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Abstract. Azerbaijan’s housing stock is largely composed of Soviet-era prefabricated panel
buildings (1950s—1990s), characterized by poor thermal performance and the absence of digital doc-
umentation. Although a national building energy certification system was introduced in 2022, a com-
prehensive Digital Building Passport (DBP) framework adapted to post-Soviet conditions has not yet
been developed. This study presents a systematic literature review aimed at identifying advanced Eu-
ropean DBP and Building Renovation Passport (BRP) models, analyzing their data structures and
implementation barriers, and developing a context-adapted DBP model for Azerbaijan. The review
follows the PRISMA 2020 guidelines and is based on a Scopus search, resulting in a final sample of
40 peer-reviewed studies published between 2018 and 2026. The results reveal a rapid increase in
research activity, with 44% of publications appearing in 2025, reflecting the impact of recent Euro-
pean policy developments. Thematic analysis shows that 59% of studies focus on digital building
logbook data structures, while 30% address building renovation passports. Across the reviewed liter-
ature, four key implementation barriers are consistently identified: data interoperability, data quality
limitations, administrative fragmentation, and low stakeholder engagement. The main scientific con-
tribution of this study is the development of a three-level conceptual DBP model tailored to the Azer-
baijani context, integrating static building data, renovation history based on standardized typologies,
and long-term renovation planning. From a practical perspective, the proposed model provides a
scalable and modular solution suitable for data-constrained environments, supporting a phased tran-
sition from static certification systems to dynamic, lifecycle-oriented digital building management.

Keywords: digital passport, renovation passport, Azerbaijan, systematic review, PRISMA, en-
ergy renovation.
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93IPBAHKAHJIAFbI IIUDPIBIK FUMAPAT ITACIIOPTBI:
O//[EBUETTEPI'E )KYUEJIIK HIOJIY

I. Mammagosa ® , H. AdnyiiaeBa ® c. AxkbapoBa* ®

O3ipOaiikaH COyJeT XKoHe KypbuIbic YHUBepcuTeTl, 1073, baky, O3ipbaitkan

Anparna. Oszipbatiyicannbly MYpeblH YU KOpbl Heli3iHeH Kenec 0ayipinoeci aloblH aid
Kypacmuipvlizan nanenvoi eumapammapoar (1950-1990 ocvinoap) mypaovi, oaap  Hcoliy
OMKIZIUMIKMIY HAUAPTBIZBIMEH HCIOHE CAHOBIK KYHCAMMAMAHBIY OOAMAYbIMEH CUNATMIMANAObL.
2022 dcoinbt Yummulk, GUMApammapObly, YHEPLeMUKAIbIK, CepmuuKammay xHcyiieci eneizineenimen,
nocmkenecmix orcazoatiiapea Oetlimoenzen KeuleHdi canoblk eumapam nacnopmoiuwvly (DBP)
KypbulabiMbl a1l 23ipreHbezen. Byn zepmmeyoe eyponanvik DBP dicone 2umapammapobl H#oHOey
nacnopmuinvly (BRP) 03biK yneinepin anvlkmayea, onapoviy 0epekmep KYPuliblMOapbl MeH eHZi3y
Keoepeinepin manoayaa scone O3ipobaiidcan yutin Konmexcmie detiimoenzen DBP mooenin asipaeyee
bazvimmanzan scytieni adebuemmepee wiony ycvinwviizan. Lllomy PRISMA 2020 nyckayrapuvina
catikec kenedi dicone Scopus i30eyine Hezizoenzcen, Hamudicecinoe 2018 ocone 2026 oicvinoap
apanviebinoa ccapusnanean 40 capanmamanvi 3epmmeyoiy coyavl yacici nauda 000bil.
Homuoicenep 3epmmey xvizmeminiy me3 6ckeHiH kepcemedi, sHcapusnanvimoaposvly 44%-v1 2025
JICbLIbL natoa 00a0vl, OYI COHEbL eyPONAnblK Cascammazvl o3zepicmepliy acepin Koepcemeoi.
Tagvipvinmuly  manoay 3epmmeyiepoiy 59%-vl  CaHObIK UMAPAM  HCYPHANLIHLIE OepeKmep
KypulibiMoapsina baseimmaneanvid, ai  30%-v1  umapammapovl HCOHOEY NACHOPMMAPbIH
Kapacmolpamulnbii Kepcemedi. Kapacmuipbliean a0ebuemmepoe mopm ne2izei icke acvlpy Keoepeici
YHeMi aHblKmangaH: OepekmepOlin 63apa apeKkemmecyi, OepeKkmep CanacblHblY UieKmeyepi,
IKIMUWLINIK (hpazmenmayusi scane Myooei mapanmapoviy memen Kamovicysl. byn sepmmeyoiy neeizei
ELLIBIMU  YAeCl - CMAMUKAILIK SUMapam OepeKmepin, CMaHOApMmAanigarn munoiocusnaped
Hezi30eNeeH JHCOHOey MAPUXBIH JiCIHe Y3aK Mep3iMOi dHceHoeyOi dcocnapaayosl Oipikmipemin
O3ipbatisican KoHmeKcmine belimoenzen yui Oeneelini myaxcvipvimoamansix bl mooenin azipaey.
Ipakxmukanelx mMypevloaH ai2aHod, YCbIHbLIZAH MOOelb OepeKmepMeH UleKmenzen Opmanaped
KOAaUiIbl MACUmabdmanamolt HcaHe MOOYIbOIK Wewimoi YCblHaobl, CMamuKaiblk cepmupurammay
JHcylieniepiner OUHAMUKALBIK, OMIPIIK YuKi2e OAbIMmMAanzan CAHObIK sumapammaposl backapyaa
Ke3ey-Ke3eHMeH Koulyoi Koaoauosi.

Tyiin ce3nep: yugprvix nacnopm, dcewoey nacnopmol, O3ipoOAldCaAH, KHCYUeni WOy,
PRISMA, suepeemuxanviy scayapmy.
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OB30PHAS CTATbHA

MU ®POBOU MACHOPT 3IAHUS B ABEPBANUJI)KAHE:
CUCTEMATUYECKHUM JIUTEPATYPHBIN OB30P

I. Mammagosa ® , H. AdnyiiaeBa ® c. AxkbapoBa* ®

AzepOaiixanckuil ApxutektypHo-CrpoutensHblii YHUBepeuteT, 1073, baky, A3zepOaiixan

AnHoTamus. JKunuwnoli pono Aszepbatiodncana 6 3HAYUMENbHOU CMENneHu COCMOum u3
coopubix nanenvhvlx 30anuil cosemckou snoxu (1950-e-1990-¢ 2o0wi), xapaxmepusyrowuxcs
HUBKUMU MENIOUZOIAYUOHHBIMU XAPAKMEPUCUKAMU U OMCYMCEUeM Yupposol 0OKyMeHmayuuy.
Xoms 6 2022 200y bvlna 66e0eHa HAYUOHATbHASL CUCIEMA IHEP2EMUYECKOU cepmuurayuu 30aHutl,
KOMAJIEKCHAsL cucmema yu@posvix nacnopmos 3oanutl (L{I13), adoanmupoeannas K nOCMco8emcKum
YCR08UAM, 00 CuX nop He paspabomana. B oannom uccredosanuu npedcmaenen cucmemMamudeckul
0030p umMepamypwl, HANPAGICHHbLLL HA 6bISGICHUE Nepedosvix eeponeickux moodeneu L[I13 u
nacnopmos pexoncmpyxkyuu 30anuii (I1113), ananuz ux cmpyxmypbl OaHHbIX U OAPbLEPOE BHEOPEHUS,
a makoice paspabomky adanmuposannol k koumexcmy mooenu L{I13 ons Azepbaiioscana. Ob30p
nposooumcs 8 coomeemcmeuu ¢ pexomenoayusimu PRISMA 2020 u ocnosan na noucke 6 baze
Oanuvix Scopus, 6 pesyivmame ue20 8 OKOHUAMENbHYIO 6blOOpKY outiu 40 peyeHzupyemuix
uccaedo8anull, onyonukosantuvix 6 nepuood ¢ 2018 no 2026 200. Pe3yismamul nokazviearom Obicmpbiil
pocm uccredogamenvbekol akmuenocmu: 44% nybauxayuii nosgunuces 8 2025 200y, umo ompasicaem
GIUSIHUE NOCIEOHUX UBMEHEeHULl 8 eaponelickoll noaumuke. Temamuueckull anaiuz nOKazvleaem, ymo
59% uccnedosanuii noceaujenvl CMpYKmMypam OaHHbIX Yyugpossix dxcypHanos yuema 3o0anuti, a 30%
— nacnopmam peKoHCmpyKyuu 30anui. B paccmompennoi aumepamype NOCI€008AMENHHO
BI0ENSIOMCSL Yemblpe KIOUesblX 0apvbepa 6HeOPEHUsl: COBMECTNUMOCHb OAHHLIX, O02PAHUYEHUs.
Kauecmea OaHHblX, AOMUHUCTPAMUBHAS (hpasmeHmayusi U HU3KULL YPOBEHb 606IIEHeHHOCMU
3auHmepeco8anublx cmopoH. OCHOBHOU HAYYHBINL 6KIA0 OAHHO2O UCCIe008AHUS 3aKTIOUAEMCs 8
paspabomke mpexyposHesoll KOHUenmyaibHou mooeiu yugposozo ynpaenenus 30anusimu (DBP),
a0anmupoBaHHol K azepoatiodicanckomy KOHMEKCIY, uHmeepupyiowel cmamuieckue OaHHble O
30AHUSIX, UCHOPUIO PEKOHCMPYKYUU HA OCHO8E CMAHOAPMUSUPOBAHHBIX MUNOIO2ULL U 00N20CPOUHOE
nranuposanue pexoncmpykyuu. C  APAKMUYEcKol MOYKU 3peHusl, NpedsiodCeHHAs. MOoOelb
npedcmagnsaem cobol macumadupyemoe u MOOYIbHOe peuieHue, nooxooswee OJisd YCI08Ull C
02PAHUYMEHHBIMU OAHHBIMU, NOO0EPIUCUBAIOUEe NOIMANHBIIL Nepexo0 Om CMAMmu4ecKux Ccucmem
cepmugpurkayuu K OUHAMUUHOMY, OPUESHMUPOBAHHOMY HA JCUHEHHBLU YUK YUDPOBOMY YNPABIEHUIO
30aHUAMU.

KaroueBble cioBa:.  yughposoti nacnopm, nacnopm  pemosayuu, Azepbdaiiddcan,
cucmemamuyeckuti 0030p, PRISMA, snepeemuueckas penosayusi.
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1 INTRODUCTION

Buildings account for approximately 40% of energy consumption and 36% of CO: emissions
in the European Union, making the construction sector a central component of decarbonization strat-
egies [1]. In this context, improving the energy performance of existing buildings has become a key
priority, particularly through the development of digital tools supporting lifecycle-based decision-
making.

Recent studies emphasize the growing role of digital building passports (DBPs) and digital
building logbooks as integrated information systems that consolidate technical, environmental, and
operational data across the building lifecycle [9; 10]. These tools are increasingly viewed as essential
instruments for enabling deep renovation strategies, supporting policy implementation, and facilitat-
ing data-driven decision-making in the building sector [22].

Within the European context, the concept of DBP has evolved significantly in recent years,
particularly under the influence of the “Renovation Wave” initiative and the revised Energy Perfor-
mance of Buildings Directive [11], which formalizes the role of building renovation passports as a
key policy instrument. Contemporary research focuses on the development of data architectures, in-
teroperability frameworks, and integration with emerging technologies such as Building Information
Modeling (BIM) and digital twins [17]. At the same time, several studies highlight persistent chal-
lenges related to data quality, information system fragmentation, and user engagement [4; 6].

Despite these advances, the majority of existing research is concentrated on Western European
countries with relatively mature digital ecosystems and well-developed regulatory frameworks [5;
18]. Consequently, the applicability of DBP models to other contexts—particularly post-Soviet coun-
tries—remains insufficiently explored. This represents a critical limitation, as these regions are char-
acterized by distinct structural conditions, including outdated building stock, limited digital docu-
mentation, and fragmented ownership structures [15; 21].

Azerbaijan exemplifies this gap. A significant share of its housing stock consists of Soviet-era
panel buildings constructed between the 1950s and 1990s, which are characterized by low thermal
performance and a lack of reliable technical documentation [16]. In response to the need to improve
energy efficiency, a national building passport system was introduced in 2022, aiming to reduce en-
ergy consumption by up to 30% by 2030 [14]. However, this system currently operates primarily as
a static certification tool, similar to the European Energy Performance Certificate (EPC), and lacks
the dynamic and integrative capabilities associated with DBPs [12; 13].

At the same time, the Azerbaijani context presents both challenges and opportunities for DBP
implementation. On the one hand, the absence of digital building records requires significant efforts
for data collection and system development. On the other hand, the prevalence of standardised Soviet-
era building typologies creates favourable conditions for developing template-based, scalable data
models.

Therefore, the key research gap lies in the lack of context-adapted DBP frameworks that ac-
count for the specific characteristics of post-Soviet housing stock and data-constrained environments.
Existing European models cannot be directly transferred without significant modification, highlight-
ing the need for tailored approaches that integrate international best practices with local conditions.

In this context, this study aims to identify the most developed European DBP models and their
data structures, analyze key implementation barriers reported in the literature, and assess their ap-
plicability to the Azerbaijani context, leading to the development of a context-adapted conceptual
DBP model for the national housing stock.

Unlike existing reviews, this study synthesizes the fragmented data on Digital Building Log-
books (DBL) specifically for regions with transitioning energy economies. The scientific contribution
lies in the development of a conceptual framework that integrates energy performance certificates
(EPC) with decarbonization pathways.

2 MATERIALS AND METHODS
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This study was conducted as a systematic literature review in accordance with the PRISMA
2020 (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines [11,20]. The
review protocol was registered on the Open Science Framework (OSF) to ensure transparency and
reproducibility.

The literature search was performed in the Scopus database on February 11, 2026. The search
strategy was developed using a structured Boolean query applied to titles, abstracts, and keywords
(TITLE-ABS-KEY), as follows: (“digital building loghook™ OR "building loghook™ OR "digital
building passport" OR "building passport" OR "renovation passport™)
AND ("energy efficiency” OR "building renovation" OR "decarbonization” OR "Azerbaijan"). The
inclusion and exclusion criteria were defined prior to the screening process (Table 1).

Table 1 - Inclusion and exclusion criteria

Inclusion criteria Exception criteria
Publications published between 2015 and 2026 Publications published before 2015
Journal articles, review articles, and book chapters Conference papers and conference reviews
Publications in English or Russian Publications in other languages
Studies related to digital building logbooks, building passports, Studies unrelated to the topic (e.g., transport,

EPC, and renovation strategies manufacturing)

Residential or mixed-use buildings Exclusively industrial buildings
Full-text availability Abstract only

The following inclusion criteria were applied: 1- publications published between 2015 and
2026; 2- journal articles, review papers, and book chapters; 3- studies written in English or Russian;
4- studies addressing digital building logbooks, building passports, energy performance certification,
or renovation strategies; and 5- studies focused on residential or mixed-use buildings.

Selection Process and Data Synthesis. The screening process was managed using the Rayyan
platform for independent and blinded review [19]. The selection evolved through four stages:

1. ldentification: A total of 116 records were initially identified. After the automatic and man-
ual removal of 30 duplicates, 86 unique records remained.

2. Screening: The titles and abstracts of the 86 records were screened against the inclusion
criteria. At this stage, 21 records were excluded as they were outside the geographical or thematic
scope (e.g., focusing on industrial manufacturing).

3. Eligibility: The remaining 65 full-text articles were assessed for eligibility. During this
phase, 25 records were excluded: 20 were identified as conference papers (not meeting the document
type criterion) and 5 lacked full-text availability.

4. Included: A final set of 40 peer-reviewed sources was included in the systematic review.

The complete selection process is visualized in the PRISMA flow diagram (Figure 1).

3 RESULTS AND DISCUSSION

The 86 records identified cover the period 2018-2026, with a pronounced concentration in 2025
(n = 38; 44%). This sharp increase in publication activity indicates a transition of the DBP concept
from a theoretical framework to an actively developing research field, largely driven by regulatory
changes, particularly the adoption of the revised Energy Performance of Buildings Directive. The
distribution of document types (Table 2) reveals a high proportion of conference publications (54%
combined), which suggests that the field is still in a formative stage. Such a structure of scientific
output typically reflects an emerging research domain, where concepts and methodologies are ac-
tively being tested but have not yet reached full consolidation in high-impact journal publications.
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Records identified }_:, Duplicates removed
Scopus database (n = 116) (n=30)
Identifi- l
cation
Records after duplicates removed
(n=286)
Records screened W_), Records excluded
Screening (titles and abstracts) {n = 86) J ?Ut of S.COPE (n= 2.1)
(industrial / off-topic)
Full-text articles assessed 1_:, Full-text excluded (n = 25)
for eligibility (n = 65) J Conference papers (n = 20)
Eligibility No full-text access (n = 5)
Managed via Rayyan
Studiesincluded in review
Included (n=40)

Figure 1 - PRISMA flow diagram of the systematic literature review process [ Authors’ material]
Note: DBP — Digital Building Passport; BRP — Building Renovation Passport;
EPC — Energy Performance Certificate

Table 2 - Distribution of publications by document type, n = 86 [ Authors’ material].

Ne Document type Number of publications Share, %
1 Journal articles 31 36%

2 Conference papers 28 33%

3 Conference reviews 18 21%

4 Review articles 8 9%

5 Book chapters 1 1%

6 Total 86 100%

Thematic classification further supports this observation. The predominance of studies related
to building documentation and data structures (59%) indicates that the current research focus is pri-
marily on the development of data frameworks, rather than on large-scale implementation or perfor-
mance evaluation. In contrast, studies addressing renovation passports (30%) remain less represented,
suggesting that applied research on implementation strategies is still evolving.
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An analysis of leading journals shows that the topic is concentrated within a relatively narrow
group of specialized outlets (e.g., Buildings, Energy and Buildings, Sustainability), indicating limited
diffusion into broader interdisciplinary or policy-oriented journals. This may reflect the technical
nature of the field, as well as its current positioning at the intersection of engineering and digitaliza-
tion. The citation analysis highlights a clear intellectual structure of the field. Foundational works
[21] focus on conceptualizing renovation passports and identifying barriers, while more recent studies
[17; 7] shift toward digital integration, including BIM, digital twins, and lifecycle data management.
This evolution suggests a gradual transition from conceptual exploration to technological operation-
alization of DBP systems.

An analysis of the reviewed literature allows us to identify a number of established European
implementations of the DBP. [8] conducted a comparative analysis of models developed within the
framework of the European Commission initiatives (iBRoad, ALDREN, X - tendo), revealing signif-
icant heterogeneity in data structures and management models.

[7] proposed a comprehensive digital building renovation passport (DBRP) structure compris-
ing eight main data categories, including a material passport component, implemented using a hybrid
storage architecture. A further development of this approach is presented in the work of [6], who
proposed an extended model of a digital building renovation passport (DBP), including 34 categories
and 163 attributes, aimed at supporting renovation roadmaps and monitoring the quality of the indoor
environment after interventions.

Along with the development of data structures, the literature consistently identifies key require-
ments for digital knowledge bases. For example, [4; 2] identify interoperability, data quality, and
information management as the most persistent barriers to the widespread adoption of digital
knowledge bases. These findings are consistent with the results of a pan-European survey which con-
siders interoperability, data reliability, and alignment with EU digital strategies as fundamental con-
ditions for the development of standardized digital knowledge bases. To identify the qualitative dif-
ferences between the DBP and traditional assessment tools, Table 3 presents a comparison of the
building energy certificate and the digital building passport.

Table 3 - Key differences between EPC and DBP (compiled by the authors based on [18; 7; 22])

Criterion compari- Energy certificate of buildings Digital building passport
sons
Type data Static - a snapshot at the time of inspection Dynamic - updated magazine events
Lifecycle coverage Limited - Current Class energy efficiency Complete - from design to disposal
Target use Correspondence standards and reporting Justification for deep renovation and long-

term planning

Despite the significant potential of the DBP (Table 3), literature analysis allows us to identify
four consistently reproducible categories of implementation barriers:

— Firstly, problems of data interoperability caused by the fragmentation of national databases,
the lack of standardized information exchange formats and the incompatibility of outdated adminis-
trative systems with modern digital solutions [3; 7];

— Secondly, limitations in data quality, including incomplete historical information and discrep-
ancies between certified and actual energy performance of buildings;

— Thirdly, administrative and managerial barriers, expressed in the uncertainty of regulatory
requirements, the complexity of the ownership structure and the shortage of qualified personnel;

— Fourthly, low involvement of owners, due to the fact that existing versions of the DBP are
focused mainly on technological aspects and do not sufficiently take into account behavioral factors
when making decisions on renovation.

The literature reviewed allows us to formulate a number of conclusions applicable to the Azer-
baijani context. The energy certification system introduced in 2022 creates an institutional foundation
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for further digitalization. The homogeneity of Soviet-era building typologies facilitates the develop-
ment of standardized data templates, while international experience can be used as benchmarks for
implementation.

In particular, the German iISFP model appears to be most applicable in the short term, while the
Belgian Woningpas system can be considered a long-term benchmark. However, studies of the ther-
mal performance of buildings in Baku and experience with energy audits of university campuses
indicate the need to adapt the parameters of the central heating system to local climatic and opera-
tional conditions [20].

Taken together, the reviewed models demonstrate a clear trend toward increasing complexity
and data granularity. While early approaches focused on basic data aggregation, more recent models
incorporate multi-layered data architectures and lifecycle integration. However, this increasing com-
plexity also introduces significant challenges related to data interoperability and usability. Thus, a
key trade-off emerges between model comprehensiveness and practical applicability, which remains
insufficiently resolved in the current literature [21].

Based on a systematic analysis of European DBP models, as well as the data structures and
functional requirements identified in the literature, a three-level conceptual model of the Digital
Building Passport (DBP) for the housing stock of Azerbaijan is proposed [22; 23].

The choice of a three-level structure is grounded in the consistent representation of DBP sys-
tems in the reviewed studies, which typically encompass three key dimensions: (i) basic building
characteristics, (ii) the dynamics of building transformation, and (iii) long-term renovation planning.

The first level — the Building Data Category — includes static characteristics such as year of
construction, structural system, total area, and number of apartments, as well as data from the national
building certification system introduced in Azerbaijan in 2022.

The second level — the Renovation History Category — captures records of interventions,
maintenance activities, and material specifications, structured according to standardized Soviet-era
building typologies.

The third level — the Renovation Planning Category — incorporates prospective renovation
roadmaps aligned with national energy efficiency targets for 2030, reflecting the transition toward
long-term decarbonization strategies (Figure 2).

Renovation Planning ¢ Building Data
Category Category

Prospective DBP Model L vaarof
Renovation ! Construction
Roadmaps Renovation History L. Structural Systen
Energy Efficiency Category
Targets I Total Area
Interventions L.
Azerbaijan's Goals Carried Out Number of

Apartments

Maintenance - EPZ Data

Records
I+ Cadastral

Material Information

Specifications

) - \+ Owner Data
Soviet Building

Typologies

Figure 2 - Conceptual model of the Digital Building Passport (DBP) for the housing stock of Azerbaijan
[Authors’ materia]

The proposed framework is consistent with existing European approaches that emphasize
lifecycle data integration and multi-layered data structures. However, in contrast to highly detailed
and data-intensive models, which may include over 160 attributes, the present model adopts a more
hierarchical and modular structure, prioritizing scalability and practical implementation. This distinc-
tion is critical, as previous studies demonstrate that excessive data complexity may limit real-world
applicability due to constraints in data availability and user.
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A key finding of this study is that the implementation of DBP systems is shaped by systemic
contradictions that emerge at the intersection of technological potential and contextual limitations.
These contradictions, identified both in European studies and in the Azerbaijani context, are primarily
related to data interoperability, data quality, institutional readiness, and user engagement.

In Azerbaijan, these challenges are further intensified by the limited availability of digital build-
ing records and the fragmentation of existing information systems, which aligns with previously iden-
tified barriers in DBP implementation. At the same time, the dominance of standardized Soviet-era
building typologies creates a distinct structural condition that differs significantly from Western Eu-
ropean contexts, where building stock is typically more heterogeneous [7].

This structural specificity creates favorable conditions for the development of template-based
DBP models, representing a key contribution of this study. Unlike existing European approaches,
which primarily focus on flexible but complex data architectures, the proposed model leverages ty-
pological uniformity to support standardization and scalability.

At the same time, the findings confirm a fundamental tension between standardization and
adaptability, widely discussed in the literature [18; 23]. While standardized data structures are essen-
tial for large-scale implementation, effective renovation planning requires adaptation to local climatic
and operational conditions. This is particularly relevant for Azerbaijan, where climatic diversity ne-
cessitates differentiated renovation strategies despite structural similarities in the housing stock [1;
24]. These contradictions are systematized in Table 4.

Table 4 - Contradictions in the adaptation of DBP for Azerbaijan [Authors’ material ]

Implementation potential, Favorable factors Barriers and limitations, Technological risks
Homogeneity of typologies: Soviet series allow the The paradox of standardization: the buildings are structur-
use of standardized data templates. ally similar, but Azerbaijan's climatic diversity (from semi-
deserts to highlands) requires climate-adapted renovation
modules.

Institutional framework: the current passport system  Data quality: significant discrepancies between archival doc-

has been in effect since 2022. uments and the actual state of objects.
Technological potential: readiness for the implemen- Human factor: low owner involvement and a shortage of
tation of BIM and digital twins. qualified personnel for digital audit.

Another important dimension concerns the balance between technological complexity and user
accessibility. Although advanced solutions such as BIM and digital twins offer significant potential
for DBP development [17; 10; 25], their implementation in the Azerbaijani context is constrained by
limited institutional capacity and low stakeholder engagement. This highlights the importance of
phased implementation strategies, starting with simplified and user-oriented solutions, followed by
gradual integration of more advanced digital technologies.

Overall, the findings demonstrate that the direct transfer of European DBP models to the Azer-
baijani context is not feasible without substantial adaptation. Structural differences in data availabil-
ity, institutional maturity, and building stock composition require the development of context-sensi-
tive implementation pathways rather than the replication of existing frameworks.

From a practical perspective, the proposed three-level model provides a scalable and adaptable
solution for the gradual digitalization of the building sector in Azerbaijan. Its hierarchical structure
enables the integration of incomplete and heterogeneous data, which is a critical requirement in data-
constrained environments.

In this regard, hybrid approaches that combine standardized data templates with adaptive deci-
sion-support mechanisms represent the most promising direction for future DBP development, both
in Azerbaijan and in other countries with similar post-Soviet building stock characteristics (Table 5).
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Table 5 - Comparison of the proposed DBP model for Azerbaijan with existing European frameworks [Author’s material]

Standard European
Feature DBP (iBRoad, AL-
DREN)

Proposed context-adapted

DBP, Azerbaijan Scientific value of the proposal

Highly fragmented,

Data Architec-  focus on heterogene- Template-based, leveraging High scalability: allows for rapid digital-

N X standardized Soviet-era build- ization of 60-70% of the housing stock
ture ous historical build- - . . |
ings. ing series (e.g., 1-464, 1-467). using master-templates.
Extreme detail (upto  Hierarchical 3-level structure  Practicality: functions effectively even in
Granularity 160+ attributes), high (Basic, History, Planning) "data-constrained" environments with
data demand. with priority attributes. limited archival records.

Differentiated modules for

. . N . Precision: prevents "over-insulation" or
Climate Adapta-  Generally uniform Azerbaijan’s 9 climate zones P

"under-ventilation" risks specific to the

tion within EU zones. (from semi-desert to high- . -
Caspian region.
land).
Institutional Linked to mature EU Hybrid integration with the Continuity: ensures the transition from
Link EPBD digital ecosys-  Azerbaijan National Certifica- static "Green Home" certificates to dy-
tems. tion System (2022). namic life-cycle logbooks.

Integration of embodied car- Holistic approach: addresses the specific
bon and seismic safety rec- structural risks and life-cycle footprint of
ords. regional building types.

Focus on operational

Decarbonization
energy.

4 CONCLUSIONS

Based on the comprehensive analysis of digital building passports (DBPs) and their regional
integration, the key findings and conclusions of this study are structured as follows:

1. Identification of Core Implementation Barriers: The systematic synthesis of European re-
search reveals that while DBP concepts are developing rapidly, their practical implementation re-
mains globally constrained by persistent challenges regarding data availability, interoperability, and
active user engagement.

2. Development of a Context-Adapted DBP Model: The main scientific contribution of this
work is a newly developed three-level DBP model tailored to Azerbaijan's specific housing stock.
Featuring a hierarchical and modular structure, this framework successfully enables the integration
of incomplete and heterogeneous data, resolving critical limitations of data-constrained regional en-
vironments.

3. Utilization of Standardized Typologies for Renovation: The study introduces a novel direc-
tion for optimizing the renovation of mass-series residential districts by highlighting the high poten-
tial of template-based DBP solutions derived directly from standardized Soviet-era building typolo-
gies.

4. Phased Practical Strategy for Institutional Transition: From a practical perspective, transi-
tioning from Azerbaijan's current conventional energy certification into a dynamic, lifecycle-oriented
DBP system requires a phased implementation strategy. This transition necessitates targeted devel-
opment of local data infrastructure, robust regulatory mechanisms, and deeper stakeholder engage-
ment.

5. Support for Local Sustainable Urban Development: The proposed model serves as a practical
technical foundation for regional "Smart Village™" initiatives and active urban regeneration projects
in Baku, facilitating data-driven planning to successfully meet established energy efficiency targets
for 2030.

274
https://doi.org/10.51488/1680-080X/2026.2-15


https://doi.org/10.51488/1680-080X/2026.2-15

Bulletin of the Kazakh Leading Academy of Architecture and Civil Engineering. Ne2 (100), 2026. Architecture & Construction

6. Infeasibility of Direct Model Transfer: The findings confirm that a direct, unadapted transfer
of European DBP models is non-viable. Instead, the most promising pathway forward relies on scal-
able, hybrid approaches combining standardized data templates with flexible, context-specific reno-
vation strategies.

7. Directions for Future Research: Future academic work should focus on the empirical vali-
dation of the proposed model via targeted pilot projects on representative Soviet-era building series,
alongside assessing institutional readiness for large-scale deployment and creating standardized data
templates.
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