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Abstract

Reverse logistics (RL) — the process of moving goods and materials from their point of consumption or end-
of-life back toward the point of origin for the purpose of recapture, recycling, reuse, or responsible disposal —
has gained increasing scholarly and practitioner attention as a pillar of sustainable supply chain management. In
the cement manufacturing industry, which is India's second-largest industrial CO2 emitter and a voracious
consumer of virgin natural resources, reverse logistics represents both a formidable operational challenge and a
transformative circular economy opportunity. This paper presents a comprehensive examination of reverse
logistics trends and practices within India's cement sector, drawing on a systematic review of academic
literature, industry sustainability reports, policy documents, and grey literature. It develops a typological
framework of RL activities specific to cement — encompassing waste-to-energy co-processing, construction
and demolition (C&D) waste recovery, packaging return systems, water recycling, industrial by-product
valorisation, and end-of-life equipment recovery — and critically evaluates the extent and quality of each
practice's adoption across different segments of the industry. The findings reveal that while thermally
substituted alternative fuels and supplementary cementitious materials represent well-established reverse flows,
more structurally complex RL activities such as C&D waste aggregates recovery, cement bag return
programmes, and closed-loop water systems remain nascent or unevenly implemented. The paper further
identifies regulatory gaps, infrastructure deficits, and supply chain coordination failures as the principal barriers
to RL scale-up, and proposes a multi-level framework of policy, technological, and organisational interventions
to accelerate reverse logistics integration in Indian cement manufacturing.

Keywords: Reverse Logistics, Cement Industry, India, Circular Economy, Waste Co-Processing, Construction
and Demolition Waste, Alternative Fuels, Sustainable Supply Chain

1. Introduction

The metaphor of supply chains as linear conduits — raw materials flowing in one direction toward finished
products and eventual waste disposal — has been fundamentally challenged by the emerging paradigm of the
circular economy. In a circular model, materials retain value through multiple life cycles, and what was once
discarded as waste at the tail end of one supply chain becomes a resource at the head of another. At the
operational heart of this transformation lies reverse logistics: the systematic management of material flows
moving counter to the conventional forward supply chain, from sites of use, disposal, or end-of-life back
toward production systems where value can be recaptured.
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Rogers and Tibben-Lembke (1999), in their foundational study of the field, defined reverse logistics as the
process of planning, implementing, and controlling the efficient and cost-effective flow of raw materials, in-
process inventory, finished goods, and related information from the point of consumption to the point of origin,
for the purpose of recapturing value or proper disposal. This definition, though originally developed in the
context of retail and consumer goods, has since been extended and adapted across heavy industry, including
manufacturing sectors where waste streams are characterised by high volume, material heterogeneity, and
significant environmental externalities.

The cement manufacturing sector in India represents an especially compelling arena for the study of reverse
logistics. As the world's second-largest cement producer — with over 370 million tonnes of output annually and
an installed capacity exceeding 600 million tonnes per annum (Cement Manufacturers' Association [CMA],
2023) — India's cement industry occupies a pivotal position at the intersection of national economic
development and environmental sustainability. The sector is both a major consumer of virgin resources
(limestone, coal, gypsum, water) and a significant generator of waste streams including kiln dust, fly ash, slag,
spent refractory materials, process wastewater, and packaging waste. Its production processes are inherently
suited, from a thermodynamic standpoint, to co-processing a wide range of external waste streams as alternative
fuels and raw materials.

Yet despite this technical readiness and the growing urgency of environmental imperatives, reverse logistics in
Indian cement manufacturing remains characterised by uneven adoption, infrastructure bottlenecks, regulatory
fragmentation, and persistent gaps between the performance of industry leaders and the broader sector. The
academic literature on RL in this specific context is sparse: while cement sustainability has attracted growing
research attention, studies focusing specifically on reverse logistics as a distinct operational and strategic
domain within Indian cement are largely absent.

This paper seeks to fill that gap. Framed around Rogers and Tibben-Lembke's (1999) foundational conception
of "going backwards" — the deliberate, managed movement of materials in reverse through supply chains —
this study develops a comprehensive typological and analytical account of RL trends and practices in Indian
cement manufacturing. The paper is structured as follows: Section 2 establishes the theoretical and conceptual
framework for reverse logistics in industrial manufacturing. Section 3 provides an overview of the Indian
cement industry's material and waste profile. Section 4 presents a typology of reverse logistics activities
specific to the sector. Sections 5 through 9 examine each RL activity in depth. Section 10 analyses barriers to
RL adoption. Section 11 proposes a multi-level intervention framework. Section 12 presents the conclusion.

2. Theoretical and Conceptual Framework

2.1 The Evolution of Reverse Logistics Theory

Reverse logistics as a formal field of study emerged in the 1990s, building on earlier work in physical
distribution and logistics management. Stock (1992) produced one of the first systematic treatments of the
concept, highlighting its environmental dimensions alongside its economic rationale. Rogers and Tibben-
Lembke's (1999) landmark empirical survey of US firms established the foundational lexicon and taxonomy
that continues to shape the field. They documented a wide range of reverse logistics activities — product
returns, refurbishment, remanufacturing, recycling, and waste disposal management — and identified the key
organisational, financial, and operational challenges firms encounter in managing reverse flows.

Subsequent theoretical development has situated reverse logistics within broader frameworks. Guide and Van
Wassenhove (2009) proposed the concept of the "reverse supply chain" as a distinct strategic domain requiring
dedicated network design, capacity planning, and market development for recovered materials. Fleischmann et
al. (1997) developed quantitative models for reverse logistics network optimisation, while Dowlatshahi (2000)
examined the strategic and operational factors that determine reverse logistics system design. More recently, the
emergence of the circular economy as a policy and business framework (Ellen MacArthur Foundation, 2013)
has re-energised interest in reverse logistics as a practical mechanism for closing material loops.

2.2 Reverse Logistics in Industrial and Heavy Manufacturing

JETIR2606346 ] Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org \ c440


http://www.jetir.org/

© 2026 JETIR June 2026, Volume 13, Issue 6 www.jetir.org(ISSN-2349-5162)
The application of reverse logistics concepts to heavy industrial manufacturing differs in important ways from
their consumer goods origins. In consumer goods, the primary RL drivers are product returns, warranty
management, and end-of-consumer-life recovery. In heavy industry, RL is more typically concerned with by-
product valorisation, process waste recycling, equipment and component recovery, and the integration of
externally generated waste streams as production inputs. This distinction has important implications for how
RL is conceptualised, measured, and managed in industrial contexts.

Thierry et al. (1995) proposed an influential typology of recovery options applicable to industrial products,
distinguishing between repair, refurbishing, remanufacturing, cannibalization, and recycling as forms of value
recovery. In the cement industry context, the most relevant recovery option is recycling and material
valorisation — the conversion of waste materials from external sources or the plant's own processes into usable
production inputs. Nakamura and Kondo (2006) developed the concept of waste input-output analysis to trace
material flows through industrial systems, providing an analytical basis for understanding the role of cement
kilns as waste processors in extended industrial ecosystems.

2.3 Circular Economy and Industrial Symbiosis

The circular economy framework (Ellen MacArthur Foundation, 2013) provides the most compelling
contemporary conceptual home for reverse logistics in cement manufacturing. Rather than viewing RL as a
peripheral or corrective function — managing the unwanted residuals of forward supply chain operations — the
circular economy positions reverse flows as central to the design of industrial systems. Cement manufacturing,
with its high-temperature kiln process capable of thermally destroying or chemically incorporating a wide range
of waste inputs, has been identified as a critical node in industrial symbiosis networks (Chertow, 2000;
Hashimoto et al., 2010).

Industrial symbiosis — the planned exchange of materials, energy, water, and by-products among co-located or
networked industries to achieve mutual economic and environmental benefit — is particularly germane to the
cement sector's relationship with thermal power stations, steel mills, and municipal waste management systems.
These relationships, when institutionalised and optimised, represent sophisticated reverse logistics networks in
which the flows are structured, contractual, and performance-managed.

2.4 Extended Producer Responsibility and Regulatory Frameworks

Extended Producer Responsibility (EPR), the principle that manufacturers bear responsibility for the
environmental impacts of their products throughout the product lifecycle including post-consumer stages, has
been a key policy driver for reverse logistics in consumer product sectors (Lifset, 1993). While cement as a
product does not lend itself straightforwardly to EPR — the product is typically consumed in construction and
becomes part of long-lived structures — EPR principles can be applied to cement packaging (primarily woven
polypropylene bags), to the management of industrial waste co-processed in kilns, and to the recovery of
demolition concrete at end-of-building life. India’s Plastic Waste Management Rules (2016, amended 2021) and
Solid Waste Management Rules (2016) create regulatory obligations relevant to packaging RL in cement, while
the Construction and Demolition Waste Management Rules (2016) establish a framework for the recovery and
reuse of demolition materials.

3. Material and Waste Profile of Indian Cement Manufacturing

3.1 Input Material Flows

A standard dry-process cement plant processing one tonne of ordinary Portland cement (OPC) clinker
consumes approximately 1.5 tonnes of limestone, 0.1 tonnes of silica/alumina correctives, 0.03 tonnes of
gypsum, and between 100 and 140 kg of coal or equivalent thermal energy (Benhelal et al., 2013). At India’s
scale of production — over 370 million tonnes of cement annually — these input requirements translate into
extraordinary aggregate resource demands: approximately 550-600 million tonnes of limestone, 55-65 million
tonnes of coal, and billions of litres of water annually (CMA, 2023). The linear throughput of this volume of
virgin resources, most of which are non-renewable, represents one of the most compelling arguments for
advancing reverse logistics in the sector.
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3.2 Waste and By-Product Generation

Cement manufacturing generates several distinct waste and by-product streams at different stages of the
production process. Cement kiln dust (CKD) is a fine particulate matter collected from the kiln exhaust gas
stream; it contains partially calcined raw meal and can be returned to the kiln feed or used as a soil amendment
or pozzolanic material. Kiln bypass dust (KBD), segregated from the kiln gas to control alkali, chloride, and
sulphur build-up in the kiln system, is more problematic to reuse due to its higher chloride content. Refractory
waste from kiln lining replacements consists of spent high-alumina bricks and is typically landfilled, though
partial recovery as raw material is technically possible.

Process wastewater from cooling systems, dust suppression, and quarry dewatering constitutes a significant
water-intensive waste stream. Spent lubricating oils, hydraulic fluids, and other maintenance-related hazardous
wastes require specialised handling. Cement bags — the primary finished product packaging medium —
generate significant plastic waste at the point of delivery and construction. Demolition concrete from old
structures or from construction project waste represents a large and growing external waste stream with direct
relevance to cement's material cycles.

3.3 Summary of Key Material and Waste Streams

Table 1 provides a structured overview of the principal waste and by-product streams in cement manufacturing
and their reverse logistics potential.

Waste / By- Generation Volume Estimate | RL Pathway | Adoption
Product Stream Stage Level
Fly ash (from Power Varies by plant SCM in  High
captive power) generation blended
cement
Slag (from steel External — steel ~30 MT/yr GGBFS in  Moderate—
sector) mills nationally Portland Slag High
Cement
Industrial |  External — Significant Kiln co- Low-
municipal  waste multiple untapped volumes  processing as Moderate
(AFR) industries fuel/raw
material
Cement Kkiln dust Kiln pre-heater 1-3% of clinker Kiln feed Moderate
(CKD) output recirculation
C&D concrete  External — 150-350 MT/yr Recycled Very Low
waste demolition sites  nationally aggregates  /
filler
Cement bags (PP Distribution / Millions of Collection and Low
woven) point of sale bags/yr recycling
Process Cooling, dust Varies by plant Closed-loop Moderate
wastewater suppression size recycling
Spent refractory Kiln lining Small volumes Partial raw Low
replacement material
recovery

Table 1. Principal Waste and By-Product Streams in Indian Cement Manufacturing and Their Reverse
Logistics Potential (Authors' Compilation)
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4. A Typology of Reverse Logistics Activities in Indian Cement Manufacturing

Building on the theoretical frameworks reviewed in Section 2 and the material profile established in Section 3,
this paper proposes a typological framework of reverse logistics activities in Indian cement manufacturing
comprising six principal categories, each representing a distinct mode of backwards material flow with different
network structures, stakeholder configurations, regulatory contexts, and adoption patterns.

Type |: Waste-to-Energy Co-Processing (Alternative Fuels and Raw Materials — AFR) encompasses the
collection, preprocessing, and co-processing of industrial, commercial, and municipal waste as substitute fuels
and raw material inputs in cement kilns. Type Il: Industrial By-Product Valorisation covers the recovery and
use of industrial by-products — primarily fly ash from thermal power stations and granulated blast furnace slag
from steel mills — as supplementary cementitious materials. Type IlI: Construction and Demolition Waste
Recovery involves the collection, processing, and reuse of demolished concrete and masonry materials as
recycled aggregates or filler material. Type IV: Cement Packaging Return and Recycling addresses the reverse
logistics of polypropylene cement bags from the distribution chain back to recycling facilities. Type V: Process
Water Recycling and Zero Liquid Discharge covers internal closed-loop water management systems
minimising freshwater consumption and eliminating liquid effluent discharge. Type VI. Equipment and
Component Recovery encompasses the refurbishment, reuse, or recycling of spent plant equipment, refractory
materials, and mechanical components.

This typology extends the existing GSCM literature on cement by disaggregating RL into operationally distinct
domains, each of which requires tailored analysis of drivers, barriers, and improvement levers. The following
sections examine each type in depth.

5. Type |I: Waste-to-Energy Co-Processing and Alternative Fuels

5.1 Concept and Technical Basis

Co-processing refers to the simultaneous recovery of energy and material from waste in cement kilns. The
thermodynamic conditions in a rotary cement Kiln — sustained temperatures exceeding 1,400°C in the burning
zone, long gas residence times of four to six seconds above 1,200°C, alkaline kiln atmosphere, and continuous
incorporation of ash into the clinker mineral matrix — create an almost uniquely favourable environment for
the safe and complete destruction of organic contaminants and the beneficial utilisation of inorganic residues
(Van Oss & Padovani, 2003). This distinguishes co-processing fundamentally from incineration: rather than
disposing of waste, the kiln generates no additional residues (ash is absorbed into the clinker), and both thermal
energy and mineral matter are recovered.

Alternative fuels used in Indian cement kilns include municipal solid waste (MSW) derived refuse-derived fuel
(RDF), agricultural residues (rice husks, groundnut shells, bagasse), industrial sludge from paper mills and
textile factories, used lubricating oils, end-of-life tyres (ELTs), and plastic waste. Alternative raw materials
include waste from foundries, contaminated soil, and spent catalyst from refineries. The Thermal Substitution
Rate (TSR) — the percentage of thermal energy in the kiln system supplied by alternative fuels — is the
standard performance metric for AFR adoption.

5.2 Current Status in India

India’'s average TSR of approximately 6% as of 2022 places it significantly below the global average of around
23% and far behind European leaders where TSRs above 60% are common (Global Cement and Concrete
Association [GCCA], 2022). However, this aggregate figure masks substantial variation: leading plants
operated by UltraTech Cement, ACC's Geocycle platform, and Shree Cement have achieved TSRs of 20-30%,
demonstrating technical feasibility. The Geocycle operation, co-developed with Holcim's global expertise, has
established waste co-processing at 11 cement plants across India, processing over 1 million tonnes of industrial
and municipal waste annually (ACC Limited, 2022).

The reverse logistics network supporting AFR co-processing is complex and multi-tiered. Waste generators —
industrial facilities, municipalities, commercial establishments — must be identified, contracted, and managed
as waste suppliers. Waste must be characterised for calorific value, moisture content, chloride and heavy metal
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concentration, and other quality parameters. It must then be collected, transported (often over significant
distances given the geographic concentration of cement plants away from major urban waste generation
centres), pre-processed (shredding, blending, drying), and delivered to the kiln feed system on a schedule
aligned with kiln production requirements. These logistics are analogous in structure to forward supply chain
logistics but operate in reverse, with waste generators as the upstream nodes and cement plants as the
downstream consumers.

5.3 Reverse Logistics Network Design for AFR

The design of effective AFR reverse logistics networks must account for waste supply volatility, spatial
distribution of waste sources relative to cement plants, the need for preprocessing facilities (often called waste
processing centres or WPCs), regulatory permitting requirements for waste transport and handling, and the
economics of different waste categories. Pioneering Indian producers have developed hub-and-spoke models in
which WPCs are sited near major urban waste generation centres and processed fuel is then transported to
multiple cement plants. This model allows the economics of scale in preprocessing to be realised while
managing the logistics of bulk waste transport (Geocycle India, 2021).

The regulatory framework for AFR co-processing has been progressively clarified through guidelines issued by
the Central Pollution Control Board (CPCB) and the Ministry of Environment, Forest and Climate Change
(MoEFCC). The 2016 Solid Waste Management Rules and the 2016 Hazardous Waste Management Rules both
contain provisions relevant to co-processing, and CPCB has issued detailed technical guidelines specifying the
types of waste permissible for co-processing, testing protocols, and monitoring requirements (CPCB, 2017).
However, implementation inconsistencies across State Pollution Control Boards continue to create uncertainty
and delays in permitting.

6. Type II: Industrial By-Product Valorisation as Supplementary Cementitious Materials

6.1 Fly Ash Recovery and Use

Fly ash, the fine particulate residue collected from the flue gases of coal-fired power stations, is the single
largest industrial by-product stream feeding into India's cement supply chain. India's coal-based power sector
generates approximately 250-270 million tonnes of fly ash annually, of which the cement sector is a major
consumer, absorbing over 60—-70 million tonnes per year (Fly Ash Unit, MOEFCC, 2022). Portland Pozzolana
Cement (PPC), in which fly ash replaces 15-35% of clinker, is the most widely produced cement type in India,
driven partly by Bureau of Indian Standards (BIS) specifications and partly by the economic advantage of
substituting low-cost fly ash for energy-intensive clinker.

The reverse logistics chain for fly ash involves: collection from thermal power plant electrostatic precipitators
or bag filters in bulk pneumatic tankers; quality testing for pozzolanic activity, fineness, loss on ignition, and
heavy metal content; transportation to cement grinding units; blending with clinker and other components; and
quality assurance testing of the final blended cement. This chain is well-established in India and represents the
most mature reverse logistics flow in the cement sector. The Fly Ash (Utilisation) Policy, mandated by the
Supreme Court's landmark judgement in the Writ Petition (Civil) No. 230 of 2001 case, has been instrumental
in institutionalising this flow by requiring power stations to facilitate fly ash offtake and imposing utilisation
targets.

6.2 Granulated Blast Furnace Slag

Ground granulated blast furnace slag (GGBFS), a latent hydraulite material produced by rapidly quenching
molten blast furnace slag from iron-making operations, is the second major supplementary cementitious
material in Indian cement. Annual GGBFS availability from integrated steel plants is estimated at 25-30
million tonnes nationally, though only a portion is currently processed and used in Portland Slag Cement (PSC)
or as a blend component in composite cements (CMA, 2023). The reverse logistics chain involves granulation
and drying at the steel plant, transportation by road or rail, grinding at dedicated slag grinding units or cement
plant grinding mills, and blending or intergrinding with clinker and gypsum.
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The geographic concentration of steel production in Jharkhand, Odisha, Chhattisgarh, and the coastal states has
created a spatial mismatch with some cement production clusters, imposing transport costs that affect the
economics of slag utilisation. Nonetheless, several cement companies have established dedicated slag grinding
units in proximity to steel plants, with Dalmia Bharat and JSW Cement being notable examples of producers
who have built slag-centric business models (Dalmia Bharat, 2023).

6.3 Other Industrial By-Products

Beyond fly ash and slag, cement manufacturers in India are increasingly exploring the valorisation of a wider
range of industrial by-products as raw material substitutes. Silica fume from ferro-silicon and silicon metal
production, red mud from alumina refineries, copper slag from smelters, and phosphogypsum from fertiliser
production all have potential as supplementary cementitious or raw material inputs, though adoption remains
limited due to quality variability, geographic constraints, and the absence of standardised specifications in BIS
codes. The National Council for Cement and Building Materials (NCB) has undertaken research into several of
these materials, and select by-products are beginning to receive BIS recognition (National Council for Cement
and Building Materials, 2022).

7. Type I11: Construction and Demolition Waste Recovery

7.1 Scale of the Opportunity

India generates an estimated 150-350 million tonnes of construction and demolition (C&D) waste annually,
making it one of the largest solid waste streams in the country by volume (Ministry of Housing and Urban
Affairs [MoHUA], 2020). C&D waste encompasses concrete rubble, masonry debris, steel reinforcement scrap,
ceramic tiles, glass, wood, and packaging materials generated from building construction, renovation, and
demolition activities. Of these, crushed concrete rubble is the component most directly relevant to cement's
material cycle: it can be processed into recycled coarse aggregates (RCA) and recycled fine aggregates (RFA)
for reuse in concrete production, and concrete fines can potentially serve as filler or low-grade supplementary
material.

The scale of this opportunity is striking when set against India's aggregate demand: the construction sector
consumes approximately 3—4 billion tonnes of aggregates annually, virtually all from primary quarrying (Indian
Minerals Yearbook, 2022). The progressive depletion of sand and aggregate deposits near major urban areas,
combined with the enormous volumes of C&D waste currently being landfilled or illegally dumped, creates a
strong economic and environmental rationale for developing the reverse logistics infrastructure to close this
loop.

7.2 Current Status and Regulatory Framework

Despite the scale of the opportunity, recovery and use of C&D waste in India remains extremely limited. The
Construction and Demolition Waste Management Rules, 2016, promulgated under the Environment Protection
Act, 1986, mandate the segregation, processing, and reuse of C&D waste and require bulk waste generators to
file waste management plans. Several cities — including Delhi, Mumbai, and Hyderabad — have established or
tendered C&D waste processing plants, though capacity falls far short of waste generation volumes and the
quality of processed recycled aggregates has been inconsistent (Centre for Science and Environment [CSE],
2021).

The cement industry's specific role in C&D waste recovery remains at an early stage. Recycled concrete
aggregate can substitute for natural aggregates in concrete production, reducing demand for virgin quarried
material, and concrete fines may be usable as a filler or supplementary material in cement manufacturing.
Holcim's global operations have demonstrated the viability of recycled aggregate concrete at commercial scale,
and Holcim India has initiated pilot programmes exploring similar approaches (Holcim India Sustainability
Report, 2022). However, BIS standards for concrete continue to impose restrictions on recycled aggregate
content that limit market development, and the absence of a reliable supply of quality-assured recycled
aggregates impedes contractor adoption.
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7.3 Reverse Logistics Network Requirements for C&D Waste

The development of effective C&D waste reverse logistics networks in India would require: deconstruction and
demolition management protocols that segregate concrete from other materials at source; transportation
infrastructure to move bulky rubble from dispersed demolition sites to centralised processing facilities; C&D
processing plants equipped with jaw crushers, screeners, and washing equipment to produce standardised
recycled aggregate products; quality assurance systems and BIS-compliant product specifications; and market
development initiatives to build contractor and specifier confidence in recycled aggregate products. The capital
and organisational requirements are substantial, and the viability of the model depends critically on urban
planning regulations, demolition contractor practices, and the comparative economics of recycled versus
primary aggregates in different regional markets.

8. Type IV and Type V: Cement Packaging Return and Process Water Recycling

8.1 Cement Bag Reverse Logistics

Cement is packaged primarily in 50-kilogramme woven polypropylene (PP) bags, with smaller quantities in
high-density polyethylene (HDPE) and paper bags for specialised applications. At India's production scale of
over 370 million tonnes, the number of bags consumed annually runs into the billions — generating a
correspondingly vast volume of post-use plastic packaging waste. India's Plastic Waste Management Rules,
2016 (amended 2021), impose Extended Producer Responsibility obligations on plastic packaging producers,
including cement bag manufacturers and, by extension, cement companies that commission bag manufacture.

The reverse logistics of cement bags presents distinctive challenges. Bags are distributed through a fragmented,
multi-tiered distribution chain involving stockists, dealers, and retail outlets; they reach end consumers
(individual house builders, contractors) at dispersed construction sites; and they are typically discarded at the
point of use, mixed with other construction waste. Collection economics are unfavourable given the low
residual value of used PP woven bags relative to transport and aggregation costs. Some cement companies —
notably Shree Cement and UltraTech — have initiated small-scale bag collection programmes in urban
markets, often through partnerships with waste pickers and informal recyclers, but coverage remains limited
(Shree Cement, 2023; UltraTech Cement, 2023).

A more systematic approach would require centralised take-back obligations, dealer incentive programmes for
used bag collection, partnerships with formal plastic waste recycling enterprises, and potential investment in
pelletisation infrastructure to process collected PP bags into secondary plastic feedstock. The EPR framework
under the 2021 amendment, which assigns plastic waste management obligations to producers, importers, and
brand owners, provides the regulatory foundation for such a system, though enforcement and implementation at
the cement sector level requires further development (MoEFCC, 2021).

8.2 Process Water Recycling and Zero Liquid Discharge

Water management represents one of the more successfully implemented reverse logistics practices in Indian
cement manufacturing. The industry consumes water across multiple processes — quarry dewatering, raw
material slurry preparation (in wet-process plants), cooling water for pyroprocessing equipment, dust
suppression, and domestic use. Progressive replacement of wet-process kilns with dry-process technology has
dramatically reduced process water consumption, but cooling and dust suppression demands remain significant.

Leading producers have invested in closed-loop water recycling systems in which process water, cooling water,
and quarry runoff are collected in settling ponds, treated, and recirculated within the plant. Rainwater
harvesting, watershed development around quarry catchments, and groundwater recharge programmes
complement these measures. UltraTech Cement reports achieving positive water balance — harvesting more
water than it withdraws — at a growing number of its plants (UltraTech Cement, 2023). Shree Cement,
operating in the water-scarce Rajasthan desert region, has developed highly efficient water recycling systems as
an operational necessity, achieving specific water consumption well below the industry average (Shree Cement,
2023).

JETIR2606346 ] Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org \ c446


http://www.jetir.org/

© 2026 JETIR June 2026, Volume 13, Issue 6 www.jetir.org(ISSN-2349-5162)
The regulatory driver for water recycling has been strengthened by CPCB's Zero Liquid Discharge (ZLD)
norms, which require industrial facilities in water-stressed areas to eliminate liquid effluent discharge entirely.
While full ZLD implementation across the Indian cement sector remains a work in progress, compliance
pressure has accelerated investment in closed-loop water management, making this one of the more
institutionalised reverse logistics practices in the sector.

9. Type VI: Equipment and Component Recovery

The recovery, refurbishment, and reuse of plant equipment, mechanical components, and refractory materials
represents the least-developed category of reverse logistics in Indian cement manufacturing. Cement plants are
capital-intensive facilities with large inventories of heavy mechanical equipment — rotating mills, kiln shells,
drive gears, preheater cyclones — and specialist refractory linings that require periodic replacement. The
prevailing practice is to dispose of spent refractory materials as landfill waste, despite their potential for partial
recovery as raw material inputs (the high-alumina content of spent refractories has some value as a corrective
agent in kiln raw mix).

A small number of specialist firms in India provide refurbishment services for cement plant mechanical
components — roll presses, separators, and kiln tyres — extending equipment life and reducing the demand for
new manufactured components. However, this market is fragmented and lacks the formalised reverse logistics
networks that characterise, for example, the remanufacturing sectors in automotive or heavy equipment
industries. The development of organised equipment recovery programmes, potentially facilitated by original
equipment manufacturers (OEMSs) operating take-back or buy-back schemes for major capital components,
represents a long-term opportunity for RL development in the sector. The increasing digitalisation of plant
maintenance through loT-based condition monitoring could support more systematic equipment lifecycle
management, creating better data foundations for component recovery planning (Indian Cement Review, 2023).

10. Barriers to Reverse Logistics Adoption in Indian Cement

10.1 Infrastructure and Logistics Deficits

The most fundamental barrier to advanced RL adoption in Indian cement is the inadequacy of physical
infrastructure for waste collection, segregation, processing, and transportation. Unlike countries where
municipal waste management systems produce well-characterised waste streams that can be efficiently
channelled toward co-processing or material recovery, India's waste management infrastructure remains
characterised by mixed collection, low formal recycling rates, and limited mechanical processing capacity. The
geographic mismatch between major waste generation centres (metropolitan areas) and cement plant locations
(resource-rich but often remote areas) imposes substantial logistics costs that frequently undermine the
economic viability of RL operations.

10.2 Regulatory Fragmentation and Enforcement Gaps

India's regulatory framework for waste management, while increasingly comprehensive on paper, is
characterised by fragmentation across multiple statutes and ministries, inconsistency in implementation across
states, and significant enforcement capacity constraints. Cement plants seeking to establish AFR co-processing
operations must navigate overlapping jurisdictions of the State Pollution Control Board, the Central Pollution
Control Board, and state environment departments, and must obtain multiple permits (consent to establish,
consent to operate, authorisation to handle hazardous waste, environmental clearance amendments) that may be
subject to different timelines, requirements, and interpretations across states. This regulatory complexity
significantly increases transaction costs and investment uncertainty for RL initiatives.

10.3 Economic Barriers and Market Failures

The economics of reverse logistics in cement are complicated by market failures that distort the relative costs of
virgin and recovered materials. The absence of a price on carbon in India means that the carbon savings from
substituting waste-derived fuels for coal — or from using recycled materials instead of virgin inputs — are not
directly reflected in relative material costs. Similarly, the underpricing of virgin natural resources (limestone,
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sand, aggregates) through concessional royalty structures makes the economics of recycled alternatives less
competitive. The externalities of waste disposal — environmental contamination, public health impacts,
greenhouse gas emissions from landfills — are not internalised in waste disposal costs, reducing the effective
demand for co-processing services.

10.4 Technical and Human Capital Constraints

Effective reverse logistics in cement, particularly AFR co-processing, requires sophisticated technical
capabilities: waste characterisation laboratories, Kiln process control expertise to manage variable fuel quality,
health and safety management for potentially hazardous waste handling, and environmental monitoring
systems. These capabilities are well-developed in leading multinational-affiliated producers but are scarce in
independent domestic producers, particularly in the mid-sized and small plant segments. The market for
specialised waste management professionals and environmental engineers in India remains thin relative to
demand, and industry training programmes have not kept pace with the pace of regulatory expectation (National
Council for Cement and Building Materials, 2022).

10.5 Social and Community Acceptance

Public acceptance is an increasingly important determinant of RL project viability, particularly for AFR co-
processing operations involving municipal solid waste or industrial hazardous waste. Communities near cement
plants have in several cases opposed co-processing projects on grounds of perceived health risks from
emissions, even where regulatory approvals and environmental monitoring data support safety compliance. The
absence of credible, accessible, and independent environmental monitoring and disclosure systems has impeded
trust-building between the industry and neighbouring communities. Managing community relationships and
establishing transparent communication about co-processing operations is thus an integral component of
effective RL strategy (Geocycle India, 2021).

11. A Multi-Level Framework for Accelerating Reverse Logistics in Indian Cement

Based on the analysis of current practices and barriers, this paper proposes a multi-level framework of
interventions spanning macro (policy and regulatory), meso (industry and network), and micro (firm-level)
dimensions.

11.1 Macro Level: Policy and Regulatory Interventions

At the macro level, the most impactful interventions would include: the introduction of carbon pricing or a
sector-specific carbon levy that creates a financial incentive for fuel substitution and clinker reduction;
harmonisation of waste co-processing regulations across states under a single national framework administered
by the CPCB, with streamlined single-window permitting; mandatory procurement of recycled aggregates in
government construction projects, creating demand-pull for C&D waste recovery; strengthened EPR
obligations for cement bag producers with verifiable targets and penalties for non-compliance; and enhanced
enforcement capacity at State Pollution Control Boards through funding, staffing, and technology investment.

India's National Circular Economy roadmap initiatives, being developed under NITI Aayog, provide a strategic
policy home for several of these measures, and the cement sector could be prioritised as a pilot domain for
advanced circular economy policy implementation (NITI Aayog, 2020). International development finance —
from institutions such as the International Finance Corporation, the Green Climate Fund, and the Asian
Development Bank — can catalyse the capital investment needed for waste management infrastructure and RL
network development.

11.2 Meso Level: Industry and Network Interventions

At the industry level, collective action through the Cement Manufacturers' Association could establish common
standards for waste characterisation, co-processing protocols, and recycled product specifications, reducing
transaction costs for individual firms. Industry-wide technology platforms — analogous to the role played by
VDZ in Germany's cement sector — could facilitate the diffusion of best practices in AFR, C&D waste
recovery, and water recycling. Development of regional waste-to-cement logistics hubs, potentially structured
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as public-private partnerships between cement companies, urban local bodies, and waste management
enterprises, could address the infrastructure deficit that currently limits AFR scale-up.

Supply chain collaboration between cement producers and their key industrial partners — power utilities for fly
ash, steel mills for slag, municipalities for solid waste — can be formalised through long-term offtake
agreements and joint investment in pre-processing and logistics infrastructure. Models such as the Geocycle
platform, which provides a fee-based waste management service to industrial generators while supplying
processed AFR to cement kilns, demonstrate how commercial reverse logistics networks can be designed to
align the incentives of waste generators, logistics intermediaries, and cement producers.

11.3 Micro Level: Firm-Level Interventions

At the firm level, the most effective enablers of advanced RL adoption include: top management commitment
to circular economy goals, reflected in explicit board-level targets for TSR, recycled material content, and
packaging waste recovery; investment in waste characterisation and AFR quality management capabilities;
development of community engagement and environmental communication programmes to build social licence
for co-processing operations; integration of RL performance metrics into sustainability reporting and executive
incentive structures; and exploration of digital technologies — loT-based waste quality monitoring, blockchain-
enabled waste traceability, Al-supported kiln optimisation — to enhance the reliability and efficiency of reverse
logistics operations.

Level | Key Interventions | Primary Actors

Macro (Policy) Carbon pricing; RL regulation MoEFCC, CPCB, BEE, NITI
harmonisation; EPR for Aayog, State Governments
packaging; green public
procurement; enforcement
capacity

Meso Common RL standards; regional CMA, NCB, Urban Local Bodies,

(Industry/Network) waste-cement  logistics  hubs; Waste Management Enterprises,
industrial  symbiosis platforms; PPP Frameworks
long-term offtake agreements

Micro (Firm) Board-level RL targets; AFR Cement Companies, OEMs, Waste
capability investment; community Management Partners
engagement; digital RL
management; sustainability
reporting

Table 2. Multi-Level Intervention Framework for Reverse Logistics in Indian Cement Manufacturing (Authors'
Framework)

12. Conclusion

This paper has advanced the scholarship on reverse logistics in the cement manufacturing sector by developing
a comprehensive typological and analytical framework specific to India — the world's second-largest cement
producer and a country at a pivotal juncture in its environmental and industrial development trajectory.
Drawing on Rogers and Tibben-Lembke's (1999) foundational conception of "going backwards™ as a strategic
and operational imperative, the paper has demonstrated that reverse logistics in cement is not a peripheral or
corrective activity but a central mechanism for transforming the sector's relationship with natural resources and
waste.
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The six-type RL framework developed in this paper — encompassing AFR co-processing, industrial by-product
valorisation, C&D waste recovery, packaging reverse logistics, process water recycling, and equipment
recovery — reveals a heterogeneous landscape of practice maturity. Industrial by-product valorisation through
fly ash and slag is well-institutionalised; AFR co-processing is advancing but remains constrained by
infrastructure and regulatory factors; C&D waste recovery and packaging RL are nascent; and equipment
recovery is largely undeveloped. This heterogeneity reflects both technical differences in the accessibility of
different reverse flows and systemic differences in the regulatory, economic, and organisational conditions that
determine RL viability.

The barriers identified — infrastructure deficits, regulatory fragmentation, market failures, technical capacity
constraints, and community acceptance challenges — are not insurmountable. They are, however, systemic in
nature, requiring coordinated intervention across policy, industry, and firm levels. The multi-level intervention
framework proposed in Section 11 provides a structured basis for such coordination, identifying priority actions
for government, industry associations, and individual producers.

The contribution of this paper lies not only in its analytical content but in its positioning of reverse logistics as a
distinct and tractable domain within the broader sustainability agenda for Indian cement. Future research should
pursue empirical investigation of RL performance outcomes across different firm types, quantitative modelling
of optimal AFR logistics network designs, econometric analysis of the factors determining TSR adoption rates,
and comparative case studies of international best practice in cement RL. As India's cement sector navigates the
dual imperatives of sustaining rapid production growth and meeting its Paris Agreement climate commitments,
going backwards — systematically, strategically, and at scale — will be as important as any forward-looking
innovation.
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