). Therefore, each project shall be
preceded by a structural assessment, as per industry
standards. However, airtightness tests performed as part
of past thermal retrofit projects have shown a nearly 20%
improvement, as evidenced by Dębowski et al. (2014),

with such projects reducing the exposure of welded con‐
nections and further deterioration.

The next factor to consider duringworks on LPS build‐
ings is the issue of ownership. In Germany, where most
radical refurbishments have been performed, including
Märkisches Viertel in Berlin by Gesobau (Lössl, 2016),
which became the world’s largest low carbon fully acces‐
sible estate, many LPS buildings have been abandoned
and the apartments are mainly tenured, making any
refurbishment works easier. Following the system trans‐
formation of the early 1990s, the inhabitants of LPS build‐
ings in most Eastern European countries had the oppor‐
tunity to acquire apartments at a fraction of their value.
The move was welcomed by the residents but at the
same time shrewd by the governments due to the trans‐
fer of responsibility for the technical state of the build‐
ings that were becoming increasingly deteriorated every
year. The buildings’ technical decline was accompanied
by a decline in the condition of the internal services, like
pipework and electricity, which impacts the general effi‐
ciency of building systems.

Asmentioned above, the lack of individualism caused
by the design typology lowers the attractiveness of LPS
estates to the public. However, the examples of thermal
modernization projects that brought the LPS buildings to
a higher aesthetic standard, like Märkischen Viertel or
Grand Parc Bordeaux (Miesarch, 2019), are inducing new
ways of thinking for all other estates.

2.3. Main Considerations

Originally, the average design life for LPS buildings was
supposed to be 50–60 years, with the shortest design
life of 25 years envisaged for the Russian Khrushchyovka
designed to resolve a temporary housing shortage
(Absimetov & Solovev, 2020). Once that time elapsed,
there were numerous suggestions, mainly in France,
Germany, and the UK, to demolish LPS buildings and
make space for new developments. While it might have
been a tempting option, as estates originally built on pris‐
tine sites with no infrastructure are nowadays located
in urbanized areas and benefit from such local ameni‐
ties as schools, shops, and public transport networks,
considering the growing problem of sand shortage on
the world construction market, as described by Beiser
(2018), as well as the amount of embodied carbon in the
concrete panels (Anderson & Moncaster, 2020), demo‐
lition cannot be deemed a sustainable option for site
recovery. Additionally, technical and structural analy‐
ses have been performed in many countries, e.g., in
Poland in 2019 (Instytut Techniki Budowlanej, 2019),
which established that the buildings are structurally
sound. With the embodied carbon remaining constant,
the main consideration of this research project is how
to reduce the impact on the environment during the
use of buildings and make the estates more attractive
for occupiers.
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3. Digital Twin Technology Use in Large Panel System
Retrofit Projects

The analysis of the geometry and correlation between
systems of the designed building before the commence‐
ment of construction work is the main benefit of using
the BIM system, as it allows for early intervention in
case any discrepancies occur. As such, the BIM tool
helps the design team to increase productivity, plan
the expenditure, and manage the acceptable risk of
development by bringing a high level of information to
the decision‐making process. This is the reason for BIM
becoming entrenched in the new development design,
as commercial practices and developers are constantly
increasing revenue while reducing investment project
risk. For any successful project, five key aspects of
the strategic approach are needed before implementa‐
tion: assessment, plan, finance, decision, and risk man‐
agement (Ruggeri et al., 2020). Effectively used BIM
tools help with three initial ones—assessment, plan, and
finance—while also providing data for decision making
and, due to the level of information collected, help
with risk management. Meanwhile, BPS tools provide
a quick analysis of the estimated energy consumption
and how it gets affected by changes and tweaks in the
planned projects. Similar to new development projects,
the above key aspects determine the success of refur‐
bishment projects as well. Due to the multi‐layered chal‐
lenges facing LPS refurbishment, ranging from electrical
wiring to urban planning, the use of BIM and BPS tools in
retrofit projects helps plan works with the largest energy
efficiency at the lowest expenditure achievable.

Themost time‐consuming element of work is the cre‐
ation of library of materials and products that match the
original LPS buildings as the standard software library
of BIM materials does not match the physical attributes
of 50‐year‐old concrete. The external walls, slabs, win‐
dows, doors, and roof build‐up all need to be re‐created
in the software to allow for flexibility in the model’s
energy performance settings. The thermal properties of
the elements are subsequently imported to the simula‐
tion engine via the energy model.

The two types of software initially analysed are Revit
with the simulation tool Insight, as well as IES VE with
IES ISCAN; they were initially chosen from a list of soft‐
ware most commonly used in the architectural educa‐
tion system prepared by Hopfe et al. (2017). The authors’
consideration in choosing the software for initial analy‐
sis was to consider the systems that are widely used to
ensure the efficacy of the unabridged project. They both
work at a different level of information—Revit, which is
mainly a tool for the construction industry, requires a
higher level of detail, making it more time‐consuming.
However, due to thewide use of typology in the construc‐
tion of LPS buildings, the creation of 3Dmodel templates
is a straightforward solution in this regard. There is a
closed catalogue of products/panels that were used dur‐
ing construction and products that can be implemented

into predefined libraries, whereas 3D models of build‐
ing types might be collected in open‐source reposito‐
ries. A 3D model of the given building type could then
be downloaded from the repository and easily modi‐
fied to match the specific technical and local conditions.
We propose to create families of all systems and pan‐
els used for one type of LPS, similarly to what had been
done 50 years ago. This would enable each model to be
“erected” in a virtual environment using panels that it
had originally been built from. If there are any commonly
used LPS types, the entire buildings can be modelled as
templates and then adjusted to specific locations for indi‐
vidual building model creation.

The process of using digital twin (DT) technology for
LPS building retrofit projects proposed by the authors is
shown in Figure 1 and consists of steps outlined below.
The 3Dmodels from the original project data are created
per type of building and a repository of template 3Dmod‐
els is created; as described in the paragraph above, the
most time‐consuming element of work—preparation of
an individual model for a specific building—is signifi‐
cantly simplified, reducing the 3D model creation time‐
frame. Secondly, all previous modernization works need
to be included in such an individual model. The next
step is the incorporation of the accurate representation
of reality, which makes the BIM model a virtual twin of
the building—this requires a link between themodel and
the constant input of usage data—the more data the
better the twin. Therefore, the next stage involves the
input of usage data (e.g., using the IES iSCAN software).
In the beginning, only the available meter readings from
the main meter can be imported. However, once smart
meters are available, the flow of information to the soft‐
ware becomes constant and the model starts to recog‐
nize patterns. From that point onwards, the software
algorithm can suggest energy‐saving measures and the
level of interference it causes (shallow/deep retrofit) or
the planned retrofit works can be included in the simu‐
lations for swift estimation of costs, energy savings, pub‐
lic consultation use, and risk assessment before the final
decision is made.

The DT process may be used for single buildings but
also whole estates or districts. Considering the urban
projects, the data input is simply at a different level—
the data from building smart meters are accompanied
by data regarding vehicular and pedestrian traffic, the
grid and utility locations, and car charging station loca‐
tions. Accordingly, the DTT can be used to analyse the
energy usage across the grid and point to the appro‐
priate location for a photovoltaic panel energy‐storing
facility or new subterranean parking, which can first be
checked virtually for any potential clashes or impact on
the area’s traffic.

The biggest challenge for LPS renovation—both at
the building—and urban‐level and second only to the
substantial cost of such works—is the decision‐making
process with many owners and occupiers involved.
The graphics and data outcome of DT technology used
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Figure 1. The DT process for LPS retrofit projects showing the directions of the information feed.

for wide consultation and information of all stakehold‐
ers allows for better decisions with lesser risks involved.
Public consultation to demonstrate the advantages and
disadvantages of each refurbishment option can be held
as interactive workshops utilizing virtual reality simula‐
tion solutions. The added benefit of public participation
is that it may help to generate trust and build up a reputa‐
tion, as discussed by Baer‐Pásztory and Bergmülle (2013),
values which are at a lower level in CEE countries com‐
pared to Western Europe.

A big proportion of LPS buildings still require exten‐
sive modernization, as described by the Polish Building
Research Institute (2019), including the upgrade of elec‐
trical and water systems, as well as ventilation systems—
the process from Figure 1 consists in the following:
The housing association decides to make the necessary
upgrades to the system and orders an individualized
building model from the template repository to plan all
works using it and check for clashes and possible con‐
flicts with occupiers, as well as the need for consulta‐
tions, the ratio of works that are intrusive for inhabitants,
and the potential risks. Thanks to this, all stakeholders
are prepared for all consecutive works from the start and
all potential conflicts can be resolved in virtual reality,
reducing the duration and cost of works. Once the indi‐

vidualizedmodel is created, it forms the base for the sub‐
sequent refurbishment projects. The model with the lat‐
est changes can be imported into the DT software and
populated with data from smart meters, making it a vir‐
tual twin that always remains up to date. However, the
refurbishment decision is a good trigger for the model’s
creation; it can be commenced at any stageof a building’s
life in anticipation of future modernization works.

We can predict that one of the next steps in the sus‐
tainability simulation might be the reduction in water
consumption and the benefits of rainwater tanks for the
building’s water usage. Capable of assessing the amount
ofwater savedby analysingweather report data from the
previous years, a DT can precisely estimate thewater sav‐
ings, effectively helping future‐proof entire estates.

There are many benefits of using the virtual twin
technology. For example, an apartment ownerwho plans
refurbishment can use a DT to track all implications of
the works that may affect the building systems and struc‐
ture. Changes in apartments may soon be done first
on a virtual building, with subsequent simulations run
on a DT educated by smart metering to advise on the
appropriate timing of works to avoid disruptions to other
users thanks to real‐time electricity, elevator, and park‐
ing zone usage patterns. As dubious as it may seem,
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similar technology is already used in the UK—constant
analysis of the loads from smart meters readings pro‐
vides information and makes it possible to adjust the
power supply to car charging stations.

The considerable challenge for the countries of CEE
is to reach the digital revolution threshold that has
been crossed by Western economies in the last decade.
As stated in The Rise of Digital Challengers (Novak
et al., 2018, p. 6), “the digital economy of CEE countries
accounts for 6.5 percent of GDP… but well behind Digital
Frontrunners such as Sweden (9.0 percent).” In the same
report (p. 12), digitalization is named “the next major
growth driver” for CEE. In western economies—like the
UK—50%of householdswill have a smartmeter installed
by the end of 2021 (Holder, 2020); similarly, the EPC
(Energy Performance Certificate) is a requirement for all
rental agreements since 2008 (Department for Levelling
Up, Housing and Communities, 2007)—it creates a vast
public database from which DTs can be fed data at
the building‐, estate‐, or district‐level. By comparison, in
CEE these standards are falling behind due to the slow‐
paced voluntary action and a limited amount of informa‐
tion about the potential benefits of replacing standard
meters with smart ones. Considering that there are areas
in Eastern Europe where children do not have broad‐
band sufficient for remote learning/home‐schooling dur‐
ing the Covid‐2019 pandemic, the CEE requires more
time to close the digital revolution gap. However, this
time should be used for the creation of template models
in preparation for a future data influx, and secondly, the
big factual and educational campaign prepared for famil‐
iar estates can be the key to a widespread digital revolu‐
tion, following the logic of behavioural replication—if old
panel system buildings receive smart meters, the newer
developments will follow swiftly.

End‐user education is yet another critical element of
DT technology that has been identified during this inves‐
tigation. There are two reasons behind it. Firstly, with
knowledge comes an understanding of why digital tech‐
nologies (like smart metering) are beneficial and should
be implemented as widely as possible. Smart meters are
not merely used for the convenience of the energy com‐
pany but for the actual management of the energy usage
and adjustment of behaviour to become more energy
efficient. But data can only be managed if it is known—
this is why constant updates on energy usage provided
by a smart meter inside one’s apartment, as well as a
monthly bill, is a better incentive for behavioural changes
than the bill alone.

The second aspect of education is even more crit‐
ical than the first. This is to assure that the maxi‐
mum energy saving is achieved for all thermal retrofit
works—one that matches the estimates, at the very
least. As described in extensive research by Galvin and
Sunikka‐Blank (2013), the less thermally efficient a build‐
ing is, the better the user behaviour—the lack of ther‐
mal insulation is largely offset by users’ everyday energy
saving habits. However, the cited study revealed that

once all thermal upgrades have been installed, the
residents’ energy‐saving habits have deteriorated—the
actual energy savingswere 30% lower than the estimates
due to detrimental changes in user behaviour. DT tech‐
nology can help with reinforcing energy‐saving habits
as the technology enables the installation of interactive
displays (large ones for a few buildings or smaller ones
for each building’s reception) on the estate premises to
show a constant flow of energy to the given apartment
and compare it to others in the building. Each inhabi‐
tant can also use a mobile app for that purpose. After
the implementation of such solutions, constant feedback
becomes an incentive to savemore energy. Furthermore,
policymakers would be limited only by their imagination
in this area, e.g., they may organize wide range of con‐
tests for occupiers that might become a district tourna‐
ment to constantly reinforce the residents’ energy sav‐
ings behaviours.

4. Conclusion

Thanks to the extensive use of typologies in LPS, the
implementation of a 3D model‐based DT technology,
while initially time‐consuming, is relatively uncompli‐
cated, as 3D model templates can be widely applied.
Meanwhile, the DT provides feedback on LPS retrofit at
every stage, from design to operation, from cost esti‐
mations via public consultations to decisions, results,
and future challenges, from energy performance and
CO2 reduction goals to utility grid planning and urban
improvements. The longer the DT exists and the more
data it receives, the more accurate the simulations
become; as such, the sooner the technology is imple‐
mented, the better for any type of LPS building
retrofit project.

As the DT constantly grows with the data collected,
the technology itself develops further as well. Looking
ahead, the implementation of DT technology prepares
the LPS estates for future challenges like noise and light
pollution and any others that might occur in the rapidly
urbanizing areas in the future. New requirements will
simply become additional attributes applied into the digi‐
tal environment with the software providing calculations
of simulated outcomes.

The retrofit measures, resident education, and instal‐
lation of photovoltaic panels in places with the most sun
exposure (such locations to be suggested by the BIM
and DT simulation) give LPS buildings the potential to
become energy‐positive structures, which would help
enormously with the climate change and air pollution
that Eastern Europe currently struggles with.

Our study provides the foundation for a new way
of thinking that helps with managing the change in dig‐
italization in CEE. Since people are often afraid of the
unknown, the familiar can lead the change—the digital
revolution. But once the commonplace panelák (“panel
building”) becomes a smart and digital building, it may
be easier to convince society to follow in its footsteps.
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Additionally, it ought to help with the most important
aspect of the sustainable future—the conscious user—
as only through responsible decisions at every level will
it be possible to resolve the issue of pollution plaguing
our planet.

This analysis is the first output of a wider project
researching the means of giving LPS estates a new lease
of life andmaking them sustainable even by 21st century
standards while helping with the digitalization of CEE’s
mid‐life housing stock and its inhabitants. Thenext step is
a pilot case study including the creation of a single build‐
ingmodel to check all potential issues with derelict mate‐
rial characteristics, access to data, and potential issues
with the simulations. That will be followed by a planned
case study modelling a whole estate to review the pos‐
sibilities and challenges of using the template library.
Once these challenges are identified, the plan is to test
themodel during public consultations—the participation
project which will clearly define the most pressing areas
for improvement for the inhabitants. The final step, and
the authors’ aim, is the creation of a repository of model
types and materials that would be an open‐access tool
used by teams from other countries working on separate
systems with the exchange of experiences from specific
lessons learned.
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