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Dematerialization and its Role in Shaping

Sustainable Futures

BHARATH P.! AND JYOTIRMOY BANERJEE?

ABSTRACT
Amidst the pressing global environmental challenges—such as climate change,

biodiversity loss, and pollution—researchers are advocating for the concept of
dematerialization. This strategy focuses on reducing consumption of materials and
improving resource efficiency to minimize environmental impacts. The significant capital
needed, extended lead-times, and the political implications associated with new resource
exploitation underscore the importance of long-term evaluations of resource needs in
strategic policy-making. Dematerialization is primarily driven by ongoing advancements
in technology. However, this progress can be undermined by the rebound effect, where
increased usage arises from higher value or reduced costs attributable to these
technological improvements. A critical question to explore is the degree to which
enhancements in technological performance can mitigate and are currently countering the
persistent rise in economic consumption. The consensus surrounding the need for
sustainability to drive economic growth alongside social progress and environmental
stewardship is clear. Despite progress, there remains an ongoing conversation about the
practical considerations related to forthcoming products, materials, and technologies. The
real challenge is establishing sustainability as a foundation that drives innovation
throughout various processes, technologies, business models, and management systems.

The purpose of this paper is to examine the fundamental principles of dematerialization
through a review of current literature and relevant case studies, while also considering its
relationship with the Sustainable Development Goals (SDGs) and its importance across
various sectors in today's society. Additionally, the paper will investigate how several
innovations and policies reflect the principles of dematerialization and how this approach
contributes to achieving the SDGs. Findings suggest that dematerialization is a vital
pathway for the future of humanity. Many developed nations and some emerging economies
are currently promoting this initiative. This article examines long-term trends regarding
the intensity of energy and material usage, correlating them with the theory of
dematerialization. The discussion revolves around key factors influencing these trends,
such as shifts in the structure of final demand, advancements in material efficiency, and the

adoption of alternative materials. Additionally, the article points out the limitations of the
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dematerialization theory as a tool for empirical forecasting and evaluates its applicability
within the context of resource policy. However, it is crucial to acknowledge that the full
benefits may not be immediately visible, and increased technological and political support
will be essential globally to enhance its advancement and effectiveness.

Keywords: Dematerialization, Sustainability, policy-making, Energy Sector, Green
Hydrogen Mission and National Mission for Enhanced Energy Efficiency (NMEEE).

|I. INTRODUCTION

The environmental consequences of global economic growth and development have ignited
significant discussions within academic and policy circles. There are strong calls for a
transition towards a “green economy,” while others advocate for a fundamental reevaluation
of the focus on economic expansion. Central to this debate is the dependence of both
developing and industrialized countries on environmental resources, particularly regarding
materials and energy. The idea that economic growth can be decoupled from environmental
reliance suggests the potential for a considerable reduction in environmental impacts and a
decrease in the threat of global ecological disasters.

Advocates for dematerialization often take a traditional engineering and economic viewpoint,
providing robust evidence that it is possible to sustain current levels of well-being while
significantly curtailing the consumption of natural resources. They typically frame
dematerialization as an optimization challenge, asserting that strategic systems design and
appropriate incentives can address it. However, this raises important questions: Can social
systems be effectively optimized in this way, and who has the authority to implement such
changes? Moreover, when one subsystem is optimized, does it not have unintended effects on
others, potentially resulting in what is known as the rebound effect? To contribute to the
existing body of literature, this research seeks to investigate the social science perspective on
the conditions and implications of dematerialization through services and information

technology.
I1. DIRECTING FOCUS ON DEMATERIALIZATION

Dematerialization has emerged as a pivotal objective for achieving ecological sustainability in
recent years. Various sectors and perspectives have propelled this emphasis on curbing the
volume of materials circulating within the economy. A key factor is the increasing realization
of the challenges associated with evaluating the relative impacts of different substances and
interventions. Consequently, it has been posited that, given the existing uncertainties, it would
be prudent to restrict anthropogenic material flows to a (politically defined) fraction of the
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natural substance cycles.

In addition, certain types of waste are not inherently problematic, but rather become an issue
due to their sheer volume, such as carbon dioxide (CO2). This particular waste cannot be
effectively managed at the point of emission; the most practical approach is to reduce reliance
on carbon-rich fuels. It is important to note that only a limited number of waste products can
be adequately monitored and controlled at the emission source, typically those that originate

from identifiable, stationary sources.

The concept of dematerialization offers a host of potential benefits, including environmental
protection, equitable global resource distribution, enhanced business competitiveness, and the
possibility of full employment. While these prospects are appealing, they may seem overly
optimistic. Without delving into the complex debates regarding the adequacy of aggregate
natural resource usage as an indicator of environmental strain, it is pertinent to highlight two
additional challenges that warrant attention. Consequently, adopting a strategy that limits the
intensity and extent of human activities can be viewed as a precautionary measure in response

to prevailing uncertainties.

Economic activity inherently requires the utilization of natural resources, though the extent of
this use can vary based on the structure and efficiency of economic processes. Many
industrialized nations have implemented policies aimed at encouraging a decoupling of
economic activity from resource consumption. This is often achieved by establishing targets to
reduce the material intensity of economic operations. However, these targets tend to lead to a
relative rather than an absolute decoupling between the economy and its material foundation.
In less favorable scenarios, they may merely endorse continuous improvements in efficiency
without impactful change. Therefore, it is crucial to analyze historical and current trends
regarding material and energy dependencies in different economies. Additionally, it is
important to make clear distinctions between the developmental paths of countries that are still
in the process of industrialization and those that have already completed their industrial

journey.
(A)How can services and IT play a role in promoting dematerialization?

Services play a crucial role in organizing markets to enhance the shared and efficient use of
products, such as car-sharing initiatives. This model reduces the need for numerous products
and allows for quicker implementation of efficiency improvements; for example, the total
mileage of a vehicle can be utilized more effectively. Furthermore, customers benefit from

access to a diverse array of products that can adapt to their evolving requirements, eliminating
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the necessity for excessive options. Services offered on a professional level, such as car
maintenance and washing, can also achieve greater resource efficiency compared to individual
efforts. Additionally, this service-oriented approach can promote improved management of
products at the end of their life cycle, including the recycling of used vehicles.

Services offer providers distinct economic incentives compared to traditional product sales.
Instead of focusing on maximizing production and sales, service providers are motivated to
minimize the costs associated with material products. This paradigm encourages them to extend
the life cycle of rental goods, thereby enhancing sustainability. When services evolve to
encompass operational aspects—known as results-oriented services—providers also gain the
incentive to reduce operational expenses. An ideal service business model aggregates all life-
cycle costs under the purview of the professional service provider. This approach addresses
information asymmetries in market transactions, making energy and material costs more
significant as they are consolidated within a single entity. Consequently, this model caters to

customers by fulfilling their needs more effectively and efficiently.
(B) Research Questions and Goals

As macroeconomic material flow indicators for resource efficiency assessment continue to
evolve, a critical analysis of mass-based indicators is necessary to uncover what they truly
signify regarding the conservation and efficient utilization of natural resources. These
indicators are not only of practical importance but also resonate on an instinctual and emotional

level.

Our entire value-added chain hinges on the transformation of materials and substances. This
process begins with the extraction of raw materials from the environment, followed by their
transformation, and culminates in the release of emissions and waste back into our natural
surroundings, thus impacting their condition. It's noteworthy that even sectors traditionally
viewed as non-material, such as education, rely heavily on these material transformation
processes. The infrastructure necessary for delivering these services—including roads,
railways, heated buildings, and data centers—also depends on auxiliary materials and fuels,
with a predominant reliance on fossil fuels. In summarizing these relationships, we can better
understand the implications of our resource use and identify pathways toward more sustainable

practices.

In light of the significant role that material flows play in our economy, can we consider a
uniform reduction of material use by a factor of X as a foundational principle for achieving

sustainability? Is it reasonable to expect a consistent decrease in environmental pressures and
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a resolution to resource scarcity if we universally lower material consumption by this factor,
as suggested by proponents of dematerialization? How dependable is the measurement of
resource conservation achievements through dematerialization metrics quantified in kilograms,
tonnes, and megatonnes? Furthermore, is there a meaningful connection between these metrics
and the specific areas of environmental protection? Given the vast array of natural resources,
to what extent do mass-based indicators truly reflect resource significance? Can they be
effectively employed as control variables in policies designed to promote resource conservation

and efficient utilization?

To effectively navigate the intricate dynamics of industrial system transitions within an
interconnected industrial-socio-ecological framework, it's essential to adopt the appropriate
methodologies and approaches. A significant portion of the research literature exploring
concepts such as ‘dematerialization,' 'decarbonization,’ 'material efficiency,' ‘circular economy,’
and other related topics utilizes either quantitative or qualitative methods (see Table 1). These
methods encompass various techniques, including life cycle assessment, material flow
analysis, structural equation modeling, analytic hierarchy process, multi-criteria decision
making, system dynamics, social network analysis, fuzzy set theory, and a range of multi or
hybrid modeling strategies. Some studies integrate both quantitative and qualitative
approaches, while others focus on a conceptual framework, conducting systematic literature
reviews or employing descriptive, exploratory, and explanatory research, often incorporating

case studies.

I1l. INDUSTRIAL SYSTEM TRANSITION INVOLVES DEMATERIALIZATION AND

DECARBONIZATION

Dematerialization and decarbonization hinge on robust policy support, particularly due to the
vital importance of technology push, technology transfer, and the financial flows that occur
from developed to developing nations. Typically, foundational research and small-scale
projects receive adequate backing through technology push initiatives. However, once a
technology demonstrates its effectiveness on a smaller scale, it must be put to the test in real-
world applications. At this stage, costs can soar significantly, while revenues may not increase

correspondingly.

Governance, policies, and regulations play a critical role in the transition of industrial systems.
Effective governance encompasses various dimensions, including transnational governance,
technology push, market pull, technology transfer, financial flows, the establishment of a

carbon price, and the development of carbon markets. Sustainability transitions are complex
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processes that involve multiple, interdependent components, such as technologies, markets,
infrastructures, policies, industry structures, and supply and distribution chains. These elements
are often organized into stable regimes that can be understood in terms of technologies,
institutions, and actors. Therefore, the significance of governance, policies, and regulation in

this context cannot be overstated.
I\VV. CURRENT POLICIES IN THE ENERGY SECTOR

Energy policy plays a pivotal role in shaping a nation's energy independence and its position
in the global economy. In India, the approach centers on diversifying energy sources,
enhancing domestic production capabilities, and strengthening energy infrastructure. A key
objective is to reduce dependence on foreign energy imports, which not only improves energy
security but also mitigates vulnerabilities to market volatility. While challenges exist on the
demand side, the supply-side issues include ineffective energy regulations, a reliance on

foreign energy sources, and an overdependence on non-renewable fuels.

To tackle challenges on the demand side, the Government of India (GOI) launched the National
Mission for Enhanced Energy Efficiency (NMEEE) in 2011, which encompasses four principal
policies: the Perform, Achieve and Trade (PAT) mechanism, the Market Transformation for
Energy Efficiency (MTEE), the Energy Efficiency Financing Platform (EEFP), and the
Framework for Energy Efficient Economic Development (FEEED). These policies aim to
encourage industries to achieve specific energy efficiency targets, facilitate the adoption of
energy-efficient technologies, support financing for energy projects, and promote economic
growth through enhanced energy efficiency. Additionally, demand-side measures such as the
Energy Conservation Building Code (ECBC) have successfully contributed to reducing energy

consumption within the infrastructure sector.

On the supply side, initiatives like the Revamped Distribution Sector Scheme (RDSS) are
designed to modernize energy distribution and mitigate losses. The National Green Hydrogen
Mission (NGHM) seeks to reduce dependency on energy imports while enhancing domestic
production capabilities. Furthermore, renewable energy (RE) targets and initiatives, such as the
ambition to achieve 175 GW of RE capacity and the Pradhan Mantri Kisan Urja Suraksha
Evam Utthaan Mahabhiyan (PM KUSUM), are driving the adoption of clean energy solutions.
Collectively, these strategies represent a comprehensive approach to addressing India's energy

challenges, as illustrated in Figure 1

Figure 1.
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Energy Efficiency Mandates Green Project Financing
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The Government of India (GOI) is working towards ramping up green hydrogen production to
5 million metric tons by the year 2030, aiming for it to make up 94% of total hydrogen output—
around 28 million tons—by 2050. This strategic transition positions India as a potential
frontrunner in sustainable energy, with the promise of job creation and financial growth

opportunities.

Green hydrogen brings numerous benefits, particularly by complementing renewable energy
(RE) production as an effective energy storage solution. It addresses the challenges of
intermittent RE generation, minimizes pollution associated with resource extraction and usage,
and can serve as a feedstock for traditional industries that generate emissions, such as
chemicals, refineries, and metallurgy. When compared to conventional energy storage
technologies, green hydrogen is more energy-dense, portable, and easier to distribute, proving
to be a favorable alternative to batteries and other methods like pumped storage or melted sand
energy systems. Although the effectiveness of these policies is still under evaluation, they
resonate with India’s ambitious target of achieving carbon neutrality by 2070, highlighting the
importance of investing in research and development to enhance green hydrogen capacities and

facilitate RE integration.

In an effort to achieve food self-sufficiency, the Indian government implemented a
comprehensive irrigation system and introduced minimum support prices (MSP) for key
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staples like rice and wheat in the late 1960s. This initiative aimed to motivate farmers to shift
their cropping practices towards increasing the production of these essential grains. While these
policies initially satisfied the country's immediate food demands, their long-term effects have
raised concerns, particularly regarding sustainability. Collectively, these strategies represent a

comprehensive approach to addressing India’s energy challenges, as illustrated in Figure 2.

Figure 2.
Seed MSP on
Subsid NG
Y Wheat

Subsidy on Why Farmers grow Rice
water & & Wheat in Punjab &

Electricity Haryana?

Fertilizer Market
Subsidy Demand

V. CONSCIENTIOUS ORGANIZATIONAL CULTURE ENCOURAGES SUSTAINABLE

PRODUCTION

A variety of services exist that can help reduce the natural resource intensity associated with

office work. These services include:
e Flexible office space utilization
e Rental options for furniture and equipment
e Qutsourcing specific activities, such as copying

e Utilizing mainframe computer systems along with internet updates and document

management services
e Energy-saving initiatives and waste management consultations
e Car-sharing programs
e Implementing telework and teleconferencing solutions
These options can significantly contribute to sustainable office practices.
V1. REQUISITE CHANGES TO PROMOTE SUSTAINABLE AGRICULTURAL POLICIES

The agricultural landscape in India is predominantly reliant on chemical farming methods, with
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over 90% of farmland utilizing these approaches. Nonetheless, there has been a noticeable
uptick in the adoption of sustainable agricultural practices in recent years. For the future
viability of agriculture and food production in India, widespread implementation of these
sustainable methods will be crucial. Currently, however, government policies and incentives
continue to favor chemical-based farming. For instance, of the total agricultural budget
amounting to 1,250 billion— which includes allocations for agricultural education and
research—only a small fraction, 4.6 billion, is earmarked for supporting natural farming
techniques. To address the influence of the present policy framework on cropping patterns and
to encourage a transition toward more sustainable practices, there is an urgent need for a
fundamental reallocation of funding and a shift in policy priorities. Below are several policy

mechanisms recommended to facilitate this transition toward sustainable agriculture.
(A) Sustainable agricultural practices

The Council on Energy, Environment and Water (CEEW) has undertaken comprehensive field
studies to explore sustainable agricultural practices (SAPs) being employed throughout the
country. Their research has identified 30 distinct SAPs, assessing their effects on key factors
such as crop yield, water consumption, greenhouse gas emissions, biodiversity, and health
outcomes. Various other studies have also analyzed practices including Organic Farming,
Conservation Agriculture, Agroforestry, and Precision Farming, revealing a diverse array of

benefits from a triple-bottom-line approach.

CEEW notes that many of these SAPs encourage crop and food diversity through methods such
as intercropping, mixed cropping, and crop rotation, as well as agroforestry. This
diversification of food and income sources holds significant promise for enhancing farmers'
food security and improving nutritional outcomes, thereby offering a potential solution to
reduce malnutrition in India. However, the transition to these practices is not without
challenges, as they often require substantial knowledge and labor. Encouragingly, many
farmers experiencing the adverse effects of chemical-intensive farming are open to exploring
SAP alternatives. This willingness presents a valuable opportunity for government and non-
governmental organizations to implement interventions in areas facing soil degradation and

salinity due to excessive chemical use.

While several factors have contributed positively to the adoption of alternative-fuel vehicles,
the overall growth in this area has been sluggish. It is anticipated that fossil- fuel vehicles will
continue to hold a significant market share for the next 10 to 15 years. The Government's
initiative in 2016 to transition from BS-IV (Bharat Stage 1V) to BS-VI (Bharat Stage VI)
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emission standards by 2020 was a vital step towards reducing tailpipe emissions from internal
combustion engine (ICE) vehicles through technological advancements. To achieve
meaningful decarbonization of the transport sector and maximize the benefits of green vehicles,

a similar level of commitment and initiative is essential.

Policies aimed at improving fuel economy and promoting alternative fuels significantly
influence the road transport system. Despite numerous attempts to implement initiatives like
the Ethanol Blending Programme (EBP) and the National Biodiesel Mission (NBM), progress
was limited. In response, the government introduced the National Policy on Biofuels, which
called for a phased execution of the EBP. However, by the end of 2017, the actual blending fell
short of the targets, leading to the extension of the minimum 20% blending requirement to
2030, later revised to 2025—2026. Key challenges included inadequate production capacity and
the absence of standardized blending procedures.

(B) Proposed framework for policy direction

The proposed framework for managing India’s energy transition focuses on aligning the
nation’s sustainability goals with the needs of its citizens. This framework categorizes its focus

areas into four key segments.

A critical step for India is the implementation of a cap-and-trade system targeting energy-
intensive sectors. This approach aims to foster discipline within industries, stimulate private
investments in decarbonization technologies, and reduce emissions while simultaneously
creating job opportunities. Coupled with this, enhancing the integration of renewable energy
sources into the grid is essential, alongside providing incentives for Distribution Companies

(DISCOMs) to promote user adoption of these technologies.

Moreover, it is vital for the government to invest in efficient energy consumption and storage
systems, utilizing market-based pricing mechanisms. This strategy is designed to maintain grid
stability and maximize renewable power generation. Although there may be short-term
increases in electricity prices, these collective actions are poised to yield significant emissions

reductions and potentially lead to substantial long-term savings.
(C)Building closed-loop supply chains

To develop effective closed-loop systems, it's essential to construct a policy framework that
seamlessly connects the three sectors involved. Initially, it’s crucial to motivate manufacturers
of agricultural machinery and equipment to create vehicles and tools that utilize renewable
energy sources, such as solar power and biofuels. Following this, farmers should be

incentivized to produce the necessary biofuels locally, using resources readily available to
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them, such as biomass and agricultural residues like paddy stubble. This transition is not only
beneficial for reducing operational costs for farmers but also offers significant environmental
advantages. By minimizing air pollution typically linked to conventional diesel machinery and
discouraging the detrimental practice of burning crop residues, the overall well-being of nearby
communities is improved. Furthermore, this approach encourages farmers to transform

agricultural waste into biofuels, effectively completing the cycle of waste management.
(D) Redesigning farm subsidy policies

India stands to gain significantly from its energy transition, particularly through strategic
financing avenues that can drive job creation and foster more equitable rural development. A
pertinent example is the PM-KUSUM Y ojana, which advocates for solar electricity generation
to assist in agricultural water pumping. By phasing out subsidies for free electricity—which
tend to fuel irresponsible consumption—India can implement a system where farmers are
compensated for feeding surplus solar energy back into the grid. This shift could lead to

enhanced efficiency and effectiveness in electricity utilization.

The benefits of this model are manifold: it can lower government expenditure on subsidies,
reduce fossil fuel emissions with corresponding public health improvements, and increase
farmers' revenue. Furthermore, it is imperative to reform existing agricultural subsidy programs
and reallocate resources from chemical-heavy farming practices toward promoting farm
mechanization and bio-fertilizers. Such actions are essential for encouraging the adoption of

sustainable agricultural practices and ensuring the long-term viability of India’s rural economy.
VI1I. CONCLUSIONS

The industry operates as a dynamic network encompassing various sectors and sub- sectors,
along with their interdependencies and interactions. The complexity of the relationships among
dematerialization, decarbonization, corporate strategies, and governance policies cannot be
overstated. India, as the most populous nation and a rapidly industrializing country, faces the
challenge of balancing the improvement of its citizens' lives with the pursuit of sustainable
development. In an effort to achieve carbon neutrality by 2070, the Government of India (GOI)
has introduced policies targeting the energy, transportation, and agriculture sectors—Kkey areas
that contribute significantly to national development and greenhouse gas emissions. This study
explores the GOI's policy focus in these three sectors from a triple-bottom-line perspective,
proposing an integrated policy framework aimed at achieving the country's sustainability

objectives.
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