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Abstract. The analysis of the potential of introducing 3D printing technology
into the architectural and construction practice of the Republic of Kazakhstan includes
examples of the implementation of 3D-printed buildings both in the international arena
(the Netherlands, Angola) and in Kazakhstan. The article considers the possibility of
introducing 3D printing into national practice with an emphasis on sustainability,
adaptability and energy efficiency. The purpose of the study is to assess the
technological readiness and practical applicability of 3D-printed solutions in the
context of Kazakhstan. The work uses a comparative analysis of international and
domestic projects, a review of relevant literature, a study of the engineering
characteristics of materials and mixtures, as well as interviews with specialists.
Projects such as Milestone, Power2Build, and local implementations using COBOD
printers are considered as the main examples. The advantages of 3D-printed solutions
using local materials are revealed: reduction of construction time and labor costs,
improvement of thermal engineering parameters of enclosing structures and reduction
of carbon footprint. The ability of the technology to form complex geometries, provide
integrated thermal insulation and adapt to earthquake-prone conditions is shown. The
prospects of biodegradable composites and digital workflows (BIM/CAM, parametric
design) are noted. 3D printing has already moved into the category of applied
technologies ready to scale in Kazakhstan, subject to standardization of formulations,
development of a regulatory framework and training of personnel. The technology
offers economic and environmental benefits, especially for remote and seismically
hazardous regions, and can become a tool for mass sustainable housing construction.
The authors offer recommendations on the adaptation of mixtures to climatic
conditions, the development of standards and the integration of educational programs
to accelerate the introduction of technology and ensure the quality of construction.
Further research should focus on the durability of printed structures and the economic
assessment of large-scale projects.
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KA3AKCTAH COVJIETIHAETT 3D-BACHIA: SKCIIEPUMEHTTIK
YW/IEPAEH TYPAKTDHI HIEINIMJIEPI'E IEUTH

A. Viima! @ | 10.B. Onnmenko?®” ® | A.C. Akynos2?®

'Heic Konnan6ans Feumsivaap yausepceuterti, 448-300, Heica, Tosbma
ZXaJ'IbIKapaJ'IBIK oimim 6epy koprioparnusicel, 050028, Anmatel, Kazakctan

3"Kasak 6ac coyier xone Kypbuibic akagemuscel" XKIIIC, Anmarsr, Kazakcran

Anparna. Kasaxcman — PecnyOnuxacvimbly — cayiem — HcaHne — KYpblibiC
npakmukacvina 3D-6acna mexHono2uscvlH eH2izy aleyemin manoday XaiblKapaniblk
apenaoa (Huoepnanowi, Aneona), conoau-ax Kasaxcmanoa 3D-b6acna eumapammapuvin
icke acvipy mvlcanoapvin Kammuovl. Makanada mypaxmoeliviKKa, beuimoenyee yHcane
oHepeusi muimoinicine Hazap ayoapa Omulpvln, YaimmulK maxcipubece 3D 6acwin
Wbl2apyosl eneizy MyMKIHOI2I Kapacmulpbliadsl. 3epmmeyoiy maxcamvl-Kazaxcman
Kouwmekcminde 3D-bacna  wewimOepiniy  MexHONOSUSIbIK — OAUbIHObIEbl  MeH
NPAKMUKAILIK KOJNOAHBLIYVbIH Oazanay. JKymvicma XanvlKapanvlk dH#caHe OMAHObIK
ACOOANAPOLL CANBICMBIPMATLL MAA0AY, OeUiHIIK 20ebuemmepee WOy, MAmMepuaidap
MeH  KOCnanapowly — UHICEHEepNiK  CUNammamalapvld  3epmmey,  COHOAu-ax
mamanoapmer cyxoam nauoananvliovl. Hezizei mvicanoap peminoe Milestone,
Power2Build cuskmul scobanap, conoati-axk COBOD npunmepnepin Konoana omuipin
Jrcepeinikmi icke acvlpy Kapacmuipuliaovl. Kepeinikmi mamepuandapovl naudaiamy
ke3inoe 3D 6acvin wwieapy wewiMOepiniy apmulKUbLILIKMAPbl  AHLIKMALObL.
KYDbLIbIC — Mep3imoepi  MeH — eHOeK  WbIRbIHOAPLIH — KblCKApmY, — Kopuiay
KOHCMPYKYUSLIAPBIHGIY  JHCHLLY MEXHUKANLIK KOPCEeMKIUMepPIH dcaKcapmy HcoHe
kemipmeei i3iH azaumy. Texwnonoeusmviy Kypoeni 2eomMempusiibl Kalblnmacmulpy,
UHMESPAYUSATIAHRAH JICLLLY OKUAYIAYbIH KAMIMAMACLL3 em)y MHCOHe CeUCMUKATbIK
Kayinmi dcazoaiinapea beuimoeny kaoitemi kopcemineen. buonocusnviy vlobipaimvin
Komnosummep MeH yu@gprvlx orcymuvic npoyecmepiniy (BIM/CAM, napamempnix
ousaiin) bonawiazvl aman emindi. 3D-bacvin wwieapy Kypamoapovl cmanoapmmay,
HOpMamuemix 6azanvl a3ipney JHcaHe Kaopiaposl oaapray wapmvimer Kazaxcmanoa
Macwmabmayza Oatvin Konoanbanwt mexuonoeusnap camamvina eHoi. Aemopnap
MEXHONIO2USIHBL HceOell0emin eH2i3y JHCaHe KYPblIblC CanacblH KaAMMmMamacul3 emy YuliH
KOCnanapowvl KIUMammuolk Hcae0auniapea oeuimoey, cmaoapmmaposl 0amblmy HcaHe
oinim Gepy baz0apramanapvin OIpikmipy OOUbIHUIA YCHIHBICIAD YCbIHAOLL. Opi
Kapaievl 3epmmeyiep 0AculieaH KOHCMPYKYUANApObly Oepikmicine dHcoHe ayKblMObl
A#CO0ANAPOLI IKOHOMUKATLIK Oa2anayea 6agblmmanyvl Kepex.

Tyitin ce3nep: 3D oOacvin wwizapy, cayiem, mypakmol KYpwlivic, Oeuimoeny,
OUONI02UANBIK bIOLIPATIMBIH MAMeEPUANOap, SHepeus muimoiniel, Yyugpvix OU3auH.
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3D-IIEYATDH B APXUTEKTYPE KA3AXCTAHA: OT
3KCHEPUMEHTAJIBHBIX JTOMOB K YCTOMYUBbLIM
PEHIEHUAM

A. Viima! @ | 10.B. Onumenko?®* @ | A.C. AKyHOBZ’?’@

'YHuBepcurer npuknanHeix Hayk B Heice, 448-300, Heica, ITonbina
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3TOO «Kazaxckas roj0BHas apXUTEKTYPHO-CTPOUTEIbHAS aKagieMus», Aiamarel, Kazaxcran

AHHOTAUMA. AHanu3 nomenyuana 6umeoperuss mexvonrocuu 3D-nevamu @
apxumexmypuylo u cmpoumenvHyro npaxmuky Pecnyonuxu Kazaxcman exnrouaem
npumepsl peanusayuu 3D-neuamuvix 30aHUll KAK HA MeNCOYHAPOOHOU apeHe
(Huoepnanowl, Amneona), max u 6 Kaszaxcmame. B cmamwve paccmampueaemcs
803MONCHOCMb 6HeOpeHusi 3D-neyamu 6 HAYUOHANLHYIO NPAKMUKY C AKYEHMOM Ha
YCMOUYUBOCMb, A0ANMUBHOCIb U dHepeodhhekmusHocmy. Llenv uccredosanus -
OYeHUmMb  MeXHONO2UYECKVI0  20MOBHOCMb U NPAKMUYECKVIO  NPUMEHUMOCHb
3D-neuammnvix pewenuti 6 xoumexcme Kazaxcmana. B pabome ucnonvzosanvi
CPABHUMENbHBIN  AHAIU3 MENCOYHAPOOHLIX U OMEYECMBEHHbIX NPOEKmMOos, 0030p
NPOUILHOU TUMEPAMYpPbl, U3VUEHUE UHICEHEPHBIX XAPAKMePUCMUK MAMepudios u
cmecell, a Mmakdice UHMEPBbI0 CO Cneyuarucmamu. B kavecmee ocHognvix npumepos
paccmompensvl makue npoekmol, kax Milestone, Power2Build, a maxaice noxkanvHbie
peanuzayuu ¢ npumenenuem npurnmepos COBOD. Buiasnenst npeumyuecmsa
3D-neuamuuix pewieHull npu UCNOIb30BAHUU MECHHbIX MAMEPUanos: COKpaujeHue
CPOKO8  cmpoumenvbcmea U — mpyoozampam, — YIyduleHue — menjiomexHuyecKux
nokazamenet 02panicoaoOWux KOHCMPYKYULL U CHUMCEHUe Y2lepoOH020 Cleod.
Ilokazana cnocobnocmb  mexHonio2UU  POPMUPOBAMb  CILONCHYIO — 2€OMEMPUro,
obecneuusamov — UHMESPUPOBAHHYIO  MENIOUSOIAYUIO U AOANMUPOBAMbCS K
ceticmoonacuvim  yenosusim.  OmmeueHa  NepcnekmusHOCHb — OUOPA3LA2aAeMblX
KomMno3umoe u yugposwvix pabouux npoyeccos (BIM/CAM, napamempuueckuii
ousaiin). 3D-newams yorce nepeuina 6 paspso NPUKIAOHLIX MEXHON02UL, 20MOBLIX K
macwmabuposanuio 6 Kazaxcmane npu ycnosuu cmamoapmuzayuu cocmasos,
paspabomku HOpMamueHou 0asbl U NOO2OMOBKU Kaopos. Aemopvl npednazarom
pekomenoayuu no adanmayuu cmeceti K KIUMAMUYECKUM YCILOBUAM, DA3EUMUIO
HOpMAamue08 u uHmezpayuu 00paz08amenbHulX NPOSPAMM 0I5l YCKOPEHHO20 6HeOPeHUs
mexHono2ul U obecneuenus Kavecmea cmpoumenbcmaa. /lanpHetiuiue Uccie008aHUs.
OO0JIHCHBL  COCPEOOMOUUMBCS HA  OO0JIC08EYHOCU HANEYAMAHHbIX KOHCMPYKYUU U
9IKOHOMUYECKOU OYeHKe MACUUMAOHBIX NPOEKMO8.

KiroueBsble cioBa: 3D-neuams, apxumexmypa, yCmouyugoe cmpoumenbCmeo,
aoanmusHocms, Ouopasiazaemvie Mamepuaivl, 3Hep2od¢hghekmusHocmn, yugpposoe
npoeKmuposanue.
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IIPOBEPKU TIpamMMaTH4ecKuX, opdorpaduyeckux M NYHKTyalHMOHHBIX omMOOK. Bce wunen,

UHTEPIPETAIIMU U BBIBOJIBI IIPUHAJIJICIKAT aBTOPaM, KOTOPBIC HECYT IMOJIHYIO OTBETCTBEHHOCTh 3a
COJIEPXKAHUE CTAThH.
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1 INTRODUCTION

Modern architecture increasingly turns to technologies that are capable not only of shaping new
aesthetic solutions but also of responding to the challenges of sustainable development, energy
efficiency, and environmental safety. One of the most promising technologies in this field is 3D
printing, which in recent years has evolved from an experimental method into a fully-fledged tool of
architectural and construction practice. Its advantages are evident: the ability to construct buildings
within shorter timeframes, reduce construction waste, employ innovative materials, and create
complex forms that are unattainable by conventional construction methods.

The relevance of this study is determined by the need to understand how 3D printing
technologies can be integrated into the architectural practice of Kazakhstan, taking into account the
country’s natural, climatic, and cultural factors.

The aim of the research is to analyze the potential of applying 3D printing and innovative
materials in Kazakhstan’s construction sector and to identify their role in shaping a sustainable
architectural environment.

The scientific novelty of the study lies in a comprehensive approach to examining 3D printing
not only as an engineering and technical tool but also as a driver of architectural and cultural
transformation. For the first time, the technology is considered in the context of Kazakhstan’s climatic
conditions and cultural traditions, which makes it possible to propose ways of adapting it and
outlining prospects for further development.

2. LITERATURE REVIEW

Research confirms that 3D concrete printing is a well-established process, encompassing digital
modeling, mix preparation, and layer-by-layer material deposition (Gosselin et al., 2016; Buswell et
al., 2018). Key parameters include rheology, extrusion speed, and interlayer bonding, which influence
strength and accuracy (Wolfs, Bos, & Salet, 2019; Meurer & Classen, 2021). Dry mixes and
modified cementitious composites with functional additives are actively being developed (Le et al.,
2012; Paul et al., 2018). There is growing interest in local materials (clay, earth) and biodegradable
composites (PLA, PHAS) to reduce carbon footprint (Kolesnikova & Alguzhina, 2021; Tkachenko
et al., 2025; Pineiro, 2025). Projects like Milestone (Netherlands) and Power2Build (Angola)
demonstrate the successful application of 3D printing for creating energy-efficient buildings with
complex geometries and addressing housing shortages (Walsh, 2018; Souza, 2021; Frearson, 2018;
Pineiro, 2025). The experience of BM Partners 3D Print in Kazakhstan confirms the feasibility of
constructing earthquake-resistant buildings adapted to local conditions (authors' materials).
Digitalization of processes through CAD/BIM/CAM allows for optimized design and production,
translating architectural solutions into machine code (Buswell et al., 2018; Raphael et al., 2022). 3D
printing offers time and resource savings, as well as environmental benefits through the use of
optimized and local materials (Strohle et al., 2023; Souza, 2021). However, barriers exist due to a
lack of standards, regulatory frameworks, and data on long-term performance in diverse climatic
conditions (Strohle et al., 2023; Zareiyan & Khoshnevis, 2021). For Kazakhstan, relevant research
areas include seismic resistance, energy efficiency, adaptation of technologies to local conditions,
and the development of national standards (Le et al., 2012; Strohle et al., 2023).

3 MATERIALS AND METHODS

The analysis is based on a comparison of international and Kazakhstani experience in 3D
construction, the examination of specific case studies, and the inclusion of data from interviews with
developers and project managers of 3D-printed construction projects. In addition, publications and
scientific studies on biodegradable composites, energy-efficient poured concretes, and the principles
of adaptive design were consulted.
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4 RESULTS AND DISCUSSIONS

The Milestone project became the world's first commercial 3D-printed residential development
(Figure 1). It comprises five houses, each printed layer by layer from a concrete mix, with the final
house intended to be fully assembled on site. The homes exhibit high energy efficiency, complex
geometries and an aesthetic that would be impossible to achieve with conventional construction.
Thanks to digital control of the construction process and optimized material use, the project achieved
a significant reduction in its carbon footprint (Souza, 2021; Walsh, 2018).

Figure 1 - The world’s first residential project constructed from 3D-printed concrete, Eindhoven, Netherlands.
Architects: Houben & Van Mierlo Architecten (Souza, 2021).

In the context of a rapidly expanding housing shortage, particularly in developing countries, 3D
printing is increasingly regarded as a tool for accelerated, adaptive and sustainable construction. A
notable example is the Angolan innovator Power2Build, which aims to address the country's housing
crisis - the company estimates a shortfall of up to 3 million dwellings, concentrated above all in the
Luanda metropolitan area, one of the fastest-growing cities in Africa (Figure 2), (Le, T. T., et al.,
2012).

Since 2022, Power2Build has been carrying out large-scale housing projects using large-format
concrete 3D printing, deploying the Danish company COBOD’s BOD2 and BOD3 printer series.
These units feature a modular design and are capable of constructing structures up to 15 m high, 15
m wide and 40 m long, with printing speeds of up to 500 mm/s. This approach substantially shortens
construction schedules and reduces labor demands by minimizing the need for manual work in
masonry and other preparatory on-site operations (Frearson, A. 2018).
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Figure 2 — Architectural plan of a residential duplex project implemented using 3D-printing technology in Angola.
Architect: llidio Daio, Power2Build (Frearson, A. 2018).

The printing process consists of three stages: modelling, preparation of a construction mix
composed of cement, sand, crushed stone and other fillers, and the actual printing (Figure 3).
Specialized printers deliver high precision, geometric stability and strong interlayer bonding, in part
through the use of continuous tangential material-deposition techniques (Gosselin et al., 2016;
Buswell et al., 2018).

The use of locally sourced materials helps reduce the carbon footprint and enhance the
sustainability of projects. As part of its continued development, Power2Build plans to introduce
clay- and earth-based mixes as well as modular construction solutions for social housing - an approach
that makes this experience particularly relevant for resource-constrained regions (Pineiro, A. 2025).

Figure 3 — Construction process of the residential duplex implemented using 3D-printing technology in Angola.
Acrchitect: llidio Daio, Power2Build (Pineiro, A. 2025).
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The Angolan experience demonstrates the potential of adaptive construction at the scale of mass
housing, highlighting its relevance not only in high-tech contexts but also for social architecture. Such
cases can be instructive when assessing the feasibility of implementing similar approaches in
Kazakhstan’s architectural practice, taking into account the country’s climatic and infrastructural
realities. BM Partners 3D Print executed the first residential building in Central Asia constructed with
a COBOD BOD2 3D printer (Figure 4). The project was adapted to seismic conditions of up to 7 on
the Richter scale. The overall construction process took less than two months, while the wall printing
itself lasted only five days. The company is also developing proprietary mix formulations that account
for local climatic specifics.

Figure 4 — The first residential building in Central Asia constructed with a COBOD BOD?2 3D printer.
Architect/Builder: BM Partners 3D Print (authors’ material).

Contemporary studies point to the promise of employing biodegradable composites-such as
poly (lactic acid) (PLA), polyhydroxyalkanoates (PHASs) and polycaprolactone (PCL)-in architectural
applications. These materials demonstrate favorable thermal and mechanical properties, align with
environmental standards, and facilitate the integration of circular-economy principles. Their use
enables the development of sustainable architectural solutions with minimal environmental impact
(Tkachenko T., et al., 2025).

Specialized dry building mixes, optimized for extrusion-based application, are used in
construction 3D printing. Their formulation typically comprises a modified cementitious composite
with functional additives, reinforcing fibers, and hydrophobizing and frost-resistant agents. The
material’s rheological properties-particularly its plasticity and setting rate-are of primary importance
(Kolesnikova & Alguzhina, 2021).

The adoption of 3D printing in Kazakhstan’s architectural practice opens up opportunities to
address the housing shortage, especially in remote and seismically active regions. The combination
of digital design, novel construction materials and adaptive principles enables the creation of
architecture that responds to contemporary challenges - from climatic threats to requirements for
energy efficiency and local identity.

The architectural expressiveness afforded by construction 3D printing opens fundamentally
new horizons in form-making. The technology allows the erection of spatial volumes with complex
geometries while bypassing traditional constraints linked to formwork and manual labor. This
expands the creative palette available to architects and designers, making it possible to realize
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previously unattainable compositional solutions with minimal time and material expenditures
(Strohle, M., et al., 2025).

Alongside this, the technology demonstrates high economic efficiency. Shorter construction
schedules are accompanied by reduced operating costs through the use of multilayer assemblies with
integrated thermal insulation and by optimizing the thermal performance of the building envelope. In
some cases, final finishing stages can be partly omitted thanks to the high dimensional accuracy and
surface uniformity achieved by printing.

Digitalization of the design and construction process is an integral component of the
technology. The application of building information modeling (BIM), parametric design and CAM
technologies enables a shift from empirical design to controlled, quantified and resource-optimized
solutions. This is particularly relevant for Kazakhstan, where climatic diversity, territorial remoteness
and the need for scalable approaches present pressing design challenges.

The digital model is developed in CAD environments (AutoCAD, ArchiCAD, Revit); thereafter
the architectural data are adapted for printing in specialized CAM programs, such as Rhino with the
Grasshopper module or the proprietary interfaces provided by 3D-printer manufacturers. The final
stage is the generation of the machine control code (G-code), which the printing system executes to
realize the object’s geometry in the chosen material.

5 CONCLUSIONS

The conducted analysis indicates that 3D printing in architecture has transitioned from an
experimental technology to a practical tool capable of addressing sustainable-construction tasks.
Accordingly, we arrive at the following conclusions:

1. 3D printing in architecture has moved out of the experimental domain and is now a practical
instrument ready for deployment in construction.

2. International and Kazakhstani examples (the Milestone project, Power2Build, and the BM
Partners 3D Print residential building in Almaty) confirm the technology’s potential for rapid
and resource-efficient building delivery.

3. For Kazakhstan, the adoption of 3D printing is particularly relevant given seismicity, climatic
heterogeneity and the need to modernize the housing stock.

4. The use of locally sourced materials, modified concretes and biodegradable composites,
combined with digital design methods, enables the creation of adaptive and energy-efficient
architectural solutions.

5. Form-making freedom, material savings and the integration of BIM/CAM systems reinforce
the competitive advantages of 3D printing within the construction industry.
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