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Abstract: This paper examines the scope of three-dimensional concrete printing (3DCP), also known as 3D Printing
Construction (3DPC), as a disruptive technology for addressing the housing deficit in Andhra Pradesh (AP), India. With India
facing a shortfall of over 30 million housing units and AP targeting approximately 10 lakh homes under the Pradhan Mantri
Awas Yojana (PMAY) between 2025 and 2026, conventional construction methods — characterized by 20-30% material waste,
4-6 month timelines, and rigid design paradigms — are structurally unable to meet demand. 3DCP, validated in India through
L&T Construction’s Bengaluru post office (completed in 43 days at a cost of approximately INR 23 lakh for 1,021 sqft) and
Tvasta’s G+1 villa with Godrej Properties in Pune, offers documented reductions of 56% in construction time, 19% in embodied
carbon, 48% in steel rebar consumption, and 17% in total material use relative to conventional reinforced cement concrete
(RCC). This paper reviews the state of 3DCP technology, the current regulatory approvals in India (BMTPC Performance
Appraisal Certificates, the National Strategy on Additive Manufacturing, and the Carbon Credit Trading Scheme of 2023), and
assesses the specific opportunity in Tier-2 Andhra Pradesh across Tirupati, Vijayawada, Visakhapatham, and Guntur. An
economic and carbon feasibility model is developed that combines construction contract revenues with credits issued under the
voluntary Offset Mechanism of India’s CCTS. The paper concludes that Andhra Pradesh presents an addressable opportunity
worth approximately INR 15,000 crore over a five-year horizon, with first-mover advantages accruing to operators that combine
technical execution with state procurement access.

Keywords: 3D Concrete Printing, Additive Manufacturing, Affordable Housing, Andhra Pradesh, Carbon Credits, CCTS,
Embodied Carbon, PMAY, Sustainable Construction, Tier-2 Cities.

L. INTRODUCTION
India faces one of the world’s most acute housing shortages. The Pradhan Mantri Awas Yojana (PMAY) — Urban and Rural
components combined — was originally conceived to deliver approximately 20 million urban and 30 million rural homes, and as of
July 2024, 1.18 crore urban houses had been sanctioned and 85.4 lakh constructed under PMAY-U alone [1]. The gap between
sanctioned units and completed units, together with the newly approved PMAY-U 2.0 commitment for one crore additional urban
houses, indicates that the conventional supply chain is structurally incapable of closing the deficit within policy timeframes.
The conventional construction value chain in India relies on brick and mortar, steel, labour-intensive site work, and formwork that
together produce 20-30% material waste and construction cycles of 4-6 months even for modest 1,000 sqgft units. Tier-2 and Tier-3
cities, which house the bulk of the unmet demand, face particularly severe challenges: skilled labour is increasingly scarce,
supervision is weak, and cost overruns are common. These are precisely the markets where affordable housing is most needed and
least reliably delivered.
Three-dimensional concrete printing (3DCP), a form of additive manufacturing applied to buildings, has emerged globally as a
candidate technology for industrial-scale construction. In India, pioneering projects by Larsen & Toubro (L&T) Construction and
Tvasta Manufacturing Solutions, along with start-ups such as Simpliforge, MICOB, and DeltaSys, have demonstrated that 3DCP
can reduce construction time by up to 56%, embodied carbon by approximately 19%, and steel rebar consumption by up to 48%
relative to conventional reinforced cement concrete (RCC) [2]. The Building Materials and Technology Promotion Council
(BMTPC) has issued Performance Appraisal Certificates (PACs) for 3DCP technologies from both Tvasta and L&T, and the Bureau
of Indian Standards (BIS) is advancing code-level recognition through committee CED 32.
Parallel to these technical developments, the Government of India notified the Carbon Credit Trading Scheme (CCTS) in June 2023
under the Energy Conservation (Amendment) Act of 2022 [3].
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The scheme operationalises both a compliance mechanism for nine energy-intensive sectors and an Offset Mechanism that allows
non-obligated entities to voluntarily register eligible emission-reduction projects and obtain Carbon Credit Certificates (CCCs). For
a construction technology that demonstrably reduces cement consumption, brick kiln use, and transport movements, the CCTS
introduces a second, non-trivial revenue stream.

This paper investigates the scope of 3DCP in Andhra Pradesh (AP) specifically. AP combines a large committed PMAY and
TIDCO housing pipeline, an active state housing corporation (APSHCL), manageable logistics, and — critically — an absence of
established 3DCP operators. The paper’s contributions are: (i) a consolidated review of the 3DCP state-of-the-art relevant to Indian
affordable housing; (ii) a market-size estimate for AP Tier-2 cities; (iii) an economic and environmental feasibility model combining
construction margins with CCTS Offset revenue; and (iv) a set of strategic recommendations for entrants and policy-makers.

1. LITERATURE REVIEW

A. Global 3DCP Development

Additive manufacturing in construction has progressed from laboratory prototypes to commercial-scale buildings over the past
decade. A comprehensive review published in Innovative Infrastructure Solutions classifies the principal approaches as material
extrusion (the dominant method for cementitious construction), powder bed fusion, and hybrid systems, with extrusion-based 3DCP
dominating real-world deployments [4]. Global exemplars include ICON’s Vulcan printers in the United States and COBOD’s
BOD2 gantry systems in Europe, both of which have been used for residential-scale construction and have demonstrated repeatable
workflows.

B. Indian Developments

India’s first fully 3D-printed house was built by Tvasta on the IIT Madras campus and virtually inaugurated by the Union Finance
Minister. This was followed by India’s first 3D-printed post office, completed by L&T Construction at the Cambridge Layout,
Bengaluru in 43 days, at a cost of approximately INR 23 lakh for 1,100 sqft, using COBOD’s 3D printing technology [5]. Tvasta, in
partnership with Godrej Properties, subsequently executed a 2,200 sqft 3D-printed G+1 villa in Pune in approximately four months,
and the company has since partnered with CEPT University, Ahmedabad, to establish a national additive-manufacturing research
platform [6]. Research at IIT Madras, led by Prof. Manu Santhanam, has been central to establishing printable-concrete mix designs
and structural certification protocols [2].

C. Sustainability and Life Cycle Assessments

Peer-reviewed life-cycle assessments (LCAS) increasingly confirm the environmental advantages of 3DCP. A 2026 case study
comparing two post-office buildings in Bengaluru — one in conventional RCC, one in 3DCP — reported a 19% reduction in
embodied carbon, 17% lower total material consumption, 48% lower steel rebar consumption, and 56% reduction in construction
time for the 3DCP variant [7]. A separate cross-sectional study examining 14 built houses found that 3D-printed houses averaged 58
kg CO.-eq/m? in construction emissions compared to 147 kg CO:-eq/m? for conventionally built houses — a factor-of-two
difference [8]. Systematic reviews of LCA literature have reached consistent conclusions regarding lower global warming potential
for 3DCP when supplementary cementitious materials (fly ash, GGBS, or calcined clay) are used [9].

D. Regulatory and Standards Landscape

The regulatory landscape in India has moved from cautious acknowledgement to active enablement. BMTPC has issued PACs
covering both volumetric 3DCP (L&T) and concrete 3D printing technology (Tvasta), certifying structural stability through vetting
by IIT Madras and aligning with IS 456, IS 875, IS 1893-2016, IS 4326, and IS 13920-2016 [10], [11]. The Ministry of Electronics
and Information Technology’s National Strategy on Additive Manufacturing (2022) explicitly commits to positioning India as a
global AM hub and targets a 5% share of global additive manufacturing by 2025. BIS committee CED 32 is developing a unified
code for precast and 3D-printed construction [12].

1. METHODOLOGY
This paper adopts a mixed-methods secondary-research design. The analytic pipeline comprises four stages: (i) a structured review
of peer-reviewed and grey literature on 3DCP technology, economics, and life-cycle emissions, with a focus on Indian deployments
from 2021 to 2026; (ii) collection of government, regulatory, and industry data on PMAY, TIDCO, APSHCL, BMTPC, BIS, and
the CCTS; (iii) development of a parametric cost and carbon model benchmarked against disclosed figures from L&T, Tvasta, and
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India Cements x Tvasta collaborations; and (iv) market-size estimation for Andhra Pradesh using top-down PMAY allocations and
bottom-up city-level housing board data. No primary data were collected; where figures are estimated rather than directly observed,
this is explicitly flagged. All monetary values are expressed in Indian Rupees (INR) at current prices.

V. 3D PRINTING CONSTRUCTION: TECHNOLOGY OVERVIEW

A. Construction Workflow

A 3DCP project follows a seven-stage workflow: (1) design ideation and Building Information Modelling (BIM) in tools such as
Autodesk Revit, Rhino 3D, and Grasshopper, with structural simulation in ETABS or STAAD Pro and compliance checks against
IS 456 and IS 875; (2) slicing and G-code generation using platforms such as Cura or PrusaSlicer adapted for construction scale; (3)
conventional foundation work — strip, raft, or pile foundations cast in RCC, with embedded utility conduits and laser-levelled
plinth calibration; (4) printer setup and material preparation, including continuous mixing of the printable cementitious paste; (5)
layer-by-layer wall printing, with pauses for reinforcement integration; (6) reinforcement completion through vertical rebars,
horizontal mesh, and cavity grouting; and (7) finishing, comprising prefabricated slab installation, MEP services, plastering where
required, and tiling [4], [10].

B. Material Composition

Printable concrete is a specialised cementitious system rather than standard ready-mix. Typical constituents include Ordinary
Portland Cement (OPC) as the primary binder, supplementary cementitious materials such as fly ash or ground granulated blast-
furnace slag (GGBS) for both sustainability and rheological benefit, fine sand, water, and admixtures. Superplasticizers enhance
pumpability and extrudability; retarders and accelerators tune setting time to the print cycle; and fibre reinforcements — typically
polymer, glass, or steel — are incorporated to mitigate interlayer shrinkage cracking. Research at UVA has shown that graphene-
enhanced limestone calcined clay (LC2) mixes can further reduce greenhouse gas emissions by approximately 31% relative to
conventional printable concrete [13].

C. Printer Architectures

Two dominant architectures are deployed in practice. Gantry-based systems (e.g., COBOD BOD?2) consist of a rigid frame on which
the print head traverses along X, Y, and Z axes. They offer high precision and large build volumes, are well-suited to repeatable
multi-unit residential work, but require a flat assembly area. Robotic-arm systems (e.g., ICON’s Vulcan, Apis Cor’s mobile unit)
use 6- or 7-axis industrial arms fitted with a print nozzle, are more compact and mobile, and can produce organic, curved geometries
— though typically with smaller build volumes per station. For Tier-2 Indian operations, gantry systems are likely to dominate
government housing deployments, while robotic-arm systems are better suited to bespoke civic and private projects.

V. CURRENT STATE OF 3DPC IN INDIA

A. Pioneer Projects and Operators

Indian 3DCP has moved from a handful of demonstration units to a small but growing commercial pipeline. L&T Construction has
delivered the 1,021 sqft 3D-printed post office in Bengaluru and is reportedly executing building clusters in Chandigarh and villas in
Bengaluru; the company has publicly stated its intent to scale to G+7 buildings for low-cost housing [2], [5]. Notably, Prof.
Ravindra Gettu of 11T Madras, who served as primary academic advisor on the L&T post-office project, subsequently co-authored
the peer-reviewed life-cycle assessment that quantified its environmental performance [7] — a tight chain of evidence linking the
demonstration unit to academic scrutiny. Tvasta has progressed from its IIT Madras prototype to the Godrej Properties villa in Pune,
projects with India Cements, and a strategic partnership with Habitat for Humanity’s Shelter Venture Fund (INR 3 crore investment)
[14]. MICOB, based out of Gandhinagar, is executing 3D-printed structures for the defence sector, while Simpliforge, DeltaSys, and
other start-ups are expanding the vendor base. Crucially, no major operator has established a dedicated Tier-2 presence in Andhra
Pradesh as of early 2026.

B. Regulatory and Code Landscape

Regulatory progress in India has been decisive over the last three years. BMTPC has issued Performance Appraisal Certificates for
3DCP technologies of both L&T (Volumetric Concrete Printing Technology) and Tvasta (Concrete 3D Printing Technology), each
certified for structural stability by II'T Madras [10], [11].
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The certificates explicitly confirm alignment with IS 456 (plain and reinforced concrete), IS 875 (design loads), 1S 1893-2016
(earthquake-resistant design), 1S 4326, and IS 13920-2016 (ductile detailing). BIS committee CED 32 is working toward a unified
code for precast and 3D-printed construction, and the Ministry of Housing and Urban Affairs continues to identify 3DCP as a
qualifying “innovative technology” for accelerated PMAY delivery.

VI. ANDHRA PRADESH: MARKET ANALYSIS

A. Housing Demand and Policy Commitments

In FY 2025-26, the Government of Andhra Pradesh committed to constructing 10 lakh homes under the combined PMAY 1.0 and
PMAY 2.0 schemes, with an allocation of INR 6,317 crore in the state budget [15]. The state has also launched an energy-efficient
housing drive targeting five lakh beneficiaries in the first phase [16]. The APSHCL programme, combined with the TIDCO urban
housing initiative, has identified the “PMAY-NTR Nagars” (formerly YSR Jagananna Colonies) as the principal delivery vehicle.
Of the 976 TIDCO houses planned at the NTR Colony pilot alone, the first tranches have been delivered, with subsequent tranches
to follow.

B. Target Cities

Four cities emerge as priority deployment zones. Tirupati combines smart-city funding, religious-tourism infrastructure, and strong
TUDA spending. Vijayawada is the AP capital region and hosts the largest urban PMAY pipeline, anchored by TIDCO.
Visakhapatnam is a port and industrial city with significant defence and industrial housing demand. Guntur and Nellore act as Tier-2
anchors with active housing board activity and lower competitive intensity. Importantly, none of these cities currently hosts a major
3DCP operator, creating a first-mover window.

C. Competitive Landscape

The competitive structure in Indian 3DCP is characterised by a small humber of metro-focused incumbents. L&T operates out of
Mumbai, Bengaluru, and Chennai; Tvasta is Chennai-based with projects in Chennai, Pune, and (via CEPT partnership)
Ahmedabad; MICOB is Gandhinagar-based; and Simpliforge and DeltaSys operate principally from Hyderabad and Bengaluru. No
credible 3DCP operator has a dedicated AP-focused delivery team or material supply chain. Given that Andhra Pradesh has already
sanctioned more PMAY houses than its Census 2011 housing shortage estimate [1], the gap between sanctioned and executed units
is precisely where a Tier-2 focused 3DCP entrant can capture share.

VII. ECONOMIC FEASIBILITY ANALYSIS
Table 1 summarises the principal cost and time differentials between conventional construction and 3DCP in the Indian Tier-2
context, benchmarked against L&T’s Bengaluru post office (INR 23 lakh for 1,021 sqgft, implying approximately INR 2,253/sqft
fully finished) and the 30-40% cost-saving figures reported by L&T and by India Cements x Tvasta collaborations at scale.
TABLE I: COST, TIME, AND SUSTAINABILITY COMPARISON

Parameter Conventional 3DCP
Basic structure cost (INR/sqft) 1,500 - 2,000 800 - 1,200
Fully finished cost (INR/sqft) 2,500 - 3,500 1,500 - 2,500
1 BHK (400 sqft) total INR 10 - 14 lakh INR 6 - 10 lakh
2 BHK (700 sqft) total INR 17 - 24 lakh INR 10 - 17 lakh
Construction time (1,000 sqft) 4 - 6 months 3 -6 weeks
Material waste 20 -30% ~5%
Labour dependency 25 - 30 workers 3 -5 operators
Embodied carbon (relative) Baseline —19% (L&T Bengaluru) to —53%
Steel rebar use Baseline —48%
Design flexibility Low (fixed moulds) High (fully digital)

Sources: [5], [7], [9], [10], [11].
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A. Capital Expenditure and Break-Even

A production-grade 3D concrete printer in the Indian context requires capital expenditure in the range of INR 50 lakh to INR 2
crore, depending on build volume, axis architecture, and import content. This is a one-time capex that must be amortised across
project volume. Assuming a throughput of 10-15 projects per year at an average project value of INR 10-15 lakh and a blended
gross margin of 18-25% on project value, the payback period on a mid-spec printer falls between 6 and 12 months once operational
cadence is established. This assumes stable raw-material supply (OPC, fly ash or GGBS, admixtures, fibres, and steel) and does not
include ancillary capex for mixing and pumping equipment.

B. Market Size Estimation for Andhra Pradesh

Using government-published targets, Andhra Pradesh’s combined PMAY 1.0 and PMAY 2.0 pipeline for FY 2025-26 comprises
approximately 10 lakh homes, against a state-budget allocation of INR 6,317 crore [15]. At an average government-assisted unit
value of INR 18-22 lakh, this represents a near-term addressable market of approximately INR 1.8-2.2 lakh crore in the current
fiscal cycle alone. Factoring in the TIDCO urban pipeline, APSHCL rural programme, and private-developer demand in Tier-2
cities, the broader medium-term pipeline is several multiples larger. Assuming a realistic 3DCP penetration of 10% over a five-year
window — bounded by printer capacity, material supply chains, and procurement cycles — the AP-specific 3DCP opportunity is
conservatively estimated at INR 15,000 crore+ across government, civic, and private segments.

VIII.  ENVIRONMENTAL IMPACT AND CARBON CREDIT OPPORTUNITY

A. Embodied Carbon Reduction

The environmental case for 3DCP rests on four mechanisms. First, precision extrusion reduces material use by 30-40%, lowering
the cement demand that is among India’s largest industrial emissions sources. Second, the printable mix typically substitutes fly ash
and GGBS for a fraction of the OPC, further reducing clinker-related emissions. Third, the elimination of brick kilns — among the
most emissions-intensive processes in Indian construction — removes a category of emissions entirely. Fourth, because the printer
and its feed material are delivered once rather than across the many deliveries of a conventional site, transport emissions fall
sharply. The Bengaluru post-office LCA, which measured these effects directly, reported a 19% reduction in embodied carbon at
project scale [7].

B. India’s Carbon Credit Trading Scheme (CCTS)

The CCTS, notified by the Ministry of Power on 28 June 2023 and operationalised progressively from January 2025, establishes
India’s domestic carbon market through two mechanisms: a compliance mechanism covering nine energy-intensive sectors
(aluminium, cement, chlor-alkali, fertiliser, iron and steel, petrochemicals, petroleum refineries, pulp and paper, and textiles), and an
Offset Mechanism enabling voluntary registration by non-obligated entities [3], [17]. On 6 June 2025, the Bureau of Energy
Efficiency (BEE) opened registrations for non-obligated entities [18]. As of early 2026, the first eight approved methodologies for
the Offset Mechanism cover renewable energy (including hydro and pumped storage), green hydrogen (electrolysis and biomass),
industrial energy efficiency, landfill methane recovery, mangrove afforestation, renewable energy with storage, offshore wind, and
compressed biogas. Construction is not yet an approved methodology under CCTS, though the “industrial energy efficiency”
pathway offers a plausible route for 3DCP operators through process-level emissions reductions relative to baseline construction.

C. Interim Voluntary Market Pathways

Pending direct inclusion of 3DCP under a CCTS methodology, 3DCP operators can pursue credit issuance through internationally
recognised voluntary registries such as Verra’s Verified Carbon Standard (VCS) and Gold Standard, both of which are active in
India. Reported realised prices on Indian voluntary markets in recent years have ranged broadly between INR 800 and INR 1,500
per tonne CO:-equivalent, though prices vary significantly by methodology, vintage, and buyer profile. Using the Bengaluru LCA
benchmark of approximately 15-20 tonnes CO.-equivalent saved per 1,000 sqft home (relative to conventional RCC), a portfolio of
100 homes per year corresponds to approximately 1,500-2,000 tonnes of annual abatement and an indicative additional revenue
stream of INR 1.2-3 crore per annum on top of construction margins [7], [8].

D. Caveats
Two material caveats apply. First, voluntary credit prices are volatile and subject to methodology-level scrutiny; claimed reductions
must be verified against accredited carbon verification agencies, for which BEE has issued clarification on 1SO 14065 accreditation
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[18]. Second, additionality must be demonstrable: as 3DCP becomes the cost-minimising construction technology, the case that
emissions reductions are “above baseline” will need to be carefully argued in methodology design. Early entrants are likely to
secure more favourable methodology treatment than late followers.

IX. CHALLENGES AND BARRIERS

Several barriers must be addressed for 3DCP to achieve commercial scale in Andhra Pradesh. First, code-level recognition: although
BMTPC PACs and IIT Madras certifications exist, municipal building-permission workflows in AP Tier-2 cities are not uniformly
familiar with 3DCP approval paths, which can delay project-level sanctions. Second, skilled labour: 3DCP requires printer
operators, digital-design technicians, and reinforcement specialists rather than traditional masons; training pipelines in AP are
nascent. Third, material supply: consistent-quality printable concrete demands reliable supplies of fly ash, GGBS, and polymer
fibres, which are available in AP but not in optimised 3DCP-grade blends. Fourth, perceived robustness: common objections
regarding cracks, water leakage, thermal comfort, fire resistance, and acoustic performance can be technically addressed through
fibre reinforcement, waterproof additives, multi-layer cavity designs, and standard fire codes, but require client education. Fifth,
financing: although printer capex is modest relative to large-format conventional equipment, project finance structures in Tier-2
construction remain conservative. Finally, the first-mover who absorbs the customer-education and code-interpretation costs will
define the operating templates that subsequent entrants copy — creating both an opportunity and a risk for the early entrant.

X. STRATEGIC RECOMMENDATIONS
On the basis of this analysis, six recommendations emerge for operators, policy-makers, and investors. (1) Begin with civic
infrastructure (guard posts, community halls, public toilets) to de-risk early project cycles and build a portfolio of delivered units
with government references. (2) Pursue PMAY and TIDCO anchor contracts in Tirupati and Vijayawada first, where TUDA
spending and capital-region demand are highest. (3) Co-develop a printable-concrete supply chain with a local cement manufacturer
to secure mix consistency at Tier-2 logistics cost. (4) Commit to a dual-revenue model from day one: construction margin plus
carbon credit income, with a credit pathway initiated in parallel with the first project rather than retro-fitted. (5) Invest in training
partnerships with local polytechnics and ITIs to build an AP-resident operator base, reducing dependence on imported crews. (6)
Publish transparent project data — cost, time, and emissions — to accelerate BIS code development and to shape the methodology
design under CCTS Offset.
XI. CONCLUSION

3D printing construction has moved in India from prototype to production. L&T’s Bengaluru post office and Tvasta’s Godrej
Properties villa, combined with BMTPC Performance Appraisal Certificates, BIS code development, and the CCTS of 2023,
constitute a coherent enabling environment that did not exist three years ago. Andhra Pradesh combines the demand (10 lakh PMAY
units targeted in FY 2025-26), the institutional access (APSHCL, TIDCO, municipal housing boards), the Tier-2 economics (lower
land and logistics costs), and — decisively — an open competitive field. The addressable opportunity is estimated at INR 15,000
crore+ over five years under a conservative 10% penetration assumption. Combining construction margins with CCTS-linked
carbon credit income, a focused Tier-2 operator can reasonably achieve profitable operation at 10-15 projects per year with 6-12
month payback on printer capex. The window for first-mover advantage is open but finite: metro-based operators will extend into
Tier-2 markets within three to five years. The recommendation of this paper is that AP-focused entrants, particularly those
combining technical credibility with state procurement access, should commit within the next 12—18 months.
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